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Wednesday Afternoon Session, Nov. 13, 1968 
The 18th Annual Meeting of the Fertilizer Industry Round Table convened 
at one-thirty-five o'clock p.m. in the Grand Ballroom of the Mayflower Hotel, 

'Washington, D.C., Dr. Vincent Sauchelli, Chairman, presiding. 

CHAIRMAN SAUCHELLI: Gentle
men, let's come to order. It is a 
pleasure to welcome you to the 
18th Meeting of the Round Table. 

Judging by comments heard 
and exchanged in the lobby and 
by the eager look on your faces, I 
know that you anticipate a meet
ing worthwhile in all respects. I 
feel sure that the very large audi
ence is a recognition of the impor
tance of the program and of the 
eminence of our speakers. 

We have a number of guests 
from foreign countries and from 
neighboring Canada. \Ve have 
quite a nice delegation. I recom
mend that you give them a warm 
welcome. \Ve want them to feel 
at home. Just for the heck of it, 
I'm going to ask the guests, our 
foreign guests, to stand so that we 
can see them. Please rise. 

vVe really have a fine delega
tion from the European countries, 
from Mexico and, of course, always 
an excellent delegation from our 
neighbors North of the Border. 

Recent progress in the technol
ogy of fertilizer production has in
spired a great deal of interest in 
new processes and products. The 
technology concerned with the 
manufacture of acceptable kinds of 
nitric phosphates seems to domi
nate this development. This was 
evident during the year in the pro
grams of various technical organi
zations devoted to chemical process
ing and engineering: 

The American Institute of 
Chemical Engineers in Julv, the 
American Chemical Society in Sep
tember, the TVA Seventh Demon· 
stration at Muscle Shoals last 
month. 

We have recognized this trend 
in our previous two Annual Meet
ings and in the current program. 

The economic status of sulfur spurs 
the growing interest in the use of 
nitric acid for making phosphate 
fertilizers. 

Our program is designed to 
satisfy the diverse interests of our 
membership while concentrating 
on those closely related to the op
erating personnel of the industry. 
Let me reiterate that tbis Round 
Table has been and remains pri
marily the forum to provide the 
operation men a place where their 
problems receive priority status. 

As 1 said, our program offers 
a variety of items. Technology and 
economics of nitrophosphates, a 
special panel on materials of con
struction for fertilizer plants, sul
furic acid from gypsum, elemental 
phosphorus as a raw material for 
fertilizer, bulk blend fertilizers, 
bulk blend mixers, bags and bag
ging systems, trace elements, fluid 
fertilizers, polyphosphates, ammo
nium phosphates and prevention of 
accidents in the plant. 

There we have a great variety 
of items, all of particular interest 
to this group. So much for the in
troductory. Let me now get to the 
program speakers. 

The Keynote Speaker is Dr. 
Raymond Ewell, Vice President of 
Research at the State University of 
New York at Buffalo, He is an 
amazing person, versatile, interna
tionally known and recognized as 
a buff on the statistics, economics 

·_------------

and technology of fertilizers from 
the world viewpoint. 

He is an authority on foods 
and on wines. You will agree that 
the Round Table is very fortunate 
to be able to have Dr. Ewell on our 
Program. He has selected as his 
subject Appraisal of Nitrophos
phates and Comparative Processes 
for Making NP and NPK Fertili
zers. Ray. 

DR. RAYMOND EWELL: Thank 
you, Vince. It's a real honor for 
me to appear before this highly 
professional body. 

I have been reading the pro
ceedings of the Fertilizer Round 
Table for several years now. This 
is the first opportunity I have had 
really to participate in your delib
erations. 

I want to tell two very short 
stories that have certain relation
ship to nitrophosphates. The first 
one is about the gentleman in a 
bar who, after several drinks, says 
to his companion, That bartender 
is getting pretty drunk; I can't see 
him clearly anymore. The second 
story concerns a lady who divorced 
her husband because none of their 
children looked like him. 

These are both examples of 
non sequiturs and in the study of 
this nitrophosphate business you 
find lots of non sequiturs. Actually, 
since I had given Vince this title, 
I've got another slightly fancier 
title which I am going to use. 

Economics of Nitrophosphate Fertilizers 
Raymond Ewell* 

Nitrophosphate fertilizer IS a 
very complex subject-one sur-

• Vice President for Research and Professor 
of Chemical Engineering, State University of 
New York at Buffalo, N.Y, 
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rounded by much mystery and 
many prejudices and mental fixa
tions. I have studied this subject 
diligently for the past year, and 
what I have to say today is com-



pletely objective and unbiased. I 
have no axes to grind, no positions 
to maintain, no products to sell. 

First, as to nomenclature I 
have used the term "nitrophos
phate" rather than "nitric phos
phate." Both these terms are short
hand terms since there are no 
chemical compounds in the prod
ucts which could be called nitro
phosphate or l11tnc phosphate. 
The principal chemical compounds 
in the products are ammonium 
phosphates and ammonium nitrate. 
I have preferred the term "ni tro
phosphate" simply because it is one 
word instead of two words. 

N itrophosphate processes have 
been known and used since the 
1920's. There are many nitrophos
phate plants in Europe, five or six 
in the United States, and perhaps 
a few in other regions of the world. 
Most of the European plants are of 
the Odda type producing N-P fer
tilizers with water-solubility of 
phosphate (WSP) less than 50 %, 
frequently around 30 % . Other 
plants in Europe and all the plants 
in the U. S. use the sulfonitric or 
phosphonitric processes which use 
sulfuric acid or phosphoric acid as 
a supplement to nitric acid. These 
latter two processes therefore are 
still partially dependent on the use 
of sulfur. 

New Nitrophosphat,e 
Processes 

I will limit this paper to proc
esses capable of producing N-P fer
tilizers wi th WSP greater than 75 <fo 
and using nitric acid as the only 
acidulant. This leaves the sulfoni
tric and phosphonitric processes 
out of consideration. It also leaves 
out all nitrophosphate processes 
used prior to 1967 since all of 
them give products with WSP less 
than 75 % (usually less than 50 %) 
or they use sulfuric acid or phos
phoric acid as a supplementary 
acidulant besides nitric acid. 

The two types of processes 
which I will discuss are: 

1. Calcium Nitrate Crystalli
za tion Process (CN 
Xlzn) 

2. Ammonium Sulfate Re
cycle Process (AS Re
cycle) 

There are many variations of each 
of these basic processes. I will not 

Figure 1 
Norsk Hydro NPK plant at Eidanger. Norway (still under construction in summer 1967) 

attempt to discuss all the variations 
since some of them will be dis
cussed in later papers at this meet
ing and also since some of them 
are still in a development stag'e. 

Only the CN Xlzn process has 
been put into actual practice. Two 
plants are now operating and one 
is under construction using the 
CN Xlzn process: 

1. Norsk Hydro plant at 
Eidanger (Heroya) , Nor
way which started op
eration in the fall of 
1967 (Figure 1). 

2. Scveroceske Chemicke Za
vody plant in Lovosice, 
Czechoslovakia which 
started operation in the 
spring of 1968 (Figure 
2). 

3. Farmers Chemical plant at 
Tunis. North Carolina 
which started construc
tion in 1968. 

The AS Recycle process, in several 
variants, is being offered by several 
engineering contractors, but so far 
no plant has been built. 

Water Solubility of 
Phosphate 

Next I want to comment on 
the WSP question. The new nitro
phosphate processes, which have 
been discussed for the past five 
years and put into practice in 1967, 
can and do produce WSP greater 
than 75 5{; using nitric acid as the 
only acidulant. These processes 
can in fact produce WSP up to 
90 % or more if that is desirable, 
although at somewhat higher cost. 
Moreover, agronomic tests on sev
eral crops have shown that there is 
no significant increase in fertilizer 
efficiency for WSP higher than 
75 <fo. This has been documented 
in several publications of the past 
few years, including papers given 

Figure 2 
Severoceske Chemicke Zavody NPK pla!lt at Lovisice. Czechoslovakia 
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at previous meetings of the Fer
tilizer Industry Round Table. 
Therefore I believe that \VSP 
should no longer be an issue. \VSP 
as an anti-nitrophosphate argu
ment is, in my opinion, a dead 
horse-or perhaps we should call it 
a dead red herring. 

All NP's Contain Nitrates 

A highly important fact con
cerning nitrophosphate fertilizers is 
that they all contain a lot of nitrate 
nitrogen-usually 40 to 45 J() of 
the nitrogen is in the nitrate form 
and 5570 to 6070 in the anmlO
nium form. This is inescapable. 
vVhen nitric acid is the sole or 
principal acidulant a lot of nitrate 
is inevitable. This is no handicap 
in most countries since nitrates are 
widely used fertilizers, but there is 
some evidence-not fully convinc
ing-that nitrate nitrogen has a 
significantly lower fertilizer effi
ciency on paddy rice than ammo
niurn forms of nitrogen, su(h as 
urea, ammonium sulfate, ammo
nium chloride or ammonium phos
phate. This loss of efficiency is be
lieved to be due to loss of nitrogen 
resulting from bacterial decomposi
tior) of nitrate ions in the anaerobic 
conditions existing in underwater 
culture as in paddy rice. This 
would tend to indicate against the 
use of nitrophosphate fertilizers in 
areas where rice is a major crop. 
However, it may be pointed out 
that two of the largest fertilizer 
plants in India-Nangal and Rour
kela-produce only ammonium ni
trate and that in the United Arab 
Republic calcium nitrate and 
ammonium nitrate are the only 
nitrogen fertilizers produced. It 
may also be pointed out that paddy 
rice is only one of many crops even 
in Southeast Asia. Nitrate ferti
lizers are quite suitable for wheat, 
corn, cotton, sugarcane, peanuts, 
beans, jute, tea, coffee, cocoa, 
rubber, tobacco, coconuts, pota
toes, bananas and many other crops 
of the tropical zone. 

However, the usefulness of a 
nitrate fertilizer even in a rice
growing area is purely a matter of 
economics. If a nitrate fertilizer is 
enough cheaper than a non-nitrate 
fertilizer, then it is economical to 
use it. For example, if a nitrophos
phate fertilizer should have 9070 

of the fertilizer efficiency of an 
equivalent non-nitrate fertilizer, 
such as urea-DAP, and the nitro
phosphate was priced at 907r of 
the price of the non-nitrate ferti
lizer, they would be then eco
nomically equivalent. 

Effect of Phosphate Rock 
Composition 

The product from a nitrophos
phate process depends very heavily 
on the composition of the phos
phate rock used-much more so 
than in the production of wet 
phosphoric acid and DAP. In par
ticular, the nitrophosphate product 
depends on the P20" content and 
on the CaO/PzO;, ratio of the phos
phate rock. Table I shows the wide 
range of CaO/P20 5 ratios and BPL 
values in 14 commercial phosphate 
rocks. Generally speaking, a high 
BPL and a low CaOjP20" ratio 
are desirable for making nitro
phosphate fertilizers. 

Table II shows the extreme 
ranges in the chemical analyses 
of the 14 commercial phosphate 

rocks listed in Table 1. Table II 
also gives a "standard" phosphate 
rock analysis which I have selected 
tor use in the calculations in this 
paper. This "standard" phosphate 
rock has a BPL of 75, a CaOjP20 5 

ratio of 1.5. and it is generally 
similar to phosphate rocks from 
Morocco, Jordan, Togo, Tunisia 
and North Carolina, but rather 
unlike Florida rocks (see Table 1) . 

The last column of Table II 
shows the CaO equivalences of 
MgO, A120 3 , Fe20a, and NazO in 
the "standard" phosphate rock. It 
is important to consider these 
eq uivalel1ces since these metal ox
ides all react with nitric acid and 
ultimately give rise to equivalent 
amounts of ammonium nitrate in 
the final product, in the same way 
that CaO does. 

Elements of Nitrophosphate 
Processes 

Figure 3 shows simplified flow 
sheets of the Calcium Nitrate 
Crystallization and Ammonium 
Sulfate Recycle Processes, and also 

Table ! 

CaO/P20S·Rat1os and BPL Values of Pho!Ehate Rocks 
(listed in order of CaO/P205 ratio) 

Ca.O/P20, CaO/P205 
% Ca.O % P2O, wt. ratio mole ratio 

~ 
Curaoao 1.30 3.30 ,0.0 38.6 84 

USSR - Kola 1.34 3.40 52.1 38.9 85 

Senegal - Taiba 1.37 3.48 52.6 38.4 84 

Makatea 1.38 3.50 52.9 38.4 84 

South Atrica - Pha1aborwa 1.40 3.56 53.3 38.1 83 

Togo 1.41 3.58 ,2.0 36.9 80 

Florida. (70 BPL) 1.44 3.66 46.1 32.1 70 

Morocco - Khour1bga 1.45 3.68 53.!> 36.9 80 

Peru - Sechura 1.49 3.78 46.3 31.0 68 

Jordan - Ruseifa 1.53 3.88 51.0 33.4 73 

Morocco - Sari 1.54 3.9l 49.9 32.4 71 

North Carolina 1.61 4.09 49.4 30.7 67 

Tunisia. - Garss. 1.63 4.14 48.8 30.0 66 

Israel 1.76 4.47 50.2 28.6 62 

For comparison: 

3 CaO· P20S 1.18 3.00 54.2 45.8 100 

4 CaO. P20S 1.58 4.00 61.2 38.8 85 

5 CaO' P20S 1.97 5.00 66.3 :n.7 74 
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Table II the CN in the digestion liquor and 
the CN is separated in a filter or 
centrifuge. The removed CN is 
then ammoniocarbonated to AN, 
which may be re-injected into the 
process stream or it may be con
centrated and prilled as a co-prod
uct. The portion of CN not re
moved by the low-temperature 
crystallization is converted to di
calcium phosphate in the neutral
izer. This portion of the P20 5 

in the product is not water-soluble. 
Therefore the CN crystallization 
step must be carried out at a low 
enough temperature that at least 
75% of the P20 5 in the final prod
uct will be in the form of ammo
nium phosphates. The following 
data indicate the temperatures re
quired to do this: 

Defini tion of "Standard" Phosphate Rock 

Extreme range of 
14 Ehosphate rocks 

CaO 46.1-53.5 

P205 28.6-38.9 

F 2.0- 4.3 

NgO 0.3- 0.9 

A1203 0.3- 1.4 

Fe203 0.2- loll 

Na20 0.1- 1.3 

CO2 0.2- 5.6 

SO; 0.1- 2.7 

Si02 0.8- 8.7 

"Standard" 
phos. rock 

51.6 

34.4 

4.0 

0.4 

0.8 

0.8 

0.5 

4.0 

1.0 

2.5 
l:1Xi:O 

Relative moles 
P20~ ~ 1 

3.81 

1.00 

0.87 

0.04 

0.03 

0.02 

0.03 

0.38 

0.0.5 

0.17 

CaO equi v<>.l"r.'~ 
of metal oxi<iclJ 

3.81 

0.05 

0.05 

0.02 

0.03 

Note: Tnis analysis neglects ~~O, Cr203' U03, rare earth OXides, etc. which 

Crystallization 
temperature 

WSPin 
final product 

sometimes occur in phosphate rocks. 

for comparison the conventional 
Sulfur-Sulfuric Acid-Phosphoric 
Acid Process. The product chosen 
for comparing these processes is 
28-14-0. Potash is omitted from the 
analysis since it would only make 
the comparison more complicated 
and since potash can be added at 
the last stage of any compound 
fertilizel- process. 

28-14-0 was selected as the 
product for comparison of these 
processes since this is approxi
mately the product obtained by 
either the CN Xlzn process or the 
AS Recycle process (straight 
through version) using a phos
phate rock of 75 BPL and CaOj 
P20 5 ratio of 1.5. 28-14-0 is also 
the approximate product which 
would be obtained from wet
process phosphoric acid produced 
from phosphate rock of this de
scription with enough nitric acid 
added to give a NjP20 5 ratio of 
2: I and neutralized with ammo
nia. However, products with Nj 
P20 5 ratios from 1.5 to 2.5 can 
be made using the processes as 
shown in the flow sheets, depend
ing on analysis of the phosphate 
rock and on the degree of neutrali
zation of the phosphoric acid. 
Table III shows the minimum 
NjP20 5 ratios obtainable from 
the two nitrophosphate processes 
using phosphate rocks with various 
CaOjP20 5 ratios and depending on 

whether neutralization is stopped 
at the MAP stage or carried on 
through to DAP. The figures in 
Table III are minimum NjP20 5 

ratios since obviously the ratios 
could be made higher in all cases 
simply by adding more nitric acid 
and ammonia. 

eN Xlzn Process 
In the CN Xlzn Process, a 

coolant in the temperature range 
of 20°C down to as low as -l5°C 
is used to crystallize out most of 

cr.' Xl;;!n 

16°C 
13°C 
lOOC 
6°C 
O°C 

-4°C 
-8°C 

30% 
40ro 
50% 
60% 
70% 
75% 
80ro 

The WSP for a given crystalliza
tion temperature depends to a con
siderable extent on the quantity of 
excess nitric acid, but unfortu
nately the reference from which 
these data came did not give the 
nitric acid concentration. 

In the Norsk Hydro variant of 
this process, the CN crystallization 

t1AP!DA? + AN + DCp il/l,P !DA? + AN "" AS 

28-1!)-5 

HAP/CAP + AN 

28-14-0 

(0; other {o( other compositions) {Of' other !;:OCIpo'SitionSJ 
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is carried out in a conventional 
crystallization tank with cooling 
coils chilled with ammonia. A 
unique design of rotating drum 
filter is used to separate the CN 
crystals. The rest of the plant is 
of conventional design. The plant 
at Eidanger, Norway has a capa· 
city of 1500 metric tons of product 
per day containing 400 MTNjD 
and 200 MTP20 5/D in a variety 
of NP and NPK products. This 
plant was engineered and built by 
Norsk Hydro, but the process is 
now being offered world-wide by 
Humphreys & Glasgow and by 
Wellman-Lord. 

In the Czech/Kaltenbach vari
ant of this process, the CN crystal
lization is carried out by using 
chilled naphtha in intimate two
phase contact with the digestion 
liquor. The crystallization is 
carried out in a uniquely designed 
crystallizer in which the chilled 
naphtha is introduced into the 
middle of the tank and rises to the 
top of the tank counter-current to 
the digestion liquor. The CN 
crystals are kept in suspension by a 
slowly turning agitator at the bot
tom of the tank until the crystals 
are large enough to fall through 
the gentle turbulence. The CN 
crystals are separated in a continu
ous centrifuge. The Czech plant 
at Lovosice, Czechoslovakia has a 
capacity of 700 metric tons per day 
containing 200 MTN jD and ] 00 
MTP20 5/D in a variety of NP and 
NPK products. This process was 
developed by the Chemoprojekt 
organization in Prague and the 
plant was built by Czechoslovak 
government construction agencies. 
This process, with some improve
ments over the Lovosice plant, is 
now being offered world-wide by 
Kaltenbach et Cie., Paris, France. 

AS Recycle Process 
In the AS Recycle Process, 

ammonium sulfate is added to pre
cipitate CN as CS, which is sepa
rated in a filter or centrifuge. The 
removed CS is then ammoniocar
bonated to AS, which is re-cycled 
to the precipitator. Makeup CS is 
added to the ammonio-carbonator 
to make up for losses of AS in the 
product and in the CC filter cake. 
Since virtually all the CN is re
moved in this process the WSP 

of the product may be 90 % or 
higher. 

The version of the AS Recycle 
Process described above is the 
"straight through" version. No 
plant of this type has been built 
although the Dutch State Mines 
operates a plant using ammonium 
sulfate from a caprolactam plant 
but without converting the CS to 
AS and recycling the AS. Also, 
OSAG in Austria and FACT in 
India operate plants to convert 
CS into AS (Merseberg process). 
Therefore both sections of the 
process shown in the flow sheet are 
in operation somewhere in the 
world, but not in a complete inte
grated plant. 

The straight through version of 
the AS Recycle Process and sev
eral process variants are offered 
by Chemico, Foster·\Vheeler, Dorr
Oliver, Power Gas, Dutch State 
Mines and other engineering con
tractors. 

Chemistry of 
Nitrophosphate Processes 
Because the "standard" posphate 

rock selected for this paper has a 
CaO/P20 ti molar ratio of 3.96 (in
cluding CaO equivalent of MgO, 
AI20 a, Fe20s and Na20), the fol
lowing chemistry is based on 
4CaO'P20 5 instead of the conven
tional 3CaO·P20 5• 

CN Xlzn Process 
Primary chemical reactions: 
4CaO'P20 5 + 8HNOg -? 4Ca (NOs) 2 + 2HsP04 + H 20 

x2 H SP04 + NHa -? NH4H 2P04 

x4 Ca (NOs) 2 + 2NHg + CO2 + H 20 -? 2NH4NOg + CaCO g 
---_ ... __ ... _--

4CaO'P20ij + 8HN03 + lONHa + 4C02 + 3H2°-? 
2NH4H 2P04 + 8NH1NOs + 4CaCOs 

Secondary reactions in neutralizer: 
Ca (NOg) 2 + H aP04 + 2NHa -? CaHP0 4 + 2NH4NOs 
Mg (NOs) 2 + H gP04 + 2NHs -? MgHP04 + 2NHtNOs 
Al (NOs) s + H SP04 + 3NHs-? AlP04 + SNH4NOa 
Fe (NOs) 3 + H SP04 + SNHg -? FeP0 4 + 3NH4N03 

Ca (NOs) 2 + 2HF + 2NHs -? CaF2 + 2NH4NOa 

AS Recycle Process 
Primary chemical reactions: 
4CaO'P20 5 + 8HNOa -? 4Ca (NOs) 2 + 2HaP04 + H 20 

X4 Ca (NOs) 2 + (NH4)2S04 -? 2NH4NOs + CaS04 

x2 H aP04 + NHa -? NH4H 2P04 

x4 CaS04 + 2NHa + CO2 + H 20 -? (NH4) 2S04 + CaCOa 

4CaO'PZ0 5 + 8HNOa + lONHa + 4C02 + 3H2°-? 
2NH4H 2P04 + 8NH4NOg + 4CaCOa 

Secondary reactions in neutralizer: 
Mg (NOs) 2 + H SP04 + 2NHa -? MgHPO 4 + 2NH4NOs 
Al (NOs) g + H SP04 + SNHs -? AIP04 + 3NH4NOa 
Fe (NOs) s + H SP04 + SNHs-? FeP0 4 + 3NH4NOa 
HF + NHs -? NH4F 

Conventional S /SA/PA Process 
Primary chemical reactions: 
4CaO'P20 5 + 4H2S04 -? 2HaP04 + 4CaS04 + H 20 

x2 H gP04 + NHa -? NH4H 2P04 

x8 HNOs + NHs -? NH4 NOg 
~~~ ... --.. --..... --..... --------.. ----------

4CaO'PZ0 5 + 4H2S04 + 8HNOa + IONHs-? 
2NH4H 2P04 + 8NH4NOa + 4CaS04 + H 20 

Secondary reactions in neutralizer: 
MgS04 + H SP04 + 2NHa -? MgHP04 + (NH4) 2S04 
Al2 (S04) a + 2HaP04 + 6NHg -? AIP04 + 3NH4N02 

Fez (S04) 3 + 2HaP04 + 6NHa -? FeP0 4 + 3 (NH4) 2S04 
HF + NHa -? NH4F 
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T;<ole III 

Xinilli~m ~/?20S Ratios as Function.o~ CaO/P205 Ratios in Phosphate Rocks 

Calci1.O..'11 nitrate Ammonium sulfate 
CaO*/P205 crystallization process recycle process 
weight ratio neutralization of :-l:sPOi;" neu;;ralillation of H3PO;, 
in phosphate rock To JA.AP To D.;i'l' To DAP 

1.30 1.57 1. 73 1.69 1.89 

1.40 1.69 1.84 1.80 2.01 

1.50 1.BO 1.95 1.92 2.12 

1.60 1.91 2.07 2.04 2.24 

1.70 2.03 2.18 2.15 2.35 

1.80 2.14 2.29 2.27 2.47 

Notes: 

1. caO*/?20S r~tios include C~O equivalent of y~. Al203' Fe203' Ma20 and 

other metal oxides present in phosphate rock. 

2. In CN Xlzn Process, assumptions include 10% excess HN03, 75% of P20S in 

final product as MAP or DAP, 100% of AN ra-injected into process stream. 

3. In AS Recycle Process, assumptions include 10% excess HN03, 5% excess AS, 

100% of P20S in final product nominally as MAP or DAP (but in actual 

practice some will be in Mg HP04, AlP04, FeP04)' 

Two important facts to be 
noted is that all these processes 
(1) consume the same quantities 

of phosphate rock, nitric add and 
ammonia, and (2) result in the 
same quantities of MAP and AN. 

The chemistry of nitrophos
phate processes is so complex that 
it is impossible to predict the pre
cise product composition on the 
basis of the phosphate rock analysis 
alone. It is necessary to conduct 
pilot experiments to determine 

Table r>l 

what the product will be in actual 
practice from a particular phos
phate rock under actual operating 
conditions. 

Economic Comparison of 
Processes 

The only unequivocal way to 
make an economic comparison of 
two or more processes is to com
pare their costs on the basis of 
identical or virtually identical 
products. If the product mixes are 
different then there is the sticky 
problem of byproduct or co-prod
uct credits. Therefore for a first 
comparison I will use the 28-14-0 
product for all processes. 

Plants tor each of the three 
processes are assumed to be located 
adjacent to ammonia-nitric acid 
plants from which they would 
dmw ammonia, nitric acid and car
bon dioxide. 

Table IV shows the material 
and energy inputs for the three 
processes concerned. Since the 
nitrophosphate plant is adjacent to 
an ammonia-nitric acid plant, no 
charge is shown for carbon dioxide. 
Also, no charges are shown for 
minor costs such as anti-foaming 
agents, coating materials, fillers. 
lubricants, miscellaneous chemi
cals, etc. These items might be a 
few cents per ton of product. 

It should be noted that each All of the above primary 
chemical reactions are based on 
neutralization of phosphoric acid 
to MAP. They could equally well 
have been written in tenns of neu
tralization to DAP. In actual prac
tice the ammonium phosphate 
product will usually be some mix
ture of MAP and DAP. 

Material and Energy I,,:;uts per :~etric Ton of 28-11-0 

The quantities of MAP and 
AN indicated in the primary re
actions, namely NH4H 2P04:4NH1-

NOs, correspond to a composition 
29-16-0. In actual practice 10 
excess of nitric acid is used in the 
acidulation which would result in 
a 32-16-0 theoretical product, but 
the various impurities in the phos
phate rock cut this down to a 
28-14-0 product. This is the result 
when the phosphate rock has a 
CaOjP20r; molar ratio of 4 or a 
weight ratio of 1.58 (including the 
CaO equivalents of MgO, AI20 g, 

Fe203, Na20). With other phos
phate rocks a different product 
would result (see Table Ill) -

eN Xlzn AS Recycle S/SA/PA Prices of 
Process" Process ** Process Inputs 

Phosphate rock, tons *** .427 .427 .427 $10/MT 

Ni tric ~cid 100%, tons .seo .580 .s95 $14/1fJ!Sl 

Amr.lOnia, tons .200 .200 .195 $30/MT 

Sulfur, tons .135 $30/MT 

Gypsi.:i. .• 'n, tons .120 $ 5/MT 

Steam, tons 0.75 1.20 0 50¢/m 

Electric power, kwh. 80 70 60 l¢/kw"h. 

Fresh water, U.S. gallons 1,000 1,000 1,000 2O¢/M gal. 

Cooling water, U.S. gallons 8,000 8,000 8,000 5¢/M gal. 

* C~ Xlzn process operated with re-injection of all AN into process stream. 

**Straight through versionof AS Recycle process with no offtake of AN or MAP. 

''''**''standard'' phosphate rock as defined in Table II. 
produced 

@Ni.rio ~cid ~ in 800 MT/n plant wi.h ~~~nia costed ~t $30/MT. 
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of the three processes requires the 
same quantity of phosphate rock 
and virtually the same quantity of 
ammonia and nitric acid. Steam, 
electricity and water vary slightly 
but they are small cost items any
way. 

In estimating the requirements 
of material inputs in Table IV it 
was assumed that there would be 
a 100/0 excess ot lINOa above the 
stoichiometric quantity needed to 
combine with all the CaO, MgO, 
A120 a, Fe203 and Na20. In the 
AS Recycle process it was assumed 
that there would be a 510 excess 
of AS above the stoichiometric 
amount needed to combine with 
all the CN in the precipitation 
step. 

Also, in estimating the require
ments of phosphate rock, ni tric 
acid and ammonia in Table IV, 
it was assumed that there would 
be a 5% loss of N and a 510 loss 
of P 20 fi in all processes. Therefore 
the inputs shown correspond to 
0.294 MTN and 0.147 :MTP20 5 

per ton of 28- I 4-0 product. 
Besides the material and energy 

inputs, labor, supervision, over
head, maintenance materials, taxes, 
insurance, interest and deprecia
tion must be added to the cost pic
ture. I have elected to put all 
these costs on a percent of invest
ment basis, as shown in Table V. 
The figures in Table V are only 
examples. The reader may want 
to re-calculate these costs using 
other percentages of investment. 
The figures in Table V do not in
clude any "return on investment" 
other than 870 interest on total 
invested capital. The reader may 
wish to add a further factor for 
"return on investment." 

Table VI shows (1) capital 
costs for the plants for the three 
processes all at the same size-1430 
l\lTjD of 28-14-0 containing 400 
MTN/D and 200 l\ITP20 5/D, and 
(2) operating costs based on Tables 
IV and V. It should be emphasized 
again that these are the bare cap-

ital and operating costs for an N-P 
plant located adjacent to an am
monia-nitric acid plant. Also, these 
figures do not include either cap
ital or operating costs for offsites, 
storage, bagging, shipping, re
search, sales and distribution. 
These costs will be about the same 
for all three processes so they 
'would not affect the relative eco
nomics. 

The capital investments for 
these plants were very difficult to 
arrive at and the figures given in 
Table VI must be regarded as very 
rough estimates. Here are some 
capital cost figures I received from 
some engineering contractor firms: 

eN Xlzn Process (with total 
re-injection at AN) 

Contractor A 
Contractor B 
Contractor C 

$ 6.9 million 
10.0 
11.0 

AS Recycle Process 
(straight through) 

Contractor A 
Contractor B 
Contractor C 
Contractor D 

$ 5.7 million 
7.0 
7.8 
8.0 

Since I had no firm basis for any 
significant differential between the 
capital costs for these two processes, 
I selected $8 million for each of 
them. 

For the S/SA/PA Process J 
selected a figure of $7.5 million, on 
the basis of limited data from con
tractors. This figure is intended to 
include the sulfuric acid plant, the 
phosphoric acid plant and the N-P 
plant. 

The data in Table VI indicate 
a significantly lower production 
cost by either of the nitrophos
phate processes as compared with 

Table VI 

Production Costs per Metric Ton of 28-14-0 

Capital investment* 

Inputs: 

Phospha. te rock 

Nitric acid 

Ammonia 

Sulfur 

Gypsum 

Steam 

Electric power 

Fresh water 

Cooling water 

eN Xlzn 
Process 

$8,000,000 

$4.27 

8.12 

6.00 

.40 

.80 

.20 

.40 

Costs based on investment 
)0% of investment per year5.10 

$25.29 

AS Recycle 
Process 

$8,000,000 

$4.27 

8.12 

6.00 

.60 

.60 

.70 

.20 

.40 

S/SA/PA 
Proc.ess 

$7,500,000 

$4.27 

8.33 

5.85 

4.05 

• 60 

.20 

• 40 

4.80 
$~ 

*Plant size is 1430 MT/D or 472,000 MT/Y of 28-14-0. 

Prices of 
Inputs 

$lO/MT 

$14/HT 

$30/NT 

$30/MT 

$ 5/MT 

50¢/MT 

l¢/kwh • 

20¢/M gal. 

S¢/M gal • 

Capital investment for turnkey battery limits plant, not including land. 

raw material storage, product storage, bagging, shipping, orfsites, or 

working capital. 

Each $1 million in capital inves~~ent changes production costs per ton 

ot 28-14~O by $0.635 on basis of 30% of investment per year. 
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the SjSAjP A process. The differ
ence is, of course, entirely account
ed for by the cost of sulfur, re
duced to some extent by lower 
steam cost and lower capital 
charges. 

The costs of phosphate rock, 
nitric add and ammonia are sub
stantially the same for all three 
processes. This leads to the im
portant conclusion that the ~-elative 
economics of these processes are in
dependent of the prices ot phos
phate rock, nitric acid and am
monia. This conclusion is especial
ly significant for the developing 
countries. The principal factors 
determining the relative economics 
of these processes are, therefore, 
(1) the relative capital investment 
costs, (2) the way in which capital 
charges are calculated, and (3) the 
price of sulfur. 

Figure 4 shows these produc
tion cost data plotted as a function 
of the price of sulfur. Figure 4 
shows that the CN Xlzn Process is 
equivalent in cost to the SjSA/PA 
Process if sulfur is $6.00/MT, and 
that the AS Recycle Process is 
equivalent in cost to the SjSA/PA 
Process if sulfur is $ll.OOjMT. It 
must be emphasized again that 
these figures relate only to this 
particular product, namely, 28-14-0 
comprised largely of MAP jDAP 
and AN plus lesser amounts of 
DCP in the CN Xlzn Process and 
AN in the AS Recycle Process. 

Other Products Besides 
28-14-0 

There are variants of both 
the CN Xlzn Process and the AS 
Recycle Process which can be used 
to produce N-P products with 
NjP20" ratios of 1:1, 1:1.5 or 1:2. 

But in these cases there is a large 
co-product of AN (34-0-0) which 
would have to be disposed of. Also, 
the capital investment costs will be 
higher than the simple versions of 
these processes shmvn in Figure 3. 
In any event, the overall ratio of 
N/P20 5 in the two products pro
duced will still be 2: 1 in the case 
of our "standard" phosphate rock 
or in the range of 1.5 to 2.5 for 
other phosphate rocks. 

In the eN Xlzn Process the 
AN produced in the ammonio-car
bonation step can obviously be 
processed separately to pure AN 
and the remainder processed to 
products such as 24-24-0, 20-30-0 or 
17-34-0, depending on the amount 
of CN removed in the crystalliza
tion step. For example, the pro
cess could be operated to produce: 

840 MT /D of 24-24-0 
590 MT /D of 34-0-0 

For continuous operation this 
would require a second evapora
tion, prilling, drying, cooling, coat
ing setup which might add $500,-
000 to the capital cost. 

In the AS Recycle Process 
there are two principal variants 
available. Chemico offers a process 
in which MAP (+ some AN) is 
separated by cooling and crystal
lization immediately following the 
neutralization step. This variant 
might produce a product mix like: 

480 MT /D of 14-42-0 
950 MT jD of 34-0-0 

Since this requires an additional 
crystallizer and filter plus another 
granulator-drier- cooler-coater set
up, this might add $1.5 million to 
the capital cost. 

Foster-Wheeler is offering the 
USS Agri-Chemicals process in 
which AN is separated by cooling 
and crystallization immediately 
after the CS filtration step, i.e. be
fore neutralization. This variant of 
the AN Recycle process could give 
a product mix like: 

840 lVIT jD of 24-24-0 
590 MT /D of 34-0-0 

This variant also requires an addi
tional crystallizer and filter and 
might add $1.5 million to the cap
ital cost. 

Still another variant is the 
TAP Crystallization process being 
developed by TVA. In this pro-
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cess the ammonia neutralization is 
carried through to triammonium 
phosphate (TAP) under pressure, 
the TAP is separated, and one 
ammonia molecule removed and 
recycled, leaving DAP. It may be 
possible to get a fairly clean separa
tion into DAP and AN by this pro
cess, but it is still in development. 

Space precludes a more detail
ed discussion of these variants, but 
it may be noted that each $1 mil
lion of additional capital cost will 
add something like $0.635 per ton 
of product for capital charges at 
30% per year. 

However, it is clear that the 
production costs of products of the 
1-1-0, 1-1.5-0 and 1-2-0 types, as 'veIl 
as the 2-1-0 type, made by nitro
phosphate processes are significant
ly lower than for comparable prod
ucts made by conventional pro
cesses using phosphoric acid. 

The main problem in making 
a decision on a nitrophosphate pro
ject is whether there is a good mar
ket for the products that can be 
made, including a market for the 
rather large amount of co-product 
AN. 

Nossen Nitric Acid 
Regeneration Process 
An interesting variant of the 

CN Xlzn Process is the N ossen 
nitric acid regeneration process 
which is being offered by Power 
Gas Corporation. In this process 
the CN separated in the primary 
crystallizer is thermally cracked to 
nitrogen oxides which are re-oxid
ized to nitric acid which is then 
fed back to the initial digestion 
stage. By this process it is possible 
to produce a single product com
prised of MAP /DAP + DCP which 
could have compositions in the 
range of 15-45-0 to 20-40-0 depend
ing on the amount of CN removed 
in the primary crystallization and 
on the degree of neutralization of 
phosphoric acid in the neutralizer. 
This is a very attractive process, 
but it is still in a development 
stage and the capital costs are not 
yet well defined. 

Comparison with Urea~DAP 
One of the most popular and 

fastest-growing compound fertiliz
ers in the world today is urea-DAP 
which can be formulated in a num-



ber of grades such as 34-17-0, 28-
28-0 and 20-40-0. It is beyond the 
scope of this paper to make a de
tailed cost comparison between 
urea-DAP and nitrophosphates, but 
it seems certain that nitrophos
phates will be much lower cost 
per unit of plant nutrient than 
urea-DAP, for the particular prod
ucts which it is possible to make 
by nitrophosphate processes. The 
urea-DAP approach is, of course, 
much more flexible and it has the 
advan tage in rice-growing areas of 
having entirely ammonium-type 
nitrogen. 

Is There a Market for 
Nitrophosphate Fertilizers? 

The foregoing analysis has in
dicated strongly although pos
sibly not yet conclusively that 
nitrophosphate processes can make 
compound fertilizers of the 2-1-0 
type cheaper than by any other 
method. These processes can also 
make fertilizers of the 1-1-0, 1-1.5-0 
and 1-2-0 types (with large co
products of ammonium nitrate) 
cheaper than by any other method. 
And these fertilizers can be made 
with WSP of 75 % or even higher. 
But these fertilizers have 40-45% 
of the nitrogen in the nitrate form. 

Now the question arises-Is 
there a market for these types of 
fertilizers? Let's look at the 2-1-0 
type first since this is the cheapest 
one to make. This type of fertilizer 
could, of course, be modified by 
the addition of potash to give 
2-1-1, 2-1-2, etc. types, but let's 
focus attention on the 2-1-0 type 
for simplicity. 

There is not much market for 
2-1-0 type fertilizers in the United 
States since so much nitrogen is 
applied in the form of anhydrous 
ammonia and nitrogen solutions. 
The biggest compound fertilizers 
used in the United States are the 
1-1-1, 1-2-2, 1-3-3 and 1-4-4 types. 
Also, a good deal of nitrogen ferti
lizer is applied in the form of 
straight solid nitrogen materials, 
such as urea, ammonium sulfate 
and ammonium nitrate. l\10reover, 
the overall consumption ratio of 
N:P:P" is only 1.1. 

The situation is somewhat dif
ferent in Europe, Japan and the 
Soviet Union since these areas use 
very little anhydrous ammonia or 

nitrogen solutions, but they do use 
a good deal of nitrogen as straight 
solid materials. The overall con
sumption ratios of N:P20 5 are 
about 1.2 in Europe, 1.4 in Japan 
and 1.6 in the Soviet Union. There
fore there could be a fairly good 
market for nitrophosphate fertil
izers in these areas unless the use 
of liquid forms of nitrogen de· 
velops further. 

However, in the developing 
countries the situation is still more 
favorable for nitrophosphate fertil
izers. The overall consumption 
ratios for N:P20 5 in the develop
ing areas are: 

Asia (except Japan) 3.6 
Africa 1.4 
Latin America 1.8 

There is virtually no use of anhy
drous ammonia or nitrogen solu
tions in these areas, but on the 
other hand they are accustomed to 
using largely straight materials
both nitrogen and phosphate-in 
many of the developing countries. 
Therefore even though the basic 
factors are favorable for a good 
market for nitrophosphate fertil
izers, it may be necessary to de
velop the market. 

Some countries (or areas) in 
which rice is not the major crop 
which should be good markets for 
nitrophosphate fertilizers include: 

Northern India South Africa 
West Pakistan Brazil 
Northern China Argentina 
Iran Peru 
Turkey Mexico 
U.A.R. (Egypt) Cuba 

Some other countries (or 
areas) in which rice is the major 
crop, but which might be good 
markets for nitrophosphates any
way, if the price was low enough, 
include: 

Southern India North and South 
East Pakistan Korea 
Southern China North and South 
Indonesia Vietnam 

Phili ppines 
Taiwan 

Making a Decision on a 
Nitrophosphate Project 

In considering the economics 
and feasibility of competitive pro
cesses, the factors relating to a 
particular location must be con-
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sidered. It is not possible to gen
eralize. The analysis must be spe
cific for a specific location. 

The basic criteria for making 
a decision among competitive pro
cesses for a plant at a particular 
location are: 

1. Is there a market for the 
particular types of fertil
izers in the marketing area 
of the proposed plant? If 
not, is there a good pos
sibility of developing a 
market? 

2. 'Vhat are the relative cap
ital costs of the competitive 
processes? 

3. 'What is the price of sulfur 
at the particular location 
(if a sulfur-using process 

is being considered) ? 

The price of phosphate rock 
is not relevant since all processes 
will use the same quantity of phos
phate rock for a given amount of 
phosphate production. 

The price of ammonia is, also, 
not relevant in making a decision 
among competitive processes since 
all processes will need the same 
quantity of nitrogen. 

The existence (or not) of a 
domestic supply of sulfur, also, is 
not relevant, but the price of sul
fur is relevant. I can conceive of a 
nitrophosphate plant being built 
in Mexico next door to a sulfur 
mine, if the economics was favor
able. The fact that a country has 
a domestic supply of sulfur is no 
reason for not considering ni tro
phosphates. Sulfur has a certain 
value on the world market so why 
not sell it and make fertilizer the 
cheapest way. 

Also, the existence (or not) of 
a domestic supply of phosphate 
rock is not relevant in deciding 
between two or more processes all 
of which use phosphate rock as a 
raw material. If a country has 
domestic phosphate rock or if it 
imports phosphate rock is irrelev
ant in deciding among competitive 
processes that use phosphate rock. 
However, every country that im
ports phosphate rock should con
sider importing solid phosphate 
fertilizers, phosphoric acid or ele
mental phosphorus as alternatives 
to phosphate rock, but this com
parison is beyond the scope of this 
paper. 



Conclusions 
1. N i trophosphate processes 

can produce certain types 
of N-P fertilizers at signific
antly lower cost than by 
conventional processes us
ing phosphoric acid. 

2. New nitrophosphate pro
cesses, recently put into 
operation in Norway and 
Czechoslovakia, can pro
duce N-P fertilizers with 
75 70 or higher water solu
bility of phosphate. with
out the use of sulfur. 

3. However, the types of fer
tilizer that can be produced 
by nitrophosphate processes 
are limited to ones with 
N:P20 5 ratios of 1.5 to 2.5. 
The product might be a 
single product, such as 
28-14-0, or two products, 
such as 24-24-0 plus am
monium nitrate as a co
product. 

4. Nitrophosphate fertilizers 
have 40-45 '70 of the nitro
gen in nitrate form which 
may be an economic handi
cap in rice-growing areas. 

5. The basic problem in mak
ing a decision on a nitro
phosphate project is 
whether there is a market 
for the product. 

6. Developing countries which 
should give serious con
sideration to using nitro
phosphate processes include 
India, Pakistan, China, In
donesia, Korea, Vietnam, 
Philippines, Taiwan, Iran, 
Turkey, U.A.R., South Af
rica, Brazil, Argentina, 
Peru, Mexico and Cuba. 

CHAIRMAN SAUCHELLI: Thank 
you, Ray. He calls himself an 
amateur. In my book the strict 
definition of an amateur is one 
who really loves the art and he is 
a man who just loves these discus
sions on fertilizer although he has 
been interested in so many other 
avenues. vVe have time for ques
tions. 

A MEMBF.R: vVhere is the plant 
located in North Carolina? 

DR. EWELL: A small town call
ed Tunis. It is on Albemarle 
Sound. We are going to get the 
phosphate rock by barge around 
from The Texas Gulf at the other 

Abbreviations 
PR Phosphate rock 
CN Calcium nitrate 
CS Calcium sulfate 
CC Calcium carbonate 
NA Nitric acid 
SA Sulfuric acid 
PA Phosphoric acid 
AN Ammonium nitrate 
AS Ammonium sulfate 
MAP Monoammonium 

phosphate 
DAP Diammonium 

phosphate 
TAP = Triammonium 

phosphate 
DCP = Dicalcium 

phosphate 
TCP Tricalcium 

phosphate 
NP N itrophosphate 

end of the Sound. It is very cheap. 
CHAIR!VrAN SAUCHELLI: \Ve 

have on our program a talk on a 
nitrophosphate plant that will re
fer to that Tunis plant. The talk 
will be given by Mr. William A. 
Lutz. \Ve received his paper too 
late for it to get on our printed 
program. however, we are going 
to try to make time for l\h. Lutz's 
presentation. 

MR. JOSEPH REYNOLDS: Can 
you identify the $8 million and 
the $10 million investment as to the 
type of plants that are included 
in your estimates? Do you have a 
sulphuric or nitric acid plant in
cluded in this figure? 

DR. EWELL: Oh, no, no nitric 
acid. I made that clear. Everyone 
of these processes takes the same 
amount of nitric acid. 

MR. REYNOLDS: I see. 
DR. EWELL: So you leave that 

out. 
MR. REYNOLDS: But if you are 

building a plant in Egypt or some 
other place, you are assuming they 
have certain facilities. vVhat is in 
the $8 million? 

DR. EWELL: Everything that 
was on these flow sheets. 

MR. REYNOLDS: You've got a 
phosphoric acid plant. 

DR. EWELL: Yes. You see, I 
made the statement that each of 
these plants is assumed to be next 
door to an ammonia plant and a 
nitric acid plant because there are 
going to be three units: an am
monia plant, a nitric acid plant 
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and this nitrophosphate product 
plant. 

MR. REYNOLDS: You are saying 
that you can build a phosphoric 
acid plant, a sulfuric acid plant 
and the storage and shipping facil
ities for 7Y2 to $8 million? 

DR. EWELL: No, this is a bat
tery limits plant. no storage, no 
bagging, no storage of raw ma
terials, no storage of end products, 
just the operating units, no storage 
and no bagging unit. 

MR. S. STRELZO}-F: I had better 
not ask any questions or I will be 
asked too many tomorrow. I would 
like to know the answer to one 
question. When you say battery 
limits, you include sulfuric acid? 

DR. E,VELL: Oh, yes. 
YIR. STRELZOFF: Phosphoric 

acid and sulphuric acid but you 
didn't include nitric acid. 

DR. EWELL: (Nodding head.) 
MR. STRF.LZOFF: Do you use 

phosphoric acid to produce the 35 
per cent P 20;; or do you go to a 
concentrate of 54 before you go 
to DAP and so on? 

DR. EWELL: This is a technical 
detail I didn't get into, Sam. 

MR. STRELZOFF: If you do need 
to concentrate phosphoric acid you 
have to use some steam or fueL 

DR. EWELL: You've got the 
steam from your sulphuric acid 
operation. 

MR. STRF.LZOFF: In other words, 
you have integration of the sulfuric 
acid, phosphoric acid and so on 
until you come to zero? 

DR. EWELL: You get the steam 
out of the sulfur burning. 

E. N. MORTENSON: Will your 
report to the United Nations come 
out before the report that is print
ed by the Round Table? 

DR. EWELL: Considering how 
long it takes the United Nations to 
review reports, I doubt iI this will 
be coming out before April or 
May. I expect to turn it in to the 
United Nations in draft form only 
before Christmas and I am also 
going to send it to about 20 people 
who would like to comment on it 
and then probably around the first 
part of February I'll get out a final 
draft and that has to go through 
the committee approval procedure 
in the United Nations. 

VINCENT SAUCHELLI: About a 
year ago we asked Enrico to pre
pare a panel discussion on this 



subject for the Round Table. Al
though he is a very busy executive 
with C&IjGirdler, he accepted the 
assignment and found time to as
semble for the purpose a remark-

able group of talented persons. 
Enrico has been a staunch 

friend and loyal supporter of our 
Round Table for many years. Rico, 
the floor is yours. 

Materials of Construction 
For Fertilizer Plants 

Dr. Enrico Pelitti, Panel Leader 
E. A. Tice, W. E. Rushton, G. R. James, P. Moraillon, W. Berry and 

K. Harrison, Panel Members 

MR. PELITTI: Thank you, Vince. 
In periods of great construc

tion activity, there is always con
siderable pressure to get new facil
ities completed as quickly as pos
sible. Tight construction schedules 
in the critical early stages thus 
make it difficult for the design 
engineer to take the time to an
alyze and evaluate past experi
ences and to investigate alternate 
approaches. 

In the mid sixities, the fer
tilizer industry has unquestionably 
witnessed a period of intense con
struction activity. On the other 
hand, I don't believe many will 
want to dispute the statement with 
which FORTUNE opened their 
article on fertilizers last June: 

"With startling and dra
matic finality the big 
boom in chemical ferti
lizers is over." 
This leaves many design en

gineers and operators with some 
spare time on their hands, and 
gives them an opportunity to use 
it to review the state of our knowl
edge and experience, and to de
velop the guide lines that can be 
used when the boom will resume. 
'Vhich is bound to happen, as 
soon as the present wave of over
capacity is finally digested by the 
agricultural usel-s. 

In the letter sent to Round 
Table participants by the Execu
tive Committee, I have been de
scribed as having "earned an 
enviable reputation" in the field 
of materials of construction. It 
all started, more or less acci
dentally, about 10 years ago while 
the fertilizer industry was under
going another of its periodic re
cessions. 

]\fy assignment at the time in
cluded the assembling of design 
and process references on phos-

phate fertilizers, in preparation for 
a resumption of construction activi
ties. \Vhile I found an abundance 
of process references, very little was 
available on materials of construc
tion, and most of what I tound 
could be considered obsolete. New 
references, therefore, had to be 
prepared, based on the direct ex
perience of a number of material 
suppliers and plant operators, as 
well as my own. 

After the job was completed, 
it was suggested that the results 
be made available to the industry. 
They were first presented at the 
41st National Meeting of the 
A.I.Ch.E. in St. Paul, Minnesota in 
September 1959. 

Two months later at the 
Round Table, here in Washing
ton, Vince Sauchelli talked me into 
letting him use most of that ma
terial for the A.C.S. Monograph 
on "The Chemistry and Technol
ogy of Fertilizers," which he was 
in the process of assembling. 

As a consequence of the rapid 
technological progress of the fer
tilizer industry, however, many 
changes have occurred, both in 
processes and materials, prompting 
a number of people to ask me to 
up-date my original notes. None 
of them was quite as convincing 
as my friend Archie Slack of TVA, 
as Editor in Chief of a new series 
on "Fertilizer Science and Tech
nology." Even Archie had a bit of 
difficulty to get me to complete the 
chapter on materials of construc
tion for the book on phosphoric 
acid, and I had the distinction of 
being the last of the various con
tributors to send in his material. 
Part I of the book has been avail
able for several months. The chap
ter on "Materials of Construction" 
is included in Part II. 

In assembling the panel, I have 
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attempted to make it representa
tive of different sectors of the fer
tilizer industry to provide different 
points of vie,v. I have been ex
tremely fortunate in securing the 
assistance of some of the best 
known experts in the respective 
areas: 

Bill Rushton - representing 
the equipment industry. 

Allen Tice - representing the 
metallurgical and alloy in
dustry. 

Bill Berry representing the 
operating section of the fer
tilizer industry. 

Russ James - a consultant 
and expert on ammonia and 
nitrogen ferti lizers. 

In line with the international 
character The Fertilizer Round 
Table has been noted for in recent 
years, we also have in the panel 
two foreign representatives: 

Ken Harrison from Canada
an expert in the area of cor
rosion resisting coatings and 
linings. 

Philippe Moraillon from 
France, well-known in the 
international field for his 
contributions in the area of 
fertilizer processes and ma
terials. 

We will first have the presen
tation of the respective topics by 
all panel members. Then the panel 
will be open to the audience and 
we will attempt to answer any of 
the questions which will be sub
mitted. 

We also have a movie about 
a new technique for field fabrica
tion of large plastic vessels. It was 
provided by Mr. Morail1on of 
Pechiney-Saint-Gobain. It will be 
shown at the conclusion of today's 
session. For those in the audience 
who have an interest in this par
tindar subject, this is something 
which I believe was never at
tempted in the United States and 
I urge Round Table members with 
an interest in plastic construction 
not to miss it. 

'Ve will now start our panel 
with Allen Tice. 

Mr. Tice is a graduate of 
Rensselaer Polytechnic Institute, 
B.S. in chemical engineering. After 
7 years of experience in the steel 
industry, primarily concerned with 
corrosion research, he joined in 



1946 the International Nickel Com
pany's corrosion engineering sec
tion, where he became closely as
sociated with F. L. Le Que and 
W. Z. Friend. From 1960 to 1967, 
Mr. Tice was in charge of INCO's 
corrosion engineering section, and 
has just recently been transferred 

to the market development depart
ment, chemical industry section. 
Allen will talk to you about new 
corrosion resisting alloys on which 
the industry is working, in the 
Ni-Cr-Mo-Fe family, which appear 
to offer great promise for chemical 
fertilizer processes. 

--_ .... - .... ~~---------~ .... -~- .-~~- -

New Corrosion Resisting Alloys 
E. A. Tice 

Thank you, Enrico. For my 
part, I can only hope to touch on 
a few of the new alloys that have 
become available in recent years, 
and I will divide them in three 
groups. 

The first group, as illustrated 
in Table I, covers some of the new 
cast corrosion-resistant materials 
that are available commercially. 
For comparison, the second line 
gives the composition of the "20" 
alloy, with which most of vou are 
familiar. It is the old wo;k-horse 
of the phosphoric acid industry for 
sulfuric acid handling. The three 
other alloys have come into play in 
the last few years. 

The top one, Illium P, and 
the bottom one, CD-4MCU alloy, 
are somewhat similar, being high 
chromium alloys, with some nickel, 
and with molybdenum and copper 
additions. Both molybdenum and 
copper additions to the chrome 
nickel family improve acid corro
sion resistance. Greater hardness 
is also available in both the Illium 
P and the CDM-4-CU alloy. for 
better erosion resistance. ' 

Illium-98 has been especially 
designed for the handling of hot 
sulfuric acid solutions, particularly 
in the higher concentration ranges. 

These new cast materials are 
finding their place in pumps, 
valves, and other components of 
this type. 

The next family of alloys is 
shown in Table II. It includes 
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some of the new wrought materials 
available today, and for compari
son we have shown Incoloy 825, 
and Carpenter 20-CB-3. I'm sure 
you are familiar with both of these 
alloys, which have been on the 
market for at least 10 years. 

The three new alloys appear 
above these in the table. It "rill 
be noticed that the top two alloys, 
Inconel 625 and Hastelloy G, are 
nickel base with about 20 to 22 
percent chromium and consider
able molybdenum additions. Has
teHoy G also has a 10 percent cop
per content, which should improve 
sulfuric acid resistance. These three 
new alloys are starting to come 
into play in phosphoric acid pro
duction, and should be of consider
able interest to the fertilizer indus
try. 

Jessop .JS-700 will be recog
nized as very close to the European 
alloy HV-9, and somewhat similar 
to Uranus B 6. I believe Uranus 
B 6 has some copper in it, whereas 
the Jessop alloy made in this coun
try does not. 

Mechanical properties of these 
newer alloys are very similar to 
those of stainless steels. They have 
a little higher strength. For ex
ample, Inconel 625 and Hastelloy 
G have a yield strength of the 
order of 60,000 PSI, with tensile 
strength up around 100,000 in the 
annealed condition. Jessop JS-700 
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is not quite as strong, and more 
in line with the conventional stain
less steels. So these new alloys offer 
somewhat higher strength levels as 
well as improved corrosion resist
ance. 

They can be welded with com
panion electrodes designed for 
them, and have excellent ductility. 
For instance, a bar of Jessop JS-700 
alloy can be bent 180· on a very 
small radius, without showing any 
crack. This is typical of this whole 
family of alloys. 

Table III shows some recent 
corrosion data, accumulated by In
ternational Nickel for these alloys 
in phosphoric acid service, and 
how they compare with some of 
the older alloys. Three sets of cor
rosion data are shown. Those for 
Plat;ts A and B represent digester 
eqUIpment exposures at conven
tional temperatures, of the order 
of 175 to 180·F. Corrosion rates 
for Inconel 625 and Hastelloy G, 
and the 25 Ni-20 Cr-4Y2 Mo alloy, 
which could be either the HV-9 or 
the Jessop JS-700, are all quite 
low. By contrast, note how poorly 
Type 316 SS has done. 

However, some of the newer 
processes might wish to use higher 
temperatures and higher acid con
centrations, such as in Plant C. 
In this test at temperatures be
tween 240 and and 260·F, corro
sion rates for all materials were 
drastically increased. 

So these new alloys would 
seem to be quite interesting in con
ventional phosphoric acid reaction 
equipment, but perhaps of ques
tionable value for some of the 
newer processes operating at higher 
temperature. 

':Ve are planning to investigate 
the behaviour of both Hastelloy 
G and Inconel 625 as evaporator 
tubing. This we hope to do in a 
22-tube unit heater, operated in 
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parallel with a first effect evapora· 
tor heater, at a typically corrosive 
phosphoric acid plant. The heater 
would have 10 tubes of each alloy, 
and a couple of reference alloy 
tubes of the 825 composition, to 
provide a comparison. If all goes 
well and we are successful, we 
would hope within a couple of 
years to prove whether or not 
either of these two alloys will really 
work as a heater tube. We cannot 
do this merely from laboratory 
data. 

So, this is the state of some 
of the newer wrought materials 
that might be usable by the phos· 
phoric acid industry. 

Another interesting area is 
given by alloys with a composition 
of roughly 50 Cr and 50 Ni. It 
might seem rather surprising that 
an alloy system of this type could 
be made to work, but it is being 
done. There are two new alloys 
now available, one a wrought ma· 
terial of 50 Cr and 50 N i, and one 
a cast material only of 60 Cr and 
40 Ni. These two combinations of 
chromium·nickel provide unusual· 
ly good corrosion resistance for ex· 
tremely high temperature sulfur 
conditions, either sulfur dioxide 
or hydrogen sulfide. Figure I illus· 
trates some corrosion data for this 
family of alloys. The solid lines 
indicate corrosion rates in a sulfur 
dioxide environment. The tem· 
perature here is 900°C, quite hot. 
None of the conventional chrom· 
ium·nickel stainless steels are at 
all resistant to these environments. 
The chromium·nickel alloys are 

compared with a 20 Cr -80 Ni 
alloy, which is the composition of 
one of the better alloys available 
in the past. I t can be seen that 
both the 50·50 and the 60-40 com
positions have quite good corrosion 
resistance in this weight·change vs. 
time corrosion test. 

Sulfur dioxide as an oxidizing 
enviroment, is not as corrosive as 
hydrogen sulfide, and the broken 
lines indicate the behaviour of 
these new alloys in an hydrogen 
sulfide atmosphere. 

Just where these alloys are 
going to find application in the fer
tilizer industry I do not know, but 
in the power industry, for example, 
in superheater applications there 
have to be hangers or support 
brackets to support the superheater 
tubing, and some of the fuels be· 
ing burned today have a sulfur 
content combined with a sodium 
problem also, and a very corrosive 
situation can exist with conven
tional hanger materials. Figure 2 
shows the behaviour of one of these 
new chromium nickel alloys. This 
is the 60·40 cast material tube sup· 
port, as compared with the con
ventional 25·20 Cr·Ni stainless that 
has been used in the past. The 
supports have been in service for 
over 9,000 hours in a superheater 
hanger application. 

We have thus presented some 
brand new alloys which are now 

Fiq.2 
Tube Supports - Consolidated Edison Com· 
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available, both as castings and as 
wrought materials. I hope that 
they wiH prove of interest to you, 
and that this presentation will in· 
spire some of you to consider them 
for some of your new applications, 
where you have real rough corro· 
sion problems. 

Thank you very much. 
MODERATOR PELlTn: Thank 

you, Allen. 
Now that you have heard 

about a few promising new de· 
velopments, a word of caution may 
be in order. Some serious and 
expensive disappointments have 
occurred in the past, when too 
much reliance was put on the re· 
suits of static tests, and adoption 
of new materials was undertaken 
under conditions not exactly 
matching the ones of the tests. 

Bill Rushton will talk to you 
about material requirements for 
phosphoric acid evaporators, and 
review the strange and fascinating 
story of Nionel, an experience to 
which probably a few of the par· 
ticipants of this Round Table have 
been exposed in the period be· 
tween 1959 and 1961. Bill Rushton 
received his chemical engineering 
degree from The Missouri School 
of Mines in metallurgy in 1951. 
He joined the Swenson Division of 
the Whiting Corporation in 1956, 
and has been involved ever since 
in various phases of design, con
struction and sales of process 
equipment used in the fertilizer 
industry. 

He is presently Manager of 
the Swenson phosphate depart
ment. Bill has presented numer
ous papers at technical meetings, 
especially on equipment, processes 
and materials for phosphoric acid 
and superphosphoric acid. Even 
though Bill insists he is not an 
expert on the subject of materials, 
his long exposure to problems re
lated to materials used in these 
processes provides impressive cre· 
dentials. 

Ma terials of Construction for Phosphoric 
Acid Evaporator 

w. E. Rushton 

Most of the materials available 
for corrosive application have been 
used or tried in wet process phos
phoric acid plants. Corrosion test· 
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ing of new materials is continually 
going on, to find better solutions 
for specific jobs. One area of the 
plant that has seen very few 



changes in materials of construc
tion over the years, however, is the 
concentration section. 

At the present time, only few 
materials are normally used in the 
fabrication of the conventional 
phosphoric acid evaporator. They 
generally represent a comprornise 
dictated by cost and service. and 
they are only acceptable for a 
narrow range of conditions. A 
change in any of a number of fac
tors, can make them unacceptable 
and cause rapid failures. The only 
materials presently available as an 
alternate choice are much more 
costly, and result in very expen
sive solutions. I feel there is a need 
for new economical materials of 
construction which can resist cor
rosion under the special conditions 
found in the evaporator section of 
a wet acid plant, but they can only 
be developed through a dear un
derstanding of how those condi
tions will affect any corrosion test. 

Several attempts have been 
made to use metallic materials in 
evaporator equipment, but they 
have met only with very limited 
success, and in some cases with 
complete failure. I believe this 
poor showing is primarily due to 
improper testing of the materials, 
before their introduction on a 
commercial basis. Proper testing 
would have avoided some of the 
more prominent failures and left 
the industry less reluctant to in· 
vestigate the new materials pres
ently being developed. 

A brief review of phosphoric 
acid concentration equipment from 
the point of view of materials of 
construction will show how we 
have arrived at a situation where 
everybody agrees that the existing 
materials should be improved, but 
virtually nobody is interested in 
being the first or even the second 
to put new materials into service. 

Over the years, the design of 
phosphoric acid concentration 
equipment has changed considera
bly. The first units were hot gas 
evaporators, where the products of 
combustion were passed through a 
pool of phosphoric acid. This type 
of equipment operated at rela
tively high temperature, and cor
rosion was a very serious problem. 
In order to reduce temperatures 
and corrosion the industry turned 
to vacuum evaporators. 

The first vacuum units were 
horizontal-tube cast lead evapora
tors. Later development allowed 
the use of the thermal syphon de
sign, with natural circulation. Orig
inal construction was in lead
lined steel, followed later by 
rubber-lined steel. The heat ex
changers generally had impervious 
graphite tubes, held in lead-lined 
tube sheets with rubber grommets. 

About eight years ago, forced 
circulation replaced the natural 
circulation or thermal syphon de
sign. As this type of evaporator is 
the one most commonly used at 
present, the remainder of this dis
cussion will cover the materials of 
construction now in use and pos
sible areas of improvement. 

Rubber Lining 
The major portion of the 

evaporator is of rubber-lined steel. 
This type of construction has been 
used almost exclusively since the 
mid 50's. Rubber lining today is 
considerably more reliable than 
when the first evaporators were 
built. Present lining techniques 
and cements make bond failures 
very rare. Rubber, however, does 
have limitations that make de
velopment of improved materials 
desirable. Present rubber linings 
are limited to temperatures below 
2000F. Due to the high boiling 
point elevation of phosphoric acid, 
this limitation restricts all evapora
tors to single effect units, and vapor 
heads must be made very large to 
allow for very low pressure opera
tion. Materials suitable for higher 
temperatures would allow the use 
of multiple effect evaporators, with 
resultant savings in steam and 
water consumption. 1£ the cost of 
the material was no higher than 
for rubber-lined steel, the over-all 
cost of the evaporator installation 
could be reduced. 

Another severe limitation of 
rubber is the difficulty of making 
repairs. At the present time new 
rubber used for patching must be 
vulcanized with steam for periods 
of 48 to 60 hours. This, of course, 
is very time consuming and costly. 
An additional disadvantage is that 
after several years of service, it is 
often very difficult to obtain a 
satisfactory bond between the old 
rubber and a new patch. 

We are always interested in 
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improvements and have investi
gated most of the new materials 
that have come to our attention. 
There are presently several coat
ing materials that appear to be 
promising and deserve additional 
testing. So far, progress has been 
very slow, mostly due to the in
dustry's reluctance to test new ma
terials in process equipment. 

Alloy 20 
At present, Alloy 20 is gener

ally used in the U.S. as the ma
terial of construction for evapora
tor circulating pumps and Jump 
screens. "While these alloys gi ve a 
reasonably satisfactory service, they 
are a compromise material. To 
prevent or limit corrosion, a rela
tively low liquor velocity through 
the pump must be used. This re
sults in many instances, in over
size pumps. In addition, potential 
suppliers of pump castings are 
limited, as only one foundry ap
pears to have developed the tech
niques of heat treatment and an
nealing to impart maximum coro
sion resistance to the alloy. 

Satisfactory experience with 
Alloy 20 is limited to acids pro
duced from Florida and 'Vestern 
rocks. Any other rock source must 
be carefully reviewed, and in many 
cases may require more expensive 
alloys. For instance, acids produced 
from some African rocks may con
tain a fair amount of chlorides. 
"With this condition, a French 
alloy, Uranus B6, or Hastelloy "C" 
must be used. 

The wrought form of Alloy 
20, used to fabricate the lump 
screen, seems to be less susceptible 
to corrosion than the castings in 
the pump. However, velocity across 
the screen is generally fairly low, 
and the erosive action of the CaS04 
crystals tend to keep the screen 
dean so that conditions less likely 
to cause corrosion are maintained. 

Evaporator Tubing 
Traditionally, impervious 

graphite tubing has been used al
most exclusively as the heat trans
fer source. The early horizontal 
tube and natural circulation evap
orators used these tubes secured 
in lead-lined tube sheets with 
rubber grommets. The advent of 
the forced circulation evaporator, 



with reduced scaling and easier 
cleaning. made the change to ce
mented construction possible. Thus 
all recent forced circulation evap
orators use impervious graphite 
tubes cemented into impervious 
graphite tube sheets. However. the 
graphite tubes are fragile, and are 
subject to mechanical damage dur
ing cleaning. or to failure by hy
draulic shocks caused by process 
upsets. When tube breakage oc
curs, the resultant repairs are 
quite time consuming. 

Because of the fragility of the 
graphite tubes and the frequency 
of repairs, this portion of the 
evaporator has probably received 
the most attention in the search 
for improved materials of construc
tion. To date, no satisfactory re
placement material has been found, 
and more than 90 % of the tubes 
in service are of impervious graph
ite construction. A number of 
years ago, a new alloy, Nionel, was 
tested and installed commercially 
in phosphoric acid evaporators. 
Unfortunately, the commercial in
stallations were made before the 
metal had been completely tested, 
and resulted in massive tube fail
ures, which led to replacement of 
most of the alloy tubes with im
pervious graphite. 

Because of this experience, 
subsequent testing of new alloys 
has been greatly reduced, and fu
ture commercial acceptance of any 
new alloy will be extremely slow. 
So that we can learn from the 
Nionel experience, I would like 
to review the testing procedures 
that preceded its adoptions and 
the eventual results. 

The Story of Nionel 
During the early 1950's Nionel, 

now known as Inconel 825, showed 
good corrosion resistance to phos
phoric acid in laboratory tests. 
Subsequent field tests in reactors 
and pumps seemed to confirm that 
this alloy would withstand even 
wet process acid. As a result, some 
tubing was formed and supplied 
in quantities of 3 or 4 to several 
plants for installation in their 
evaporators. These test tubes were 
installed in existing heat ex
changers of natural circulation 
evaporators, that contained up to 
1,000 graphite tubes. 

The natural circulation evap· 

orators had to be cleaned every 
3 to 4 days. Because the impervi
ous graphite had a relatively rough 
interior surface compared to the 
Nionel, scale would adhere to it 
faster than in the metal tubes. 
Therefore, any clean-out schedule 
based on the scaling rate of the 
graphite tube found the metal tube 
only lightly scaled. A boilout that 
would remove the scale satisfac
torily from the heavily scaled 
graphite tube would result in a 
completely clean metal tube. Under 
these conditions, the Nionel test 
tubes remained in service for up 
to 4 years with virtually no failures. 

Before the advent of Nione!, 
it was felt that a forced circula
tion evaporator could not be de
signed in the sizes required, be
cause of design limitations imposed 
by the graphite tubes. It could 
not be shown that tube breakage 
would be reduced by this approach, 
so it was thought that the cemented 
construction would not be accepta
ble, due to the time required to 
replace tubes. The ring gasket de
sign could not be applied to tubes 
over 9 ft. long, which meant that 
extremely high and impractical cir
culation rates were required. 

The promise of an acceptable 
alloy, which Nionel appeared to 
offer, meant that a long tube 
forced circulation evaporator could 
at last be designed. Forced circu
lation meant that longer operating 
cycles could be expected. and tube 
plugging reduced, resulting in 
better over-all performance. The 
metal tubes offered a mechanical 
strength that would eliminate tube 
breakage as a maintenance prob
lem. 

The Nionel test results became 
known in the late 50's, and coin
cided with the start of the phos
phate industry expansion. About 
7 different companies decided to 
install forced circulation evapora
tors with Nionel tubes between 
1959 and 1962. The first of these 
units was started on the first of 
1961. Within a few weeks, fail
ures of the tubes began to occur. 
Inspection of the tubes revealed 
that both the inlet and exit ends 
were being severely eroded and 
corroded. The remainder of the 
tube showed signs of corrosion, but 
to a lesser degree. It was thought 
that the turbulence caused by the 
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liquor entering and leaving the 
tubes was the cause of this condi
tion and that tube inserts might 
solve the problem. 

However, at about the same 
time, new tubes that had been 
installed in a natural circulation 
evaporator also began to faiL This 
precipitated an investigation into 
possible changes in the metallurgi
cal structure of the alloy. Physical 
tests showed that the Nionel tubes 
supplied in 1960 were much harder 
than the original tubes previously 
tested, and had a much finer grain 
size. In addition, the chemical 
composition of the tubes had been 
slightly modified; the titanium con
tent had been doubled from ap
proximately 0.35 % in the test tubes 
to 0.7 % in the new tubes. 

A number of metallurgists 
were consulted to determine what 
effect these changes might have on 
the corrosion resistance of the 
alloy. It was generally agreed that 
the changes in grain size and hard
ness should not have any major 
effect on the corrosion resistance 
of the alloy, but whatever effect 
they did have would tend to make 
the tube slightly less resistant to 
corrosion. It was also generally 
agreed that the increase in titanium 
content should not reduce the cor
rosion resistance of the alloy. 

Based on these discussions it 
was decided to immediately modify 
the hardness and grain size of 
Nionel that had not already been 
produced. This meant a change in 
annealing procedures. As a result, 
all tubes produced after 1961 had 
the modified structure. 

Later operation indicated that 
this modification seemed to solve 
the erosion problem at the ends of 
the tubes, but not the primary 
problem of tube failure. As addi
tional evaporators started up, 
a pattern of tube failure began 
to emerge. Visual inspection indi
cated that all failures were the re
sult of pit type corrosion. This 
corrosion always seemed to occur in 
scaled tubes, at points where the 
scale had cracked and acid got 
behind the scale. The amount of 
scale in the failed tubes further 
indicated that failures almost al
ways occurred in tubes that had 
not been completely cleaned dur
ing the previous boil out. In most 
cases, the scale appeared to be an 



accumulation of several weeks. It 
was also noted that evaporators 
that produced only 5470 PZ0 5 

seemed to have very few tube 
failures. 

As a result of these problems, 
most of the N ionel exchangers 
were eventually replaced with 
graphite exchangers. Only a few 
evaporators are still existing with 
metal tubes, and these are almost 
exclusively used on acid with 50 % 
P20 5 or higher strengths. Even at 
this concentration, if scale is 
allowed to accumulate, corrosion 
will occur. However, the higher 
strength acid seems to be less agres· 
sive, and the degree of cleanliness 
is not as critical as in more dilute 
acid. Some exchangers have now 
been in operation for more than 
5 years without any major tube 
failure. A review of all the facts 
after these many years of experi
ence, appears to indicate that the 
Nionel tubes might have been sat
isfactory if the evaporators had 
been boiled out every 3 to 4 days. 
However, this limitation would do 
away with one of the primary ad
vantages of the system. 

Because of these experiences, 
there is now a tendency to avoid 
the use of new materials in any 
position where their failure would 
cause a prolonged shutdown. To 
prevent a recurrence of the above 
problems the next time a new 
material is suggested, the initial 
test program should be such as to 
insure that the material is tested 
under actual operating conditions. 
Preliminary tests can be conducted 
with corrosion test spools, but be
fore final commercial application 
a test set-up should be made that 
conforms as closely as possible to 
actual conditions. 

A new material for the vapor 
head, for instance, should be ex
posed to the same conditions of 
scaling, erosion, liquor and vapor 
as encountered in actual opera
tion. A new tube material should 
be installed in a small heat ex
changer, operating in parallel with 
the main exchanger. This small 
exchanger could then be operated 
on its own cycle, so that the con
ditions in the tubes would be 
similar to what would be expected 
in the proposed commercial opera
tion. In addition, before a material 
is completely accepted, it should 

be tested on acids produced from 
a variety of sources, to detennine 
exactly what limitations potential 
impurities and additives may put 
on its use. 

MODERATOR PELITII: Thank you, 
Bill. 

vVe will now hear from Russ 
J ames, a chemical engineer, and 
consultant on fertilizer, ammonia 
and synthesis gas manufacture. He 
is well-known in the industry 
through numerous articles, papers 

and publications. I have known 
him since our association at Chem
ico, where he was Chief Engineer 
of the Industrial Projects Depart
ment and, later, Director of De
velopment. He has been active 
in high pressure and naphtha re
forming, carbonate processes, phos
phoric and hydrofluoric acids. A 
Yale engineering graduate, he 
studied economics and government 
at Columbia. He will talk to you 
about problems of corrosion in 
urea reactors. 

Urea Reactor Lining Materials 
G. R. James 

CO2 and water are corrosive 
at low temperature. Materials in 
CO2 removal systems, where tem
peratures are in the range of 100 
to 250°F, have long been a prob
lem in synthesis gas purification. 
Operators who have seen part of 
their CO2 strippers disappear or 
whose copper liquor regenerator 
has acquired a moth-eaten appear
ance, can testify that CO2 in water 
is corrosive. 

Urea reactors have the pre
requisites for CO2 corrosion at 
200°F. but temperature, one of the 
prime factors in corrosion, is not 
200°F. It is as high as 400°F, in 
a mixture of CO2, water, ammonia, 
carbonate, carbamate and urea. 
Even with a high excess of ammo
nia at these temperatures the urea 
reactor mass will dissolve many 
corrosion resistant materials. 
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Fortunately, the problem, 
which may have seemed difficult or 
impossible in the early stages, has 
now been resolved. There are 
several lining systems which do 
allow urea reactors to give satis
factory life. Many materials have 
been used. Lead, silver, titanium, 
zirconium and stainless steel each 
has it own story in urea reactor 
service. Each has its own prob
lems in process application, fabri
cation and cost. 

Early Test Data 
Starting with some early work 

by J. G. Thompson, H. J. Krase 
and K. G. Clark in a six inch 
diameter tin-lined vessel 18" long, 
we see that corrosion in the reactor 
was of prime concern in 1930. 

Table I shows the results of 4 
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day and 7 day tests at 142°C. 
(288°F.) and 50 to 75 atmospheres. 
It appeared from this 'work that 
operation under the given condi
tions would be reasonable with 
lead, silver, chromium and nickel 
liners, and that various chrome
nickel alloys also would have ap
plication. 

The same year further work 
by K. G. Clark and V. L. Geddy 
produced relative corrosion pene
tration figures for various metals 
In a test autoclave operated at 
somewhat higher temperature, 
165°C. (335 Q F) and approximately 
I IO atmospheres (Table 2). It can 
be seen that results in the two 
tables do not agree on actual 
corrosion rates, but that those ma
terials with lower rates do gener
ally correspond. 

Test Data on Corrosion 
Additional, more recent data 

in Tables 3 through 6 show results 
of corrosion tests in actual operat
ing reactors. 

From these tables it is again 
apparent that several materials are 
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satisfactory in urea reactor service, 
although the order of preference 
is by no means clear. 

It is also apparent that loca
tion of samples in the reactor has 
a definite effect. Thus one sample 
located a short distance from an
other may have a markedly differ
ent rate of corrosion. This Illay 
be indicative of actual differences 
in reactor conditions. not of the 
questionahle validity of test results. 

Oxygen 
There has been considerable 

work done on the effect of oxygen 
on reactor linings; however, there 
is not a great deal of information 
available on corrosion related to 
oxygen content. Table 7 illustrates 
the effect of oxygen on titanium 
corrosion and Table 8 gives infor
mation on the combined effect of 
sulfur and oxygen. Thus for titan
ium the results illustrate that oxy
gen decreases the corrosion rate 
and sulfur increases it markedly. 

The data in Figure 9 show that 
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the reduction of corrosion rates as 
oxygen increases is more pro
nounced with stainless steels than 
with titanium. This is one of the 
reasons for the preference given 
presently to stainless reactor lin
ings, when adequate oxygen con
tent is present. 

Table 3 gives the results of a 
115 day test, with the samples near 
the top of a 316 ELC lined reactor, 
in which air was being introduced. 
N ate the relative positions of titan
ium and 316 SS, and the variation 
in two samples of Carpenter 20. 
Aeration was probably responsible 
for the destruction of both silver 
specimens. 

Table 4 again shows data from 
samples suspended in a 316 ELC 
lined reactor. They cover different 
materials and at a different loea-
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Figure If 

tion. The wide variation in cor
rosion rates is probably due to non
uniform conditions on top of the 
sparger. The object of this table is 
to show the difference between the 
rates of corrosion that can be ob
tained with the same materials in 
the same reactor. 

Table 5, at relatively high tem
perature, shows zirconium at the 
top of the list, and other samples 
again with widely varying corro
sion rates, as much as 80-fold in 
the case of 309 SS. Titanium is 
far down the list, maybe due to 
location or possibly the sample 
had been improperly heat treated 
before testing. Worthy of notice 
in this test are the many materials 
that proved to be unsatisfactory. 

Table 6 gives results of a 
pilot test for a short period. It 
shows silver at a high corrosion 
rate but significantly better than 
other materials. In this case air 
was not used. The lack of oxygen 
proved the downfall of all ma
terials but silver. 

Silver and lead both react un
unfavorably to oxygen content as 
illustrated in Figure 9. They also 
react unfavorably to a combina
tion of oxygen and sulfur com
pounds. Limits for satisfactory op
eration of reactors with relatively 
thick silver linings have been set 
by one operator at 25 ppm O 2, 

when there is 300 ppm sulfur in 
the CO2 used. 

Process Considerations 
Use of higher temperatures in 

reactors results in increased con
version of ammonia and CO2 to 
urea. For example, if a given mix
ture at 180°C would provide a yield 
of 60%, the same initial mixture 
at 200°C might provide a yield of 
6570 of the CO2 introduced. 

Thus a more expensive liner 
with capacity for higher tempera
ture opel-at ion may be justified, be
cause either the same size reactor 
can provide more capacity, or re
cycle facility cost will decrease for 
the same output. 

Summary of Materials in 
Commercial Use 

Stainless Steel-316 ELC appears 
to be an economical material for 
urea reactor liners. It is used with 
various amounts of oxygen and in 
thicknesses of approximately Y2 
inch. Finish on the interior of the 
vessel and design to allow for even 
flow of materials and even dis
tribution of oxygen are important 
factors in maintaining a protective 
oxide film on the liner. 

Temperature limit is approxi
mately 200°C (392°F). 

Cost of material for a shaped 
stainless steel liner might be $2.50 
per pound. Finished cost will de
pend on the fabrication technique 
used. 
Titanium--Although know-how for 
titanium fabrication is limited, it 
has been used successfully in urea 
reactor design. Titanium is not as 
dependent on oxygen for satisfac
tory service life, thus eliminating 
requirements for oxygen injection. 
Also because of a lower corrosion 
rate, the period between inspection 
shutdowns may be increased and 
the cost of upkeep lowered. 

Titanium treatment before in
stallation is important in maintain
ing its resistance to urea reactor 
corrosion. Proper annealing can 
reduce titanium corrosion by as 
much as 80 

Thickness of titanium liners 
is as low as Ys inch in clad ma
terial. They can be installed by 
two or three of the major vessel 
fabricating shops in the U.S. Vari
ous installation techniques are 
used. Besides clad plate in lower 
pressure units even solid titanium 
has been employed. 
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Cost relative to stainless steel 
is two or three times on a weight 
basis. 

Temperature limit is approxi
mately 200°C (392°F). 
Zirconium-First use of zirconium 
for reactor lining produced failure 
in welds, which could not be X
rayed because of installation tech
nique. Later design produced a 
satisfactory liner which loosely fits 
inside the pressure vessel, with a 
purge between the shell and the 
liner. At present, either the purged 
liner or one in which the steel shell 
is shrunk on the liner is used. 

Zirconium liners have been ap
proximately o/s inch thick. They 
can be fabricated by techniques 
and welding similar to that used 
on titanium. Corrosion of zir
conium in urea reactor service is 
practically nil. 

Cost relative to stainless steel 
is about 4 or 5 times on a weight 
basis. 

Temperature limit is approxi
mately 215°C (420°F). 
Silver-Long a standard with many 
designers, silver has generally been 
replaced with stainless steel using 
oxygen injection. 

Thickness of silver linings has 
been, in some cases, as much as 
Y4 inch. 

Cost of silver (min. $24/1b.) 
is now considered prohibitive when 
compared with 316 ELC, titanium 
or zirconium on an over-all basis. 

Temperature limit is approxi
mately 200°C (392"F). 
Lead-One of the earlier liner 
materials, lead has now largely 
been replaced by others, except in 
the oil slurry process, wherein no 
oxygen is used and oil coating 
lowers the corrosion rate of the 
lead. 

General 
Figures given herein on cost 

cannot be taken as indicators of 
comparable completed vessels. The 
complete vessel cost will depend on 
items that are related to the lining 
design, but not necessarily depend
ent upon it. 

A comparison of the various 
corrosion data presented does not 
allow a definite conclusion as to 
which is the best lining. The an 
swer will be determined in large 
measure by process and equipment 
considerations. One designer may 



have adapted his process and equip
ment to one material, with as good 
a result as obtained by another 
designer with a different liner. 

Conclusion 
''''hile the information in this 

report is necessarily brief, it is ap
parent that there are several satis
factory lining materials for urea 
reactors, as well as several factors 
to be considered relative to their 
selection. 

are: 
Some of the important ones 

1. Process to be used 
2. Pressure vessel fabrica

tion technique 
3. Availability of manufac

turing facilities 
4. Availability of repair 

facili ti es. 
The data contained in the 

tables indicate that results of tests 
with corrosion spools in urea re
actors can be frequently contra
dictory and sometimes misleading. 
And that generalizations cannot be 
made except on the basis of actual 
plant experience. 
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MODERATOR PELITTI: Thank 
you, Russ. 

Next on the panel is Philippe 
Moraillon. Mr. Moraillon received 
his Chemical Engineering degree in 
1945 from the Ecole N ationale 
Superieure de Chimie in Paris. In 
1946 he joined the Chemical De
partment of Saint-Gobain, which 

was later merged with the Chemi
cal Division of Pechiney. 

In Rouen, Mr. Moraillon 
played an important part in the 
development of many Pechiney· 
Saint-Gobain's fertilizer and phos
phate processes. For the past three 
years he was IVfanager of fertilizer 
operations; first at Montargis and 
then at Bordeaux. He is presently 
assigned to the Pechiney-St. Gobain 
main office in Neuilly as Chief En
gineer of the Fertilizer Division. 

Mr. Moraillon has been active 
in technical meetings in Europe, 
and has presented papers at some 
of the conferences of the Inter
national Superphosphate Manufac
turers Association. He has recently 
conducted a survey on the use of 
plastic materials in a number of 
fertilizer plants, and will report 
to you on European experience 
with the use of plastics for ferti
lizer applications. 

Some European Experiences with the Use of 
Plastics in Fertilizer Plants 

P. Moraillon 

People who have known the 
fertilizer industry some twenty 
years ago should no doubt remem
ber that wood and lead were 
widely used for reaction tanks, gas 
or vapor ducts, sulfuric and phos
phoric acid piping, launders, 
scrubbers, stacks, etc. After operat
ing for some time under the usual 
severe conditions, these materials 
underwent considerable deteriora
tion and their maintenance cost 
was high. It is no wonder then 
that as soon as plastics became 
available, they received wide ac
ceptance from fertilizer manufac
turers and that their use spread 
quickly, in spite of some early 
failures caused by insufficient 
knowledge of their properties and 
lack of experience of equipment 
manufacturers. 

No doubt this audience is 
well-acquainted with the use of 
various plastics in the States. So, 
my topic will be limited to Euro
pean experience, mainly French, 
with the use of plastics in the ferti
lizer industry. The information I 
have collected covers a great num
ber of French plants, a few in 
the Netherlands, Belgium, Italy, 
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and also equipment supplied by 
French manufacturers to plants in 
Spain, Jugoslavia, U.S.S.R., Mor
occo, Lebanon and Senegal. 

We will review successively the 
use of different plastics in sulfuric 
acid handling and metering, super
phosphate manufacture, phos
phoric acid manufacture, granu
lated fertilizers production and 
bagging. 

Sulfuric Acid-Handling 
and Metering 

The manufacture of phos
phoric acid, superphosphate and 
some grades of granulated ferti
lizers consumes sulfuric acid. 

Piping 
Rigid unplasticized PVC pipes 

are extensively used for acid con
centrations between 70 and 94 % 
H 2S04, 

Normal PVC is usually satis
factory when the temperature is 
not over 40·C. For instance in a 
plant in Nantes, a pipe 79/90 mm. 
in diameter and 250 m. long has 
been in service since 1954. 

Some plants prefer high im-



pact unplasticized PVC (type II), 
which fears neither shocks nor 
cold. This type of PVC, however, 
is sensitive to ultra-violet rays, 
which decrease the resistance to 
impacts. This is why suppliers ad
vise to coat the outside of the pipes 
with a special aluminum paint. 

For higher temperature, PVC 
hooped by fiberglass-reinforced 
polyester is used, which is also 
shock proof. This construction 
allows a temperature up to about 
100"C, with weak acids. It is widely 
used in fertilizer plants in France 
for sulfuric acid pipes several 
hundred meters long. 

Polyethylene does not appear 
to be as popular for this service. 
Anyway, let us mention a pipe, 
700 m. long, 90 mm outside di
ameter, 8 mm thick, which sup
plies a fertilizer plant near Brest 
with 70 % sulfuric acid. It is built 
up with 50 and 100 meters lengths, 
connected by polyfusion. This pipe 
was designed for a temperature of 
40"C and a pressure of 4: atmos
pheres. 

Some sulfuric acid piping in 
solid polypropylene also exists. The 
particularly high expansion co
efficient of this material must be 
considered for proper installation. 

Small tanks-Feeders 
More and more plastics are 

being used in the construction of 
small tanks and feeders for sul
furic acid. 

In a Bordeaux plant, a sulfuric 
acid pumping tank, 1.70 m. in di
ameter and 1.25 m. high was fab
ricated entirely of solid polypropy
lene, 15 mm. thick at the bottom 
and 10 mm. thick on the walls. 
Another pumping tank, narrow 
and high, (diameter 0.50 m., height 
6 m.), is made of 4 mm. thick 
PVC, hooped by fiberglass-rein
forced polyester, 6 mm. thick. 

Sulfuric acid rotary dip 
feeders, weir gauges, are often fab
ricated of normal rigid PVC, high 
impact unplasticized PVC, poly
propylene, or fiberglass-reinforced 
polyester. 

98% Sulfuric Acid 
For cold 98 acid, some 

plants use rigid PVC piping, which 
lasts about one and a half year. 
The same material is used for 
rotary dip feeders. 

A factory in Toulouse has been 

working since 1965 with polyethy
lene pipes for 98 % acid and oleum. 

In sulfuric acid dilution units, 
the water sparger is often made out 
of solid teflon. 

Manufacture of 
Superphosphates 

The detachable upper part of 
some horizontal continuous mixers 
is fabricated of steel reinforced 
normal PVC or of 12 mm. thick 
fiberglass-reinforced polyester. 

The mobile vertical wood 
walls of an old model Broadfield 
den (1948) were replaced in Janu
ary 1966 by fixed fiberglass-rein
forced polyester panels 10 mm. 
thick. After producing 200,000 
tons of ordinary superphosphate, 
the lower part shows wear up to 
0.50 m. from the bottom and will 
have to be replaced. 

The exhaust hoods on continu
ous dens and fume ducts have been 
fabricated of thermoplastic ma
terials for the last fifteen years. At 
the beginning, normal rigid PVC 
was used, or else PVC hooped 
by fiberglass-reinforced polyester. 
Such PVC ducts are still in opera
tion in several plants, but in most 
cases the high gas temperatures of 
80 to 90°C, thermal expansion and 
the silica deposits have led to 
rather costly maintenance. Pres
ently, the general trend is to use 
either polypropylene with welded 
polypropylene stiffeners, or fiber· 
glass-reinforced polyester. In the 
last case, the inside surface of the 
wall must be resistant to hydro
fluoric acid. For that reason, a 
Dacron or vinyl mat is used in the 
resin-rich interior layer, and fiber
glass mats and rovings in the outer 
zone, to give the necessary strength. 

Scrubbers 
Spray nozzles in old brick or 

concrete scrubbing towers are now 
made out of PVC. Spraying or 
splashing impellers are in PVC, 
strengthened by glass-reinforced 
polyester. 

In recent plants, solid poly
propylene is replacing rubber
lined steel in the construction of 
scrubbing towers. For instance, in 
a plant in Rouen, gases flow 
through two empty spraying towers 
in series, 1.70 m. in diameter and 
5.50 m. high. Both towers are 
fabricated of 10 mm. thick poly-
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proplylene. Fluosilicic acid comes 
out at 10% concentration, and 
is used for the manufacture of 
sodium fluosilicate. Precipitated 
silica is separated on a continuous 
vacuum drum filter entirely made 
of solid PVC. 

The Fluosilicic acid tanks are 
made out of steel-reinforced PVC 
and the piping of high density 
polypropylene. 

Another plant, which does not 
recover the Fluosilicic acid, has only 
one polypropylene tower, built up 
by winding on a hot cylinder (l.80 
m. diameter) an extruded poly
propylene ribbon, a part of each 
turn overlapped by the next. 

Steel reinforced PVC is also 
used for the construction of ducts, 
scrubbers, and entrainment sepa
rators. 

This material, which we have 
already mentioned, is available as 
plates, obtained by l!lminating hot 
un plasticized PVC on both sides 
of an ordinary perforated steel 
sheet. According to the manufac
turer, these plates have a coefficient 
of thermal expansion similar to 
steel and very good mechanical 
resistance. 

Exhaust fans 
Fan materials vary from plant 

to plant. In some cases the fan 
housing is of rigid PVC, while the 
impeller is of stainless steel. 

In other cases the housing is 
made out of steel-reinforced PVc. 

This PVC with its metallic 
core is also used for the protec
tion of the fan impeller; plates of 
this material are cemented and 
bolted on the ordinary steel im
peller. The heads of' the screws 
holding the plates to the steel are 
protected by PVC patches ce
mented and welded on them. 

In a plant in Balaruc, the 
housing has been in normal PVC 
since 1959, while a lAO m. di
ameter ordinary steel impeller, 
lined with reinforced polyester, 
has been in service since 1964 and 
stands up perfectly. 

Finally, in a plant in Rouen, 
the housing is fabricated of poly
propylene and the impeller of 
Uranus B 6. 

Stacks 

The exhaust stacks are cur
rently made out of PVC, or poly
propylene and for greater heights 



requiring a high strength, of fiber
glass-reinforced polyester. Such is 
the case in a factory in Jugoslavia, 
where a French manufacturer has 
supplied a layered polyester stack 
2.9 m. in diameter and 23 m. high. 
Another manufacturer has erected, 
in France, a stack 1.20 m. in dia
meter and ·10 m. high. 

Manufacture and Use of 
Phosphoric Acid 

The field of applications of 
plastics is even wider than in the 
case of superphosphates. 

a. Reaction 
Rotary dip feeders for recycled 

phosphoric acid: rigid PVC. 
Mixers for sulfuric and phos

phoric acids: polypropylene, 
fiberglass-reinforced polyester, 
teflon. 

Roof of reacting tanks: 
• entirely fabricated of PVC 

plates stiffened with PVC 
beams which hang [rom the 
structural frame supporting 
the agitators (Bordeaux 1963). 
Some panels accidentally 
broken have been replaced by 
high impact PVC. 

• steel-reinforced PVC, with two 
inner perforated plates, 10 mm. 
total thickness, roof diameter 
14 m. (Rouen, January 1967). 
The general behaviour is satis
factory, but the welds are 
brittle and the underside of 
the cover became slightly dis
colored. 

• reinforced polyester (17 m. 
diameter in a factory in Yugo
slavia) . 

• concrete, lined underneath 
with a PVC sheet, or with a 
PVC coating applied by spray
ing, or with a polyester coat
ing. 

Exhaust hoods and ducts on the 
reacting tank: 

• normal PVC-PVC hooped by 
fiberglass -reinforced polyester 
-polypropylene. ::-.Jumerous in
stallations (France, Nether
lands, Italy, Greece, 7\lorocco, 
Lebanon, Senegal). 

Scrubbing: 
• normal PVC: vertical scrub

bers (diameter 2 m. and 2.35 
m.-height 4.50 m.) in Rouen, 

Bordeaux, Avignon, with an 
internal polypropylene perfor
ated tray. 

• reinforced polyester, scrubbing 
tower filled with polypropy
lene balls between two grids. 
Diameter: 3 m.-height: 12 m. 
(Rouen 1965) . Wall thickness: 
10 to 12 mm. Vinyl mat in
side (able to resist HF and 
H 2SiFn) After some months 
of operation, the wall showed 
some wear in the zone of poly
propylene balls. A coating of 
epoxy resin on polypropylene 
mat has been applied on the 
worn part for reinforcement. 
Since then, the resistance is 
satisfactory. The polypropy
lene balls must be replaced 
every 18 months. 

Exhaust fans: 
• made out of the same mater

ials as the fans of superphos
phate paInts. 

Stacks: 
• normal PVC-PVC hooped by 

fiberglass- reinforced polyester 
-polypropylene. 

b. Filtration 
Slurry pipes: they are usually 

made out of reinforced rub
ber hose, but parts of them, 
such as the elbows. are some
times in propylene. 

Filter feed tank: polypropylene. 
Horizontal rotary vacuum filters: 

the wear plates of the filtrate 
valve are often made of Kee
bush G, a formaldehyde phenol 
resin with a graphite load 
which makes it self-lubricat
ing. Life: abut 2 years. Teflon 
is also used. 

Vacuum lines: 
• normal PVC - high impact 

PVC. 
• PVC hooped by fiberglass-rein

forced polyester. 

Vacuum filtrate receivers: 
• small diameter: thick wall nor

mal PVC (12 mm.) or poly
propylene. 

• larger diameter: fiberglass-reo 
inforced polyester. 

Scrubber before vacuum pump: 

• PVC polyester. 

Phosphoric acid pipes under 
pressure or vacuum: 

• normal PVC-PVC hooped by 
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fiberglass- reinforced polyester 
-high impact PVc. 

• solid polyethylene piping has 
also been used in some plants, 
but crackings appeared after a 
period of operation. 

Exhaust hoods over filters: PVC 
fiberglass. reinforced poly

ester. 
Gypsum disposal pipes: normal 

PVC - high impact PVC -
PVC hooped by fiberglass-rein
forced polyester-polyethylene. 

These pipes, generally several 
hundred meters long, and even 
7 km. in a factory in Greece, 
are partly above and partly 
below ground. The exposed 
sections, made out of normal 
or high impact PVC, or rein
forced PVC, show a good re
sistance. On buried sections 
some failures occurred, due 
probably to earth moves. High 
or low density polyethylene is 
to be preferred in that case. 

Expansion joints: 
• Expansion Jomts on phos

phoric acid pipes are often 
Hypalon bellows. To connect 
gypsum pipes, rubber sleeves 
protected on the outside by a 
PVC tube which limits swell· 
ing by liquid pressure are 
often used. 

Filter cloths: 
Nowadays, filter cloths are 
most of the time of monofila
ment polyethylene or polypro
pylene. Vinyl chloride and 
Saran are usually no longer 
used for that purpose. 

c. Evaporation 

Forced circulation phosphoric 
acid lines: 

Fiberglass·reinforced polyester is 
beginning to be used for this 
purpose. Pipes of 250 and 350 
mm. diameter are used in a 
Bordeaux factory. The body of 
the strainer located in the re
cycling system to stop the big 
solid particles is also made of 
reinforced polyester. 

Piping to storage of hot concen
trated acid: high impact PVC 
-PVC hooped by fiberglass
reinforced polyester-polypro
pylene. 

Circulating or surge tank for 
concentrated acid: 



In a Bordeaux factory, this tank, 
2.5 m. diameter and 1.70 m. 
high, is made out of 15 and 
10 mm. thick polypropylene, 
with a stiffening steel band 
halfway from the ground. Acid 
temperature is 85-95°C. 

Vacuum flash head: 
In Spain, a French manufacturer 

has supplied a flash head, 2.90 
m. diameter and 8.30 m. over
all height, entirely made out 
of fiberglass-reinforced poly
ester - 38 mm. thick. 

Vacuum condenser: reinforced 
polyester. 

Barometric leg: normal PVC
reinforced polyester. 

Vacuum lines: 
• between flash head and con

denser: reinforced polyester. 

• between condenser and vac
uum pump: normal PVC
high impact PVC - polypro
pylene. 

d. Storage and decantation of phos
phoric acid 

A French manufacturer has 
built: 

Storage vessels of 4 m. diameter 
and 4 m. high, of reinforced 
polyester 7.5 mm. thick, for 
60°C acid, and 9 mm. thick 
for 115°C acid. 

Thickeners of reinforced poly
ester, inside diameter 7.50 m., 
cylindrical height 7.50 m., con
tents 300 cu.m., average wall 
thickness 20 mm. (for a fac
tory in Spain). 

Manufacture of Granulated 
Fertilizers 

Here, also, plastics have num
erous applications. 

Hoppers for TaW materials 
Internal coating of rigid PVC 

to facilitate flow of solids. 

Vibrating feeders 
To avoid sticking, they are 

coated with PVC (which lasts two 
years), or with teflon, which is 
more efficient but weaker. 

Granulator inside lining 
In a Balaruc plant, the 2 m. 

diameter ammoniator granulator 
is coated inside with 3 mm. thick 
fiberglass-reinforced polyester. 

Exhaust hood, ducts, and stacks of 
granulator, cooler, dryer 

According to the gas tempera
tures and to the required mechan
ical resistance, these units are built 
up in rigid PVC, plain or hooped 
by reinforced polyester, in steel
reinforced PVC, in polypropylene 
either solid or polyester-hooped, or 
in reinforced polyester. 

Let us remark, by the way, 
that in a plant without scrubber, 
the upper outside part of the dryer 
stack, over the roof, is made out 
of rigid normal PVC although the 
gas temperature reaches IOO°C. 

In another plant, this same 
part is made out of polypropylene. 

Scrubbers 
The scrubbers in granulated 

fertilizer plants use either water 
when it is only necessary to pre
vent air pollution. or phosphoric 
acid when the ammonia must be 
recovered from the preneutralizers, 
the granulator and even from the 
dryer if the fertilizer contains di
ammonium phosphate. 

The following materials are 
used: 

PVC hooped by fiberglass-rein
forced polyester for operation 
at low temperature. For in
stance, a scrubbing tower in a 
plant near Avignon has a dia
meter of 2 m. and is 7 m. high. 
The inner PVC is 5 mm. thick. 
as well as the outer polyester 
reinforced by three fiberglass 
rovings. 

The tower is filled with PVC 
Raschig rings. 

• 1 Dacron 

Steel-reinforced PVC: 
In a plant in Toulouse, the gases 

exhausted from the cyclones 
after the dryer are washed in 
an impingement-type horizon
tal scrubber, 2.60 m. wide, 
2.90 m. high and 6.10 m. long. 
The material used is over
chlorinated PVC, reinforced 
with a perforated steel sheet. 
Over - chlorinated PVC was 
chosen on account of its resist
ance to high temperature (100-
llOOC). 

Polypropylene hooped by fiber
glass-reinforced polyester: 

Towers of 2 m. diameter and 7 
m. high (Rouen) or 3 m. dia
meter and 13 m. high (Greece) 
have been built. With this 
kind of construction, some fail
ures have occurred as the in
ternal polypropylene separated 
from the polyester, probably 
because of the considerable 
difference in thermal expan
sion. 

Reinforced polyester: 
Towers of considerable dimen

sions are fabricated by a ver
tical winding machine spin
ning around a fixed mandrel, 
by a semi-continuous process 
including successive de mold
ings. The following have been 
realized with that process: 

In Bordeaux a tower of 4.50 m. 
diameter, 9.35 m. over-all 
height and 0.12 mm. thick, the 
following reinforcing materials 
have been used, starting from 
the inside: 

150 g/sq.m. 

• 3 

• 5 

• 1 

• 5 

Glass-fiber mats 

Glass-fiber rovings 

Glass fiber mat 

Glass fiber rovings 

300 g/sq.m. each) 

500 glsq.m. each) 

300 g/sq.m. ) 

500 g/sq.m. each) 

corrosion-proof 

mechanical 
reinforce men t 

This tower has been constructed 
close to its final site and moved 
there, whole, with a crane. 

For a plant in U.S.S.R., the same 
manufacturer has constructed, 
in his own factory, four scrub
bing towers of 7.50 m. dia
meter and 15.70 m. over-all 
height, 15 and 18 mm. thick. 
On account of shipping re
quirements, it was made in 
several sections. to be assem-
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bled after reaching the ulti
mate destination. 

Weight of each tower: 13.5 tons. 

Entrainment sepamtors 

Units of this type, installed 
downstream of some scrubbers, 
have been made out of PVC, 
either hooped by reinforced 
polyester or steel reinforced, 
or else of fiberglass-reinforced 
polyester. 



Exhaust fans after scrubbers 
Same materials used as for super

phosphate fans. 

Fertilizer Bagging 

To reduce the build-up of fer
tilizer inside the automatic batch 
scales, several plants use PVC coat
ings. 

In a plant, the discharge doors 
of the scale buckets are made ou t 
of polypropylene. In another plant, 
the bucket itself is entirely made 
out of polyester. 

In order to improve the sliding 
of bags on inclined chutes and on 
plates at the discharge of bag con
veyors, rigid PVC or, sometimes, 
polyethylene coatings are used. 

Almost all the fertilizers in 
Europe are now shipped in 50 kilo 
bags made out of 15 to 25/100th 
mm. thick polyethylene sheet. A 
few years ago, PVC had been tested 
for this purpose and abandoned, 
on account of its lack of flexibility 
at low temperatures. 

Conclusion 

The use of plastics in the 
manufacture of fertilizers shows 
numerous advantages: corrosion re
sistance, lightness, non - sticking 
properties, ease of fabrication, easy 
repairing of thermoplastic and 
polyester equipment, relatively low 
cost. 

The most economical material 
is usually plain PVC, which should 
be used every time the tempera
ture allows it, either the normal 
impact type, or the high impact 
type. 

'Vith higher temperatures, one 
has a choice between PVC hooped 
by fiberglass-reinforced polyester, 
PVC with internal metallic rein
forcement, polypropylene, and re
inforced polyester. 

Polypropylene units, especially 
pipes, are usually more economical 
than reinforced PVC units, on ac
count of the rather high cost of the 
reinforcement operation. 

Process piping and equipment 
made out of PVC hooped by rein
forced polyester are usually cheaper 
than the same entirely made out of 
fiberglass-reinforced polyester. In 
the first case, the resin used is 
cheaper, since a high chemical re
sistance is not necessary. 

On the contrary, polyester is 
presently the first choice every time 
a high mechanical resistance is re
quired, particularly at tempera
tures over 8WC. 

Reinforced polyester may also 
be used as a lining. 

In both forms, reinforced poly
ester will likely replace more and 
more rubber coatings, maybe even 
anti-acid brick linings. If we take 
into account the phenomenal 
growth of this material in the past 
few years, we may guess that it 
will not be long before phosphoric 
acid reactors of big capacity are 
made out of reinforced polyester. 

MODF.RATOR PELlTTI: Thank 
you, Philippe. 

The next panel member is 
R. C. Berry. Bill has an impres
sive record of experience in the 

operation and maintenance of fer
tilizer plants. I first met Bill 10 
years ago at the Texas City plant 
of Smith-Douglass, where we ex
changed notes on our respective 
experiences with pumps for phos
phate slurries. Prior to that he 
had been with Best Fertilizers on 
the West Coast, and later became 
the resident engineer at the 
Illinois Nitrogen plant at Mar
seilles, Illinois. In 1965 Bill be
came resident manager of construc
tion for the fertilizer complex 
which Borden Chemical undertook 
to build at Palmetto, Florida. He 
is presently Chief Engineer of the 
Chemical Division for the Smith
Douglass operation of Borden. Bill 
will give you an evaluation of ma
terials of construction from the 
point of view of the plant operator. 

Materials of Construction and Plant Operators 
R. C. Berry 

I would like to discuss with 
you today, problems of evaluation 
of materials of construction from 
the standpoint of plant operators, 
without attempting to explore in 
depth or detail specific materials, 
since there are others on this panel 
more eminently qualified to do 
this. 

Ours is an emerging industry, 
in that we do not have the wealth 
of experience and established pro
cesses that some of the older in
dustries, such as the petroleum in
dustry, have at their disposal. In 
our case, many of the materials 
of construction are new to their ap
plication and, frequently, the suc
cess in their use will vary widely 
from one plant to another. Since 
the industry is constantly changing, 
it is incumbent upon those of us 
responsible for the selection of ma
terials of construction to be as well 
informed as it is possible for us 
to be. 

lt has been said that the half
life of an engineer in these times 
is approximately 5 years. \Vhile the 
state of our present knowledge of 
materials of construction may be 
hard to define, it could be reason
ably assumed that some of the ma
terials we are now using may not 
be applicable 5 years from now. 
It is also quite possible that new 

materials, as yet undeveloped, will 
bring radical changes to the con
struction of our facilities. 

Since both the fertilizer indus
try and its technology are relatively 
young, it does not appear reason
able to conclude that only one ma
terial of construction is the proper 
answer for any given application; 
much experimentation and de
velopment are going on at this 
time which may provide alternate 
or better answers. From the point 
of view of the plant operator, the 
major problem related to develop
ment in this field is that of proper 
evaluation of the new materials as 
they become availa ble to us. 

Several factors govern effective 
evaluation of materials of construc
tion, and to demonstrate some of 
these factors I will cite a few in
stances from my own experience. 
The first factor I would like to 
discuss is what I caB the foolish
ness factor. This factor is exempli
fied by an experience that we had 
in our Texas City plant approxi
mately 10 years ago. At that time 
we, like all others in the industry, 
were having trouble with breakage 
of evaporator tubes. In an effort 
to overcome this problem we en
listed the aid of the International 
Nickel Company to prepare test 
spools for us, to he installed in the 



upper liquor chamber of Swenson 
LTV evaporators. These test spools 
consisted of some rather exotic ma
terials, untried as yet in phosphoric 
add service. 

The installation of the test 
spools was supervised by a young 
engineer in our organization. After 
approximately 2 weeks the upper 
liquor chamber was opened to in
spect the spools, and it was found 
that they had disappeared. Investi
gation showed that they had de
posited themselves in the lower 
liquor chamber of the heat ex
changer, and further investigation 
revealed that the young engineer 
had hung the exotic test spools in 
the chamber with a piece of Type 
30·1 stainless wire which, of course, 
was less resistant to the environ
ment than any of the materials be
ing evaluated on the spool. This 
is an example of what I call the 
foolishness factor. 

Variables introduced into the 
process will sometimes bring about 
unexpected changes in the corro
sion rate of the materials involved. 
We experienced this in our diges
tion circuit where, in an attempt 
to increase our capacity, we supple
mented our vacuum cooling with 
air injection cooling. We began 
to notice a marked decrease in the 
corrosion rate of the Type 316 
agitator shafts. vVe concluded that 
vacuum cooling created an oxygen 
deficient atmosphere that was 
detrimental to the oxide film on 
the stainless steel agitator shaft, 
and that the addition of air cool
ing replaced the oxygen that was 
being removed in the flash cooling 
process. 'Whether this analysis is 
chemically correct or not, we know 
that it did work, and can only con
clude that had we not introduced 
this variable we would have con
tinued to experience severe corro
sion of the agitator shafts. 

Another factor in the selection 
of new materials of construction is 
the thoroughness with which the 
evaluation is made and the care ex
ercised to avoid any haphazard type 
of experimentation. An example 
of the haphazard type of evalua
tion occurred some years back 
when we were considering the use 
of a new kind of plastic pipe. We 
had been using lined metal pipe 
and were experiencing difficulty 
from external corrosion. The new 

material appeared to be an excel
lent solution to this problem and, 
in an attempt to check its suita
bility, we installed several spool 
pieces replacing straight sections of 
the lined metal pipe. Based upon 
this rather haphazard evaluation 
we decided that the new plastic 
pipe would do the job, and pro
ceeded to make an installation of 
a complete phosphoric acid evap
orator piping system. 

Only after placing the new 
piping in operation did we dis
cover that the fittings had an in
herent weakness, and that it was 
impossible to maintain operation 
for any reasonable period of time 
on account of breakage of the 
plastic fittings. \!\Te further found 
that the fittings were not con
structed to ASA Standards and 
could not, therefore, be readily 
replaced with rubber-lined steel 
fittings or other fittings having the 
necessary strength for the service. 

This points out that an evalu
ation of materials of construction 
for an integrated system should be 
extended to all of its components, 
rather than limited to some sec
tions of it, and related to the 
actual service to which the system 
will be Stl bjected. 

\!\Then new materials are being 
considered for existing applica
tions, or new applications for avail
able materials, both the user and 
the supplier have responsibilities 
for the proper evaluation of the 
material and the application. 

The supplier has a responsi
bility to state the qualities of his 
material clearly and honestly. Too 
often we have all been asked 
to consider materials that were 
claimed to be performing miracles 
in our industry. In reality, only 
very few new materials have been 
developed in the last few years 
that could even come close to be
ing called miracle materials. 'We 
have all witnessed the development 
of fluorocarbons, epoxies, poly
esters, and similar materials that 
have alleviated some of the prob
lems which had plagued the in
dustry. These, however, are for 
specific applications, and cannot be 
considered cure-aIls. In addition, 
the more expensive materials must 
be evaluated from the economic 
standpoint since, as our industry 
is constantly revamping and re-
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building facilities, the cost of new 
materials must be balanced against 
the expected life of the plant or 
facility as a whole. Sometimes it 
is just not economically feasible to 
apply the more exotic materials to 
some of the applications in our 
industry. 

The supplier also has a re
sponsibility to provide as much of 
a system as he is able to do, rather 
than only component parts, which 
are often difficult to apply because 
they are not compatible with other 
components or materials of con
struction. 

In fairness to the user, the sup
plier, and the material being evalu
ated, the supplier also has the re
sponsibility to follow up, to make 
sure that his material is being 
properly evaluated and applied. 
There have been many excellent 
materials that have been rejected 
by some plants because of improper 
evaluation. And when a material 
that seems to be doing a good job 
in one plant is found to be totally 
unsatisfactory in another, it may 
merely be a case of improper appli
cation rather than a real difference 
in performance. 

The user has a responsibility 
to maintain open lines of com
munications with the suppliers and 
to look upon them as a source of 
information rather than as a 
nuisance. One of the mistakes 
that young engineers make is in 
not taking enough advantage of 
the knowledge available to them 
through the sales representatives. 
vVith the technology of our in
dustry constantly changing, the 
specialized knowledge that sales 
representatives have of their ma
terials and products provides an 
easy way for plant operators to 
keep up with new developments 
and materials. 

The user also has a responsi
bility to the supplier and to his 
own company to see that the sales 
representative is placed in contact 
with the proper man in the user's 
organization. Too often excellent 
materials of construction may be 
overlooked because the vendor does 
not talk to the man who is 
thoroughly familiar with the prob
lems, or who has the authority or 
desire to institute the program of 
material evaluation. 

Cost of evaluation is always a 



consideration, since both the sup
plier and the user are reluctant to 
spend a great deal of money on it. 
Many materials potentially suita
ble for specific applications do not 
get considered at all, because both 
parties feel that the other should 
bear the cost of the evaluation. 
This is especially true in smaller 
companies that do not have Re
search and Development depart
ments. 

There is no easy answer to this 
problem, since both sides have 
valid arguments. But a joint effort 
on the part of material suppliers 
and fertilizer producers, through 
a panel or committee composed of 
experts and industry representa
tives, with the cost borne and the 
results shared by all participating 
companies, may provide a solution 
to the problem of evaluating new 
materials and products that is both 
less expensive and more effective_ 

Regardless of how it is ac
complished, it is essential thaI the 
strongest possible effort be made 
to eliminate errors in the selection 
of materials of construction. ·With 
the fertilizer industry becoming 
more and more competitive, and 
confronted with steadily rising op
erating and maintenance costs, 
only those companies that make 
a concerted effort to reduce 
construction and maintenance costs 
through new and improved 
methods and materials can be sure 
to survive and operate successfully. 
\Ve must all, therefore, direct our 
efforts toward more effective com
munications between suppliers and 
users, more scientific and thorough 
evaluation of materials, and more 
direction and purpose toward the 
growth and maturity of our in
dustry. 

!'.IoDERAToR PELITTI: Thank 
you, Bill. 

The last member on our panel 
is Ken Harrison, Executive Vice 
President and Director of Acalor 
Chemical Construction of Canada, 
Limited. 

Mr. Harrison is a graduate of 
the North Staffs Institute of Tech
nology in the U.K. He is also a 
member of the National Associa
tion of Corrosion Engineers. 

After being associated for a 
number of years with Acalor in 
the United Kingdom as Chief En
gineer, where he gained extensive 
experience in the development and 

application of linings, ~lr. Harri
son formed the Canadian company, 
and has been responsible for the 
development of many of the Aca
lor lining systems. 

He will talk to you about cus
tom linings for reaction vessels in 
fertilizer plants. Acidproof mem
branes and carbon brick linings 
are his specialty. 

Developments in Attack Tank Linings 
K. Harrison 

Broadly speaking, reinforced 
concrete has for some time been 
lower in cost than steel for large 
tanks; hence a large number of wet 
process phosphoric acid plants built 
in recent years have used Attack 
Tanks with a concrete shelL For 
corrosive service, however, concrete 
requires a protective lining. 

The selection of lining ma
terials which can give long life and 
low maintenance at an economic 
level is not an easy task, especially 
under the conditions prevailing in 
the digestion of phosphate rock, 
which combine temperatures in 
excess of 180°F, a mixture of highly 
corrosive acids, plus a fairly high 
degree of abrasion. 

For other process tanks in the 
system, a natural or synthetic rub
ber lining, or one of the plastics 
(such as PVC) is adequate without 
brick sheathing, providing the cor
rect grade is selected and properly 
applied. However, the elevated 
temperatures, acids, abrasion and 
risk of physical damage during 
maintenance, occurring in a re
actor make a brick lining or 
sheathing essentiaL 

The brick sheathing, does: 
a_ Provide thermal insulation 

barrier for the membrane. 
b. Protect the membrane from 

physical damage. 

Components of the 
Lining System 

The most economical lining 
material which will resist hydro
fluoric, as well as the other acids, 
in phosphate rock digestion is car
bon brick. Silica based materials 
will, of course, be severely attacked 
by fluorides, even at extremely low 
concentration. The corrosive effect 
of HF is cumulative and even with 
materials of very low absorption 
ultimate disintegration is certain. 
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Carbon Brick 
Carbon bricks set in a well 

formulated furane phenolic resin 
cement, with pure carbon fillers, 
are in common use and do provide 
excellent service life. 

Several years ago, it was con
sidered necessary to use carbon 
bricks with very low ash content, 
that is 1 % or less. However, ex
perience has shown that carbon 
bricks with very low ash content, 
7 % will resist the fluorides present 
in the slurry with no evidence of 
deterioration, with the added aeI
vantage of improved resistance to 
abrasion. Consequently, we now 
favour the high ash content brick, 
which are less expensive. 

This type of lining has been 
installed in several large tanks, and 
in some cases with a thickness on 
side walls of only 2Yz". Total area 
covered has ranged from 10,000 to 
30,000 sq. ft. 

Performance has been excel
lent, with no sign of fluoride at
tack and minimal wear due to 
abrasion after several years of ser
vice. 

In that carbon bricks have a 
fairly high absorption, up to 20 
by weight, an impervious mem
brane between the bricks and con
crete is always required. Even if 
impervious bricks were used, a 
membrane would still be essential, 
as it is a practical impossibility 
to install a lining which involves 
from 40,000 to 120,000 pieces joint
ed with a resin mortar, without 
some minor cavities or hair line 
cracks. 

Membranes-Asphaltic 
Base 

The most frequent cause of 
leaks or failures in Attack Tank 
linings has always been the mem
brane. It is annoying and time con-



suming, and an extremely expen
sive proposition, to remove and 
install a perfectly good carbon 
brick lining in order to repair or 
replace the membrane. 

Earlier practice for concrete 
vessels was to use hot applied 
asphalt, about ;74" thick; it is still 
specified today for some applica
tions. The alternate was a sheet 
material, manufactured from petro
leum tar and reclaimed rubber. 

Both materials have been fair
ly successful, but have the disad
vantage of being difficult to apply, 
which makes them quite expensive 
in terms of labor. This is particu
larly true with hot applied asphalts, 
because of the difficulty of building 
up the required thickness on large 
vertical surfaces. To give body and 
strength to the membrane, layers 
of fiberglass mesh were introduced. 

In wet process phosphoric acid 
Attack Tanks, this method is not 
recommended, because if any part 
of the fiberglass is exposed or in
sufficiently covered with the asphalt 
it will be attacked by tbe fluorides. 
The risk of failure is then very 
great, because the acid attack will 
progress through the fiberglass 
mesh by what can be described as 
"wick action." 

Rubber Lining 
Natural gum rubber is an 

ideal membrane material for At
tack Tanks because of its excellent 
resistance to the acids present in 
the reaction. Application and vul
canization of rubber in sheet form 
to large concrete surfaces, however, 
is extremely difficult, and the costs 
are prohibitive. 

The logical answer was to 
spray what can best be described 
as a semi-vulcanized dispersion of 
natural gum rubber. The big prob
lem to overcome was the spraying 
technique, which involved finding 
the correct temperature, ventilation 
and method of heating the air in 
the vessel, as well as obtaining the 
correct temperature of the sub
strate. This we overcame, but most 
important of all, the finished prod
uct is only slightly more expensive 
than the types of membrane al
ready mentioned, and without the 
attendant risks of an early failure. 

The system is essentially an 
underlay coat, based on natural 
rubber latex mortar Va" thick, £01-

lowed by the sprayed natural rub
ber also Va" thick. It can be (and 
often is) applied to "green" con
crete. 

Our first large installation in 
an Attack Tank was for the 'Vest
ern Co-op. Fertilizers plant in Cal
gary, Alberta. It is of interest to 
note that three sides of this parti
cular tank are exposed to the severe 
winter climate in Calgary. The fact 
that this particular membrane can 
be physically stressed between 
-40°F and +185°F removes any 
risk of failure should temperature 
cracks develop in the concrete. At 
temperatures up to 120°F it can 
be elongated to three times its 
original length. This would sug
gest that for future installations 
in cold climates, it is not essential 
to enclose the Attack Tank in a 
building. 

Our next applications were on 
multi-compartment concrete tanks, 
of which we have now done five 
on this continent. The more com
plex design of the vessels and the 
multiplicity of the surfaces to be 
protected provided a strong incen
tive to develop a conductive under
lay between the concrete and the 
sprayed rubber, so that electrostatic 
spark testing could be performed 
before the brick lining was in
stalled. 

The technical difficulties in 
terms of correct formulation, and 
selecting of a conductive compon
ent, to ensure successful field ap
plication in large areas without 
shrinking or cracking, and provid
ing of a suitable substrate and 
bonding medium to ensure good 
adhesion of the sprayed rubber 
were of considerable magnitude, 
but eventually we were able to 
overcome them. Spark testing can 
now be performed with conven
tional equipment set at 15,000 
volts. 

Our first installation using the 
conductive system was at the Elec
tric Reduction Company fertilizer 
plant at Belle dune, New Bruns
wick. The technique was also used 
at the Imperial Oil plant at Red
water, Alberta, and will be applied 
in a new large plant in Iran. 

Monolithic Linings 

vVhile the rubber membrane
carbon brick system provides a 
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satisfactory answer to the problem 
of protecting the inside surfaces of 
large concrete reactors, its cost is 
relatively high. Can an alternate 
system be developed to provide 
equal performance, but at a lower 
cost? 

To the layman, a monolithic 
lining would appear to provide a 
logical ans,-\'er. For example, filled 
trowelled-on epoxy resin materials 
are in wide use for protection of 
concrete floors, up to a thickness 
of ~". Protection requirements 
for process vessels, however, are 
much more stringent, as the con
sequences of lining failures are 
infinitely more costly. 

Let us consider the problems 
and prospects of development of 
a monolithic system for large con
crete digestion vessels. 

The essential porperties re
quired by such a system are: 

1. To resist various combinations 
of highly corrosive acids, up to 
temperatures of 200·F for in
defini te periods. 

2. Resist abrasion. 
3. Have the ability to bridge con

traction cracks which may de
velop in the concrete shell. 
Hence, it must be, and re
main, flexible. 

4. Have a co-efficient of linear ex
pansion approximately equal 
that of concrete. 

5. Must not creep, shrink or swell 
due to the operating condi
tions, or other factors, other
wise structural failure of the 
lining may occur. 

6. Be easily applicable. 
7. Be easy to patch in worn areas. 
8. 100% impermeable. 
9. More economical than mem

brane and carbon brick system. 
As none of the materials pres

ently available for monolithic lin-
ings is expected to be superior to 
carbon brick, ""'e may start with 
the assumption that about the 
same thickness as for carbon brick 
will be needed for a given set of 
conditions. 

Assuming that all require
ments except #9 are met, let us 
take a look at the cost that must 
be met for the material. 

A lining sytstem based on 3" 
carbon brick set in resin cement, 
over a ~" membrane, will have a 
finished thickness of 3%", and 



weigh 30 lbs/sq.ft. Installed cost, 
including labor and supervision, 
and freight to job site (1300 miles), 
is about $13/sq.ft. 

A carbon filled resin cement 
applied at the same thickness 
would weigh 25 lb/sq.ft. and its 
installed cost would be about 
$18/sq.ft. for furane and $19/sq.ft. 
for epoxy. This is $5.00 to $6.00 
per square foot more than the rub
ber-carbon brick system. 

For a monolithic lining to be 
attractive, I would suggest that it 
should cost about 20 '10 less than 
the carbon brick system. This 
means that material costs, taken 
at 50 '10 of the installed cost, should 
be in the order of 20 cents per 
pound. This is way below current 
prices of available resins and fillers 
which would be suitable for the 
conditions of this application. 
Furthermore, we have not yet 
found all the answers to the tech
nical requirements. 

Therefore, even aside from the 
technical problems which have yet 
to be solved, we have to conclude 
that monolithic linings are not yet 
a substitute for the conventional 
membrane and brick sheathing sys
tem on the basis of cost. 

MODERATOR PELITTI: Thank 
you, Ken. 

The panel is now open for 
questions from the audience. 

RONALD D. YOVNG: Rico, I 
was going to ask the panel what 
is really the present feasibility of 
lining non-pressure vessels with an 
alloy such as Hastelloy or titanium? 
What are some cost comparisons? 

MODERATOR PELITTI: Let me 
see, your question refers to the 
lining of non-pressure vessels? 

MR. YOUNG: Yes, just regular 
reaction vessels. 

lVloDEIV\TOR PELITTI: Reactor 
vessels with titanium, or with any 
of the more expensive alloys. Are 
you referring to a sandwich type 
construction or a clad type con
struction? 

MR. YOUNG: Either clad or 
lining, just some means to use these 
materials at a lower cost. 

MODERATOR PELITTI: I believe 
tha t the cladding of carbon steel 
with stainless steel has been con
sidered in a number of cases, and 
there have been some applications 
in the phosphoric acid field. Un
fortunately, I personally do not 

have any report on the results that 
have been obtained with it, or a 
later history of what has developed 
in these plants. 

I believe there has been a great 
deal of reluctance to accept the 
type of construction indicated, be
cause frequently there is no warn
ing of impending failures. If you 
have a thin layer of a protective 
material, subject to show any 
amount of corrosion, then as soon 
as you go through it you might 
lose the whole reactor and shut 
down the plant with serious losses. 
Therefore, the economy of con
struction derived from the clad 
type material does not appear to 
be too attractive to anybody, at 
least on an extensive basis. 

I might turn this over to 
Allen. Do you have any comment? 

MR. E. A. TICE: I might make 
a couple of comments. As Rico 
said, the stainlesses are available 
as clad plate. For example, Lukens 
Steel Company offers a range of 
stainless steels for cladding on steel. 

Usually we like to see these 
applications go for those materials 
where the rate of corrosion of the 
stainless is quite low, so that you 
don't corrode through and have 
failure of the entire unit. 

Specifically, the Hastelloys I 
do not believe are available yet as 
clad material on steel. I don't think 
that Lukens have, for example, de
veloped the technique of cladding 
Hastelloy C on steel. Perhaps 
Hastelloy G may fit in here, but 
we have to have some markets for 
the material before a steel com
pany such as Lukens will under
take to develop the cladding tech
nique. 

Titanium can be applied by 
the new explosive bonding tech
nique, which Du Pont has come up 
with. This is a rather expensive 
way to put materials together but 
there are definite applications, for 
example, bonding titanium to 
thick steel. We think of rather 
thick applications of steel and a 
very thin layer of the alloy for this 
explosive bonding technique to be 
economical. Some very thick tube 
sheets have been made this way, 
for example. 

You can weld overlay also, as 
another technique. I believe in 
some of the urea reactors where 
stainless has been used, the heads 
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have been applied by weld overlay 
techniques, and some of the major 
fabricating companies have pro
cedures for putting down weld 
overlay in a multipass technique. 

MODERATOR PELITTI: Okay. 
Now your question. 

A ME:\IBER: I should like to 
add regarding the cost of the vari
ous alloys that show high resistance 
that, of course, the use of any 
alloy has to be related to its ex
pected life; and are these two alloys 
justified, considering their price? 

.MR. TIeE: It is a good ques
tion. I think we have to, again, 
weigh the particular application. 
The Jessup Alloy may sell at a 
price, . and I would not like to be 
quoted - of the order of $1.65 a 
pound, as a base price for plate 
material. Now, this is more than 
316 stainless, but undoubtedly 
there are going to be some ap
plications where it can be justified. 
Perhaps the components in attack 
tanks, or agitator equipment might 
provide applications where this can 
be justified. 

I think the Hastelloy G and 
the Inconel 625 alloys that I men
tioned are even more expensive. 
Hopefully, if we go through the 
procedure that Bill Rushton would 
like us to follow to evaluate the 
evaporator tubing, and we hope 
to do this, we may be able to 
justify the economics of these alloys 
here. 

But it is always a problem. I 
do not have the answer, I'm sure. 

SAME MEMBER: What is the 
cost factor between, say, a 316 
alloy and Hastelloy G? 

MR. TICE: I don't know. I 
don't have these in my head. I 
think it's about 3 or 4 to 1. 

A MEMBER: I have a question 
for Mr. Tice of INCO. In high 
nickel alloys is there any correla
tion between the molybdenum con
tent and the pitting type of cor
rosion? 

MR. TIeE: Did I understand 
you, do I have any correlation 
between pitting-

SAME MEMBER: And the mo
lybdenum content. 

:MR. TrcE: - and the molyb
denum content? 'We are trying to 
evaluate pitting resistance. \Ve 
don't really have a good laboratory 
test. \Ve have tried to use a ferric 
chloride solution and a crevice. 



For example, a rubber band put 
around the specimen gives you a 
nice crevice, to assess the alloy 
behavior versus pitting resistance 
in ferric chloride. 

Another good solution for pit
ting is aerated seawater, and we 
have subjected all of these new 
alloys to long-time exposure at our 
test location in North Carolina. 
In aerated seawater we will get 
barnacle growth, which gives us 
lots of chances for pitting to occur. 

vVe find that when we get up 
to this Inconel 625 composition of 
about 9% molybdenum we have 
freedorn from pitting. 

So I think in the chrome
nickel system at about 9'10 molyb
denum we have freedom from pit
ting, at 4 to 5 '10 we can still get 
some pitting. 

THE SAME MEMBER: With 317 
stainless normally it is 3 to 4 

MR. TIeE: Did you mention 
317? 

SAME MEMBER: Yes. 
MR. TICE: It can still pit in 

seawater and in the ferric chloride 
test, at least in the work we have 
done. It's a lot better than 316 but 
not completely immune. 

SAME MEMBER: Another ques
tion is about the wrought alloys. 
What would vou consider as a 
minimum hard~ess to insure mod
erate resistance to erosion? 

MR. TICE: I don't know that 
I can give you a number. 

SAME MEMBER: I have another 
question directed to Mr. Rushton 
of Swenson. 

You mentioned a while ago 
that the temperature resistance of 
natural rubber lining in evapora
tors and the hopper usually ranges 
around 200 degrees, so you are 
limited. Is it possible just to use 
a better heat resisting rubber; for 
instance, butyl rubber for the hop
per lining and increase your tem
perature so you can get more effect 
of the evaporation? 

MR. RUSHTON: Evaporation 
systems generally operate under 
vacuum, and to date the rubber 
liners at least have been hesitant 
to apply butyl linings, or any of 
the synthetic linings, under the 
vacuum conditions that exist there. 
Their bond strengths I don't be
lieve are good enough yet to allow 
use in this sort of vessel. The 
vacuum would tend to pull the 
rubber off the steel. 

SAME MEMBER: You mean, the 
bonding is never as good as for 
natural rubber? The bonding be
tween the metal and the rubber? 

MR. RUSHTON: The bond be
tween natural rubber and steel IS 

an excel1ent bond, yes, and it is 

better than it is for the synthetic 
rubbers. 

M ODERA TOR PELITTI: If there 
is no further discussion, I would 
like to thank both the audience 
and our panel members for their 
cooperation and if anybody can 
think of additional questions where 
they wish to obtain more precise 
answers, as always happens after 
the meeting, all of the panel mem
bers will be happy to be available 
for discussion outside the meeting 
room. 

I would like to remind you 
that if we have time, and this is 
up to Dr. Sauchel1i, there will be 
a movie shown immediately follow
ing the meeting. 

I would now like to turn the 
meeting over to Dr. Sauchelli. 

CHAIRMAN SAUCHELLI: Thank 
you, Enrico. How long will that 
take? 

MODERATOR PELITTI: About 15 
minutes. 

vVe can dismiss the group, and 
those who really want to stay to 
see this movie, which I understand 
is a very interesting and valuable 
one prepared by :'1r. Moraillon, 
may remain here. 

You have been a very patient 
audience. 

(The Session adjourned at 
five-fifteen o'clock p. m.) 

Thursday Morning Session, Nov. 14,1968 
The Round Table Meeting reconvened at 9:00 o'clock a.m. 

Albert Spillman and Vincent Sauchelli, Moderators 

MODERATOR SAUCHELLI: Before 
we start our regular proceedings, 
it IS a pleasure to call your atten
tion to Mr. Edwin Wheeler, the 
new President of the National 
Plant Food Institute. Mr. vVheeler. 

MODERATOR SAUCHELLI: Ed, do 
you want to make any remarks? 

MR. WHEELER: Vince knew he 
was safe in calling on me because 
I don't have any notes or any 
speech prepared. I am glad to see 
you. As you know, this is my first 

time attending the Round Table. 
r know something about its func
tion and I know a good deal about 
its importance to our industry. I 
hope that while you are here you 
will feel free to drop by our shop. 
We are busy with some changes 
being made in the Institute and 
apparently there are more changes 
in the wind than on some of the 
slides I saw yesterday. Thanks very 
much, Vince, for giving me a 
chance to say hello. 
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MODERATOR SAUCHELLl: Thank 
you. vVe are glad to have you here. 
AI. the meeting is yours. 

MODERATOR ALBERT SPILLMAN: 
Good moming. gentlemen. I hope 
all of you will have a nice stay in 
vVashington and we hope you en
joy our program. 

This moming we have a full 
program with some very interesting 
subjects; Improvements in Mixing 
Plants, Efficiency of Bulk Blend 
Mixers, High Efficiency Bulk Stor-



age, Improvements in Bagging Sys
tems, ''ie have two papers on Im
provements in Bagging Systems, 
Elemental Phosphorus Production 
and Usage, and a very important 
subject, Safety in the Fertilizer 
Plant. 

Our first discussion this morn
ing is titled "~fixing Efficiency of 
Fertilizer Bulk-Blending Equip-

ment." This paper was prepared 
by G. L Bridger and L J. Bowen, 
Georgia Institute of Technology. 
It is my pleasure to present to you 
our good friend Dr. Leon Bridger, 
Director, School of Chemical En
gineers, Georgia Institute of Tech
nology, Atlanta, Georgia, who will 
discuss and present this subject. 
Dr. Bridger, please. 

Mixing Efficiency of Fertilizer Bulk-Blending 
Equipment 

G. L. Bridger and '.J.Bowen* 

Summary 
Tests were made of the effi

-ciency of mixing of fertilizers in 
six bulk-blending plants and of 
one pilot plant scale mixer. The 
plant scale mixers tested were a 
cylindrical rotary mixer, a concrete 
mixer, a ribbon mixer, a vertical 
tower mixer, a cone mixer, and a 
screw mixer. The pilot plant mixer 
tested was a :Munson rotary mixer. 
Mixing efficiency was judged by 
deviation from average analysis of 
a series of samples taken during 
discharge of the mixer. 

Best mixing was achieved by 
the screw conveyor mixer, which is 
a continuous mixing unit, but pro
portioning of the raw materials was 
poor, so that the product was badly 
off specifications (17-18-1 I instead 
of 15-15-15). The Munson rotary, 
cylindrical rotary, and ribbon mix
ers gave good mixing. The con
crete, cone and vertical tower mix
ers gave poor mixing, and sample 
analyses varied excessively from be
ginning to end of the discharge 
period. 

Introduction 
Bulk blending of fertilizers has 

grown to be a major segment of the 
industry in the past few years. It 
was estimated that there were 1,.536 
bulk blending plants in the United 
States in mid-1961.1 

The equipment used in bulk 
blending plants for mixing ferti
lizer materials is of many types; a 
wide variety of both batch and con
tinuous systems is used. It is recog
nized that differences in mixing 
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efficiency of the various types exists, 
but little quantitative information 
is available on this subject. 

It has been shown that if ferti
lizer raw materials of the same 
particle size range are well mixed, 
little segregation will occur even if 
the materials are of different densi
ties and shapes.2 However, if the 
particles differ significantly in size. 
segregation can take place during 
discharge from the mixer and in 
subsequent handling. 

There are, therefore, two prob
lems in producing and delivering 
to the soil a homogeneous bulk 
blend fertilizer, (I) obtaining good 
mixing at the point of production, 
and (2) prevention of segregation 
of the fertilizer components in sub
sequent handling. 

The present study was under
taken to determine the ability of 
several types of mixers being used 
in commercial operations to pro
duce a homogeneous bulk blend 
fertilizer. Study of the degree of 
segregation in subsequent handling 
was beyond the scope of the present 
investigation. 

To accomplish this objective. 
large batches of specially sized am
monium nitrate, high analysis su
perphosphate, and potassium chlo
ride were prepared at the TVA 
chemical plant at Muscle Shoals. 
Alabama. The particle sizes were 
chosen so that there were slight 
differences between each of the 
three materials, but not enough to 
prevent a homogeneous mix to be 
made and discharged from the 
mixer wi thout excessive segrega
tion. The materials were bagged 
and a total of two tons sent to 
each of vanous mixing plants in 
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the Southeastern United States. 
Two one-ton mixes were made at 
each of the plants, except when a 
continuous system was used, in 
which case a single two-ton run was 
made. A series of samples was 
taken at the mixer discharge at 
equal time intervals over the en
tire discharge period. The samples 
were analyzed for lX, total P20", 
and K20, and the variations in 
analysis were used to judge the 
effectiveness of mixing. 

Experimental 
A. Materials 

Table I shows screen analyses 
and chemical analyses of the raw 
materials. 

B_ Description of Mixers 
1. Cylindrical Rotm"y Mixer 
This mixer was cylindrical and 

had the following dimensions: di
ameter 78 inches, length = 32 
inches. It had a I-ton batch capac
ity and operated at a speed of 12 
RPz.·f. 

The rotary mixer was on two 
wheel drive rubber-tired trunnions 
which provided the rotary motion 
for the cylinder. The interior dis
charge was actuated by air oper
ated controls. 

The raw materials were con
veyed by payloader to a weigh hop
per which discharged into the I-ton 
rotary mixer. The blended fertiliz
ers were then discharged from the 
mixer into an elevator which con
veyed the blend into a truck out
side the building. 

2. Concrete Mixer 
The concrete mixer was a 2-ton 

rotary batch type with a fixed, in
clined aXIS and helical flights. 
With mixers of this type, which 
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are similar to those used on con
crete ready-mix trucks, the blend 
was discharged by reversing rota
tion; this caused the helical flight 
to move the blend upward and 
out of the mixer. The mixer 
was charged by gravity flow from 
a weigh hopper. I t discharged 
through a chute which conveys the 
blend to a bucket elevator which 
conveys the material to another 
chute and then to the truck. 

The geometry of the mixer was 
comparable to a frustum of a cone 
with a small diameter of about 3 
feet and a large diameter of about 
6 feet. The mixer was positioned 
horizontally with its axis slightly 
inclined, the center of the large 
end was about 20 inches lower than 
the center of the smaller end. The 
mixer working capacity was 2 tons. 
The drum speed was 14 RPM. 

3. Ribbon Mixer 
The ribbon mixer had a I-ton 

capacity. It had a U-trough design 
and a total internal volume of 
about 50 cubic feet. Overall di
mensions were 30 inches wide by 
38 inches high by 9 feet 10 inches 
long. The unit had two multiple 
ribbons blending flights with a 
double extra heavy pipe and trough 
of steel. The blender gate was 
located at one end and was air 
operated. 

Fertilizer materials were con
veyed to the mixer hy payloader. 
The mixer was located on weigh
ing scales which were adjusted to 
zero after each mix. :\fixing was 
accomplished by the rotating spi
raling motion of the ribbon blades 
and the mix was discharged at one 
end of the blender through the hy
draulically operated discharge gate. 
From here it fell by gravity to a 
screw conveyor where it was con
veyed to bucket elevators and to a 
discharge chute to a truck. 

4. Vertical Tower Mixer 
This mixer was developed by 

TVA and is described by Achorn 
and Meline.3 The to'wer, which is 
made of wood, is 4 feet square by 
28 feet high. The top 4 feet is used 
as a collecting hopper. The floor 
of the hopper is in the form of a 
trap door. The lower 24 feet of 
the tower serves as a mixing sec
tion and is provided with five 
baffles. Two diagonal flights ex
tend across each baffle. In operat-

ing the tower, the raw materials 
are weighed and then elevated to 
the retaining section 'with the gate 
closed. When all the materials have 
been added, the gate is opened, and 
the mixing of the materials is ac
complished as they pass over the 
steps and flights of the tower. This 
system is designed for the weighing 
and mixing of I-ton batches of fer
tilizer. Production rates of 14 tons 
per hour may be obtained wi th it. 

5. Cone Mixer 
The cone mixer had a capac

ity of one ton. From overhead stor
age hins, raw ingredients were grav
ity fed into a weigh hopper. The 
raw mix was then belt conveyed 
to bucket elevators which conveyed 
it to a vibrating conveyor. The 
material flowed to the cone mixer 
by gravity around the upper in
verted cone and to the closed top 
gate. The mix was retained mo
mentarily at this point. The top 
gate was opened and the material 
flowed around the middle inverted 
cone to the bottom gate which was 
closed. After a momentary reten
tion the bottom gate was opened 
and the material flowed around 
the hottom inverted cone and out 
the discharge chute to a truck. 

Mixing was accomplished as 
the fertilizer materials flowed over 
and around three inverted cones. 

6. SCTew Conveyor Mixer 
The screw conveyor mixer had 

specifications as follows: 
size-12 feet long by 5 feet 

wide by 7 feet high 
weight-4,OOO pounds 
belt-endless, .5 ply, extra

heavy duty 
motors-belt motor is 2 HP; 

double gear head auger 
motor, 1 Y2 HP 

auger-specially designed 
mixing unit. 

The screw conveyor mixer had 
a capacity of producing 20 tons of 
blend per hour. A master control 
panel electronically activated the 
motors to elevate the raw ingredi
ents to overhead bins, operate the 
mixer and re-elevate the finished 
product. 

Raw ingredients from overhead 
bins fed into the sloping floor of 
the blender under the gates onto 
the endless rubber belt. A baffling 
system, plus a mixing auger blended 
the fertilizer. The blended mate-
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rial was then transferred to truck 
or was bagged. 

Prior to mixing, the bulk den
sities of the raw materials that were 
used in the test were determined 
so that the feed gates could be set. 
The bulk density of the ammo
nium nitrate, superphosphate and 
potassium chloride were 55.0, 64.2, 
and 67.2 pounds per cubic foot,. 
respectively. 

7. Afunson Rotary Mixer 
This mixer operated at a speed 

of 20 RPM and had a 15 cubic foot 
capacity. It was mounted in a hori
zontal position, Its geometry can 
be described as a cylinder joined by 
a cone frustum closure on one end 
and a hemispherical closure on the' 
other end. The diameter of the 
drum was 42 inches and the overall 
length was about 36 inches. The 
mixer was operated by a gear at 
one end connected by a shaft driven 
to an electric motor. I t was charged 
through a door located on the cy
lindrical part of the drum. I t dis
charged through a manually oper
ated door located on one end of 
the mixer. No tilting of the mixer 
was necessary during discharge, be
cause the internal blades move the 
mix up and out through the open
ing of the discharge end. The size 
of batch used in this mixer was 
500 pounds. 

C. Test Procedures 
1. Mixing 
(a) Two batches were made 

in most tests. Each batch weighed 
1,975 pounds, except for the pilot 
plant scale mixer test. 

(b) The following amounts 
of raw materials were used: 

Raw l\fateTiai 

Granular Ammonium 
Nitrate (33.4-0-0) 

Granular Superphosphate 
(0-52.4-0) 

Granular Red Potassium 
Chloride (0-0-59.8) 

Total: 

Amount, 
Pounds 

900 

575 

500 

1,975 

These proportions of materials 
would result in a mixed fertilizer 
of the following analysis, based on 
the analyses of the materials: 

N 15.2% 
Total P 20 5 15.7% 
Available P20 5 15.2% 
K 20 15.2% 



(c) The mixer was charged 
with raw materials and operated 
for one minute, except in the case 
of the ribbon mixer, which was 
operated for five minutes. 

2. Sampling 
(a) A small quantity (about 

100 grams) of each raw material 
was removed from each bag used in 
the test and placed in separate con
tainers. 'Vhen samples were col
lected from the raw materials of 
both mixes they were riffled into 
two quart samples, placed in mois
ture-proof containers and identi
fied. This constitutes a composite 
sample of each raw material repre
sentative of the two mixes. 

(b) Ten-quart buckets were 
used to collect 20 samples (or as 
many as practical) from the mixer 
discharge of each test mix. In most 
cases, two quarts of blend per 
bucket were collected from the dis
charging stream of blend. The 
samples were collected at timed in
tervals from the start of discharge 
to the end of discharge. 

When all of the samples were 
collected from a test mix each was 
riffled into two quarts, placed in 
moisture-proof containers and iden
tified. This operation yielded iden
tical samples, one of which was 
used for chemical analysis and one 
of which was placed in reserve. 
Forty quart samples were obtained 
when all 20 samples were riffled. 

3. Sample PTepaTation 
(a) One quart-size sample was 

gTound in the ~iikro-Samplmill in 
half-quart batches. An 0.039 inch 
round hole screen was used in the 
mill during grinding. After grind
ing the two batches were combined 
and riffled to a 2-ounce sample. 
This sample was placed in a mois
ture-proof container and identified. 
This operation was performed as 
rapidly as possible to avoid mois
ture absorption by the sample. The 
mill was thoroughly cleaned after 
each grinding to avoid contamina
tion of the next sample to be 
ground. 

4. Chemical Analyses 
Standard AOAC procedures 

were used to determine nitrogen, 
total P 2 0 5, and K20. Listed below 
are the methods used. 

(a) Nitrogen. 
Method official. 

Devarda 
Paragraph 

2.053, page 17, Association of 
Official Agricultural Chemi
cals, 10th edition, 1965. 

(b) Total P20,;. Volumetric 
Ammonium-Molybdate Meth
od-official. Paragraph 2.026, 
2.027, 2.028, page 13, Associa
tion of Official Agricultural 
Chemicals, 10th edition, 1965. 

(c) K 20. Volumetric Sodi
umtetraphenylboron - official. 
Paragraph 2.083, 2.084, 2.085, 
page 23, Association of Official 
Agricultural Chemicals, 10th 
edi tion, 1965. 

Results and Discussion 

A. Interpretation of Results 
The following method was 

adopted to analyze the results from 
the tests. The deviation of each 
plant nutrient determination from 
the average was used as a measure 
of the failure to achieve perfect 
mixing of a single sample. Al
though this deviation also reflects 
variations due to sample prepara
tion and analytical error, it is be
lieved that the latter are relatively 
small compared to variations due 
to imperfect mixing. 

The average deviation for each 
plant nutrient for an entire test 
indicates the probable difference 
between a sample taken at random 
during the discharge of the mixer 
and the average composition of the 
entire batch. The average compo
sition of the test batch may be in 
slight error since the individual 
samples do not represent precisely 
the same fraction of the total batch, 
but since the number of samples is 
large this error is probably small. 

Plots were made of the devi
ation of each determination from 
the average versus sample number 
to show any trends in variation in 
analysis during the discharge peri
od. A flat curve would indicate no 
variation in composition from be
ginning to end. 

Screen analyses were made on 
each sample and these were aver
aged for each particle size range. 
'Veigh ted screen analyses for each 
particle size range were calculated 
from the screen analyses of the 
raw materials and compared with 
the averages of the mixture sam
ples to determine whether degra
dation took place in mixing. 
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B. Cylindrical Rotary MixeT Tests 
The results of the cylindrical 

rotary mixer tests are shown in 
Figure 1. Average deviations were 
greatest for total PzOij (0.70 to 
1.49), less for K20 CO.59 to 1.07), 
and lowest for nitrogen (0.52 to 
0.32) . Analyses of individual 
samples ranged from 15-12-18 to 
15-18-14. There was a slight trend 
for P20ij content to increase as dis
charge proceeded. There was no 
degradation in particle size. 

This mixer did a good job of 
mixing on the whole. 

C. ConcTete Mixer Tests 
The results of the concrete 

mixer tests are shown in Figure 2. 
Average deviations were rather 
large (Ll7 to 2.15). There was a 
very pronounced increase in P20~ 
content as discharge proceeded, 
wi th corresponding decrease in 
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Ribbon Mixer Tests 

Nand K 20, Individual samples 
varied from 17-13-17 at the be
ginning to 14-23-12 at the end. 
Screen analyses showed no signifi
cant degradation in particle size 
during mixing. 

Mixing in this unit must he 
rated as poor. 

D. Ribbon Mixer Tests 

The results of the ribbon 
mixer tests are shown in Figure 3. 
The average deviations were large 
(0,76 to 2.43). Except for the first 

and last samples, there was no pro
nounced trend in sample analysis 
as discharge proceeded. Individual 
sample analyses ranged from 10-11-
33 to 13-20-13, Screen analyses 
showed no appreciable degrada
tion. 

Mixing in this unit was con
sidered good. 

DEVIATION 

FROM ",0 01-----;-++'1--'----------------1 
AVEFtAGE_2 

Fiqure 4 
Vertical Tower Mixer Tesls 

DEVIATION +2 

:~~~ or---~~~--_c,,----------~ 
_2 ",/o,~./ '\, 

_4 '-, 

• 4 

DEVIATION +2 

FROM~~ O'r----7~~~~~--------~ 
AVERAGE -2 

_4 - TEST I 
TEST 2 

02 .. I I 
SAMPLE NUMBER 

Fiqure 5 
Cone Mixer Tests 

E. Vel-tical Tower Mixer Tests 
The results of the vertical 

tower mixer tests are shown in 
Figure 4. Average deviations were 
greater than for any other mixer 
tested (1.33 to 3.78). There were 
pronounced trends in all three nu
trients as discharge proceeded. 
Analyses of products ranged from 
15-17-12 to 8-20-22. There was no 
appreciable degradation in particle 
size. 

The mixing in this unit must 
be rated as poor. 

F. Cone Mixer Tests 
The results of the cone mixer 

tests are shown in Figure 5. Aver
age deviations were large (1.17 to 
2.15). There was a pronounced 
decrease in N content and a cor
responding increase in P205 con
tent as discharge proceeded. An
alyses of products ranged from 
17-13-13 to 11-20-15. There was no 
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appreciable degradation in particle 
size. 

Mixing in this unit must be 
rated as poor. 

G. Screw Conveyor Mixer Tests 

The results of the screw con
veyor mixer tests are shown in 
Figure 6. Average deviations were 
the lowest of all tests made (0.23 
to 0.59). There were no pro
nounced trends in plant nutrient 
content. The composition of the 
product was very uniform from 
beginning to end of the mixing 
period, but the average analysis 
was 17-18-11, indicating that pro
portioning of raw materials was 
poor. This was borne out by the 
fact that the ammonium nitrate 
and superphosphate bins were 
emptied before the potash bin, and 
sampling was stopped when all 
three materials were no longer be
ing fed into the mixer. Screen 
analyses showed no degradation of 
materials. 

It must be concluded that 
whereas uniformity of material 
feed rates and mixing in the screw 
conveyor mixer were very good, 
the raw materials proportioning 
was poor. 

H. Munson Rotary Mixer Tests 

The results of the pilot plant 
:\Tunson rotary mixer tests are 
shown in Figure 7. Deviations from 
average analyses were low (0.27 to 
0.93). There were no pronounced 
trends in sample analysis from 
beginning to end. The average 
product analysis was about 14-l7-
15. There was no appreciable 



change in screen analysis after mix
ing. 

The overall performance of 
this mixer is rated as good. 

I. Comparison of Mixing Efficiency 

The best index of mixing effi
ciency is believed to be the average 
deviation from the average analysis 
of each plant nutrient. Based on 
this criterion, the various mixers 
are listed in order of decreasing 
mixing efficiency in Table II. 

The mixer giving best mixing, 
namely the screw conveyor, un
fortunately produced a product 
badly off the desired analysis of 
15-15-15 because of the poor pro
portioning. It is evident that the 
raw material feeders delivered a 
uniform flow of materials to the 
mixer, and mixing was good, but 
the flow rates were not as desired. 

The Munson rotary mixer, the 
cylindrical rotary mixer, and the 
ribbon mixer gave good mixing, 
and there was no decided difference 
in analysis of samples from be
ginning to end of discharge, except 
for the first and last samples from 
the ribbon mixer. 

The concrete mixer, the cone 
mixer, and the vertical tower mixer 
all gave poor mixing, both with re
spect to average deviation and 
variability of sample analysis. 

All of the mixers except the 
screw conveyor mixer 'were oper
ated batchwise, and the raw ma
terials for each test were fed ns 
measured batches; this was done by 
feeding the proper number of bags. 
each of which has been weighed, 
and making a final weight adjust
ment of the entire batch which 'was 
weighed on scales. If the ra\\' ma
terial analyses and batch weights 
were correct, the average analyses 

of the mixes should have been ex
actly 15.2%)N, 15.7 total P20~, 
and 15.2 % K20. In some tests the 
average analyses differed signifi
cantly from these figures. This 
could have been due to many rea
sons, such as contamination, errors 
in weighing the raw materials, non
uniformity of sampling pattern, 
errors in sample preparation, and 
errors in analysis_ However, these 
errors should not affect the validitv 
of the use of average deviation a~ 
a criterion of mixing, even though 
they would affect the absolute 
values of the plant nutrient con
tent. 

Conclusions 
1. The best mixing achieved in 

the tests was by the screw conveyor 
mixer, but because of poor pro
portioning the product analysis 
was substantially off specifications. 

2. Good mixing was achieved 
by the Munson rotary, cylindrical 
rotary, and ribbon mixers. 

3. Mixing achieved by the con
crete, cone, and vertical tower 
mixers was poor. 

Acknowledgments 
This project was supported 

financially by the Division of 
Chemical Development of the 
Tennessee Valley Authority. In 
addition, several of the TVA per
sonnel assisted in planning and 
carrying out the tests, including 
Frank Achorn, Frank Anderson, 
Ralph Cunningham, Al Gordon, 
George Hoffmeister, Robert Me
line, and L. M. Nunnelly. 

References 
1. Hignett, T. P., "Proceedings 

No. 87" of The Fertilizer So
ciety, ~Iarch 25, 1965. 

2. Hoffmeister, G., 'Watkins, S. C., 
and Silverberg, J., J. Ag. and 
Food Chern. 12,64-69 (1964). 

3. Achorn, F. P. and Meline, R. S., 
Commercial Fertilizer and Plant 
Food Industry 110, 32-33 
(1965) . 
MODERATOR SPILLyIAN: Thank 

you, Dr. Bridger for that very fine 
report. We had a good many re
quests last year and the year be
fore for this type of a discussion. 
\eVe appreciate Dr. Bridger coming 
here today to discuss this very fine 

study. ,\Ve are ready for questions. 
Those of you who have any 

questions, please give us your 
name, your title and the company 
you represent. 

ROBERT E. ROBINSON: Atlanta 
Utility '\Vorks. I, of course, am a 
manufacturer of rotary mixers. I 
would just like to ask Dr. Bridger 
if he has any information regard
ing the mixing of unequal quanti
ties in a batch, for example, the 
mixing of trace minerals or very 
small quantities of some ingredi
ents into a batch? 

Was anything done in this, Dr. 
Bridger? 

DR. BRIDGER: No, we did not 
do that in this study and I don't 
know of any other information that 
I have on that. 

MR. SAMUEL STRELZOFF, Chem
ical Construction Company: I am 
curious to know whether you have 
taken into account the difference 
in density of your various ma
terials. After all, each of these 
fertilizers has a different density 
and when you use that in the 
rotary mixer maybe you have some 
factor that really didn't help you 
in mixing it properly because of 
the variation in density of these 
materials. 

DR. BRIDGER: The three ma
terials certainly were not identical 
in density. I do not have the in
formation here. However, it has 
been shown by TVA that the most 
important single factor in bulk 
blending with respect to segrega
tion is the particle size rather than 
the density or the shape. Density 
has some effect but relatively minor 
as compared to the particle sizes. 

MR. THOMAS BAR:-'HART, U.S. 
Steel: In the case of your cement 
mixer, I have two questions relat
ing to it. 

Number one-\Vas the mixer 
baffled for cement mixing or was 
the baffling specifically altered for 
fertilizer blending? 

Number two----vVere there any 
tests run to determine the increased 
retention time and its relationship 
to the efficiency of mixing? 

DR. BRIDGER: The answer is no 
in both cases. The mixer was, I 
believe, just a standard concrete 
mixer, not altered, and we ran the 
one test only at one-minute mixing 
time, because this was standard 
practice in the plant. That's all we 



were after, to find out how good a 
job they were doing according to 
their standard practice. 

MR. ROBERT SORENSON, Ameri
can Oil Company: I notice that all 
of your mixers were operated at 
rated capacity, where your con
crete mixer iust had half its rated 
capacity. D~n't you think, maybe. 
this had some effect on the out
come? Many pieces of equipment 
operate at a lower efficiency if they 
don't take their rated charge. 

DR. BRIDGER: Perhaps - The 
concrete mixer was rated for two 
tons of concrete, not two tons of 
fertilizer, so you couldn't get two 
tons of fertilizer in it. This 
simply was what the plant con
sidered the maximum operable 
capacity of this particular mixer. 

MR. ALBERT HENDERSON, Wil
son & Toomer Fertilizer Company: 
\Yhat type of screw conveyor did 
you use in these tests? 

DR. BRIDGER: It was simply an 
auger. It was designed as a mixer. 
It was a solid auger running the 
length of the mixer. I can't de
scribe it further than that. 

MR. RICHARD GILBERT, Ameri
can Cyanamid Company: I would 
like to hear some comment on the 
significance of these tests. Of 
course, we would all like to get 
the best mix that we can get but, 
if we dump this one-ton batch 
into a spreader and drive it out 
in the field and spread it, unless 
we've got deviations of, oh. 20 per 
cent, it isn't going to be noticeable 
in the crop yield. although the 
farmer may notice stripes in his 
field, if we have very high nitrogen 
in one part and very low in an
other. But if we put the correct 
amount in to give us the ratio we 
want of each nutrient and dump 
it into a spreader and spread it on 
the field, how important is it that 
we get a very complete mix? 

DR. BRIDGER: Certainly some of 
the difference here would probably 
not show up agronomically in the 
field. You would have to have a 
very pronounced imbalance in the 
NPK proportion before you begin 
to see it in the crop response. I 
think from the more practical sig
nificance of these tests it is whether 
or not the state inspector will get 
a bad sample. 

MR. GILBERT: That's import
ant too, of course, but, if the state 
inspector samples the spreader the 
way he ought to and mixes his 
sample the way he ought to, we 
could almost put the stuff into the 
spreader in layers and he'd get a 
reasonably good sample. 

And if he took stream samples 
as you have done, again, and com
posited a number of samples and 
mixed them, he would come up 
with an average which would be 
pretty close to the guarantee, I 
think, wouldn't he? 

DR. BRIDGER: That's right. His 
average would be pretty close but 

his individual samples might be 
badly off. 

MODERATOR SPILLMAN: Thank 
you, Dr. Bridger. 

MODERATOR SPILLMAN: Our 
next paper will be given by \Yalter 
J. Sackett, Jr., Executive Vice Presi
dent. A. J. Sackett & Sons Co. 
\Yalter will discuss a most interest· 
ing subject, "High Density Storage 
and Automated Bin Filling Sys
tem." His message should be of 
interest because of the economics 
possible, getting the most storage 
per cu. foot of space and loading 
and unloading bins with practically 
no segregation. vYalter please: 

High Efficiency Bulk Storage 
Walter J. Sackett, Jr. 

The subject of my talk is the 
New Sackett High Density Storage 
and Automated Bin Filling System. 
To many of you, gentlemen, who 
are highly technologically oriented, 
this may sound like a very drab 
subject. After all, when you attend 
the normal pre-construction plan
ning meeting for a new facility. 
the typical attitude is, "Well, we 
need a building which will hold 
so many tons of raw materials and 
so many tons of products. It will 
be of steel and corrugated asbestos 
construction and we'll put it here. 
N ow, let's get to the meat of this 
thing . . . the process." Perhaps 
your attitude is different. but in 
most cases, storage is the area that 
receives the least amount of atten
tion. After all, our main objective 
is to make the stuff. We know 
we've got to put a certain amount 
of material into bins and ship it, 
but what's so tough about that? 
We've got to make it first! The 
real problems are in the process 
technology. not in storage . . . 
people have been storing fertilizer 
for a long time! vYhat kind of 
problems can we run into there? 
\Ye eventually find out ... it may 
be several years later, but eventu
ally we find out what problems 
there are. 

\Yith all the tremendous 
strides our Industry is making in 
this age of progress, it seems to me 
that occasionally it might do us all 
some good to walk back along 
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that path from whence we came, 
just to see if there is something 
that we might have missed along 
the way. Once in a while, we'll be 
amazed to find some pretty basic 
items that are bottlenecks in our 
operation. Most of the time, these 
things are pointed out to us by 
someone who is much less familiar 
with our particular operation than 
we. This is natural because each 
of us, after living with a plant or 
operation for any length of time, 
gets to feel that we know our 
operation like nobody else. But, 
one day along comes Joe Smith, 
who knows nothing about our situ
ation, and asks some naive ques
tions, which we answer easily be
cause, after all. we are the experts 
around here. 

Later when we think about the 
conversation, we realize that in a 
couple of cases the questions were 
answered with the main explana
tion being, "vYell, we've always 
done it this way." Perhaps not in 
those exact words, but the text of 
our answer essentially amounts to 
that. Then, being the conscienti
ous individuals that we are, we 
try to answer the questions more 
effectively to ourselves. And, be
cause each of us is subject to his 
particular job pressures-deadlines, 
production schedules, etc. - we 
don't have too much time to dwell 
on these matters and even if we do 
come up with a solution, it's put 
off and, in many cases, forgotten. 



Sackett has been in the busi
ness of serving our Industry for 71 
years and while we've seen it ad
vance in most areas, there are a 
few that have received very little 
a ttention. 

A common complaint we hear 
from today's manufacturer goes 
like this. "I could have sold 507c 
more tonnage this year if I'd only 
had the goods. I've got to have 
more storage, but I've completely 
~ui~t up my plant to the property 
lIn1lts and the land adjacent to the 
property is either not for sale or so 
costly that it is prohibitive. I have 
a good central location and a sub
stantial investment in my plant 
and equipment, so I don't want to 
rebuild at another location. What 
can I do to increase my storage 
capacity?" 

Another common complaint, 
especially since the advent of 
granular fertilizers is, "I can't seem 
to get a consistent quality product. 
My customers complain that they 
get large granules in one shipment 
and small granules in the next. 
What can I do to make the quality 
of my product more consistent? 

We have been hearing these 
questions for a long time now and 
have decided to shape up and see 
if we can't supply some answers. 
W'e think we've got some!!! 

We've got something novel, 
but better than that ... workable 
... in our new High Density Bulk 
Storage Building which we'll show 
you shortly, by means of slides. 
Because of the angle of repose of 
the pile, it's not possible, under 
normal plant conditions, to com
pletely fill the bins without using 
considerable m anual labor. 

With our High Density Stor
age concept, this "filling the voids" 
is made possible by using a new 
building design and equipment 
which will level load the total 
volume available to us. Thus, we 
can now store almost twice the 
amount of material per square foot 
of floor area that we could by con
ventional methods. 'Ve have been 
issued patents* for the "Automatic 
Bin Filling System", which will 
level load this building. Because 
of this new and unique level load
ing method, one of the remaining 
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serious problems of particle size 
segregation will be essentially elim· 
inated. Material egress from this 
new storage building may be ac· 
complished by under-floor belt con
veyor means or floor operated front 
end loaders operating thru newly 
designed permanent bin fronts. 

Slide No.1 
For years we've been making 

little piles, big piles and medium 
size piles around our fertilizer 
plants. Our normal procedure is 
to take our finished goods from 
process by conveyor or overhead 
tram car and put it into an open 
bin, similar to tha t shown on this 
slide. This is normal procedure
nothing wrong with it until you 
find yourself short on storage, land 
at a premium, and in your own 
plant you've got no place to go 
but UP! Then, what do you do??? 
Simple!!! You go UP. 

After all, when you consider 
that with this type of storage you 
are wasting anywhere from 30 to 
50 % of your actual under-roof bin 
volume, you've got to go up. The 
volume as shown in pink on this 
slide is strictly wasted. OK, how 
do we fill it up? Easy! We put a 
front bulkhead on the bin . Fine, 
but tha t in itself does not do any
thing for us because the angle 
of repose of the pile will, all of a 
sudden, start shoving our conveyor 
thru the roof before we've filled 
up any of the wasted volume. No 
sweat! \Ve'l) put a slinger on the 
conveyor and fill 'er up that way. 
Well, this makes some sense, until 
you consider that the second com
plain: was about particle size seg
regatIOn and I don ' t think there 
is a much more effective segregator 
than a slinger. This will compound 
a problem that already exists with 
the normal single point bin load
ing methods. 

Slide 1 
Normal Open Bin Storage 
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Slide 2 
Stratification and Seqreqation 

Sinqle Point Loadinq 

Slide No.2 
As you can see by this cut

away section of a typical pile, we've 
already got more of a segregation 
problem than we like to admit 
or have been able to do anything 
about. To anyone who has ever 
been in a fertilizer plant, this is a 
familiar sight. As the material 
comes off the belt conveyor, it 
starts to cone since all the material 
is being fed to the bins at one 
point. As it cones, the larger gran
ules roll down the slope of the pile 
farther than the smaller ones. This 
segregation of materials plus the 
" in bin cooling" forms the stratifi
cation, or layering, of the pile. 
Hence, as we ship material from 
this bin, we're going to get differ
ent size particles as we work our 
way thru the various layers. Not 
only that, but when we send our 
front end loader operator to the 
bin to ship this material, he fur
ther accentuates the segregation 
problem. 

Slide No.3 
As is shown in this view of 

our pile, the front end loader has 
arrived and carted away his first 
few scoop fulls. If the pile remain
ed stable, the area removed by the 
scoop would look like that pic
tured in the lower left hand corner. 
But, our pile is not stable (or at 

Slide 3 
Intensified Segregation Caused by 

Scoop Unloadinq 



least, we certainly hope not) and 
it converges on the void left by 
the scoop. This is shown up in 
the middle of the pile. When it 
converges, naturally, the larger 
granules fall into the void first; 
thus intensifying our segregation 
problem. 

Well, I've spent quite a bit of 
my time here teHing you gentle
men something you already know! 
-We got problems!! What do we 
think we can do about our prob
lems? I'll show youl 

Slide No.4 
Here, we show our High Den

sity Bulk Storage Building. This 
is a high rise single or multi-bin 
storage building provided with 
automatic bin filling equipment. It 
is the combination of these new 
building and equipment compo
nents that, for the first time, makes 
possible an automatic level load
ing of the building, which is to 
say, the attainment of maximum 
bulk storage within a given area. 
For this building, we have based 
our construction on reinforced con
crete, although steel is employed 
in some areas, particularly the roof 
enclosure above the bins. With this 
method, we bring our carefully 
screened material to a central point 
of the storage building where we 
feed our automated bin filling 
equipment. This new bin filling 
equipment is made up of several 
components joined together to 
form an "H" shaped conveying sys
tem which moves on rails through
out the building over the bins. 

A breakdown of the compo
nents making up this unique con
veying system reveals a combina
tion of two (2) bridge-mounted 
laterally reversible self-propelled 
shuttle belt conveyors with a third 
longitudinally reversible self-pro
pelled shuttle belt conveyor with 

SlIde 4 . 
High Density Bulk Storage 

Slide 5 
Operator Selects Bin 

its supporting framework connect
ing the two bridges together. Thus, 
this conveying system transfers the 
incoming feed to any bin in the 
plant. 

Slide No.5 
Our operator first selects the 

bin into which this particular grade 
is to go. Once he has manipulated 
his main shuttle into position, he 
then starts feeding material to the 
bin. A creeper gear is actuated 
on the lateral shuttle and it starts 
moving across the length of the bin 
feeding material on the floor of 
the bin as it goes. 

Slide No.6 

When the conveyor reaches its 
terminal point on one side of the 
bin, it activates a limit switch 
which reverses both the creeper 
gear, which is moving the conveyor 
along the length of the bin, and 
the belt travel, so that it now feeds 
the opposite half of the bin. 

Slide No.7 

Once a cycle is made, a creeper 
gear on the main shuttle is acti
vated and by means of a timer 
moves a pre-set distance further 
down the width of the bin as 
shown by the red arrow. 

Slide 6 
Hi91?- Efficiency Bulk Storage 
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Slide 7 
Shuttle Is Activated Once 

Cyi::1e Is Made 

Slide No.8 
By a repetitive use of the sens

ing devices, the conveyor again 
starts laterally across the building 
putting down another layer of ma
terial on the floor immediately 
adjacent to the first. 

Slide No.9 
This automatic level loading 

cycling is repeated back and forth 
across the bin until it is full. Dur
ing this process, not once do we 
form a coned pile. 

Slide No. 10 
Now, with this method of 

storage, we may unload our ma
terial in a number of ways: 

(I) We may have just a plain 
floor slab with fixed open
ings which will feed the 
material much like an ani
mal feeder to our front 
end loader ... OR 

(2) ",re can install a tunnel 
under our slab contain
ing conveyors which will 
transport material to our 
shipping unit. These con
veyors are fed by large 
charging hoppers built 
right into the floor of the 
bin with heavy grated 
covers. The material flow
out of the bins is con
trolled by a console in 

Slide 8 
By Repetitive Sensing Devices 

Conveyor Again Starts 



Slide 9 
Automatic Level Loading Cycle 

Repeated Back and Forth 

the shipping department. 
When shipping is running 
low in a certain grade, we 
merely activate the hy
draulic or pneumatic gate 
at the bottom of the cor
rect bin and automatically 
feed material to the ship
ping unit. Naturally, with 
a flat bottom bin all of 
the material will not run 
out by gravity; a small 
amount will remain. We 
keep our openings in the 
bin wall of such size that 
our front end loader op
erator can push the re
maining material into the 
hoppers. 

With this system, we have in
creased our storage tremendously 
per square foot of area and helped 
stop the segregation that normally 
comes with single point bin load
ing. Along with this, we have an
other built-in advantage. Since a 
very small percentage of our prod
uct requires that we handle it by 
front-end loader, it follows that we 
will need considerably fewer front
end loaders around the plant. With 
fewer front-end loaders in the 
plant, we have eliminated: 

Slide 10 
High Efficiency Storage Floor Type 

#I-The degradation of prod
uct which naturally comes 
with its being handled by 
a front-end loader. 

#2-The manpower that is re
quired to operate these 
machines. 

#3-The fuel to power them. 
#4-The high maintenance 

expense that's required to 
keep each machine oper
ating. 

As we all know, these are big 
expense items and constant head
aches to our plant management 
personnel. 

Slide No. 11 

This slide shows our New 
High Density Storage Concept ap
plied to an overhead or multiple 
hopper system. In this case, we 
have a middle bulkhead which 
doubles the number of hoppers. 
Each of these hoppers is provided 
with a belt conveyor at the bottom. 
each in turn transferring the flow 
to the main longi tudina I conveyor 
taking the material from storage 
to the processing or shipping area. 
Belt scales of the in-transit variety 
may be incorporated with the cross 
conveyors to give us better inven
tory control. Or, any number of 
blends may be made by pre-set 
weighing elements built into each 
hopper conveyor. Thus, this sys
tem opens up new opportunities 
for many industries and fills a 
growing need for an almost count
less variety of prescription blends 
as well as single materials. 

This new Automatic Storage 
:\lethod will permit you to sell a 
better product .. . sell more of it 

Slide 11 
High Efficiency Storage System 

Overhead Type 
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... and at a larger profit by elim
inating much of the labor and 
maintenance that must be charged 
against each ton that is shipped. 

MODERATOR SPILLMAN: Thank 
you, Walter. That is looking into 
the near future, 1 would say, look
ing into the crystal ball. Do you 
have any questions for Walter? 

A MEMBER: The last slide you 
have shows that material will be 
fed to the belt conveyor at the 
bottom of the silos. Now what 
provision do you have if the ma
terial sets in the silo? 

MR. SACKETT: Several methods 
and further studies are in the 
works. vVe have answered the ques
tion as far as increasing storage 
capacity and the segregation prob
lem. We have to assume that the 
material has been properly dried 
and cooled and is in good flowable 
condition . 

MODERATOR SPILLMAN: Walter, 
have you done any figuring on the 
cost economics of the Sackett 
"High Density Bulk Storage" com
pared with present conventional 
bulk storage per ton or per square 
foot area. 

MR. SACKETT: I think that we 
could say that our construction 
costs would be somewhat higher, 
however, not much higher than 
present conventional storage be
cause, after all, we are spending 
on a per ton basis. In the overall 
savings, maintenance and decreas
ing our personnel required to op
erate the machines around the 
plant, etc., I think that here is 
where the savings will show up. 

MODERATOR SPILLMAN: Do we 
have any other questions? Thank 
you, Walter, for your excellent 
paper. 

MODERATOR SPILLMAN: Our 
next two discussions bring to the 
Round Table technological im
provements in bagging operations. 

The companies they represent 
have contributed valuably to previ
ous Round Table Sessions. 

First, Robert Dean, Engineer
ing l\Ianager, Fisons Limited, Suf
folk, England will discuss "High 
Speed Filling. Sealing and Hand
ling Plastic Bags". Mr. Dean, 
please. 



The High-Speed Filling, Sealing and Handling of 
Plastic Bags in the Fertilizer Industry 

Robert Dean 

Introduction 
In 1963, Fisons decided to 

make a gradual change from multi
ply paper bags to polyethylene 
(P.E.) bags. 

At that time, the following 
P.E. bags were available: 

1. face valved bag. heat sealed 
top and bottom:, 

2. open mouth bag made 
from extruded P.E. tube, 
with bottom end sealed by 
the manufacturer. 

Large scale field experiments 
on both types of bags demonstrated 
that the open mouth bags after 
heat sealing gave a hermetically 
sealed package, whereas the face 
valved bag did not, resulting in 
damage to the fertilizer by mois
ture. The valve bags also suffered 
severe damage around the valve 
opening when being filled. 

At the present time, all our 
bags are of the open mouth P.E. 
type, but during this year a further 
investigation was carried out to 
evaluate block-ended valved sacks 
of more modern design (these 
would still not provide a hermetic
ally sealed package) . A changeover 
would have increased our present 
bag costs by 3.63 shillings (0.435 
dollars) per ton of fertilizer. With 
sales in excess of one million tons 
per annum, the minimum increase 
in operating costs would have been 
in the order of [181,000. (434,000 
dollars) per annum. 

Under these circumstances it is 
most unlikely that our Company 
policy, in respect of open mouth 
sacks, will be changed and develop
ments described later will still be 
applicable even if a change to open 
mouth gusseted P.E. sacks was sub
sequently introduced. 

Summary of Position to Date 
This paper describes our de

velopment of a system for bagging 
and handling of fertilizers in plas
tic bags of a .008" and 0.010" 
thickness at the rate of 1,200 bags 
per hour to palletised store. 

Initially, to handle plastic bags 
a pneumatically operated sack 
holder for filling purposes and a 
heat sealer unit to seal the open 
top of the bag were purchased. It 
was apparent that although plastic 
bags were easy to fill and seal, the 
characteristics of the filled bag were 
such that they could not be stored 
satisfactorily due to excess air, and 
damaged bags amounted to ap
proximately 6%. 

The bag filling and handling 
rate over a shift of 8 hours aver
aged 600 bags per hour, each of 
112 Ibs with a team of: 

Charge hand I 
Shovel Operator I 
Filler I 
Sewer or Sealer I 
Outloaders or Palletisers 2 
Fork Lift Operator 

Total 7 

This method of operation can 
be expressed as 85.7 bags per op
erator per hour. 

There were four major prob
lems that had to be solved before 
the standards required could he 
attained: 

a) filled bag characteristics 
had to be such that it 
could be easily handled and 
palletised, 

b) excessive damage to bags 
by handling equipment, 

c) it was necessary to develop 
a high-speed and economic 
method of palletising, 

d) it was necessary to increase 
the rate of operation in a 
single bagging line. 

Bags are now filled and 
handled at a rate of 1,200 per hour 
with an average of 1,000 bags per 
hour over a shift of 8 hours. into 
palletised store 30 bags high, i.e. 
5 pallets high each having 6 layers 
of 6 bags wi th damaged bags run
ning at less than 1;4 70. The team 
comprises the follmving: 
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Chargehand 
Shovel Operator 
Filler 
Sealer 
Palletiser Operator 
Fork Lift Operator 

Total 

I 
I 
I 
I 
I 
1 

6 

This can be expressed as 166.6 
bags per operator per hour, an in
crease in productivity of almost 
10070, and the details of how this 
has been achieved are outlined be
low. 

Filled Bag Characteristics 

At the beginning of the opera
tion the handling of the bagged 
fertilizer was very difficult, due to 
excess air trapped in the bag after 
filling and sealing causing balloon
ing which made it difficult to pro
duce a stable load for transport, 
and it also reduced the palletised 
storage capacity by 40% as safe 
storage limited the height to 3 
pallets, each pallet having 5 layers 
each of 5 bags. To overcome this 
problem, 8 micro holes were made 
in each bag during manufacture, 
but this did not solve the prohlem 
because dissipation of air through 
the holes was too slow. 

A bag vibrator and fixed sides 
conveyor unit was designed and 
installed under the filling spout 
and the bag shape was maintained 
until sealing was complete (Fig. I) . 
This enabled us to expel the ex· 
cess air from the granular mass and 
to maintain the bag at a thickness 
which allowed the materials to fill 
the hag more efficiently. This, fol
lowed by top folding to expel ex
cess air above the mass before seal
ing, gave a good shaped package 
without ballooning, but with suf
ficient air content to keep the ma
terial free flowing. 

This resulted in a vast im
provement in handling the bags 
and the normal storage of pallets 
i.e. 5 high, each of 5 layers, was 
obtained with safety. 

Excessive Damage to Bags 

During the conversion from 
multi-ply paper bags to plastic bags 
it was apparent that equipment 
which would handle paper bags 
was not satisfactory for plastic bags. 
due to an unacceptable high rate 
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FIGURE I FILLED BAG FORMING AND SEALING 

of bag damage. The major causes 
of this were: 

a) tears in plastic film caused by 
fouling obstructions during 
transportation, 

b) sliding of bags down chutes 
causing granules to pierce the 
plastic film from the inside, 

c) rubbing of the bag by sup
porting members when in the 
upright position causing the 
same fault as (b), 

d) twisting of the bag to change 
direction causing creases in 
the plastic, which tended to 
initiate a crack after a period 
of storage in cold weather, 

e) pressure during storage forc
ing splinters and corners of 
rough pallets to pierce the 
plastic, 

f) the back support frames of 
the forks on the forklift trucks 
caused damage due to impact 

when picking up the pallet, 
and during transportation 
when the backward tilt of the 
mast was adopted. 

These problems were tackled 
systematically by redesigning the 
eguipment as follows. 

a) All obstructions or side guides 
were removed from the trans
portation system and bags 
made to travel in the centre 
of all conveyor belts. Rags 
are accurately posi tioned at 
the start of the conveyor sys
tem by pneumatic pushers 
actuated by the bag ittelf 
(Fig. 2). 

b) PolytetraAuoroethylene (P. T. 
F. E.) lined loading chutes 
were limited to a length of 3 
It. and only allowed as a 
means of safe working. i.e. to 
enable operators taking bags 
at the end of a conveyor to 

FIGURE 2 BAG PUSHER 
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work well away from any 
moving parts. 

Spiral chutes were replaced 
by spiral gravity roller con
veyors 'when height had to be 
lost. 

c) \Vhen bags travelled in an up
right posi tion following the 
filling and sealing operation, 
the vibrator and former had 
shaped the bag so that it was 
free standing and would travel 
without the need for guide 
hoards. 

d) vVhen the conveyor system re
quired a change of direction, 
then mechanically driven 
curved slat conveyors were 
used to avoid chutes and 
twisting of the bag (Fig. 3) . 

e) A standard pallet was design
ed laying down a strict specifi
cation as follows. 

All boards to have corners 
rounded to a radius of Y2 
inch where they can con
tact the bag. 
The two surfaces, which 
contact the plastic, must be 
smooth planed and free 
from splinters. 
The gap between boards 
must not exceed 2Y2 inches 
so as to provide maximum 
area of timber to support 
the load, commensurate 
with an acceptable weight 
and cost. 

f) The back support frame of 
the fork-lift truck was re
placed by a full plate which 
eliminated corners and pro
vided a larger surface area to 
take the pressure. 

\t\1hen these modifications had 
been carried out it was found that 
the handling and storage system 
was no longer a limiting factor to 
output, and that the bag damage 
was less than Y1 

Palletising and Storage 

The palletised bags were of a 
tied pattern of 5 to a layer, 5 
layers per pallet and 5 pallets high, 
giving storage of 125 bags over a 
floor area of approximately 2S sq. 
ft. (equivalent to the pallet area). 
This gave an unused pallet area 
of 10/ IS due to bag sizes permit
ting free space between bags. 

Experiments were carried out 
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FIGURE 3 CONVEYOR DIRECTION CHANGER 

with a non-tied pattern having 6 
bags per layer and 6 bags high 
which provided 36 bags per pallet, 
(Fig.4) an increase in capacity of 

44% which resulted in consider
able savings in the purchase of 
pallets. For the last three years 
this pattern has been used success
fully when storing 5 pallets high 
which provides storage of 180 bags 
over an area of 25 sq. ft. approxi
mately (equivalent to pallet area) 
an increase of storage capacity of 
44%. 

It was decided to look at the 
problem of palletising and storage 
of bags at a rate of 1,200 per hour, 
and a study was made of manual, 
semi-automatic and fully automatic 

methods of palletising. The con
clusions were as follows. 

a) Manual Palletising 
To achieve a rate of 1,200 bags 

per hour would have required two 
stations each manned by two men, 
i.e. a team of four operators. 

b) Semi-Automatic Palletising 
In this case a machine is used 

to reduce the work content to that 
of one man, who is engaged in 
forming the pattern of the bag 
layer which is then delivered to 
the pallet. It was felt that a high 
rate of bagging could be adversely 
affected by tying production to a 
man who was expected to handle 
one bag every 3 seconds without a 

FIGURE 4 FORMATION OF PALLET LOAD 
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break. As the palletising stations 
are in all cases remote from the 
bagging plants, relief could not be 
given by the chargehand and under 
these circumstances it would have 
been necessary to have two men 
operating transportation and pal
letising. 

c) Automatic Palletising 
A machine which had been 

successfully established in opera
tion elsewhere was not known and 
it was necessary to collaborate with 
a manufacturer of a machine on an 
experimental basis and to carry 
out the development work jointly. 
This we have been doing since 
September 1965 with The Law
rence Engineering Company Limit
ed who made the prototype ma
chine. The machine has now 
reached a stage where satisfactory 
operation can be obtained con
tinuously over a 5 day week provid
ed that a maintenance period of 
3-4 hours per week is allocated. 
Many changes in design have over
come troublesome or unsatisfactory 
parts. 

A major problem that was en
countered during the early opera
tion was that the filled bags reach
ing the palletiser tended to be 
thinner at the top than at the 
bottom of the bag (wedge shaped) 
and the extent of this varied, de
pending upon the density of the 
material. With a non-tied forma
tion which gave 6 layers each of 
6 bag'S, the cumulative effect of the 
variation in thickness led to bad 
stacking in the store. It was found 
that this problem could be over
come by an operator allowing 6 
bags to go forward, and then turn
ing the next 6 bags through 180°, 
then 6 bags to go forward and so 
on therefore cancelling out the 
effect of the wedge shape on a 
pallet with an even number of 
layers. 

To eliminate the need for this 
manual assistance a novel mechan
ism which automatically turned 
each alternate set of six bags 
through 180 0 was designed (Fig. 5) . 
The unit is also used in the con
veyor system to turn bags through 
the required change of direction. 

Development of High Speed 
Bagging Plant 

The potential capacity of the 
handling and palletising system 
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was now 1,200 bags per hour, but 
a single line bagging output was 
still only 600 bags per hour. Con
siderable effort was devoted to the 
development of a new unit which 
would provide 1,200 bags per hour 
from a single bagging line and at 
the same time retain such desirable 
features as - low maintenance, 
simplicity and reliability. 

Feeding and Filling of Bags 
A study of the system which 

was used initially, i.e. one man 
putting a bag onto a single spout, 
waiting for the filled bag to partial
ly move away in the bag vibrator 

EMPTY BAG CONV(YOR 
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before placing another bag on the 
spout, showed that: 

time was wasted, 
work was tedious, done in 

one standing position, 
working conditions were not 

good due to the operator 
being in close proximity 
to the filling spout. 

It was obvious that given the 
right conditions and no delay, an 
operator could emplace a bag on 
the spout every 3 seconds. 

The considerations in the new 
design were as follows: 

a) the condition of the empty 

OPE RATOR 
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FIGURE 6 TURRET BAG FEEDER 
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bag supply was not sufficiently 
uniform to allow automation, 

b) the operator must be unin
terrupted, 

c) good working conditions must 
be provided, 

d) male or female labour mllst 
be able to operate, 

e) 1,200 bags per hour must be 
filled, 

£) identification of weighing ma
chine for check weighing must 
be provided. 

To fulfill these requirements a 
Turret Bag Feeder was developed 
(Fig. 6). This consists of six 

separate bag feed hoppers travers
ing on a track. At the point of 
putting on the bag the travel is in 
a straight line and this also applies 
at the point of filling, which is dia
metrically opposite to the operator. 
The straight parts of the track are 
required to feed the bag whilst 
filling in line with the bag vibrator. 

Each hopper is an individual 
unit provided with its own drag 
link from a central drive shaft, 
thus allowing the variation in 
centres as they traverse the circuit. 

Approximately 200 empty bags, 
lying fiat with open mouth towards 
the operator, are positioned on a 
magazine conveyor directly below 
the position of emplacement. To 
put a bag on the travelling hopper 
the operator places a thumb or 
finger in each end of the mouth, 
which opens the top of the bag 
sufficiently to place over the closed 
spout which is fitted with gravity 
operated bag holders. 

The bag is carried forward to 
the filling position where the top is 
mechanically opened by the spout 
and held against PT.F.E. pressure 
plates, during travel for filling pur
poses. After filling, the spout closes 
and the hopper rises above the top 
of the bag for return to the opera-
tor. 

The operator can sit on an ad
justable seat, or stand as preferred, 
and his arm movements are mini
mised to ensure the least discom
fort in carrying out a tedious 
operation. 

The six hoppers are fed by 
three Simon E.P.G. type weighing 
machines, each capable of 600 bags 
per hour, but are operated at. 400 
bags per hour to ensure mamte
nance of accuracy and long life. 



The same weigher always fills 
the same two travelling hoppers 
as they are married together and 
are identified by colour. 

Blue weigher feeds 2 blue hoppers 
Red " " 2 red " 
Yellow 2 yellow " 

This provides identification 
for check weighing and in the 
event of maintenance being re
quired by one weigher then the 
operator does not feed bags to the 
two corresponding hoppers, and a 
reduced output to 800 bags per 
hour results. 

As the empty bag passes a 
point just prior to entering the 
bag vibrator, it passes through an 
ultra-sonic sensing device which 
signals to the weigher that a bag 
is attached. If a bag is not at
tached then the senser is not acti
vated, and the weigher will not dis
charge. 

After two years' operation, 
this bagging' machine has given 
full satisfaction in all aspects when 
operating at the rate of 1,200 bags 
per hour. 

Preparation of Filled Bag 
The need to vibrate and form 

the filled bag was discussed under 
heading (3) Filled Bag Character
istics. 

The bag vibrator and con
vevor fixed sides have been fitted 
into the high-speed bagging plant 
and the details are as follows. 

The empty bag enters the 
vibrator and the spout is opened, 
pressing the walls of the plastic 
bag against P.T.F.E. coated pres
sure plates. Filling commences and 
when approximately 20 pounds 
weight of fertilizer has entered the 
bag the weight overcomes the side 
pressure support, and the bag 
settles gently onto the bottom of 
the vibrator, reducing shock load 
to a minimum, but the top is still 
supported by the pressure plates 
to prevent collapse of the bag be
fore filling is complete. 

The top of the bag is moving 
continuously whilst being filled 
and the vibrator is adjusted to pro
vide the same speed to the bottom 
of the bag, which ensures that the 
bag remains upright. 

As the vibration of the con
tents of the bag is commenced at 

an early stage this ensures maxi
mum efficiency of air removal 
throughout the package, but con
solidation of granules is such that 
free flowing properties are still 
maintained. 

The sides of the bag vibrator 
are lined with P.T.F.E. Ys" thick, 
this has reduced side friction to a 
minimum and has a life of over 
2 years when operated for 120 
hours per week. 

This machine could handle 
more than 1,200 bags per hour and 
has been proved completely reli
able with low maintenance costs. 

ll'faintenance of the Shape of the 
Bag 

The bag passes immediately 
from the vibrator on to a slat con
veyor with fixed sides so that the 
shape of the bag is maintained 
until sealing is complete, after 
which the bag retains its formed 
shape in an upright position with
out any side support. 

The fixed sides are of ply
wood, lined with P. T. F. E. and 
placed above the slat conveyor with 
a clearance of Y2 inch. They are 
approximately 2 feet high with 
internal measurement between the 
sides the same as that of the vibra
tor. 

Heat Sealing Unit 
The operator passes the folded 

bag top into the machine where 
it is contained between two steel 
P.T.F.E. coated bands. Electrical 
heating bars are applied to the 
other side of the bands and heat 
transfer melts the plastic whilst 
under pressure exerted by the bars. 
This is followed by cooling, carried 
out in a similar fashion to the heat
ing, and the cooling medium is 
water which passes through the 
bars. 

On leaving the machine the 
seal is hot, but sufficiently cooled 
to be self-supporting, i.e. does not 
fold over. 

A unit with a band speed of 
45 ft. per minute will handle 1,200 
bags per hour satisfactorily if regu
lar daily maintenance is given. 

Patents 
The following items of equip

ment:~ 

(a) Filled Bag Forming and 
Sealing, 
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(b) Bag Turner and Direction 
Changer, 

(c) Turret Bag Feeder, 
described in this paper form the 
subject matter of applications for 
patents in the name of Fisons 
Limited in the principal countries 
of the world, 
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MODERATOR SPILLMAN: Thank 
you Mr. Dean. I have been around 
fertilizer production many, many 
years, I have visited many plants, 
I have seen many efficient bagging 
operations but, by golly, Mr. Dean, 
you have one that you ought to be 
proud of. Thank you for your ex
cellent discussion. 

1\10DERATOR SPILLMAN: Do we 
have any questions for Mr. Dean? 
He has given us an outstanding 
talk and a very interesting illustra
tion of their high efficiency bag
ging operation. 

MR. ROBERT ROBINSON, Atlanta 
Utility \Vorks: I would ask Mr. 
Dean to repeat his figures at the 
end of his talk that one lift truck 
operator can handle what tonnage 
up to a distance of 60 yards. 

MR. DEAN: The fork lift trnck 
driver is part of the team. The 
team consists of the shovel opera
tor, the charge man, the foreman, 
if you like, the man putting the 
bags on, the man sealing the bags, 
the transporter, palletizer man and 
the fork lift operator. They all 
have to operate at 60 tons an hour. 

The fork lift man has to 
handle this 60 tons an hour, how
ever, at the same time he has to 
put in empty pallets. All of this 
work we have timed and he can 
do this quite satisfactorily but he 
is limi ted to distance from the 
palletizer to the point of storage 
of 50 yards. 

]'VfR. ROBINSON: Thank you. 
"MODERATOR SPILLMAN: Mr. 

Dean, how many changes do you 
make in an 8·hour shift or do you 



go right on through each shift 
bagging one grade of fertilizer? 

MR. DEA!'I: \Ve try. What we 
do now in this particular factory 
that you saw, we have limited bulk 
storage in our factories these days. 
We have gone to bag storage main
ly because high nitrogen com
pounds require protection and we 
have found that the best wav to 
protect them is to put them 'into 
bags. \Ve have pans, say, on the 
order of 1,000 tons where one of 
the two granulating plants fill and 
we completely discharge that pan 
before we change grade. \Ve very 
rarely feed to a customer direct 
from the plant. vVe always feed 
from the store so that we do main
tain the bagging rate and don't 
require changes of grade too often. 

\Ve estimate to do about 350 
tons a shift. I would say we change 
grade every two shifts or something 
on that order. 

MODERATOR SPILLMAN: I 
noticed in the movie that you prac
tically had no breakage. Do you 
have records on the percentage of 
breakage in your bagging opera
tion? 

MR. DEAN: I did say, I thought 
earlier, that we did start off in the 
early days with 6 per cent break
ages. We are now down to a 
quarter of one per cent. That is 
not damage. That is due to a bad 
fill when the bands are g-etting 
worn and haven't been changed 
in time. This is the only damage 
we get. 

In all of our developments we 
have a technical department which 
has worked very well with us. They 
have developed techniques for test
ing damage to the plastic film. 
Everything we have done they have 
checked and we do not damage the 
film in any way, shape or form. 

MR. Jom; HORDYCH, Union 
Bag Corporation: How many dif
ferent unit weights do you put up 
and what are they? 

MR. DEAN: Do you mean 
weights of each individual bag? 

MR. HORDYCH: Weight per 
bag, yes, sir. 

MR. DEA!'I: \Ve put up in 
England what we call one hun
dredweights, which is 112 pounds. 
The only variation we have made 
from that up-ta-date is 50 kilos, 
which is 110 pounds. Our com-

pany is investigating smaller pack
ages and this is why we talk of 
1,200 bags an hour, because, if they 
reduce say to 56 pounds, to be 
ridiculous, then our tonnage per 
hour would be halved. The ton
nage per hour would be halved but 
the number of bags still filled 
would be the same. 

MR. HORDYCH: The pallet size. 
Is that about a 60" x 60"? 

MR. DEAN: The pallets are 
5' x 4'. Our pallets have been espe
cially designed for our purpose. 
We have a very strict code and all 
of our works must stick to this. 
That is that all of the timbers, 
the tops of the timbers, where they 
can contact the bags are smooth 
planed. All of the corners which 
can come into contact with the 
bags must be proper corners of 
half inch radius. This is part of 
the exercise to reduce damage. 
This is our standard now and the 
manufacturers of pallets in the 

country are conforming to our 
standards very well indeed. 

MR. JAMES G. MACARTHUR, 
Gulf Oil Co.: Do you use tape, 
I couldn't tell from the movie? 

MODERATOR SPILLMAN: Do you 
use tape in your bag-closing opera
tion? 

MR. DEA!'I: vVe do not. We 
rely on the heat seal of the plastic. 

;\JR. MACARTHUR: Thank you. 
MODERATOR SPILLMA!'I: Thank 

you, Mr. Dean. vVe appreciate 
your coming here and we appre
ciate your message. 

l'vfODERATOR SPILLMAN: Our sec
ond paper on bagging operations 
"St. Regis Bagging System Im
provements" will be discussed by 
Robert F. Schrader, Product Man
ager, Packaging Systems, St. Regis 
Paper Co., West Nyack, N. Y. Mr. 
John H. Dively, Ylarketing Man
ager, St. Regis and Mr. Schrader 
edited this paper. Mr. Schrader, 
please. 

St. Regis Bagging System Improvements 
Robert F. Schrader and John H. Dively 

For many years your industry 
was the number one user of Multi
wall Bags. Then in the eady 1960's 
dry and liquid bulk started to 
make inroads into bag usage as 
better facilities for handling bulk 
became available. 

As a result some of you either 
postponed or delayed at least mod
ernization of bagging facilities in 
an attempt to concentrate on bulk. 

As most of you are aware 
though, there will always be a need 
for bagged goods because of the 
various factors of weather condi
tions, row application, topography, 
and other factors which we will 
discuss later. 

For that reason today we 
would like to detail the facts about 
bag usage, the improvements to 
bag packaging which allow efficien
cies in bag handling, and the in
crease in profits which bags can 
contribute to your total marketing 
efforts. 

vVe will show you hmv one 
company - \V. R. Grace - uses 
modern bag packaging facilities in 
conjunction with bulk to increase 
theiT ability to supply all the cus
tomers in their marketing area 
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thus contributing to their overall 
profita hility. 

And finally we will touch on 
the very latest developments in bag 
packaging systems--the recently de
veloped ones as well as those com
ing in the near future. 

As we implied earlier - your 
industry is no longer the largest 
user of Multiwall Bags - you are 
second to animal feeds. 

But, as the slogan of the Ad
vertising Campaign of the Ford 
Motor Company was a few years 
ago - "There's a Ford in Your 
Future" So we believe "There's 
a Bag in Your Future", and that 
an important percentage of the 
fertilizer produced in the 70's will 
be shipped in bags. 

But before we enumerate whv 
we believe this and show you ho~ 
it can be done, let's first take a look 
at the recent history of bag usage 
by your industry. Chart #1 shows 
what has happened to bag usage 
since 1963, when it hit a high of 
450 million bags. Even though fer
tilizer production was increasing, 
bag usage plateaued because of dry 
bulk and liquids. No definite trend 
sent in until 1966 when bag usage 
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Chart 1 
Fertilizer Bag Usage--Actual 

dropped by 5 0/0 . This was follow
ed by a 10 '1'0 drop in 1967. But, 
this does not mean that bagged 
shipments are dead - in fact, they 
are far fl-om it. For the year end
ing June 30, 1967, USDA reports 
that 5770 of mixtures, and 24 '1'0 of 
direct applica tion primary nutri
ents - a total of 15,488,000 tollS
were bagged. 

Now let's take a look at Chart 
#2 and see what we believe will 
happen to bags during the next five 
years. In the year 1968-we expect 
another 10 '1'0 drop-but by 1969 
we expect the curve will begin 
to fl a tten ou t as shown on the top 
line, rather than continue down
ward as shown on the bottom line. 
This is similar to the history of 
bag usage in the feed industry 

when bulk approached the 50 0/0 
level. And this situation should 
exist a t least through 1972. And 
here are the reasons why. 

1. Bags are still the most con
venient method of hand
ling and applying fertilizer 
to millions of acres of row 
crops. 

2. Conventional 
be used for 
bagged goods. 

trucks can 
delivering 

3. Regular farm buildings or 
warehouses can be used, to 
store bagged goods until 
the day it is needed. 

4. The average plant that 
produces chemically com
bined fertilizer can ship at 
least as man y tollS of 
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Chart 2 
Fertilizer Bag Usage--Actual Proiected 
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bagged goods per day as 
dry bulk goods, because 
most plants have more 
bagging mills than bulk 
stations. 

5. With all of our technical 
know-how no one has yet 
fully solved the problems 
created by bad weather 
during the planting sea
sons. So far, bags have 
been the best answer. 

6. And ... perhaps most im
portant of all, the correct 
bagging system, both bags 
and equipment, improves 
your service. This results 
in increased tonnage-fre
quently in both bags and 
bulk - because you can 
then deliver the goods rain 
or shine. The end result 
is increased tonnage and 
increased profits for you. 

I think you will agree that 
these reasons are valid ones and 
that efficient bagging opera tions 
must be incorporated in the total 
operations, in order to provide the 
profits which are there for those 
who properly plan for them. As 
is true with the total plant plan
ning, proper planning of bag 
packaging and distribution systems 
can benefit the planner, although 
it involves a lot of hard work. 

Chart #3. A very good ex
ample of a properly planned and 
well thought out packaging and 
distribution system is located at 
this W. R. Grace Company com
plex in Henry, Illinois. This is 
one of the most modern and up
to-da te bagging and bulk handling 
plants in the world. 

This plant was located in this 
particular area to serve a market 
encompassing the state of Illinois 
and neighboring states. It is in 
this area, according to the USDA 
report for the year ending .June, 
1967, that the highest percentage 
of bulk shipments of mixed ferti
lizer existed. This, of course, is 
exclusive of those areas where irri
gation is prevalent - i.e., Idaho, 
Utah, among others. 

But, Grace recognized the need 
to supply the ultimate in service 
n ecessary for all the farm com
munities in this marketing area, 
and to have available (1) what 
the farmer wants, (2) when he 
wants it, and (3) how he wants it. 



Chart 3 
W. R. Grace Plant 

Chart 4 
Overall View Interior Packing Warehouse 

Chari 5 
Bagging Operalion-Palletizing Bags 
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Chart 6 
St. Regis 4 Tube Bagging Unit 

The original planning called for 
this modern packaging and ware
housing operation in keeping with 
all the latest technology used for 
their production facilities as well 
as bulk handling system. 

This 100,000 ton per year 
plant was put on-s tream in Febru
ary, 1967, and is geared to ship 
60 % of their material in bulk 
and 40 % of their output in the 
form nf bagged goods. 

Their bagging warehouse is 
a building 120' X 240', with a 
capacity for storage of 3,000 tons 

of filled bags. There are 2 truck
loading bays, each one 50 X 60 ft. 
and each with 4 truck loading 
docks and 2 railcar loading sta
tions to insure prompt loading of 
truck and cars. Both trucks as 
well as cars can be loaded simul
taneously if desired. You will note 
the packer is located in the center 
of the long wall with a car loading 
facilit y in either side. H aving the 
truck bays on the other side allows 
the flexibility of loading both fast. 

Chart #4. This is an overall 
view of the interior of the pack-

Chart 7 
Closeup Bagging Operator 
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ing warehouse. Fork truck opera
tors h ave easy access to the filled 
pallets of bags, truck bays, or rail
car entrances. 

Chart #5 and Chart #6 show 
the bagging operation which con
sists of a St. Regis 4-tube Force 
Flow packer, bag takeaway con
veyor and turntable to assist in 
the palletizing of bags. This turn
table not only acts as an aid in 
inventory of some bags, but also 
allows more than one pallet to be 
placed on the floor and loaded im
mediately after a pallet has been 
filled. 

The bagging rate is approxi
mately 26 bags per minute from 
the Force Flow Packer. On a nor
mal day during the peak season, 
it is possible to pack out approxi
mately 240 to 260 tons in 8 hours. 
The manpower required for pack
ing is 1 packer operator, 3 men 
palletizing, 1 fork truck operator 
and one man servicing the area. 
In addition to this, there is a half 
a payloader charged to this opera
tion, who divides his time to bag
ging as well as bulk. Chart #7. 

Each of the truckloading docks 
shown at the bottom of the slide, 
has a capability of loading out ap
proximately 30 tons per hour. This 
allows Grace an overall capability 
to load out more than 200 tons per 
hour because they have material 
available at all times in their 3000 
ton warehouse. 

The Grace operation incorpo
rates all the basic requirements for 
a modern materials handling sys
tem for hagged goods. There are: 

1. Flexibility to assure that 
customer service can be 
fast and efficient. 

2. The capabilities for pack
ing and moving high ton
nage during regular work
ing hours with minimum 
mill and packaging equip
ment. 

3. Low packing and handling 
costs per ton of bagged 
goods moved. 

4. Flexibility that permits the 
mills to operate at peak 
efficiency even when there 
are no trucks in the yards. 

5. Flexibility that permits 
rapid movement of inven
tory to customer trucks. 

6. Flexibility that will inven-



Chart 8 
Warehouse Showing 3 Tier High Storage 

Chart 9 
Model of Single Free Flow Packer 

Chart 10 
15 Tube Rotary Packer 



CharI 11 
Device for Analysis Printinq 

tory all grades in the cor
rect amounts at all times. 

Chart #8. This warehouse type 
system has many advantages over 
the common bag to order system. 

These are: 
1. Customer service is fast and 

efficient- All grades availa
ble from inventory and 

CharI 12 

eight trucks can be loaded 
simultaneously. 

2. Bagging crews can be in
telligently scheduled and 
their utilization is un
affected by minimum or 
maximum demand of 
packed goods. 

3. Inefficiencies are minimized 

Showinq Analyis End Baq Prinlinq 
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in the bag packaging opera
tion through elimination of 
frequent grade changes and 
the resultant short produc
tion runs_ 

4. Provides capability for 
handling large demands 
for packaged shipments but 
requires minimum mill and 
packaging equipment-

5. Economies over the con
ventional bag to order sys
tem can be realized 
through a 15 0/0 -200/0 im
provement in the efficiency 
of bag shipping operations. 

Since the time of the W. R. 
Grace startup, and still believing 
there's a bag in your future, we 
h ave continued to explore the 
needs of your industry and have 
perfected and successfully intro
duced to your industry, new bag
ging systems improvements cover
ing the following segments: 

1. Packaging Equipment 
2. Bags (Paper & Plastic) 
3. Bag Handling 
4. Warehousing 
Chart #9. First in the area of 

bagging machines there is the new 
low cost, high production model 
"J" Force Flow Packer. This ma
chine was designed initially to 
supply a low cost single tube 
packer for the blending industry_ 
Performance was outstanding. Re
finements to the original design 
now allows this machine to be 
the standard for the industry. In 
3 short years over 150 tubes of 
this machine have been installed 
for packaging all types of ferti
lizer. 

Chart #10. Another recent in
novation to valve packing is a 15-
tube Rotary Packer which can pro
vide packing rates up to 36 bags 
per minute_ The gravity down
spouts travel on an elliptical mono
rail and receive the pre-weighed 
charge as each travels beneath a 
pre-weigh scale_ You will hear more 
about this machine as the initial 
commercial models are installed_ 

Chart #11 is a simple device 
for analysis printing. 

Inventorying of bags with pre
printed analysis for all the differ
ent grades being produced today is 
impractical. Blank analysis bags 
printed as needed is the solution. A 
device to print during the filling 



operation is this new bag clamp 
coder. It clamps the bag to the 
filling tube, and simultaneously 
prints the analysis on the top of 
the bag as it is being filled, and 
requires no additional labor or 
time. Printing Plates can be 
changed in a matter of seconds 
for analysis changes. 

And look where the analysis 
is printed-on the end of the bag, 
where it can easily be seen when 
stacked or palletized in the ware
house. Chart #12. 

Officials in Louisiana and 
Minnesota, where this system is 
used, have approved this method 
of analysis iden tification and sev
eral other states have it under con
sideration. 

If the complete guaranteed 
analysis block must be shown, and 
requires a larger printed area, a 
newly developed high speed platen 
press, shown on Chart # 11 can be 
used. It can print up to 20 bags 
per minute. 

Shown at the lower part of 
this slide, is the printing job it 
is doing at a large fertilizer plant 
on the West Coast. 

Chart #13. In the area of 
materials handling, there have al
ways been the back breaking prob
lems of manually palletizing filled 
bags-expecially on high speed 
packing lines. Automatic palle
tizers are one answer and have been 
put to use by a number of ferti
lizer companies. There has been 
that need. however. to fill the gap 
between manual palJetizing and 
automatic palletizing-now there is 
available a one-man semi-automatic 
palJetizer. This is called an air 
floatation palletizer, and utilizes an 
air plenum chamber which pro
vides jets of air to virtually Aoat 
the bag on a cushion of air. An 
operator can move a 100# bag 
with his fingertips to form the 
pallet pattern desired. The model 
shown here is operating at 12 bags 
per minute. Field experience has 
shown that with minor modifica
tions speeds of up to 16 bags a 
minute and more will be possible 
soon. 

And now last but certainly not 
least are improvements to the heart 
of any packaging system-the bag 
itself. The past several years have 
been the low density all polyethy
lene shipping bag having had only 

Chart 13 
Palletidng Equipment 

limited acceptance by your in
dustry. Approximately 38 million 
units were used for fertilizer in 
1967. 

To date many have felt a 
better answer to solve the prob
lems of moisture and acid resist
ance has been the film/ kraft 
combination multi wall bag. Up 

to 200 million film kraft bags will 
be used by the fertilizer industry 
In 1968. 

We have recognized the need 
for an even better packaging ma
terial to satisfy the requirements 
of today's critical products, as well 
as the more critical products you 
will be marketing in the next sev-

Chart 14 
Cross Plastic Bag "Valeron Film" 
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eral years. One which provides 
superior moisture and acid re
sistance, superior puncture resist
ance, tear strength, and above all 
superior cost performance. Such a 
packaging material has been found 
in Holland and is manufactured 
by the Van Leer group of Com
panies. They call the rna terial 
VALERON-Valeron is a lamin
ated material composed of 2 spe
cially oriented high density poly
ethylene films that are cross 
laminated with a special adhesive. 
This film is currently available in 
2Y2 and 4 mil thicknesses. 

During the past 24 hours, 
many of you have been trying to 
poke holes in this as well as tear 
it, and you have found this very 
difficult to do. 

We are introducing bags made 
from this material in the United 
States and we call the bags "Cross 
Plastic Bags". We have made, 
tested and shipped all common 
types of bags, both sewn open 
mouth and valve. Chart #14. 

Industry standard drop tests 
have been performed. The Cross 
Plastic bags have out-performed, 
not only the multiwalls contain
ing free film, but also the all poly 
bags which were of 5,6&8 mil con
struction. Chart #15. 

Drop test performance of poly
ethylene plastic bags diminish 
severely at temperatures below 
J 5°F. Cross Plastic bags are not 
affected by these low temperatures. 

The puncture resistance of 
both the 2Y2 mil cross plastic bag 
and the 4 mil cross plastic bag, is 
superior to 5 and 8 mil low density 
polyethylene as well as 4&5 ply 
multiwalls. Cross plastic bags made 
of Valeron film are superior in 
finger puncture resistance as well. 

For most products, cross plas
tic bags made with either 2Y2 mil 
or 4 mil Valeron film, are superior 
in moisture vapor resistance to 5 
mil and 8 mil low density poly
ethylene films. 

The Valeron films combine 
high tensile strength wi th moderate 
elongation, providing the optimum 
in resistance to breakage. Chart 
#16. 

The tear and tear propagation 
resistance, chemical resistance, snag 
resistance, and crease strength are 
superior to the low density poly
ethylene-and the empty bags can 
be disposed of by burning. 

Chart 15 
Tractor Moving Filled Pallet to Storage 

Chart 16 
Valeron Film Bag on Sling for Boat Loading 

Chart 17 
Full Sling Vinyl Bags Lifted on Boat 
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\Ve have conducted initial 
marketing and bag performance 
tests on 10 products including 
granular fertilizer, granular triple 
super phosphate, ammonium ni
trate, and lawn and graden prod
ucts: Cross Plastic Bags have been 
filled, closed, handled, loaded and 
shipped with normal production 
equipment and under average 
shipping conditions. Storage tests 
are presently under way on several 
products including-triple super 
and ammonium nitrate. 

The preliminary test results 
have been most encouraging-in 
fact, so encouraging that we believe 
that Cross Plastic Bags will for the 
first time make year-round packag
ing possible for your industry. And 
equally important, to some of you, 

provide a high performance, low 
cost export hag. Chart # 17. 

Gentlemen, these are the lat
est Packaging systems improve
ments in filling, product identifica
tion, filled bag handling, and the 
bag itself. 

They are the result of develop
ment dollars being spent-know
ing there's a bag in your future. 

MODERATOR SPILLMAN: Thank 
you ;\Ir. Schrader and ;\If. Dively 
very much. Gentlemen this con
cludes the latest, up to date infor
mation on efficient bagging opera
tions. \Ve have time for several 
questions. 

I have a question. Comparing 
costs with the regular paper bag, 
carrying an asphalt liner versus the 

plastic bag, what is the percentage 
differential cost? 

MR. SCHRADER: As far as the 
economics go on a cross-plastic bag, 
it is comparable to the cost of a 
bag containing three-film poly
ethylene. 

"MODERATOR SPILLMAN: I will 
now turn the meeting back to 
Vince Sauchelli. Thanks, all of 
you, for your excellent cooperation. 

MODERATOR SAliCHELU: We 
want to squeeze in here at this 
moment the Treasurer's Report. It 
will be brief. \Ve are not holding 
the regular business meeting. \Ve 
will just have the report from our 
Treasurer. You all know our es
teemed Secretary-Treasurer, Dr. 
Marshall. 

Secretary-Treasurer's Report 
Housden L. Marshall 

HOUSDEN MARSHALL: Members 
of the Round Table. Your Sec
retary has been rather active this 
year. I have several items to bring 
to your attention. 

On the program you will find 
a list of the back "Proceedings" 
that are available. If interested, 
send me a purchase order. I will 
mail to you and bill you. We do 
not have too many. If you are 
urgently in need of any Proceed
ings not available and you are 

Nov. 1, 1967-Cash on hand 
Income during year 

Total Cash to Account for 

DisbuTsements 

1967 ~ileeting Costs 
Membership Lists 1967 
Proceedings Printing 1967 
Secretarial Office Expense 
1968 Meeting Cost-Preliminary 

Total Expenditures 

willing to pay the cost for xeroxing 
them, I will have the job done for 
you. 

Your secretary has made the 
usual issuance of meeting notices. 
We have promptly taken care of 
all the correspondence and the 
work that goes with getting up the 
program, writing to many people 
interested in our program and 
other secretarial work. Now the 
Treasurer's report: 

.$ 460.30 
*8,643.25 

$9,103.55 

*$2,375.22 
267.86 

4,510.87 
1,211.82 

198.37 

$8,564.14 

$9,103.55 

Balance on Hand Oct. 31, 1968 
I have an Equitable Trust Bank 
Statement showing our balance 
Oct. 31, 1968 

8,564.14 

$ 539.41 

$ 539.41 

*.r-;ote includes $1,200.00 contributed for Cocktail Party 
and same amount paid to Hotel Mayflower. 

Respectfully submitted, 
HOl:SDEN L. l\JARSHALL 
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MODERATOR SAI;CHELU: At the 
October 1967 T.V.A. Market Con
ference Hugh TenEyck made the 
following statement: 

"The possibilities of low-cost 
elemental phosphorus from new 
hydroelectric installations, as well 
as from the potential availability 
of cheap atomic power, coupled 
with the other geographic combin
ations, make this material, ele
mental phosphorus, appear on the 
scene for the first time as a present 
or future competitive source of 
P205 for fertilizers." 

It's a very interesting subject, 
this discussion around elemental 
phosphorus. \Ve were fortunate to 
get Taylor Darden, Chemsultants, 
Inc., to discuss for us the potentials 
of elemental phosphorus for mak
ing phosphate fertilizers. 

Mr. Darden was formerly on 
the staff of the T.V.A. research 
organization, he has given a lot of 
thought to this subject and he is 
now a consultant but the subject 
of elemental phosphorus for mak
ing phosphate fertilizers has en
gaged his time and attention and 
I am sure he has prepared a very 
interesting paper. Taylor, please. 



Elemental Phosphorus Production and Use in 
Fertilizer Manufacture 

Taylor Darden 

Introduction 
This is a subject which has 

been discussed and written about 
from every possible angle. 'When 
compared to the production of 
phosphate fertilizer by the mine~al 
acid processes, it is as controverSIal 
as the continuing argument of 
public vs. private power, in fact, 
the two have been frequently 
linked together. 

I remember helping to prepare 
a paper that was given in Seattle, 
\Vashington, when the Hells 
Canyon Dam, a public power proj
ect consisting of a single high dam, 
was being opposed by private 
power who wanted to build. three 
low head dams, and the subject of 
the paper was the economics of fer
tilizer production via the elemental 
phosphorus route as opposed to the 
sulfuric acid route. 

It has been fairly well docu
mented that 4 mill power and 
$42.00 per long ton of sulfur de
livered give comparable unit costs 
of P 205 as phosphoric acid at a 
selected location.1 I do not care 
to get involved in this continuing 
con troversy. 

I would now like to say a few 
words about the chemical element 
phosphorus, which while n~t per
taining directly to the subject, I 
found quite interesting and I hope 
you will. 

Phosphorus has been asso
ciated with both the deity and the 
devil. It has the properties of both, 
and I'm sure those of you who have 
been connected with the operation 
of either the wet or thermal plants 
will agree with the latter. 

An old alchemist working in a 
dungeon-like laboratory was the 
first recorded human being to see 
its greenish, white glow and be
cause it glowed in the dark, he 
named it phosphorus from phos
phor, the Bringer of Light, the 
Greek name for the Morning Star. 
The Morning Star became Lucifer, 
in Latin, and some early Christian 
Bible student associated Lucifer 
with Satan. So our first self.strik
ing matches tipped with, oddly 
enough a mixture of sulfur and 

phosphorus, were called Lucifers. 
The sudden burst of fire and smell 
of brimstone smacked of the deviL 

The human race knew the 
effect of phosphorus on plant 
growth long before they knew the 
agent. Grass grew greener and 
taller above a pile of buried bones, 
frequently human bones. . 

The old German alchemIst, 
Brandt, in the year 1669, was the 
first recorded man to see elemental 
phosphorus. He was searching ~or 
the philosopher's stone whIch 
would turn base metals into gold. 
He had something, but he didn't 
know it. Neither did he associate 
his discovery with agriculture. His 
method of prepal'ation would make 
a fairly good patent conception for 
what is done in an electric phos
phorus furnace today. He took an 
organic solution containing phos
phates, boiled it down to dryness, 
coked the organic material, added 
silica sand and heated the mixture 
in his furnace to a high tempera
ture. All he got for his effort was 
a glow. 

The government today has the 
philosopher's stone in the tax. re
turns from phosphate productIOn. 

It is recorded that certain old 
kings used to have their pOlitic;:,-l 
enemies and hecklers planted m 
their kitchen gardens. This served 
two useful purposes: 

1. It took care of a trouble
some fellow. 

2. It fertilized the garden. 
If we were not so civilized, 

what a solution our leading politi
cians could have to some of their 
political problems, and the press. 
'Washington might be greener, too. 

Now to aspects of the subject 
that are of today and the possi
bilities of the future. 

Phosphorus Production 

Since there has been so much 
published on the chemistry and 
mechanics of phosphorus produc
tion, I would like to refer you to 
the references listed at tbe end 
of this paper on these subjects 
and not discuss them here. 
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Phosphorus is stil1 produced in 
the conventional electric phos
phorus furnace which may vary 
in shape from an oval, round, or 
delta configuration; in electrode 
arrangement from "in-line" to 
"delta"; and the hearth may be 
stationary and/or rotating. The 
greatest change in the industry has 
been in the size of the furnace 
which has increased from about 
5000 KW in the early thirties to 
60,000-70,000 KW as of today. 
Furnaces between 50,000 and 
70,000 KW are being operated in 
Russia, Germany, and FMC in the 
U.S.A.2 A 70,000 KW furnace will 
produce phosphorus equivalent to 
320 tons of P 20 5 daily which is 
small compared to wet acid units 
at 1,300 tons P20 5 per day. This 
points out the need for larger 
furnaces; however, there are two 
main problems to be overcome, 
the first is that "scale up" has not 
been as predictable as expected, 
and the second is providing elec
trodes of adequate size and strength 
to carry the high electric current 
required. An educated guess by 
experts is that the electric furnace 
limit will be around 150,000 KW 
or about 700 tons P 20 5 per day 
per furnace. 3 

The large furnaces that are 
successfully operating today are re
ported to be using the self.baking 
electrodes (Soderberge electrodes). 
It has been reported that the largo 
est electrodes available are 68 inch 
diameter carbon electrodes2 and 
they have given great difficulties 
due to overheating and breakage.3 

It is reported that Russia is 
increasing phosphorus producti~n 
by 1.2 million tons annually m 
four very large electric furnace 
plants. This production would re
quire that each of the four plants 
has the equivalent of nine 50,000 
KW furnaces. This appears a logi
cal development for a country 
where distances are great, and the 
transportation network i.s limit~d. 
As far as is known there IS nothmg 
of this magnitude ei ther under 
consideration or proposed in the 
U.S.A. 

Outside of the increased capa
city per unit which is common 
to all chemical processes, there 
have been no reported startling 
breakthroughs process-wise in the 
production of phosphorus. 



The blast furnace route ap
pears to be out of the picture, 
even though the capacity per unit 
can easily be built in at least twice 
than that of the present electric 
furnaces but due to capital invest
ment, recoveries and process prob
lems, it is not now attractive. 

The T.V.A. and at least one 
commercial fertilizer company have 
been doing research on the reduc
tion of phosphate rock in plasma 
furnaces. Also, there has been some 
work along this line by the use 
of hot gases in fluidized beds. 

The opportunity for better 
heat recovery from the process 
appears to have possibilities in 
lowering the cost of phosphoric 
acid production by thermal meth
ods. Some of these areas are: 

1. Approximately 1.6 million 
BTU per ton are required to 
calcine the phosphate portion 
of the furnace charge. This 
amounts to about 15.0 million 
BTU per ton of phosphorus 
or 37 % of the heat required 
to produce one ton of phos
phorus. No known attempts 
have heen made to recover 
this energy. 
2. The recovery of the heat 
released when phosphorus is 
burned and hydrated to 
make phosphoric acid which 
amounts to about 25 million 
BTU or 60 % of the heat 
requried to produce one ton 
of phosphorus. 
3. The heat lost in the slag 
leaving the furnace is about 
12 million BTU or 29% of 

the heat required to produce 
one ton of phosphorus. 

It may be both uneconomical and 
technically impossible to recover 
the heat lost in the slag. The other 
two items offer definite pospects. 

Albright and ~Wilson report
edly generate steam from Dow
therm heated by the combustion 
of phosphorus with dried air. 

At a power cost of 3 mills per 
kilowatt hour, the heat require
ment to produce a ton of phos
phorus is about 45 % of the total 
operating cost and the recovery 
of 75 % of this heat would cut 
operating cost by about 34 % or 
about $12.00 per ton. 

The only energy recovered 
from the process in the U.S.A. to
day as far as it is known is the 
use of by-product carbon monoxide 
in the calcining operation, which 
requires about 700/0 of the CO pro
duced. Some carbon monoxide may 
also be used to dry the silica and 
coke. 

It will probably be in the 
development of a different kind of 
furnace for phosphorus production 
such as the fluidized bed type 
where heat recovery will be ex
ploited to the fullest. 

Also, if and when the ship
ment of phosphorus in considera· 
ble quantities to other locations for 
conversion to phosphoric acid be
comes a reality, will the recovery 
of the heat from this source be
come important as the steam gen
erated can be used in the storage. 
unloading, and processing opera
tions. 

Factors that May Influence the Selection of the Elemental 
Phosphorus Route to Phosphoric Acid Production for 

Agricultural Uses 

Phosphate Rock 

The general depletion of high 
grade deposits from previous skim
ming the cream off the milk mining 
practices are forcing some phos
phate producers to consider meth
ods of economically using the 
lower grade ores that are left. 
Ores containing what are con
sidered high in iron and alumina, 
the booga-boos of the wet acid 
process, can be successfully pro
cessed by thermal methods. ·With
in reasonable limits the AJ 20 3 con-

tent does not have any effect on 
the process and the Fe20 a content 
only lowers the recovery of ele
mental phosphorus. The iron con
tent is converted to ferrophos
phorus which usually has some 
value as such. Processes have been 
developed to recover the iron and 
phosphate values and other metal
lic compounds such as vanadium 
may be contained in the ferrophos
phorus. 

There are a number of known 
phosphate deposits that are not 
suitable for wet process phosphoric 
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acid production. Other deposits in 
the developing nations may be dis
covered which are of low grade and 
suitable for the thermal process. 

Table I shows the composi
tion of the phosphate portion 
of an electric phosphorus furnace 
charge using mixtures of low 
grade matrix and high grade 
phosphate rock from Florida, 
North Carolina and Idaho sources. 
Due to the high CaO/P20" ratios 
in both the Florida and North 
Carolina phosphate ores, the table 
shows a lower PzO" content in the 
furnace charge from these ores than 
the Idaho phosphate, which is in 
the desired range. However, I be
lieve that these lower grade are 
combinations can be economically 
furnaced. The table also shows that 
the beneficiation step to produce 
the 68 BPL rock should be geared 
to remove as much as possIble of 
the calcite from the rock and still 
retain as much of the SiOz as 
possible. 

When adding the difference in 
capital investment for the bene
ficiation plant, and a clarification 
section to wet acid plants that ex
pect to ship most of their product 
as phosphoric acid, the investment 
gap between the two processes 
narrows. It narrows still further 
if superphosphoric acid is to be 
shipped because these facilities 
have to be also added. 

The phosphate recoveries from 
mine to phosphoric acid are higher 
for thermal process than wet acid 
processes as shown in Table II. 
''\Thile advised that the ore as 
mined (matrix) should be de
slimed with the inherent losses 
of P 205 in this operation, before 
blending with the higher grade 
beneficiated ore in the case of 
Florida and North Carolina rocks, 
my calculations show that you ob
tain a higher P20r, content in the 
phosphate plus silica content of 
the furnace charge without deslim
ing. Of course, this may vary from 
deposit to deposit depending upon 
the CaO/P:p;; ratio and the SiOz 
content of the phosphate matrix. 
There is one thing common to 
both the wet acid and thermal pro
cesses and that is the higher the 
CaO /P zO" ratio, the more acid 
and/or electricity will be consumed 
per ton of product. 



Table I. Blends of Phosphate Matrix and 68 BPL Rock for Electric Furnace 
Charge Showing Grade of Furnace Charge and P20 5 Losses on Beneficiation 

IdaliD 
Florida-(;alcined Basis (Calc.) N. Car.-Calcined Basis !Calc.) Actual' 

Furnace F'unace Furnace 
Matrix 68 BPL Charge Matrix 68 BPL Charge Charge 

P20 5, % 
CaO, 0/0 
Si02 % 
Silica Rock Added, % 

P 20 5 in Fee. Charge 
P20 5 Loss on 

Beneficiation 
Ratio Matrix/68 BPL 
Si02/CaO Wt. Ratio 

20.0 
30.5 
37.0 

0 
2.3 

32.6 
47.8 
10.0 

25 
1.0 

23.9 
35.8 
28.8 

23.9 

3.3 
.80 

20.6 
32.4 
38.3 

0 
3.3 

33.2 
53.2 

2.1 

15 
1.0 

23.6 
37.2 
29.8 

23.6 

o 
4.3 

.80 

28.6 
42.0 
23.8 

9.8 
25.6 

o 
(1) 

.80 
.. _----------_._-_ .. ------_._ .. - .. _--_._--_ .. 

1 Mixture of the high grade and shale beds as mined. 

Power Cost 

The advent of large nuclear 
power plants such as the T.V.A. 
Browns Ferry plant is expected to 
have a very significant effect on the 
cost of power. It is expected that 
this plant will produce electric 
power at 2.38 mills per KWH at 
the bus or around 4 mills delivered 
to the electric furnace plant. A 
breeder reactor now under develop
ment is expected to lower the cost 
of power still further2• 3 • More than 
half of the 2.38 mill cost cited 
above is from nuclear fuel and the 
breeder reactor is expected to pro
duce almost as much fuel as it con
sumes. 

The combination of nuclear 
power generation and the electric 
phosphorus furnace is a natural 

with the high load factor of the 
electric furnace permitting the nu
clear reactors to operate at peak 
efficiencies. 

A recent news release in C&EN 
News states that Kaiser Chemical 
is investigating this possibility in 
the Florida phosphate field. 

As a matter of interest, one 
carload of nuclear fuel will pro
duce as much power in a year as 
a 100 carload train of fossil fuel 
per day. 

Transportation 
Of the three major plant 

nutrients, nitrogen, phosphorus, 
and potash, most of the phosphate 
used for agricultural purposes is 
shipped in a concentration much 
lower than the other two as shown 

Table II. Comparison of P.O. Efficiencies From Mine to Phosphoric Acid by the 
Thermal and Wet Process Phosphoric Acid Routes 

Electric Furnace Process Wet Acid Process 
~ ... --'-----"--'-" 

North North 
Florida Carolina Idaho Florida Carolina Idaho 

P 20 5 Recovery from 
Matrix Use 1000/0 1000/0 100% 

P 205 Recovery on 
Conversion to Not 
68 BPL Rock 75 85 Required 75 85 70 

'10 Matrix Benefi-
ciated to 68% 
BPL Rock 30 23.5 0 100 100 80 

% P 205 Recovered 
From Mine 92.5 96.5 100 75 85 76 

% P 205 Recovered 
During Processing 
to Phosphoric Acid 88 89 88 95 95 95 

Overall P20 5 Recovery 
Mine to Phosphoric 
Acid 81.5 85.5 88 71.3 81.0 72.0 
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in Table If I. In fact. it has been 
only in recent years that phos
phates wcre shipped long distances 
in any form except as phosphate 
rock which contains only about 
15%, phosphorus. Even today the 
bulk of the phosphates exported is 
in this form. 

Most of the countries import
ing phosphate rock have a suffici
ency of gypsum for both their agri
cultural and industrial uses with
out the need of using by-product 
gypsum for these purposes. 

Elemental phosphorus has 
been safely shipped by rail, truck 
and water for many years. It is a 
non-corrosive material that may be 
shipped, stored and handled in 
mild steel equipment. 

It is when phosphorus instead 
of phosphate rock is exported, that 
presents the most interesting eco
nomic picture. The T.V.A. has 
prepared an analysis of the cost of 
importing phosphorus into India 
and then converting the phos
phorus into diammonium phos
phate vs. (1) wet process acid from 
imported rock and sulfur and then 
producing DAP and (2) import
ing DAP from the U.S.A.4 which 
shows that importing phosphorus 
is the cheapest of the three 
methods. 

The conversion of phosphorus 
to phosphoric acid is much simpler 
and requires less capital investment 
than converting sulfur to sulfuric 
acid. Also, the phosphorus con
version plants present less of an air 
pollution problem. 

A comparison of liquid (phos
phorus) cargo water rates to vari
ous ports around the world from 
Tampa, Florida is shown in Table 
IV. 

It is interesting to note that 
in most cases the liquid cargo rate 
is quite a bit lower than the dry 
cargo rate which also applies to 
the shipment of phosphate rock, 
DAP, etc., and this factor should 
definitely enhance the economics 
of the shipment of phosphorus vs. 
other phosphate containing com
pounds. 

Albright and 'Nilson of Eng
land are now entering the field of 
producing phosphorus in New
foundland and shipping the phos
phorus to England for conversion 
to phosphoric acid. They have 
constructed two ships to carry the 



Table III. Concentration at Which Fertilizer Materials May Be Shipped 

Basic Materials 

Elemental Phosphorus 
Ammonia 
Potash as Potassium Chloride 
Superphosphoric Acid (Wet Process) 
Phosphoric Acid 

100.0 P 
82.3% N 
50.0'10 K 

30.0-32.0'10 P 
22.0-24.0% P 

15.0% P Phosphate Rock, 74-76'10 BPL 

Base Materials 

Triple Superphosphate 20.0% P 
Dj-Ammonium Phosphate 38.9'10 N + P 
Calcium Metaphosphate 30.0% P 
Ammonium Polyphosphate 42.0% N + P 
Urea 45.0% N 

__ ~mmoniUl~ N i_trate~ __ ~ ____ ~ ____ ~3.5to N __ _ 

phosphorus to England and also 
carry phosphate rock from Florida 
to Newfoundland. The combina
tion of dry cargo and liquid cargo 
ships probably played an import
ant role in the overall economics 
of their particular case. 

(Figs. I and 2, ship and cargo 
designs, respectively, were not clear 
enough to be reproduced.) 

I am sure this is quite differ
ent from the usual tanker design 
for most liquid cargos and very 
similar to the liquid cargo section 
of the Albright Pioneer of Albright 
and \Vilson which has already been 
launched. 

One of the big advantages of 
the shipment of liquids over dry 
bulk cargo is the fact that min
imum port facilities are required 
to unload the ship, as the neces
sary equipment, mainly pumps, are 
easily added to the ship's equip
ment. 

I am a firm believer that each 
production locality and product 
market has its own economics, 
therefore, I have not worked out 
an economic comparison of the 
production and distribution of 
phosphates via the two processes 
discussed. 

However, for those who are 

Table IV. Approximate Water Transportation Rates from Tampa, Florida to 
Ports Indicated. 

Approx. Liquid Cargo Dry Cargo 
Port Distance Rate" Rate (Bulk) 

Bombay, India 9,000 $10.35 $17.00 
Madras, India 10,000 11.50 17.50 
Calcutta, India 10,500 12.08 11.30 
Singapore, Malaysia 10,900 12.54 17.50 
Durban, South Africa 7,300 8.40 11.30 
Beirut, Lebanon 5,900 6.79 10.20 
Manila, Philippines 10,200 ] 1.73 14.70 
Freemante, Australia 10,300 1l.85 12.50 
Ravenna, Italy 6,600 7.59 9.10 
Cartegena, Spain '1,200 4.83 8.50 
Liverpool, England 4,000 4.60 7.'10 
Rotterdam, The Netherlands 4,300 4.95 6.80 
Santos, Brazil 5,700 6.46 
Buenos Aires, Argentina 5,600 6.44 
Callo, Peru 2,200 2.53 
Keelung, Taiwan 10,800 12.42 13.00 
Cork, Ireland 3,900 5.49 7..10 
Helsinki, Finland 5,200 6.48 
Memphis, Tennessee 1,600 4.80 
Paducah, Kentucky 2,300 6.90 
St. Louis, Missouri 2,500 7.50 
Clinton, Iowa 2,800 8.'10 
:t\;ew York, New York ],900 5.70 

• Based on pu bPshed rates of the American tanker rate schedtde for dirt" cargo and barge rate 
schedules on a ton-mile basis with water ballast return trip.!} , 
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interested in this for a particular 
situation, and care to do their 
own calculations. the next table, 
Table V gives the approximate 
raw material, utilities, and prod
ucts produced for the production 
of elemental phosphorus which 
will complete the economic pic
ture. 

The Use of Phosphates 
Produced from Elemental 

Phosphorus for Agricultural 
Purposes 

Any fertilizer compound pro
duced by the wet acid process can 
also be produced from phosphoric 
acid from elemental phosphorus in 
higher concentrations than pos
sible by the wet acid process. As 
an example, DAP from wet acid 
has the analysis 18-46-0, a total 
plant food content of 64% while 
DAP produced from electric fur
nace acid, 21-53-0, contains 74% 
plant food. 

In addition to fertilizer com· 
pounds when producing phos
phorus, it is possible to produce 
animal feed grade phosphates with
out expensive purification steps 
and the direct production of pesti
cides is also possible. 

The possibility of the develop
ment of high concentration fertil
izer compounds, other than those 
that are now known from wet pro
cess acid is very limited. New fer
tilizer compounds from elemental 
phosphorus are possible. In fact, 
compounds made from phosphorus, 
ammonia, and air having a nutri
ent content up to 147 percent based 
on the P20 5 equivalent, have been 
made and agronomically tested 
that gave results comparable to 
standard fertilizers. 

The use of a pure compound 
such as furnace acid always raises 

Table V. Raw Materials, Utilities and 
Products. 

(Tons per ton of phosphorus) 

Phosphate Rock 
Coke 
Silica 
Electrodes 
Cooling 'Vater 
Phosphorus 
Slag 
F errophosphorus 
CO Gas (82,000 SCF.) 
Precipitator Dust 

9.4 
1.6 
1.6 
.017 

35.0 
1.0 
8.1 
0.946 
2.8 
0.13 

-~~~~~~~~-~-~-~~~~- ~ 



the point that wet process acid con
tains many of the trace elements 
needed for plant growth. I believe 
that these elements may be added 
to fertilizer in a form more avail
able to plant, more economically 
than their natural inclusion in wet 
process acid due to the fact that 
their inclusion in wet process acid 
adds to the sludge removal and 
disposal problem. 
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]HODERATOR SAUCHELLI: Any 
questions? This is a very interest
ing subject. The future has tre
mendous possibilities for the phos
phate industry. Did I see a hand 
there? Would you identify your
self and talk into the mike, please. 

MR. RICHARD KULP: I would 
like to ask Mr. Darden the fluorine 
distribution from rock to finished 
product 

MR. DARDEN: It has been some 
time since I have gone back on 
these figures but the bulk of the 
fluorine goes out with the slag. 
Some of it is evolved and goes 
out with your phosphorus con
denser water. So far as getting in 
the product, it does not get in the 
phosphorus which is converted to 
phosphoric acid. 

MR. KULP; How about the 
fluorine that is evolved in the cal
cination? 

MR. DARDEN: A lot of that 
depends on how high you calcine. 
I would say, if my memory is right, 
somewhere maybe from 15 to 30 
per cent at a high temperature of 
calcining could be involved in the 
calcining step. 

MR. RICHARD MACFARLANE, 
USS Agricultural Chemcial: 1 
would like to ask if I misread the 
slide. I thought it said that the 
tons of ferro phos was 9.- some
thing. Shouldn't that be .09? 

MR. DARDEN: It probably is. 
I think .09 is correct, right. 

MODERATOR SAUCHELLI: Ronald 
W. Young: (Dr. Young) TVA. Do 
you have any comments? 

DR. YOUNG: No, sir, I would 
just say it was a very interesting 
presentation. \Ve feel that world
wide phosphorus does offer some 
real opportunities for the future. 

:MODERATOR SAUCHELLI: I know 
TVA is doing a lot of work on this. 

lVIR. WILLIAM ROSENBLOOM, 
Mobile Chemical: At a power cost 
in the range of 4 mills, what are 
we talking abou t in terms of cost 
per ton of P 4? 

MR. DARDEN: 1 think it's some
where around 10 or 12 cents a 
pound, which would be $200.00 to 
$240.00 a ton. 

MODERATOR SAUCHELLI: 1\1r. 
Harding, do you have any com
ments-

MR. CHARLES HARDING: (Well· 
man Lord, Inc.) No, I agree with 
what he said. 

MR. ARTHUR HGRLY: Is there 
any economical method for recover· 
ing water soluble P20~ from the 
precipitator dust? 

i\IR. DARDEN: Yes, there is and 
also most precipitator dust con
tains some potash values also. 

MR. HURLY: Then the ques
tion is: Is there any process for 
recovering this P20r, that is in the 
precipitator dust, or phosphorus? 

MR. DARDEN: In a lot of in
stances it is what you might say 
recirculated, added back to the 
furnace charge, blended in and for 
many years TV A sold precipitator 
dust as such. It is a very, very 
small portion of your P20". 

lVIoDERATOR SAUCHELLI: Dr. 
Ewell. 

DR. EWELL: l\h. Darden, from 
your vast knowledge of this sub
ject, could you make an offhand 
guess as to what price, say, a 
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Florida company might be willing 
to deliver phosphorus in India? 

MR. DARDEN: No, I couldn't. 
I do know it is being shipped from 
the East Coast out into "Vest Texas 
by rail and converted into fertil
izers and I think that price was 
somewhere around, oh, between 
$300 and $350 a ton, depending on 
the time of the year and the market 
for phosphofils. 

DR. EWELL: I have a figure 
quoted to me within the past two 
weeks by somebody concerned with 
India that some company in the 
United States had offered to deliver 
phosphorus in India for $130 a 
ton. I almost fell out of my chair 
but he insisted this was a firm 
figure. 

MR. DARDEN: I think that's 
quite a bit too low. I think it may 
have been on a P20" basis, not per 
ton of phosphorus basis. 

DR. EWELL: That may be the 
source of the discrepancy but this 
particular individual thought it 
was phosphorus. 

MR. DARDEN: It sounds more 
like the cost per ton of P 20 5 than 
the cost per ton of phosphorus. 

lVIR. ALLEN LONGACRE, Fluor 
Corporation: You mentioned earl
ier about the possibility of alleviat
ing air pollution at the point of 
manufacture of fertilizer products 
from elemental phosphorus. But 
how about the point of manufac
ture of the elemental phosphorus 
and what might be done about air 
pollution at that point? 

MR. DARDEN: You still have 
the air pollution problem at the 
point of manufacture of phos
phorus but at your conversion 
points, no. 

MOD:ERATOR SAUCHELLI: Thank 
you, Taylor. A very interesting 
paper. I am sure we are going to 
hear more about phosphorus in the 
future. 

MODERATOR SAUCHELLI: A sub
ject which the chemical process in
dustry never tires of promoting is 
safety for the worker in the plant. 
Although humanitarian reasons 
come first, it is also pertinent to 
point out that accident prevention 
also pays well in dollars saved in 
insurance rates and indirect costs 
from accidents. The subject is of 
direct interest to most of this audi
ence. 

We have John Mark here from 



the National Safety Council to tell 
us about the importance of acci
dent prevention in the fertilizer 

plant. John needs no extended 
introduction to this audience_ He 
has been here before. John, please. 

Safety in the Fertilizer Plant 
Another Tool for Efficient Operations 

John Mark 

All too often we look at safety 
as a "tack-on" activity in plant 
operations. A necessary activity to 
keep employees from getting hurt. 
Something that is attended to when 
we are not too busy trying to meet 
production schedules. Perhaps it 
is the word "safety" that brings 
about this attitude. As we use the 
word safety, it implies that its use 
is for the welfare of the employee 
only. In recent years safety people 
have tended to use the definition 
accident prevention more and more 
to define this field of activity. Even 
this term doesn't completely clear 
up the confusion. 

When we talk about safety in 
the fertilizer plant we get involved 
in many activities, which, if follow
ed and carried out, results in not 
only an efficient plant, but a safe 
plant. Many of the things you do 
to insure an efficient plant, auto
matically results in a safe plant. 
The functions are interrelated. 

Let's look at some of these 
functions. Management is respon
sible for efficient plant operations. 
Safety programs are also a manage
ment function and responsibility. 
Supervisors carry out efficient pro
duction programs. They also im
plement company safety programs. 
Safety is not a responsibility of the 
safety department or safety man. 
The safety department provides the 
technical know-how, the safety pro
grams, the tools for operation of 
a safety plant. Because safety is 
his job, he helps and keeps every
body alert to hazards and how to 
correct them. If the organization 
does not have a separate safety de
partment, then management and 
line supervisors must develop and 
implement the safety program. 

What are some of the tools we 
use to insure an efficient operation 
which also results in a safe plant? 
We will discuss a few. 

Good Plant Design and 
Lay-out 

vVhen a new plant is built this 
should get close attention. The 
safety department should be 
brought in to point out possible 
built-in hazards or trouble spots 
in design. Close attention to de
sign and lay-out promotes good 
production flow resulting in an 
efficient operation and safe opera
tion. In an old plant where this 
cannot be done, modification and 
study of existing lay-out will Im
prove production and safety. 

Purchase of Equipment to 
Do the Job 

Good equipment designed for 
the job and placed in production 
flow sequence most certainly re
suIts in an efficient and safe opera
tion. Bottlenecks impede produc
tion and usually present a hazard 
in some form to employees. 

Training of Supervisors 
Before a supervisor can handle 

production efficiently, he must 
know the operation from one end 
to another. He needs this knowl
edge to be able to train the people 
under his supervision. :VIanage
ment should provide the programs 
to make this possihle. A supervisor 
who knows the jobs in the depart
ment, also knows the hazards and 
how to work around them. 

Training of Employees 
Training of new employees 

and guidance and retraining of 
regular employees is a very neces
sary operation today, if a plant is 
to be efficient and competitive. 
Training employees to perform a 
task according to a predetermined 
method results in an efficient pro-
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duction line and safe working 
habits. If you let the man teach 
himself, he may learn to do the 
job inefficiently and usually unsafe
ly. The buddy system of training 
is alright, if the buddy knows the 
job plan and works closely with 
the supervisor. 

Effective Production 
Planning 

Plant management and line 
supervision should plan schedules 
well ahead, so everybody knows 
what is to be done. Advance 
knowledge of the job to be done 
results in initiation of the work 
with a minimum of confusion. 
Confusion causes inefficiency in 
plant operations and sets the stage 
for unsafe practices and possible 
accidents. 

Good Housekeeping 
Good housekeeping is usually 

a sign of efficient operations. Keep
ing the plant cleaned up, having 
a place for tools and equipment 
indicates an orderly and well 
thought out, planned procedure 
for plant operations. 

Emphasis on housekeeping in
stills in the minds of employees 
the importance of orderly proced
ures necessary for an efficient opera
tion. It develops an attitude of 
carefulness and pride in work. This 
contributes to a safe operation. 

****** 
Now, the above functions do 

not take care of all the things that 
should he done to insure a safe 
operation. But they do give you 
a good start and accomplish most 
of the work. Our point so far is to 
establish that doing things neces
sary to operate an efficient plant, 
also takes care of many hazards and 
promotes a safe working atmos
phere. 

To finish the job of maintain
ing a safe operation you need: 

1. Safety equipment as 
needed. 

2. Safety promotion plans. 
3. Safety meetings. 
4. Safety incentives. 
5. Guarding of equipment. 
6. Safety inspections. 
7. A medical program. 

These things are handled by 
the managers and supervisors with 
the help of the safety department. 



There are many examples of 
successful safety programs in the 
fertilizer industry. The frequency 
rate for 1967 among reporters in 
the National Safety Council for the 
Fertilizer Section was 6.03. This 
is the first time the fertilizer in
dustry was above the industry aver
age. The industry average in 1967 
was 7.22. The frequency of 6.03 
in 1967 is about one-third of what 
it was in the early 50's. Excellent 
progress has been made since 1965. 
The frequency rate for that year 
was 9.91. The frequency rate 
through August of this year is 5.20. 

Another interesting fact-146 
plants participated in the contest. 
Of these 68 reported perfect rec
ords. 

A plant in Jacksonville, Flor
ida recently marked 10 years with
out a lost time accident. Many 
plants are reporting 1,000,000 man
hours without a lost time accident. 
Operating a safe as well as an effi
cient plant is becoming an accept
ed way of doing things. 

An inefficient plant operation 
indicates a higher unit cost of pro
duction. An inefficient plant opera
tion is usually an unsafe operation. 
They usually have more first-aid 
cases and lost time injuries. Both 
conditions result in higher costs 
of production. They may not be 
set out separately to be seen, but 
they are there. Every accident has 
a charge which is not taken care 
of by insurance. These are the 
"out of pocket" costs. Some of 
these costs are loss of production 
time, removal of the injured, treat
ment of the injured, repairing the 
machine, the let-down that persists 
for awhile after an accident, the loss 
of the employee's services, the cost 
of training a new employee. These 
charges are measurable if the time 
is taken to figure them. A high 
frequency rate eventually results in 
a higher compensation rate. 

An efficient plant operation, 
high production, good safety record 
go hand in hand. 'Whether we 
recognize it or not management 

and supervision is always involved 
in safety to a great extent. 'l\Te 
just need to take one more step 
and make it a total part of man
agement. 

Yes, safety in the fertilizer 
plant is a necessary tool for efficient 
operations. I ts benefits are readily 
measurable. Some of the benefits 
are, efficient production, low costs, 
good morale, good public image. 

The fertilizer industry is to be 
congratulated on the fine record 
it has turned in, in accident pre
vention. But we can't stop there. 
Safety like every other phase of 
good management requires con
tinuous attention. Let it take its 
regular place in your overall plan
ning. 

MODERATOR SAUCHELLI: Thank 
you, J ohn. We are running short 
on time and we want to resume at 
one-thirty, so we stand adjourned 
until that -

VOICES: Two o'clock. 
CHAIRMAN SAUCHELLI: Two 

o'clock? 

Thursday Afternoon Session, Nov. 14, 1968 
The Round Table Meeting Reconvened at 2:00 o'clock p, M. 

Vincent Sauchelli and Robert R. Heck, Moderators 

MODERATOR SAUCHELLI: The 
trend in American farm produc
tion methods since the 1940's has 
been toward intensification in all 
phases. 'tVe have new cropland 
varieties with greater capacity to 
produce more per acre, fertilizer 
compounds with substantially high
er nutrient content and so on. 

This intensification in produc
tion practices has led in many farm 
areas to the rapid depletion of na
tive soil fertility elements and 
particularly of the trace elements. 

Interest in these elements is 
growing throughout the industry 
which now is studying ways and 
means of replenishing them in de
ficien t soils in a practical and 
efficient manner. Because of this 
interest, we considered it desirable 

to include on the program two 
talks on this subject. The Ferro 
Corporation has devoted much re
search and expense in developing 
one type of material to meet the 
situation, the fritted micronutri· 
ents, which are designed to release 
the contained nutrient element at 
a controlled rate. 

. lVIr. Gene 1.. Bruton, Manager, 
Agricultural Chemicals, is here to 
describe the material and its func-

tion. He has been associated with 
this development from its inception 
and deserves a lot of credit for the 
manner in which he carried it 
through to the commercial stage. 
I have been in touch with this de
velopment from the start. I have 
been following Mr. Bruton's ex
periences and progress and I am 
certainly delighted to give him the 
credit for this fine work. Gene, 
please: 

Development and Manufacturing of 
Fritted Micronutrients 

G. L. Bruton 

A few years ago, when it 
would have been highly unusual 
for a girdle manufacturer to merge 
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with a soft drink company, we were 
often asked why Ferro Corporation 
was en tering the fertilizer field. At 



that time, there had to be a logical 
reason for a corporation to stray 
so far afield in its diversification 
program. 

vVe would like to explain the 
logic behind our development of 
fritted micronutrients and to show 
why FTE is an extension of Ferro's 
capabilities both in research and 
development and in the manufac
ture of the product. 

Ferro is a highly diversified 
company but, if there is anyone 
capability that is predominate. it 
is in the development of specialty 
glasses designed to fit stringent 
physical and chemical specifica
tions. In the porcelain enamel 
field, the finish must meet many 
rigid tests. If it is used on a wash
ing machine tub, then it must be 
resistant to alkalis. If it is applied 
to a range top or refrigerator inner
liner, then it must have properties 
of acid resistance. If your wife 
spills tomato juice inside the refri
gerator this is a severe test. If she 
spills it on the top of a hot range, 
the porcelain enamel must with
stand not only the acid resistance 
test but also heat shock. Hot water 
tanks formerly failed in a very 
short time in some areas due to 
hot water attack. Now we have a 
porcelain enamel finish that resists 
this attack very effectively. 

In the glaze field, the coeffici
ent of expansion of the glass is 
most important in preventing craz
ing or spalling on bathroom cera
mic tile or your lamp base. 

We mention these examples to 
point up the many variables and 
requirements of a physical and 
chemical nature that have faced 
the Ferro research department for 
the last 35 years in helping to pro
duce better products for your 
home. 

We could add literally hun
dreds of additional qualities neces
sary in a glass to meet the manu
facturing needs of the users of 
Ferro porcelain enamel or glazes. 
We have cited the above examples 
to substantiate the claim that Ferro 
has the technical ability to develop 
a glass product properly formulat
ed to release nutrients to the plant 
at a predetermined controlled rate. 

Of a secondary, but very im
portant consideration is the fact 
that material of this nature can be 
manufactured with production 

equipment which is used in the 
manufacture of other frit products. 

'I'he product development of 
fri t ted micron u trien ts passed 
through several distinct phases 
since the original idea was con
ceived by Ferro's research depart
ment early in 19,18. The original 
concept concerned the develop
ment and manufacture of control
led release of two glass forming 
major elements P20" and K~O. 
Such a glass was made but due to 

obvious economic restrictions, there 
was really not much to inspire a 
development and marketing pro
program. 

On consultation with experts 
in the field, it was pointed out that 
problems of toxicity, leaching and 
effects of soil environment were 
more prevalent in the field of 
micronutrients and the economic 
problems were not nearly as severe 
as those in the major element field. 

The original and most im
portant question to be answered 
was whether a plant could take up 
micronutrients from a glass matrix. 
To prove this, glasses containing 
single elements of iron and manga
nese were developed in our re
search department. A grant-in-aid 
was supported at Michigan State 
University under the direction of 
Dr. F. L. vVynd to make these 
basic research studies. 

Dr. vVynd carried on his ex
periments in iron· free and manga
nese-free environments and estab
lished that both iron and manga
nese could be utilized by a plant 
'when these elements were contain
ed in a slowly soluble glass rnatrix. 

After this fact had been estab
lished, Ferro research started in 
earnest to develop and test glasses 
containing all of the recognized 
trace elements. An agronomist and 
a ceramic engineer were assigned to 
the project to make composition 
studies. 

During this phase of the de
velopment program, the objective 
was to study a range of release rates 
and develop an empirical chemical 
test to measure the rate of release. 
A chemist was added to the task 
force to develop the empirical test. 

The first compositions contain
ed six micronutrients; namely, 
boron, copper, iron, manganese, 
molybdenum and zinc. The agro
nomist in charge established the 
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ratios of the elements, and glass 
compositions of varying theoretical 
solubilities were manufactured fm 
test. 

For the next two years these 
compositions were studied in green
house sand culture under the di
rection of the agronomist. Since 
growth was observed in sand cul
ture, with the other elements add
ed as chemically pure solutions, 
the only variables were rates of 
application of trace elements and 
the solubility of the glass matrix. 
Control plants used in these tests 
were beans, highly susceptible to 
boron toxicity, and turnips, which 
have a high need for boron. Check 
replicates were, no trace elements 
on one end and mixtures of soluble 
salts on the other end of the spect
rum. It is interesting to note in 
passing that our agronomist saw 
evidence of interference or influ
ence of one trace element on an
other when the rates of application 
of the soluble salts were increased 
to high levels. No evidence of these 
induced deficiencies were noted in 
the glass replicates even at extreme
ly high rates of application. How
ever, as we moved into softer com
pDsitions of glass we began to see 
evidence of induced deficiencies in 
the high rates of application of the 
glasses. This was our first indica
tion of the advantage of controlled 
release of trace elements to plants. 
The absence of luxury quantities 
of available plant nutrients appar
ently reduces the effect of one trace 
element in over-supply on the up
take of another trace element. This 
was before we started leaf analysis, 
and these conclusions were reached 
by our agronomist through obser
vation on leaf color in the growing 
plant. It can be said however, that 
these variations were so extreme 
that they could be seen by any 
casual observer. 

During this period the chemist 
member of the Ferro research team 
began to compare the crop re
sponse with the release rate of 
micronutrients from the glasses in 
acetic acid buffered by ammonium 
hydroxide to pH4, pHn, pHs, and 
pH7' Briefly stated, in this test a 
standard fineness fraction of the 
glass is agitated fDr 16 hours in 
ammonium acetate at the four 
levels of pH mentioned, The 
amount of the various micronutri-



ents released to this solution dur
ing the sixteen hours is taken as a 
measure of the release rate of the 
micronutrients from the glass. 

The test, developed during 
this phase of our program, to de
termine the release rates of micro
nutrients from glass is still used 
today to guide us in the develop
ment of new FTE compositions. 

Concurrent with the multiple 
trace element developments, we co
operated in a similar investigation 
with the U. S. Borax & Chemical 
Corporation for a study of glasses 
containing the single element 
boron. From these studies, we not 
only developed a satisfactory, slow
ly soluble boron hit, but also de
veloped valuable information to 
guide us in our general develop
ment pro,!,lTam. 

At this poin t, we turned to the 
agricultural colleges and experi
mental stations to guide us in the 
development of a product to 
answer the needs of the fertilizer 
industry. 

It would be impossible to 
cover here or to acknowledge all of 
the help that we have received 
from technical people in land-grant 
colleges over the past 14 years in 
the development of fritted micro
nutrients. Literally hundreds of in
vestigators tested our products. 
Consequently, we must necessarily 
stress the high points in these in
vestigations and confine direct ref
erence to the development of FTE 
to the stage of becoming a com
mercially usable product. 

Some of the earliest grants-in
aid were established at Clemson, 
Rutgers and the University of Flor
ida. 

Again, time will not permit 
us to go into detail on the work 
that was done between 1953 and 
1961 in the three institutions men
tioned and the U. S. Department 
of Agriculture. \Ve will instead, 
report to you only on the aspects 
of these tests which we feel led 
to the establishment of a definite 
difference between FTE and other 
sources of micronutrients. 

At Clemson, under the direc
tion of Dr. N. R. Page, both lab
oratory and field studies helped us 
to determine a release rate that was 
most efficient from an economic 
standpoint and still maintain 
limits of toxicity most adaptable 

to use on a wide range of crops 
and soils. During these investiga
tions, field test plots on beans were 
studied in relation to the rate of 
release of boron. We did in fact, 
increase the release rate of boron 
in some of the glasses to the extent 
that it was no longer safe to add 
what can be considered reasonable 
doses without fear of the toxic 
effects. 

'Vhen rates of release were 
considered satisfactory, then the 
oposite effect; namely, soil build-up 
was studied over a period of four 
years with a product that we con
sidered to be marketable. Repeated 
high applications were made to 
plots over the four years with no 
apparent indications of soil build
up. 

During this time carefuly con
trolled leaching tests in lysimeters 
indicated the boron content of the 
glass was released over a period 
of approximately one year. 

Since it was felt that cotton in 
South Carolina would respond to 
manganese and boron, a manga
nese-boron frit was developed for 
field testing. In two tests in each 
county of South Carolina, one acre 
plots of cotton compared fritted 
micronutrients with the soluble 
salts of manganese and boron. 
Average results throughout the 
state showed both hit and soluble 
salts increased the yield of lint 
cotton in South Carolina by 31 
pounds per acre. 

After four years of work, Dr. 
Page had investigated fritted mi
cronutrients to the extent that he 
made the following statement in 
the publication, Whafs New in 
Crops and Soils, June-July, 1957, 
"Slowly-soluble minor element 
'frits' offer a means of minimizing 
some of the problems associated 
with soluble minor element com
pounds. 

Because they release the ele
ments at slower rates, frits reduce 
seasonal fluctuations in the supply 
of available minor elements. They 
thereby reduce the danger of toxic
ity on the one hand while at the 
same time providing a more 
uniform and continuous supply 
throughout the entire growing 
season. 

Thus, there is more efficient 
utilization of the applied minor 
elements and it is reflected in more 
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consistent yield response. With less 
danger of toxicity, special fertilizers 
for specific crops are not necessary 
and minor elements may be in
cluded in general crop fertilizers." 

At this time, this opinion was 
reflected in the South Carolina 
recommendations for cotton fertil
lizers in which they sanctioned 
either the use of colemanite and 
manganese sulphate or frits. There 
was a qualification however which 
stipulated that, fertilizers contain
ing the soluble materials should be 
used on cotton only, but that fertil
izers containing the recommended 
amount of frits could be used on 
any crop. 

Concurrent with the work 
done at Clemson, the horticultural 
department of Rutgers University, 
under the direction of Dr. Norman 
L. Childers, investigated fritted 
micronutrients in plot tests, green
house studies and field trials on 
commercial vegetable crops in the 
South New Jersey area. 

In carefully controlled green
house studies, Mr. Abdul R_ Kamali, 
in conjunction with Dr. Childers, 
studied the micronutrient uptake 
by orange seedlings from a fritted 
form of trace elements. Although 
this was one of our earlier com
positions, results as reported in the 
publication of the American Soc
iety of Horticultural Science, Vol
ume 72, 1958 established the fact 
that all trace elements including 
boron, copper, iron, manganese, 
molybdenum and zinc were taken 
up by the plants in quantities 
showing an increase in uptake from 
low to high rates of application. 
Thus we substantiated earlier stud
ies at Michigan State regarding the 
ability of plants to take up minor 
elements from a glass matrix. 

After several years of study, 
research and continued develop
ment, including the yield tests 
mentioned above, Dr. Childers re
ported in New Jersey Fa1-ffl, and 
Garden, in March, ]957 in an 
article titled a "Progress Report 
on Minor Elements", that the 
tendency to produce fertilizers con
taining insurance quantities of 
minor elements was growing in 
popularity. In this article he states, 
"Many fertilizer companies, who 
typically look a t the over-all prob
lem from a practical standpoint, 
have devised fertilizer mixes that 



will supply, in addition to major 
nutrients, modest amounts of trace 
elements, These are referred to as 
"Premium Grades". By this "shot
gun" or "short-cut" approach, the 
grower can pay $5 to $10 more a 
ton for these grades. He more or 
less considers them msurance 
against trace element deficiencies. 
The increased fertilizer cost is con· 
sidered nominal as compared with 
cost of, for example, spray mater
ials for apples on an acre basis." 

In work done under grants-in
aid by Ferro at the University of 
Florida in Gainsville, Florida dur
ing the period of 1954 to 1960, Dr. 
J. G. A. Fiskell and Mr. H. W. 
Winsor directed projects which 
substantiated the claims to low 
toxicity hazards and long lasting 
effect of fritted micronutrients. 

In an article printed in the 
Florida Grower and Rancher, 
January, 1960, Mr. H. VV. Winsor 
demonstrated that fritted micro
nutrients go to work immediately 
after it is applied. He stated, "Frit 
has been designed as a persistent 
material. But it also appears (see 
lysimeters of turni ps on page 9) 
to furnish an adequate early-season 
supply of nutrients. In the case 
of the turnips, the fritted plants 
began to show superior growth and 
vigor within four days from seed
ling emergence." This result found 
by Mr. Winsor is an effective re
buttal to some arguments that frit 
should not be used where early 
response is needed on fast growing 
crops_ 

The long lasting effect or per
sistency of micronutrients from a 
fritted source is attested to in work 
done by Dr. J. G. A. Fiskell and 
the Beef Research Unit Range 
Cattle Station on the maintenance 
of clover forage throughout the 
season in Florida_ In his article, 
printed in the October, 1958 issue 
of the Florida Cattlemen, he stated: 
"Few cattle or dairy herds have a 
diet of good clover grass twelve 
months a year. Proper soil fertility 
can keep clover growing from sea
son to season. Lime, fertilizer and 
minor elements must be supplied." 
In this study he proved that frit
ted micronutrients performed their 
part of this requirement by staying 
in an available form throughout 
the growing season. They furnish
ed minor nutrients when they were 

most needed to maintain the clover 
growth. 

Dr. E. R. Holden, of the U. S. 
Department of Agriculture made 
some very thorough investigations 
of agricultural frits. Over a period 
of several years he studied the re
lease rates of boron from single ele
ment boron frits. He studied the 
effects of fineness of grinding as 
well as composition on the uptake 
of boron versus a soluble source. 
He used alfalfa, a highly tolerant 
crop to boron, as his control plant. 
Only a thorough study of the re
ports of Dr. Holden and his as
sociates in Agrirultuml and Food 
Chemistry, and the summary in
cluded in the Micronutrients Sym
posium in 1\1 ay-J une, 1962, can do 
justice to Dr. Holden's thorough 
investigation. 

Here we can only quote a 
statement made in the article, 
"Properties and Uses of Micro
nutrient Glasses in Crop Produc
tion," by Dr. E. R. Holden, Soil 
and Water Conservation Research 
Division, Agricultural Research 
Service, U. S. Department of Agri
culture; Dr. N. R. Page, Depart
ment of Agronomy and Soils, Clem
son Agricultural College and Dr. 
J. 1. vVear, Department of Agron
omy and Soils, Auburn University; 
which stated, "Response to the 
glass, though initially lower, be
comes greater than that to borax 
in late growth. Only about one 
half as much boron was needed 
to keep boron content of the crop 
from falling below the lowest level 
occurring with borax. Broadly, the 
effect of the glass is to minimize 
seasonal variation in crop boron 
(25) as indicated in Figure 3." 

This then is the basic storv 
of the research and development il~ 
fritted micronutrients. Our reli
ance on the technical agronomist 
in the land-grant colleges and the 
U. S. Department of Agriculture 
is obvious. Ferro as a corporation 
is strong in its knowledge and the 
basic concept of the manufacture 
of glasses. \Ve have relied on the 
technical ability of college person
nel to furnish agronomic advice 
and guidance. 

Since early experience indicat
ed that a product with our qual
ities was in demand in the in
surance type trace element field, 
we naturally gravitated in that di-
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rection, Fritted micronutrients have 
found a receptive market. The 
safety and over-all predictability 
fit this type of use. 

In the past few years, more 
and more emphasis has been placed 
on the use of micronutrients in 
fertilizers. The grower is going for 
higher and higher yields which in
creases the possibility of running 
short of one or more of the micro
nutrients. Trained agronomists, 
who know crop needs, want to de
sign micronutrient additions based 
on their knowledge of the crops 
they are growing and the needs in 
their area. They want materials 
they feel will give the farmer the 
best fertilizer product their train
ing and experience can furnish. 

Now after this time of develop
ment and agronomic proof of the 
value of frittcd micronutrients 
from the lIsers standpoint, we must 
turn to the practical handling of 
this product in the fertilizer manu
facturing plant. 

FTE, in its normal state, is a 
very fine powdered material ap
proximately 90 to 957(: minus 200 
mesh. It is relatively inert, being 
soluble in water at a rate measured 
in parts per million. If we mix it 
with powdered fertilizer material, 
which is rather unusual today, we 
have no particular problems and 
have the advantage of the inert 
nature of the material to do away 
with picking up moisture and caus
ing setting-up of the fertilizer. 

In the past 10 to 15 years, 
probably 90% of the FTE sold 
has been added as a part of the 
dry raw mix in the manufacture 
of chemical fertilizers. It became 
a part of the powdered mixture 
that subsequently went through 
ammoniation, phosphoric acid ad
dition and on through the regular 
granulation processes. 

Here again, the inert nature 
of the material practically nullified 
the possibility of interaction with 
other chemicals in the process. 
During the short period in the 
process there may have been some 
slight reaction during the time that 
the material was on the acid side. 
In general most of the material 
went through the process without 
any physical or chemical change. 
The heat certainly would not affect 
any changes, as it reportedly does 
in certain of the organic materials, 
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tration to describe our capability 
of production. We will also show 
you some slides of actual construc
tion of this unit. Certain units 
necessary to furnish granular prod
ucts are already in operation and 
it is estimated that we will be in 
full plant production by December 
15th. 

Slide 1 

Slide number one, shows our 
bulk storage for raw material. This 
includes twelve bins each having 
a 3000 cubic foot capacity, roughly 
21'2 cars of average raw material. 
In addition, there are three bins 
on the in-going end for processed 
raw materials. Each has a 1500 
cubic foot capacity and can be 
serviced for our daily requirements 
either from bunker storage or from 
railroad car. All materials going 
to these three bins will have gone 
through a processing operation 
which includes drying and/ or 
grinding. 

since we originally manufactured 
this material at 2350 degrees F. 

We could here refer back to 
Dr. Page's conclusion, that with 
less danger of toxicity, special fer
tilizers for specific crops are not 
necessary and minor elements may 
be included in general crop fertil
izers. Certainly a lesser number 01 
the specialty grade5 is of interest 
to the fertilizer manufacturer. 

If we have developed inherent 
good qualities that fit certain of 
our fertilizer manufacturing pro
cesses, we also have seen other 
problems develop as the industry 
needs change that must necessarily 
be answered if manufacturing prob
lems are to be minimized. 

The increased popularity of 
the suspension type fluid fertilizer 
has created problems that must be 
answered. It is easy to say tha t 
insolu ble micronutrients can be 
used in suspensions but certainly 
there are many problems in hand
ling and perhaps even particle size 
that are going to have to be stud
ied in order to ease your problems 
in the manufacturing process and 
III the field . 

Ferro has started a program 
of research and development to 
study these problems in the lab
oratory and it is our hope that in 
the future we will be able to help 
you simplify the manufacturing 
and control problems of micro
nutrients in suspension fertilizers. 

The increased popularity ot 
granular blending in rela tion to 
the use of micronutrients has creal-

ed problems both of distribution 
and segregation. 

To answer the changes and 
varying needs of the fertilizer in
dustry it became apparent that a 
new plant designed for more flexi 
bility was needed. 

Since we had outgrown the 
available area surrounding the 
Cleveland Plant, a survey showed 
that the more centrally loca ted 
Nashville plant area was the 
proper place to build a micro
nutrient center to serve the fertil
izer industry. 

This meeting IS somewhat 
ahead of our cons truction progranl 
in Nashville and consequently ] 
will me a flow sheet type of illus-

Also there are three bins of 
this same capacity (1500 cubic feet 
each) for use in holding materials 
consisting of powdered FTE or 
granulating additives for the com
pacting section. 

Batch weighing is done under 
each overhead storage hopper using 
Howe-Richardson hopper scales 
wi th Y2 ton ingredient capacity 
each. Each scale beam serves two 
overhead storage hoppers. Weighed 
raw materials are dropped on an 
enclosed Link Belt slide conveyor 
to the batch storage hopper above 
a Carrier Swirl-a-Flow mixer. 

From the batch mixer the ma-

Slide 2 
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Slide 3 

terial is dropped into a portable 
batch hopper which may either go 
to the compacting section or the 
smelting department. 

Slide number two. shows the 
smelting operation. This is one 
operation that is unusual in the 
fertilizer industry. Raw batches 
containing all of the trace elements 
and other raw materials necessary 
to form the glass matrix are trans· 
ported in the portable batch hop
per to a 25 ton batch hopper feed· 
ing the smelter. 

This smelter i~ the larges t we 
have ever built in our own opera
tion and is capable of melting spe
cial glasses at the ra te of 2 Y2 tons 
per hour. The smelting takes 
place at approximately 2350-2500 
degrees F. The product, a hom· 
ogeneous glass containing all the 
trace e lements to be claimed. runs 
from the smelter into water. This 
quenching action shatters the glass 
into fine particles which drop to 
the bottom of the quench tank. A 
bucket elevator. perforated to re
lease the water, elevates the wet 
frit to a Barber Greene fluid bed 
dryer. This dryer is an innovation 
in our industry as well as yours. 

From the dryer, we again go 
into a portable batch hopper at 
which point production is check 
weighed. 

serving a Stedman cage mill pre· 
crusher. 

The pre·crushed material goes 
to a 20 ton milling storage hopper 
serving an Allis Chalmers vibrato 
ing steel ball mill. 

The fineness of the finished 
produci is controlled by a Hard
inge air swept fin eness classifying 
system. 

Course mater ials are returned 
to the Alli~ Chalmers mill feeder 
and the end product goes to a 
Black Diamond bagger system or. 
if it is to be compacted, directly 
back to one of the previously des
cribed 1500 Cll bie fool storage bins 

serving the weighing and batching 
process. 

Slide number four shows the 
compacting unit. Material to be 
compacted, including ground FTE, 
is weighed on the batch weighing 
unit. mixed in the Swirl-a-Flow 
mixer and discharged to the port
able batch hopper. This batd: hop
per transports the mix for com
pacting to a 20 ton storage hopper 
over the compactor. 

The batch to be compacted is 
fed through the Komarek-Greaves 
pre-mix for water addition and 
from there is fed through the cor
rugated Komarek-Greaves compact
ing rolls. 

The compacted material is dis
charged on a vibrating conveyor 
which screens out the wet fines 
which are returned to the mixer. 
The compacted material goes 
through a vibrating vertical dryer 
and through a chain mill where 
the compacted material is broken 
up. The material then passes 
through a vibrating sizing screen 
which follows the chain mill. 

Properly sized product goes to 
the bagging station. over-size is reo 
cycled through the mill and fines 
go back to the compacting opera· 
tion. 

Compacted product of the cor
rect size goes to surge storage servo 
ing a Black Diamond pressurized 
bagging unit. 

We will now show you a few 
slides of the equipment that I have 

Slide number three, shows the 
milling section. The portable 
batch hopper is delivered from the 
smelter to an elevator which car
ries the dry frit to a surge hopper Slide 4 
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been describing. This will give you 
some idea of the type of equipment 
we use and illustrate the flexibility 
of the installation and its ability 
to serve the fertilizer industry. 

MODERATOR SAUCHELLI: Thank 
you, Gene. 

We will go to the next paper 
because it deals with a similar sub· 
ject and then we will have time for 
questions. 

The next speaker has chosen 
for his subject Coating Micro
nutrients On Blended Fertilizers. 
You will notice the semantics, these 

materials are referred to as minor 
elements, trace elements, micro
nutrients. It all depends on with 
whom you are talking. The agro
nomists like micronutrients. Gen
erally throughout the world it is 
trace elements and minor elements 
is going into discard. But trace 
elements and micronutrients are 
the proper terms. 

The next speaker Mr. R. L. 
Gilbert represents the American 
Cyanamid Company, a company 
that has been very prominent in 
this field. 

--------.--. _ ... _-_ .. _---

Coating Micronutrients on Bulk Blended Fertilizer 
R. L. Gilbert, H. H. Nau and T. R. Cox 

In trod uction 

In the past several years the 
need for micronutrients in high 
yield fertilization programs has be
come increasingly apparent, with 
responses commonly being obtain
ed from zinc, manganese, molyb
denum, and boron on a number of 
field crops. The need for specific 
elements varies widely among dif
ferent crops and soils. It thus be
comes important to develop a flexi
ble system whereby anyone or a 
combination of the micronutrients 
can be added on a prescription 
basis to fertilizers required for 
specific fields. 

where only insurance levels are de
sired, such large amounts of micro
nutrient are not needed and uni
form distribution in the soil could 
not be assured if granular sources 
were used. The problem we set 
out to solve, then, was uniform 
distribution of relatively small 
amounts of finely divided micro
nutrient sources in bulk blended 
granular fertilizers. In addition to 
uniformity of distribution, it was 
required that a high degree of 
adhesion of the powder to the fer
tilizer granules be obtained. and 
that any additive used should not 

cause caking nor sensitize the am
monium nitrate in the blend. 

Others were also making efforts 
to solve these problems at about 
the same time. Our friends at TVA 
were using water, diesel oil, or used 
motor oil as a binder for micro
nutrient dusts.1 In their work they 
had pre-mixed the dust with gran
ular fertilizer, and then added the 
binder, 1 to 3 % by weight, either 
as a spray or through a perforated 
sparger. When water was used 
there was a tendency for caking, 
especially if the product were bag
ged. Oil did not cause caking but 
was smelly, tended to bleed through 
bags, and could sensitize ammon
ium nitrate contained in blends. 

Experimental 

\Ve originally considered spray
ing a solution of soluble micro
nutrient, or a slurry of insoluble 
micronutrient onto the granular 
fertilizer. N ei ther of these ideas 
was practical because they required 
excessive amounts of water. We 
decided therefore to try to stick 
micronutrient dust on granular 
fertilizers wi th a binder. 

Our laboratory work was done 
with very simple equipment, as 
shown in the first slide. A rolling 
bed of granular fertilizer was main
tained in either a stainless steel 

The type of micronutrient 
source used to supply the deficient 
element depends upon the type of 
fertilizer into which the micro
nutrient is to be incorporated. 
Liquid fertilizers require the use 
of soluble salts, and the amount 
of micronutrient which can be 
added depends on solubility in the 
liquid fertilizer. With suspension 
fertilizers or chemically gTanulated 
goods, either soluble or insoluble 
micronutrient sources may be used. 
Finely divided materials are re
quired for use in suspensions and 
are desirable for chemically granu
lated fertilizers. In bulk blends 
granular micronutrient sources 
may be used when a large amount 
of the micronutrient is needed. 
For example, granular zinc sulfate 
might be used to add 4% zinc to 
an 8·32-16 for corn in an area 
where extreme zinc deficiency oc
curs. For most soils, however, Sllde 1 
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beaker or a polyethylene tumbler. 
rotated by a laboratory stirring 
motor. Liquid was sprayed with 
a standard medical atomizer. 

The use of oily materials as 
binders was not considered. be
cause problems associated with 
them seemed insurmountable. With 
aqueous binders the problem ap
peared to be a very specialized type 
of granulation, in which we needed 
a maximum of solution phase with 
a minimum amount of water. With 
very small amounts of water, we 
expected caking of the product 
could be avoided. Solutions of 
very soluble materials met these re
quirements for binders. Among 
the solu tions we tested as binders 
were fertilizer materials such as 
(ammonium nitrate. urea, and non
pressure nitrogen solutions) ; sugars 
(dextrose, and by-products of dex
trose refining); and lignin sulfon
ate products. 

The micronutrient materials 
which we used were, for the most 
part, zinc, cuprous, and manganous 
oxides and sodium borates; and 
mixtures of these materials. We 
also did some work with sulfates 
and frits. 

To prepare a test sample, fine 
micronutrient dust, preferably 90-
95 % through a 200 mesh screen. 
was mixed with the blended fertil
izer, and then binder solution was 
sprayed onto the mixture. 

'Ve tested samples for adhesion 
of micronutrient by screening on 
60 mesh vibrated by Ro-Tap for 
one minute. The -60 mesh mater
ial was considered to be all micro
nutrient. A period of 24 hours was 
allowed to elapse between prepara
tion of the sample and testing for 
adhesion. We tested for caking by 
sealing samples into small poly
ethylene bags and weighting them 
with 3.5-4 psi for 3 days. The de
gree of caking under this pressure 
was estimated qualitatively. 

Slide 2 
Laboratory Formulation Micro Charger® 

on 6-24-24 

Binder 
Adhesion 

% 

Ammonium Nitrate 85 
Ammonium Nitrate 87 
NA Lignin Sul-

fonate 92 
Dextrose 92 

Caking 
in 24 hrs 

None 
None 

Slight 
Slight 

Slide 3 
Laboratory Formulations of 

Micro Charger@ 

Micronutrient 

Binder Type % Type 

AN Soln, 64 ro 7.4 ZnS04 

ZnO 
AN Soln, 64% 10.4 ZnS04 

ZnO 
Enzose 2.1 ZnO 

% bywt. 
Element 

20.4 
1.2 

18.0 
2.0 

14.0 
AN Soln, 64 % 1.0 Na2B407 1.0 

Some typical results of the lab
oratory work are shown in Slides 2 
and 3. 

The 6-24-24 used as substrate 
in these tests was made from DAP, 
TSP, and Potash. The micronutri
ent dust was a mixture of zinc and 
manganese oxides and sodium bor
ate, added to give 0.25 % each of 
Zn and Mn, and 0.0670 B. The 
amount of binder used was 170. 
All binder solutions contained 
50 % solids. 

Three types of substrates were 
used in this work to make blends 
having nutrient ratio 5-4-0. The 
substrates were AN + TSP, DAP + 
TSP, and Ammonium Sulfate + 
TSP. In all cases adhesion of 
micronutrient dust was over 97 % , 
with little or no caking. 

Our work. involving the use of 
liquid fertilizers as a binder, was 
subsequently granted a patent2 on 
November 21, 1967. 

Adaptation of the laboratory 
procedure to our bulk blending 
plants required additional develop
ment work. Through numerous 
'''in plant" tests, we gradually de
veloped procedures and equipment 
which now do an excellent job of 
coating and sticking various micro
nutrients in a wide range of quan
tities on blended fertilizer. 

Slide 4 
Composition of 6-24-24 Batches 

Material 

DAP 
AN 
TSP 
Potash 
ZnO 
1\-1nO 
Na{B20 7 
Nitrogen Soln (28 %) 

or 5070 AN Soln 

67 

Wt.. Lb. 

377 
156 
667 
800 

6.5 
8.7 
5.2 

20 

Slide 5 
Analyses of 6-24-24 Batches 

Calcu
lated 

Batch # Analysis 

Zn 
Range 
Aver-
age 

Mn 
Range 

Aver-

0.25 

age 0.25 
B Range 
Aver-
age 0.06 

% 

2 3 

.20-.23 .22-.27 .23-.30 

.21 .25 .29 

.17 -.20 .22-.24 ,24-.28 

.19 
.04-.05 

.045 

.23 

.05 

.05 

.25 
.04-.05 

.04 

Results of some tests of the 
equipment are shown in Slides 4 
and 5. Batches of 6-24-24 were 
mixed by the standard procedure, 
and samples were taken at inter
vals from the stream as the mixer 
discharged. Slide 4 shows the com
posi tion of the batches; slide 5 the 
analyses for micronutrients. 

Cyanamid has trade named 
this coa ting process "Micro
Charger." Customer acceptance has 
been very good, primarily because 
of the wide range of micronutrient 
materials and quantities which can 
be applied and because the cus
tomer can see the amount and dis
tribution of micronutrients on the 
surface of each granule. Shown 
here i!> a blow-up of a typical 
"Micro-Charged" fertilizer particle 
showing the micronutrients on the 
surface. 

Development work will con
tinue toward further improving 
the process, speeding the thru-put. 
and increasing the quantity of 
micronutrients which can be ap
plied in a single pass. 

Slide 6 



In summary, we believe that 
the micronutrient coating process 
developed and patented by Cyana
mid will greatly increase the flexi
bility of our Farm Service Centers 
to provide farmers with prescrip
tion applied micronutrients on 
prescription blended primary and 
secondary fertilizer materials. 
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MODERATOR SAUCHELLI: Thank 
you, Mr. Gilbert. I am sure that 
was of interest to our operations 
men because they are going to face 
that problem more and more in 
the future. 

We are pressed for time and 
have time only for one or two 
brief questions. Are there any 
questions? 

A MEMBER: Do you feel you 
are getting value for your micro
nutrients in the sales of your fer-

tilizers in the marketplace? Can 
you get the money out of your 
process in addition? 

MR. GILBERT: Oh, I think so. 
MODERATOR SAUCHELLI: I now 

turn the meeting over to Mr. 
Robert Heck who will moderate 
the remaining part of this session. 

MODERATOR MR. ROBERT R. 
HECK: Thank you, Vince. 

When the Round Table first 
started in 1951 I think the most 
immediate objective it set for it
self was to provide a means of 
helping people in the fertilizer in
dustry solve problems. I think the 
agenda that we have had today and 
the one we have had for the past 
15 or 16 years has indicated our 
interest still remains in the ability 
to solve problems. 

This afternoon we are very 
fortunate to have Dr. John Con
nor, Chemical Construction Com
pany, with us and in line with 
what I have just said about prob
lem solving, Dr. Connor will dis
cuss Sulfuric and Nitric Acid Plant 
Operation Problems. Dr. Connor, 
please. 

Operating Problems in Small Sulfuric and 
Nitric Acid Plants with Special Reference 

to Effluent Difficulties 
John M. Connor 

Introduction 
Apart from the fact that the 

products are the two most im
portant mineral acids, sulfuric and 
nitric acid processes and the plants 
used for them bear little resem
blance to each other. However, 
they have some common features 
which lead to common problems 
and it may be well to deal with 
these first. 

1. Waste Heat Recovery 
Both processes are exothermic 

overall and the initial reaction in 
both cases takes place at a rela
tively high temperature. Plant 
development for both processes 
has passed through the same stages 
(or dealing with this surplus heat; 
initially simple heat wastage to 
the atmosphere or cooling water 
followed by heat recovery as low 
pressure steam for process heating 
purposes in other plants (as well 

as for 8U lfur melting in sulfuric 
acid plants). Heat recovery as high 
pressure superheated stearn to give 
power for plant drives and power 
production for export is the most 
recent development. 

In most modern nitric acid 
plants there is some heat recovery 
for direct use in gas expanders, a 
development which has not yet 
arrived in the sulfuric acid plant, 
but may yet come. 

Boilers vary a great deal in 
sophistication but because in both 
cases the process gas becomes cor
rosive if cooled too far they are 
normally designed for pressures of 
200 psig or over. Although no 
great expertise is required to op
erate a 250 psig fire tube boiler, 
as the highest pressure unit in the 
plant it merits some special care 
and if a natural or forced circula
tion water tube boiler is used more 
operating care is required. Some 
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degree of water treatment and dos
ing is always desirable and many 
boiler troubles can be traced to 
improper operation of this equip
ment. In fact overzealous dosing 
with sodium sulfite and phosphate 
leading to build up of deposits on 
or in tubes is in my experience the 
most common cause of boiler 
failure. 

Boiler failure itself can cause 
secondary problems, as the injec
tion of water into the gas results 
in severely corrosive conditions in 
the rest of the plant. This may be 
less of a problem in nitric acid 
than sulfuric acid plants because 
of the lower heat capacity of the 
plant and the fact that much of 
it is constructed of stainless steel. 
In sulfuric acid plants a series of 
mishaps with the boiler will al
most certainly lead to corrosion 
problems in the later stages of the 
plant, particularly if a feed water 
economizer is included. These 
problems may not show up until 
much later in the life of the plant 
but the effect is sumulative. It is 
important to establish proper pro
cedures for shutting down the plant 
in the event of an actual or sus
pected boiler failure to reduce 
this danger of further damage. As 
in both cases the plants can be 
substantial stearn exporters other 
plants may be put in difficulties 
by a sudden shutdown and their 
problems must be considered also. 

2. Mechanical Equipment 
Another common feature of 

the processes is that although the 
smaller pumps are usually provided 
with installed or stored spares, both 
plants rely on a single centrifugal 
blower or compressor to provide 
the motive force to drive the gas 
through the plant. In the case of 
many nitric acid plants this is a 
complex unit including a letdown 
recovery gas turbine drive as well 
as steam turbine or electric motor. 
Proper care in the maintenance 
of these units is an obvious require
ment and there is little need to say 
anything else. On the whole they 
are reliable pieces of machinery 
which cause little trouble, although 
the greater complexity of the nitric 
acid unit mav mean more initial 
problems, particularly as plants are 
getting larger and the compressor
turbine units themselves are often 
to some extent prototype machines. 



3. Corrosion 

\'Vhere acids are made, corro
sion is an ever-present problem 
although in neither of these cases 
is it a particularly serious one. For 
this aspect it will be simpler if 
we look at the two plants sepa
rately. 

The resistance of cast iron and 
steel to corrosion by strong sul
furic acid means that in the strong 
acid section of the plant corrosion 
will cause little trouble and al
though leaking pump or valve 
packing may give the appearance 
of serious corrosion there is usual
ly little damage to the plant. A 
common cause of trouble in this 
section is overheating of acid due 
to the gas or acid coolers being too 
small or fouled. \Vhere sulfuric 
acid exceeds 200'F there may be 
relatively rapid corrosion of cast 
iron. The best remedy is to keep 
the acid cool. Corrosion resulting 
from boiler failure has already 
been mentioned. 

'Where acid is produced from 
pyrites, hydrogen sulfide, or other 
material requiring a wet purifica
tion section, there may be more 
trouble from corrosion. In this 
case the purification tower will be 
using recirculated acid liquor 
which, depending on circum
stances, may vary from about 1'/0 
to 60% in concentration at rela
tively high temperatures. The 
main units of equipment will be 
lead or lead and brick lined, but 
valves and spray nozzles as well as 
pumps cannot be protected in this 
way. Lead, rubber in one or other 
forms, and various plastics are 
probably the most resistant com
mon materials and the use of lined 
diaphragm valves of the Saunders 
type has solved a lot of problems. 
Carbon or graphite has proved a 
sound material for heat exchange 
equipment even though expensive. 
Where machineable metal must 
be used one of the "20" alloy group 
of stainless steels is probably best 
although Type 316 is often ade
quate and the higher nickel alloys 
are sometimes used. 

Problems arise in both sul
furic and nitric acid plants becau~e 
gas containing sulfur or nitrogen 
oxides, though relatively non
corrosive when above the dew point 
becomes corrosive once cooled be
low it. In sulfuric acid plants this 

stage is usually passed through very 
quickly in the quench section of 
the purification plant where spe
cial materials resistant to both 
heat and weak acid are used. In 
the nitric acid plant cooling the 
gas through the dewpoint is an 
essential part of the heat recovery 
process and condensation always 
occurs. Difficulties arise when the 
position in the plant where the gas 
reaches the dewpoint varies with 
plant operating conditions so that 
sections may be subjected alter
nately to condensing and boiling. 
This may occur, often with dis
astrous results where the layout 
of piping or equipment is ~uch 
that condensate produced by cool
ing the gas can travel upstream by 
gravity to a point at a higher tem
perature where it can evaporate. 
It can also happen at tube plates 
of feedwater heaters or condensers 
where the tube plate and the part 
of the tube rolled into it is cold 
enough for condensation but the 
body of the gas does not reach 
this temperature until some dis
tance along the tube. In most 
modern plants this problem can 
be overcome by arranging that 
the gas passes through its dew
point in a unit where the metal 
temperature is low so that corro
sion is reduced. Arrangements for 
easy replacement of this section 
are also an advantage. 

4. Pollution Problems 

Both types of plants can and 
do cause considerable air pollution 
and now that serious attention is 
being given to environmental prob
lems operators must consider how 
best to reduce the pollution they 
cause. As in the two plants the 
solutions are quite different I pro
pose to deal with these separately. 
It is as well to point out, however, 
that in neither plant can an eco
nomic case be made out for better 
poIlu tion control if the economics 
of acid production only are con
sidered and although there norm
ally is some return to the capital 
invested it is generally a poor one. 

It is also interesting to note 
that while practically all systems 
for reducing pollution from sul
furic acid plants result in some 
recovery of additional product or 
its equivalent, in nitric acid plants 
the emphasis has usually been on 
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destruction of the nitrogen oxides 
present. 

a. Nitric Acid 
Apart from the obvious de
sirability of building into the 
nitric acid design sufficient 
absorption equipment to re· 
cover the bulk of the nitro
gen oxides produced, the 
only practical method now 
available for reducing con
taminants in the stack gas 
is to destroy them by heat 
with the aid of a catalyst. 
The most usual method is to 
preheat the stack gas to about 
900°F, add a combustible gas 
or vapor and pass the result
ing mixture over a catalyst. 
Provided sufficient fuel is 
present to heat the gas to 
about 1l00·F any NOz or 
N 20 4 present will be reduced 
to NO. This, of course, 
merely means that the gas is 
colorless as it leaves the plant 
and usually by the time the 
NO is re-oxidized the stack 
gas is sufficiently dispersed 
so that it is not noticeably 
colored (about 200 ppm of 
N02 is visible). Although the 
logic of this process is some
what difficult to defend it is 
quite widely practiced. In 
Europe it has been common 
to arrange to dilute the stack 
gas with air either by an 
induction effect in the stack 
or by a separate blower, a 
practice which seems even less 
defensible. 

Complete reduction of the 
oxides to nitrogen can be 
effected if sufficient fuel is 
burnt to remove all the 
excess oxygen and if the 
right fuel is used. Many 
plants currently being built 
are provided with equip
ment for this purpose but 
the available experience is 
limited. The plant must be 
designed so that all the oxy
gen is removed within the 
limits of the temperature 
stability of the catalyst. The 
method used will depend on 
the catalyst and the fuel used. 
'Where hydrogen is available 
the lower ignition tempera
ture will permit the elimina
tion of oxygen at lower tem
peratures than with methane. 



U sing a two stage reactor 
with intermediate quench 
maximum temperatures can 
be limited to 1250°F even 
using methane and at this 
temperature the gas can be 
used directly in expanders 
and give increased power 
generation. Single stage re
actors using methane will 
give temperature of 1500°F 
and complete reduction to 
nitrogen but the gas must 
then be cooled in a boiler 
before being used in an ex
pander. Expanders designed 
for this temperature are be
coming available. 

Both pelletted and Honey
comb type catalysts are being 
used. Pellet ted catalysts are 
more rugged but take a 
higher pressure drop. There 
have been problems in ob
taining reproducible results 
with the Honeycomb type 
but development is proceed
ing and eventualIy it will 
probably be the preferred 
type. 

If either type of tail gas com
bustion equipment is built 
into the plant during design 
advantage may be taken of 
the high temperatures pro
duced to recover some of the 
fuel energy in a gas turbine 
driving the compressor. In 
this ,~ay better - thermody
namic use of the energy is 
obtained and the increased 
quantltles of steam made 
available may exceed that 
which would be produced by 
the combustion of the fuel in 
boiler equipment. Where 
steam is credited at a suffi· 
ciently high price this aspect 
may be sufficient justification 
for the tail gas reduction 
equipment and the stack im
provement is a bonus. Where 
stack gas reduction equip
ment is added to the plant 
after construction boilers or 
economizers may be installed 
to recover the heat as steam. 

Although catalytic reduction 
is the most popular method 
of dealing with the nitrogen 
oxides other processes are be
ing investigated. It is re
ported from Austria that a 

process for scrubbing the 
stack gases with an aqueous 
suspension of magnesium ox
ide is being tested on an in
dustrial scale. This process 
produces magnesium nitrate 
from which both the nitrogen 
oxide and the magnesium can 
be recovered by heating to 
280-300°F the NO being pro
duced at a high concentra
tion which can be readily 
recycled to the plant. 
Processes using sulfuric acid 
to produce nitrosyl sulfuric 
acid are also being considered 
in Europe. There are in prog
ress studies of various ad
sorbents but as yet none have 
been so economical as the re
duction process. 

b. SulfuTic Acid 
Stack gases from sulfuric acid 
plants contain S02' S03, and 
sulfuric acid mist as pollu
tants. Of these S02 is present 
in by far the greatest quan
tity but S03 and acid mist 
are often the most trouble
some and are considered by 
many the most dangerous. 
They are also the most obvi
ous from an outside view
point. Although these more 
visible pollutants are not a 
serious problem in modern 
plants they may be in older 
plants running at overload 
conditions. In the last few 
years several filters of kni tted 
stainless steel wire, glass fiber, 
teflon or mixtures of these 
materials have been de
veloped which will success
fully remove acid mist. It is 
important to note that the 
mist particles which consti
tute acid mist vary greatly in 
size and a filter which may 
be quite adequate for one 
plant may be useless on an
other. Particular care in the 
choice of a filter is necessary 
in plants where Oleum is 
produced. 
It is, however, the much 
larger quantity of the invisi
ble pollutant S02 which is 
causing concern to the public 
and, therefore, to the acid 
manufacturer. On the whole 
the movement towards higher 
conversion of S02 to S03 has 
been slower in the U.S. than 
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in Europe where very few 
plan ts have been built since 
1945 with guaranteed con
version of less than 98% 
for plants based on sulfur or 
less than 97 % for other ma
terials (corresponding to 
about 1700 and 2300 ppm 
respectively). Now there is 
another move underway, 
started in the German Ruhr 
Valley at one time notoriom 
for its pollution problems, to 
increase conversion to 991}0 
or more by using an absorp
tion stage between stages of 
conversion. It seems prob
able that as new pollution 
control legislation comes into 
force plants of this type will 
be built here also. 

This comparatively late but 
rapid change in the U.S. atti
tude to air pollution has re
sulted in there being a num
ber of plants in operation de
signed for lower conversion 
and still with a comparatively 
long useful life. To meet new 
regulations some modification 
of these plants will be neces
sary either to absorb the S02 
from the stack gas or to con
vert it to S03 by an improved 
conversion system. To con
vert the plant to a two stage 
absorption system in the ac
cepted sense of the term 
requires drastic modification 
lo equipment. To avoid this 
a scheme has been developed 
whereby a second conversion 
and absorption stage can be 
added to an existing plant 
with a minimum interference 
with the plant operation. The 
additional equipment re
quired consists of two stage 
converter, and associated heat 
exchangers, an absorption 
tower and an auxiliary 
blower. However, the addi
tional heat for the system 
instead of being obtained by 
heat exchange with the 
burner gas is obtained by di
rectly injecting the burner 
gas into the preheated tail 
gas stream. This is not, of 
course, as effective as a prop
erly designed two stage 
absorption-conversion system 
since some of the S02 by
passes the first converter en-



tirely, but in spite of this we 
estimate that a plant at 
present operating at 95% 
conversion could be brought 
up to about 99% overall by 
this method. Because with 
this modification some part 
of the burner gas passes 
directly from the sulfur 
furnace to the second con
verter and so bypasses the 
boiler of the main plant this 
may be used to add to the 
production of the planL \Ve 
estimate that with this above 
condition, the plant produc
tion might be increased by 
20% by this method provided 
adequate blower capacity is 
available. 

Another method currently be
ing put through pilot plant 
tests is to scrub the tail gas 
with a suspension of mag
nesium oxide. A wet 502 

recovery scnlbbing process of 
this type has been developed 
and is now being offered by 
Chemico's Pollution Control 
Division. The scrubber used 
is a low energy wet approach 
Venturi requiring a pressure 
drop of about 6 inches \V.G. 
The scrubbing liquor is a 
slurry of magnesium oxide 
with magnesium sulfate and 
sulfite crystals. The charac
teristics of the system are such 
that the 502 absorbed into 
the alkaline solution crystal
lizes as magnesium salts. A 
bleed from the circulating 
system is taken to a centri
fuge or filter and dewatered. 
The mixed magnesium salt 
crystals are then dried and 
calcined to produce 502 and 
MgO. The 502 is recycled 
to the acid plant-either to 
the scrubbing system of a 
wet gas plant or to the dry
ing tower of a sulfur burn
ing plant. The MgO, is of 
course, recycled to the scrub
bing liquor. 

The cost of the scrubbing 
equipment will depend on the 
volume of gas to be handled and 
the cost of the calcining equipment 
on the quantity of S02 recovered. 
It is estimated that on a plant op
erating at 95 % conversion recover
ing 90% of the 502 in the stack 
(i.e. giving an equivalent of 99.5% 
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recovery) a scrubbing plant of this 
type would, after allowing for de
preciation, show a small return on 
the investment. Of course, there 
have been for a long time other 
methods for reducing acid gas con
tent of the stack gas by scrubbing 
with alkali solutions. Ammonia 
has been most commonly used par
ticularly in plants built in the 
1930's and 1940's and especially in 
plants where ammonium sulfate 
was the final product. This proved 
an easy way of solving the pollu
tion problem and increasing pro
duction by 2 or 3% at the same 
time. However, with the falling 
price of ammonium sulfate this 
scheme has lost its interest. 

MODERATOR HECK: Thank you, 
Dr. Connor. 

fro 

to 

from Sulfur Furnace 

m absorber 

2nd absorber 

vVe will take a few minutes 
to open the floor for questions. 
We would like to ask, though, that 
you make sure that the question 
you ask is of a general nature to 
the audience here because of our 
time limits. Do we have a ques
tion? 

I wish I had about two hours 
of Dr. Connor's time. I've got a lot 
of questions. During the past two 
years we have seen quite a signifi
cant change take place in the sul
fur consumption throughout the 
world. \Ve have had indications 
that at the rate sulfur was being 
consumed there would be serious 
shortages of material. I am sure 
this and many other things led to 
an interest again in recovering 
sulfur from gypsum, either natural 
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gypsum or byproduct gypsum from 
phosphoric acid plant operations. 

Those of you who have been 
in Florida and have seen the 
gypsum dams and the gypsum 
mines there, I think if we continue 
mining in Florida at the rate we 
are consuming there, we will be 
able to cover up the State of 
Florida with gypsum in the very 
near future. 

This afternoon we have with 
us Dr. Derek S. Ashburner with 
the Power-Gas Corporation of 
America. He is a process develop
ment engineer. He has served some 
time in Europe, I believe, with 
Batelle. He is a graduate of the 
University of Cambridge. Dr. Ash
burner will discuss Cement and 
Sulfuric Acid from Calcium Sul
fate. 

The Production of Cement & Sulphuric Acid by the 
Marchon Process 

D. S. Ashburner 

Gentlemen, 1 am very pleased 
to have been invited to give this 
paper on the production of sul
phuric acid and cement from cal
cium sulphate. It is indeed per
tinent to present this paper at this 
time as Power-Gas has found much 
more world-wide interest expressed 
in this process in the past year or 
so than had been expected at the 
time Power-Gas licensed the Mar
chon technology. In fact, Power
Gas has a letter of intent from 
Chemoleum for a cement and sul
phuric acid plant from by-product 
gypsum for a South American 
project and are doing a feasibility 
study for United Gypsum Corpora
tion Ltd., in Canada. A number 
of similar studies are being carried 
out in other parts of the world. 

The basic process of making 
sulphuric acid from calcium sul
phate was developed about the 
time of the First World 'Varin 
Germany when the import of py
rites began to be severely restricted. 
Over a considerable period of time 
W. S. Muller and H. H. Kuhne 
of I. G. Farben carried out a good 
deal of laboratory research on the 
decomposition of calcium sulphate; 
following this work a small plant 
was set up at Leverkusen and op
erated until 1931. Later a similar 
but larger plant was built at 
Billingham in England with some 
assistance from the people at 
Leverkusen in the early stages of 
operation. Initially there was one 
kiln and with a later additional 
kiln production at the time was 
around 300 tons/day each of 
clinker and sulphuric acid. The 
Billingham plant is located on an 

area of anhydrite covering the 
whole of the plant site at a depth 
of a few hundred feet, and is 
therefore in a good position for 
mining the anhydrite cheaply. 
These early plants quite naturally 
experienced a great deal of diffi
culty with kiln linings and with 
raw material control; Dr. Kuhne 
in a paper published in Chemie
Ingenieur-Technik (1949) refers 
to the meter thick sausage like 
masses several meters in length 
which were often produced in the 
kiln. Occasionally a completely 
molten mass ran out and choked 
the clinker cooler. The brickwork 
in the kiln at Leverkusen had to 
be replaced about 20 times in 18 
months and it was not until mag
nesite bricks became avaiiabie in 
the 1930's that the lining problem 
was vastly improved. One has only 
to read this article to realize how 
very important is close raw ma
terial control and it is a measure 
of their success in this that Mar
chon are able to operate their kilns 
for about 2 years before shutdown 
for relining. 

The Germans built a large 
plant at Wolfen, the details of 
which were described in a BIOS 
publication. 2 kilns and 4 contact 
systems were built in 1938 with a 
further 2 kilns and 4 contact sys
tems in 1942. The raw material 
at Wolfen was 98% calcium suI· 
phate. which is a fairly pure 
matenal and the other raw ma
terials were clay, sand, pyrites and 
coke breeze. 

Marchon Products Limited 
was established in the years before 
the war on a small scale to manu-
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facture detergents and it was at the 
beginning of the Second World 
'Val' that the company was moved 
from the London area up to Cum
berland and became established 
near Whitehaven in one of the 
more remote parts of the country. 
In 10 or 11 years the Company had 
grown into an important chemical 
industry employing some 700 
people with an extemive domestic 
and export trade in detergents and 
detergent raw materials. A few 
years after the war had ended 
Marchon Products decided to be
come more self sufficient in sul
~llUric acid and applied for permis
SIOn to construct a sulphuric acid 
plant using pyrites as the raw ma
teriaL This the UK Board of 
Trade refused on the grounds that 
a large number of similar plants 
were already under construction 
at that time. Marchon then real· 
ized that the plant was located 
over one of the largest deposits 
of anhydrite in England; this re
serve has since proven to be even 
larger than originally estimated. 
They therefore established a sub
sidiary company called Solway 
Chemicals Limited to erect and 
op~rate a sulphuric acid plant 
whIch used anhydrite as the main 
sulphur source. The construction 
of the plant began in 1952 and 
cement and sulphuric acid were 
being produced by 1955. These 
two kilns are still operating well 
above the original design capacitv. 
A third kiln of similar capacity w~s 
erected a few years later and then 
in 1965 the capacity of the plant 
was doubled by the addition of 2 
further kilns making a total of 5 
kilns producing 440,000 short tons 
of sulphuric acid and cement 
clinker per annum. A substantial 
part of this sulphuric acid is used 
for making phosphoric acid which 
is in turn used for making poly
phosphates for detergents. Some 
cement clinker is sold without 
further processing but a substan
tial part is ground to make Port
land cement which is then bagged 
and marketed through the market
ing organization of APCM in the 
UK. Indicative of the quality of 
the product produced and the eco· 
nomic viability of the process is 
the fact that Marchon doubled 
their plant capacity in 1965. These 
recent kilns incorporate all of 



Marchon's latest thinking de
veloped from their experience in 
operating kilns over the preceding 
decade. The two newest kilns are 
operating above design capacity 
and the kiln linings of these kilns 
and of the older ones work for 2 
years before re-lining becomes 
necessary. 

Process Description 
In a conventional cement 

plant some form of calcium car
bonate is heated with other raw 
materials containing silica and 
alumina and iron in a rotary ce
ment kiln. Carbon dioxide is first 
driven off and then in a hotter part 
of the kiln the lime remaining 
after the carbon dioxide has been 
evolved combines with the other 
raw materials present to form ce
ment clinker. In the M tiller
Ktihne process. calcium carbonate 
is replaced by calcium sulphate. 
This material however does not 
decompose into lime and sulphur 
dioxide until a temperature ap
preciably above the decomposition 
temperature of limestone. It was 
this problem which the early work 
of I\I tiller and Clingestein over
came by the discovery that a small 
addition of powdered coke lowered 
the temperature at which this de
composition appeared to take 
place. One of the difficulties in 
the early work arose because too 
much coke was added, M tiller hav
ing assumed that one mole of car
bon was needed per mole of cal
cium sulphate. In fact the main 
reactions which are believed to 
take place are:-

1. A reduction step. Carbon 
in the coke reacts with one quarter 
of the calcium sulphate to form 
calcium sulphide. CaS04 + 2C = 
CaS + 2C02 -

2. Decomposition. The cal
cium sulphide previously formed 
now reacts with the rest of the cal
cium sulphate at a somewhat 
higher temperature to form sul
phur dioxide and calcium oxide. 
CaS + 3CaS04 = 'lCaO + 4802 

3. Clinker Reaction. The cal
cium oxide combines with silica, 
alumina and iron oxide present in 
the other raw materials to form the 
compounds which make up or
dinary Portland cement (e.g. tri
calcium silicate, dicalcium silicate, 

tricalicium aluminate and ferrite 
compounds etc). The main differ
ences between this process and 
conventional cement technology lie 
in the closer control that is needed 
at each stage of the process. The 
raw material mixture has to be ac
curately proportioned and the 
temperature and firing conditions 
in the kiln have to be closely con
trolled. For instance if the tem
perature in the firing zone becomes 
just that bit too high the material 
will melt causing "flushes" and 
consequent damage to the kiln lin
ing. Excess CaS can also result 
which produces a poor cement 
clinker. If the atmosphere in the 
kiln becomes reducing. quantities 
of sulphur can be deposited in the 
gas cleaning equipment causing 
serious operating and maintenance 
problems in those areas. 

The main raw materials at 
"Whitehaven are anhydrite. 
(natural anhydrous calcium sul
phate) shale, and coke, a small 
amount of sand being added to 
control accurately the silica content 
of the raw meal. The anhydrite 
deposit at \Vhitehaven lies a few 
hundred feet below ground and is 
mined by conventional room and 
pillar techniques. Primary crush
ing takes place in the mine and 
secondary crushing and screening 
is carried out at the mine head. 
Coke and sand are brought to the 
plant by road and rail and shale 
is quarried from a hillside close 
to the plant. The shale is crushed 
and conveyed to intermediate raw 
material storage before being dried. 
The shale does vary slightly in 
analysis but a typical analysis 
would be:-

Si02 
A120 3 

Fe20 3 

CaO 
Alkalies 

60% 
18% 
60/0 
4% 
2-70/0 

The materials used by Mar
chon at \Vhitehaven are not of 
course the only ones which could 
be used. There is a wide variety 
of shales and clays and sand which 
could be employed to supply the 
silica. alumina and iron. Part of 
the know-how in this technology 
lies in knowing and understand
ing the limits between which the 
silica and alumina concentrations 
can vary whilst maintaining suc
cessful operation of the process. 
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From intermediate storage the 
wet materials are conveyed to 
hoppers feeding rotary oil fired 
dryers. The anhydrite is not 
normally dried because this comes 
dry from the mine. Water content 
of coke, shale and sand is normally 
reduced to about 1 and the ma
terials are then ready for propor
tioning. 

From small intermediate stor
age following the dryers. the vari
ous raw materials are proportioned 
on automatic weigh feeders to
gether with the anhydrite and this 
mixture then passes from feed 
hoppers into the ball mills. These 
mills are fairly conventional rotary 
},all mills containing a number of 
Jiaphragms. The raw materials are 
ground together with a certain 
amount of recycle dust to a fine 
meal. The raw meal is then stored 
in one of a number of silos. the 
storage being so arranged that any 
variations in raw material composi
tion over a comparatively short 
time are evened out. These varia
tions are monitored by taking regu
lar samples of all the materials and 
analysing by X-ray spectrographic 
methods. Any variations can then 
be compensated by adjusting the 
weigh feeder settiugs. At this stage 
the raw meal consists of ground 
anhydrite. coke. shale, sand. and 
recycled dust. 

The raw meal is then pelle
tised on rotating pan pelletisers by 
mixing with a small quantity of 
water. Briefly the main advantage 
of pelletising is to stop the carry
over of very large quantities of dust 
from the cement kiln. The nodules 
fall into the kiln where the reac
tions previously described take 
place. The kiln itself is. of course, 
a very important part of the 
process and the temperature and 
composition of the kiln atmosphere 
must be very closely controlled, in 
the first case to prevent melting of 
the charge and in the second place 
to prevent production of sulphur 
and H 2S in the kiln gases. 

The kilns operated by Mar
chon are now all fired by heavy 
fuel oil although for many years 
Marchon used coal firing, and 
could indeed again return to coal 
firing if oil prices were to rise to 
very high levels. The Company is 
set up to change from oil to natural 
gas should this become available 



Figure I-A 
5 kilns at Marchon's Whitehaven Plant 

in the near future. Power-Gas is, 
therefore, able to offer designs 
based on coal, oil or natural gas 
firing. In some ways the kilns are 
very similar to conventional dry 
process limestone cement kilns, but 
the main difference is that these 
kilns have ceramic heat exchange 
devices built into them in order to 
control the rate of flow of material 
through the kiln, to shorten the 

leng th of kiln required, and to in
crease the rate of heat exchange 
between the walls and the solid 
materials. The exact design of the 
dams used in the Marchon kilns 
is proprietary information. These 
ceramic dams obviously increase 
the weight of the kiln and for this 
reason the shell of the kiln tends 
to be rather heavier than conven
tional cement kilns of the same 

Fiqure loB 

One of Marchon's two most recently erected kilns 
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size. This results in an extra tyre 
or two over what the conventional 
cement plant producer might have 
expected. Since the operation of 
the kilns is quite complex and 
must be closely controlled, Mar
chon and Power-Gas are studying 
the application of a computer to 
this system. Air is introduced into
the kilns, mainly through the 
rotary clinker coolers and thence 
to the kiln, a lesser amount as pri
mary and fuel atomising air and 
also as a small amount of tertiary 
air supplied to the back end of the 
kiln through the shell. This ter
tiary air is used to maintain the 
critical slightly oxidising kiln at
mosphere. 

As a rough guide to capacity 
these kilns produce something like 
60 '1'0 of the clinker that could be 
produced from a kiln of similar 
size using a conventional cement 
process. The largest kilns which 
are at present operating at Mar
chon and in other plants are of 
about 100,000 tons/ year capacity. 
Marchon are the only people to 
have any experience of recent con
struction of these kilns having con
structed 2 in 1966. There is no 
major mechanical problem, how
ever, in building a much larger 
kiln certainly up to 500 and pos
sibly a 1,000 tons/ day, except that 
these kilns would be very much 
beyond present established experi
ence. 

There are several references in 
the literature to the formation of 
rings in the cement kilns and it is 
worth saying at this stage that 
Marchon has no trouble at all 
with the formation of cement rings 
in their kilns. The formation of 
rings is caused by two factors, poor 
raw material control, and poor 
temperature and firing control of 
the kiln. The composition of ce
ment is quite often defined in 
terms of the lime factor, the silica 
ratio, and the alumina ratio:-

Lime factor = 
CaO 

Silica Ratio = 

Alumina Ratio = 
Fe203 + Al20 3 

Al20 3 



and in the case of plants producing 
cement and sulphuric acid these 
ratios must be much more tightly 
controlled than would be the case 
with conventional cement plants. 
Thus in one particular article 
which appeared recently, the fac
tors given are much too wide in 
range for successful operation. The 
actual factors which are used, of 
course, form part of the 'know
how' which is available under 
licence. 

The hot clinker drops from 
the firing end of the kiln into 
a rotary cooler mounted under
neath the kiln, and from here it 
passes through a squirrel cage 
screen and is conveyed to clinker 
storage. The clinker is then ground 
with a small addition of gypsum 
to produce Ordinary Portland Ce
ment and is then either bagged 
or conveyed from the plant in 
bulk. 

The gases which leave the end 
of the kiln consist of S02' 02' 
CO2, N2 and carry a substantial 
burden of dust. Normally the S02 
at this stage is about 9%. The 
gases are passed through a gas 
cleaning system consisting of cy
clones, electrostatic precipitators, 
wash towers, indirect coolers and 
wet gas preCIpItators. Following 
the addition of air, in order to 
bring the oxygen content to the 
level required by the process, the 
gas which is passed to the converter 
system contains about 5.5 % sul
phur dioxide. The flow of gases 
through the plant is brought about 
by blowers downstream of the dry
ing tower. The plant can be de
signed to produce either 96-98 
solution or oleum. 

Utilities 

As has been explained already 
the raw materials which can be 
used other than the calcium sul
phate source are quite wide in 
variety and their costs depend 
largely on the mining or quarrying 
techniques used and any transport 
from the mine or quarry to the 
plant site. The following utilities 
are based on the production of one 
short ton of 100 % sulphuric acid 

and are, of course, approximate 
figures. 

Item 
Anhydrite 

(or Gypsum 
Shale 
Sand 
Coke 
Fuel 

Cooling 
"Vater 

Electricity 

1.6 to 1.7 tons 

2.0 to 2.2 tons) 
0.29 tons 
0.06 tons 

0.10 tons 
6 million Btu's 

Anhydrite 
(10 million Btu's 

Gypsum) 
] 4,000 gals. 
(Circulating) 
190 kwh up to 

clinker production 
38 kwh for cement 

grinding 

The question sometimes asked 
at this point concerns the steam 
credit which is available from 
normal sulphur burning plants. 
The plant is in steam balance ex
cept in very cold climates where 

Capacity 

steam may be required for fuel 
oil heating and tracing of pipe
work. 

Capital Costs 

I would now like to turn to 
the interesting topic of the cost 
of these plants since I am sure 
many of you will be aware that 
the capital cost of a cement plant 
is very high when compared with 
many chemical plants of compara
tive capacities. In the following 
table we have given in round 
figures the capital cost of typical 
capacities of plants where the costs 
refer to ready to operate plants 
erected on so-called 'green field' 
sites. The plant begins with the 
reception of raw materials, in the 
case of anhydrite at the mine or 
quarry head, and finishes with the 
production of stored sulphuric acid 
and cement. 

tons/year No. of Kilns No. of Acid Plants Cost US Dollars 

100,000 I 
150,000 2 
200,000 2 
300,000 3 
300,000 4 

The capital costs indicated in 
these figures refer generally to 
Western European conditions in 
1968, and include the cost of equip
ment, erection, starting up, civils, 
engineering, and license fees, and 
all utilities provided that power 
and demineralised water are avail· 
able on site. The breakdown be-

1 7,000,000 
1 10,000,000 
1 12,000,000 
2 18,000,000 
2 19,000,000 

tween these different items does 
vary from project to project, but 
typically the breakdown might 
be:-

Equipment 57 % 
Erection 15 % 
Civils 200/0 
Fees 80/0 

It does need to be emphasized, 
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however, that these are only guid
ance figures and one needs to carry 
out a detailed evaluation of each 
individual project before knowing 
exactly what the capital cost is 
likely to be. 

Operating Costs 

1 would now like to indicate 
the likely operating costs of this 
process in a typical location and 
to compare this with the produc
tion of sulphuric acid from sul
phur and pyrites. Similar figures 
have also been published compara
tively recently in 'Chemical \Veek' 
and 'Chimie Industrie' for March 
1967. Chart 1, on page 75, gives 
our figures. 

By-product Gypsum 

In the newsletter that was cir
culated with the programme for 
this meeting it was indicated that 
I would probably have some re
marks to make on the solution of 
profitably disposing of ever accu
mulating by-product calcium sul
phate from phosphoric acid plants. 
In doing this I would like to make 
it clear that my remarks are some
what restricted by pending Patent 
Applications and existing Secrecy 
Agreements, and I think it might 
be helpful, therefore, to indicate 
those areas where the use of by
product gypsum in place of natural 
materials leads to change in plant 
design. The difference in raw ma
terials cost in substituting by-prod. 
uct gypsum for a natural material 
would be roughly 2.5 dollars/ton 
of acid assuming that the natural 
materials would have to be mined 
and that the waste gypsum was 
available at zero cost. It is, of 
course, quite conceivable that the 
gypsum would be available at a 
negative cost for some years in 
many of the locations. Set against 
this figure up to 4 million Btus/ 
ton acid of fuel would probably 
be needed in the first instance for 
drying the by-product gypsum, and 
at 40 cents/million Btus this means 
an approximate net saving of one 
dollar Iton of acid produced. 

The g)'psum which is supplied 
as a feed for cement/acid plant can 

be obtained either directly from a 
filter or from the stockpiles which 
have been built up over many years 
around phosphoric acid plants. In 
the former case the feed to the 
plant could either be as a slurry 
or as the cake washed from the 
plant. There are occasions where 
it will be preferable to store gyp
sum direct from the filter on an 
intermediate stockpile. After a 
short time gypsum would then be 
reclaimed, water having by that 
time had the chance to drain and 
evaporate. Gypsum prepared in 
this way may then contain between 
15 and 251'0 free moisture. It will 
be abrasive and corrosive and may 
cause caking at some points on the 
plant. The material will then be 
dried in an external dryer and 
added to the raw material mix. 
The use of gypsum as a direct feed 
to the kiln rather than dried gyp
sum would mean that more fuel 
was required in the kiln to dry 
the g)'psum and the gases coming 
out of the kiln would contain 
that much more CO2 and nitrogen 
so that the gas passing to the acid 
plant would be more dilute in 
sulphur dioxide than normally. 

The design of a plant operat
ing in by-product gypsum is, there
fore, to some extent a balance be
tween external drying and in
creased acid plant cost. 

The raw materials handling 
would be slightly different in that 
since the dried gypsum is already 
fairly fine there is no need to mill 
this along with the other raw ma
terials. This arrangement saves 
power and avoids the problems 
which can arise with blinding of 
the mill charge by powdered cal
cium sulphate. The feed to the 
kiln is prepared in the same way 
as before and only slight changes 
in the firing conditions have to be 
made. 

By-product gypsum contains in 
addition to a large amount of 
water, a number of other chemi
cals which would affect the cement 
quality and acid plant performance 
if present in large amounts. These 
are briefly: phosphorus compounds, 
fluorine compounds, and one or 
two other materials such as mag
nesia and alumina which were 
present in the original phosphate 
rocks. The alumina is, of course, 
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not detrimental but has to be 
allowed for in the raw material 
calculations; the magnesia on 
the other hand has to be re
stricted to fairly low levels for most 
cement standards. Phosphorus is 
normally present in typical by
product gypsum partly as soluble 
phosphoric acid but mostly as in
soluble co-crystallised phosphates. 
If this phosphorus passes through 
the kiln and eventually reaches the 
cement clinker it will stabilise the 
dicalcium silicate phase in the ce
ment clinker to the detriment of 
the tricalcium silicate phase. Since 
dicalcium silicate is slow setting 
and tricalcillm silicate is fairly fast 
setting, the net effect is a reduc
tion in early strength of the ce
ment which, therefore, does not 
always meet appropriate cement 
standards. Laboratory work enables 
one to fix an upper limit to the 
amount of phosphorus which can 
be permitted. Power-Gas and 
M archon have been doing some 
fairly extensive work on these 
topics but this must remain con· 
fidential. There is a certain amount 
of published information and in 
particular work which has been 
carried out at the Building Re
search Station at Garston, Hert
fordshire, England under the Di
rection of Dr. Nurse. He was able 
to show for instance that cement 
clinker which contains more than 
2.25 % of P 205 failed to meet the 
appropriate British Standards, Tn 
the long term we believe that there 
will be an increasing tendency 
to install cement/sulphuric add 
plants together with phosphoric 
acids plants which produce high 
purity by-product calicum sul
phate. There are several processes 
which of course now do this. 

Fluorine is rather a different 
problem in that its presence in the 
kiln can lower the melting points 
of the materials in the kiln and 
may cause ring formation, and any 
fluorine which does manage to 
pass through to the converter will 
cause a shortening in the effective 
life of the catalyst. There are a 
number of other minor problems 
with fluorine evolved from driers 
and from kiln gases since most 
countries have very stringent 
fluorine effluent regulations which 
look like becoming more severe 
as time passes. 



Well gentlemen, I am sure 
that this brief review of Marchon 
technology and present develop
ments has left several questions in 
your minds, but I will endeavour 
to answer any questions which you 
may have. I would like to con
clude my talk by showing you a 
few slides of the present Marchon 
installation which is situated on 
the Western side of the Lake Dis
trict of England, one of the most 
beautiful parts of the Country 
where one can still spend a day 
walking without seeing another 
soul and where one can sail a boat 
on a lake without risking collision 
every five minutes. 
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MODERATOR HECK: Thank YOll 
Dr. Ashburner. 

MR. STRELZOFF (Chemical Con
struction Company): I have only 
one question which was asked of 
me yesterday. Is there any plant 
operating a phosphorus-gypsum 
plant that you know about that has 
been really running, let's say, con
tinuously over a one year period 
of time or just only a few days, 
if you know? 

MR. ASHBtJRNER: Mr. Strelzoff 
has asked two questions. The 
answer to the first is no. The 
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answer to the second is yes, to my 
knowledge, I think in two cases, 
one other apart from our own 
plant for a few days. 

l\1R. STRELZOFJ?: Thank you. 

MODERATOR HECK: I think I 
have always felt at some time in 
the history of the Round Table if 
we had more than one speaker 
from the same company we would 
have a paradox and I think we 
have reached that point today. 

}VIr. Ashburner has told us 
how we can increase the produc
tion of sulfur in our country and 
in your country and now }VIr. 
Dumain will deliver a paper on 
Save Sulfur Use Nitrophosphate. 
So he is going to tell us how to 
get rid of the sulfur and 1\1 r. Ash
burner has just told us how to 
make it. 

Mr. Barrie A. Dumain is with 
the Power-Gas Company of Amer
ica. He is a husiness development 
engineer and has a degree from 
the University of Durham in Eng
land and has, I believe, been with 
Power-Gas about 7 years now. He 
has had quite a bit of experience 
in the startup of ammonia plants 
of that type and he has done pilot 
plant granulation, fertilizer de
velopment work and processing 
engineering work. We are happy 
to have Mr. Dumain with us. 
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Save Sulfur-Use Nitrophosphate 
Barrie A. Dumain 

That sulfur is important in 
meeting the world's fertilizer re
quirement is an undisputed fact. It 
will continue to be important, but 
with the price of elemental sulfur 
now up to the US $40 per ton 
~-egion, and with future availability 
ill doubt, it is reasonable for all 
concerned - from the agronomist 
to the farmer-to ask, "How can 
we supply the basic plant nutrients 
~o the ~oil without facing regularly 
lI1creasmg fertilizer prices?". A con
.siderable amount of research into 
this problem has been carried out, 
particularly in Europe where the 
manufacturer has never enjoyed 
the low sulfur prices encountered, 
until quite recently, in the L'nited 
States. 

The world's population is ex
panding at an alarming rate and 
'each new mouth brings with it 
additional problems, both moral 
and technical. While theologians 
argue, the new mouths have to be 
fed and it is up to the manufac
turer to provide cheap fertilizers 
for the farmer, wherever he is 
located and whatever his crop. 

This paper presents the Dutch 
State Mines/Power-Gas process for 
making high water soluble P20 5 

content compound fertilizers. Since 
this process depends upon nitric 
acidulation of phosphate rock it is 
independent of any future varia
tions in the price of sulfur or sul
furic acid and in the vagaries of 
supply. It is hoped that this paper 
will show that the cost of P20 5 
production via the nitric acid route 
is considerably cheaper than the 
corresponding process based on sul
fur or sulfuric acid. 

The accent in this article is 
on making high water soluble 
PzOr.. All things being equal (par
ticularly the cost per unit of PZ0 5 

to the farmer) most farmers and 
agronomists opt for water soluble 
rather than citrate soluble phos
phate in the final nitric phosphate 
fertilizer. This matter will be dealt 
with in greater length later. How
ever, the nitric phosphate process 
described here will produce water 
soluble PZ0 5 content of up to 95% 
in the final high analysis KP /NPK 
products. These fertilizers can thus 
be directly substituted for many 

present day high water soluble 
PZ0 5 compounds based on sulfuric 
acid technology. This is not to say 
that low grade phosphate rocks 

(with PZ0 5 as low as 25<;10) cannot 
be economically utilised-the pro
cess will accept rocks with a high 
CaO/PZ0 5 ratio quite happily. 

The Use of Sulfur and Sulfuric Acid in the Production of 
Modern Day Fertilizers 

VVe have just t.o look at the why sulfur is so important in the 
following six equations to find out modern fertilizer industry:-

S02 + i O 2 ~ SOg ~ H 20 ~ H 2S04 Sulfuric acid 
Cag (P04) Z + 2H2S04 ~ [2CaS04 + Ca (HZP04) 2] Single superphoshate 

(SSP) 
Cas (P04) 2 + 3HzS04 ~ 3CaS04 + 2HgP04 Phosphoric acid 
Ca3 (P04h + 4HgP04 ~ 3Ca (H2P04) 2 Triple superphosphate (TSP) 
H 3P04 + NHg = NH4H zP04 ·M~ono·ammonium phosphate (MAP) 
NH4H 2P04 + NHg (NH4) 2HP04 Di-ammonium phosphate (DAP) 

The formulae, I think, show 
the dominating position of sulfur 
in conventional P-fertilizer tech
nology. 'Ve now come to a con
sideration of where the basic sul
fur is obtained. Nearly two thirds 
of the world's brimstone produc
tion is from easily worked Frasch 
mines I of which the most impor
tant are in the United States and 
J\'Iexico. 

These figures apply to free 
world production, i.e. excluding 
the Communist bloc. 

ances. Alternative ways of produc
ing phosphatic fertilizers are avail
able such as 

a) Recovery of elemental sulfur 
from oil and natural gas 
(already extensive and in
creasing rapidly). 

b) Pyrites (particularly in the 
Communist bloc) . 

c) Digestion of phosphate rock 
by hydrochloric acid4 • 

d) Processes to produce sulfuric 
acid from anhydrite or 
gypsum". 

e) Thermal processes based on 
hydroelectric6 or nuclear 
power7 • 

f) Nitric acid acidulation. 

'While brimstone production is 
increasing, and will continue to 
increase, it must be remembered 
that 91 % of the world's supply 
of elemental sulfur is contributed 
by four countries. It could be said Nitric Acid Acidulation 
that 91 % of the world's supply Processes 
peets for "conventional" processes I do not propose to dwell here 
depend on the price rather than on the various processes and their 
the availability of sulfur. The cur- merits8• This paper is intended to 
rent prices, in the US $40 per ton present one of the nitric acid pro-
region (with make-up "supplies of cesses available. I will consider 
sulfuric acid" being sold at around here the DSM/Power-Gas process 
50 dollars per ton3 of equivalent involving sulfate recycle. However, 
sulfur), are already making them- before pressing on to discuss the 
selves felt by the American farmer merits of this process in greater 
and indeed by his counterparts length I will reiterate the general 
throughout the world. Increases chemistry of nitric attack on phos-
in the cost of food production phate rock. The equations given 
impinge heavily on any country's below cover the various processes 
economy and its external trade bal- available pretty fully. 

3 [Cas(P04hJ CaF2 + 20 HN03 

-I- aqua 
6 H 3P04 + 10 Ca (NOg) 2 + 2HF 
Ammoniation of this intermediate product yields:

-I- 8 NHa 
[3Ca (H2P04) 2 + 6 Ca (NOs) 2 + 8 NH4, NOs + CaF2 ] 

J, 6NHs 
6 Ca HP04 + 3 Ca (NOg) 2 + 14 NH4NOs + CaF 
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Table I 
World sulfur production 19662 

Source of Sulfur 
Brimstone 

% 
Sulfur-other 

forms % 
Total 
% 

Frasch 35.0 0.1 35.1 
Other 2.0 1.2 3.2 
Pyrites 0.2 25.3 25.5 
Sulfides 9.0 9.0 
Oil and Gas 20.2 1.0 21.2 
Anhydrite 3.9 3.9 
Coal 0.1 0.4 0.5 
Waste products 1.6 1.6 
~~---.-------~-... --~~ ... --~.--... ---... -----~ .. ---... ----.. --~ .. --
Total percentage 57.5 42.5 100.0 
Million tons of sulfur 15.8 11.7 27.5 

Calcium nitrate is not a desir
able constituent of NP /NPK com
pound fertilizer. It is hygroscopic 
and imparts poor physical proper
ties to the final solid fertilizer 
product. The calcium ion can be 
removed in various ways. One of 
these is the "freeze out" method. 
One of the problems of calcium 
nitrate freeze out is the expensive 
equipment required to handle the 
small crystals of calcium nitrate 
produced. Not all of the calcium 
nitrate can be removed and a 
major difficulty involved in further 
ammoniation is that apatite, which 
is both water and citrate insoluble, 
can be produced. 

Over many years a number of 
processes to precipitate calcium 
ions as carbonate, sulfate or phos
phate have been developed but all 
have the major disadvantage of 
leaving the original calcium of the 
rock in the end product fertilizers. 
The product tends to be of low 
grade and usually contains only 
25% to 40% water soluble P20r.. 
In this paper I have used the term 
nitricphosphate as meaning those 
end products with over 60% water 
soluble P20" content. 

Two basic nitricphosphate pro
cess have been exploited; "freeze 
out" and "sulfate recycle".9,10 

The "Freeze Out" Processes 
The "freeze out" process (orig

inal Odd a process) was first pro
posed in 1928 by Erling John80n11 

of Norway. As the name implies 
it involves crystallisation of the 
undesirable calcium nitrate and its 
subsequent removal by filtration or 
centrifuging. Dependent on the 
calcium nitrate left in the filtrate 
will be the water-soluble P20" con-

tent of the final ammoniated fertil
izer product. Various degrees of 
cooling have been attempted and 
some are quite successful. It is 
reported by Tennessee Valley 
Authority12 that up to 88% of the 
calcium can be removed at tem
peratures around 32°F. 

In all modifications of the 
Odda process the calcium nitrate 
crystals have to be removed from 
the mother liquor and this is not 
an easy procedure because of the 
viscosities encountred. Excess nitric 
acid has usually to be used to facili
tate this removal. Some "free" acid 
adheres to the surface of the cal
cium nitrate crystals. This can be 
washed off and recycled. In terms 
of total N + P 20" the overall 
N/P20 5 ratio of all the fertilizers 
produced in this type of plant is 
high, around 1.5-2.2: 1. The ratio, 
of course, depends on water solu
ble P20 5 production. 

The calcium nitrate crystals 
can be washed and then processed 
to produce straight N-fertilizers in 
a number of ways, such a8:-

a) Melting with ammonium 
nitrate to form a double 
salt. The product is of 
low grade, approximately 
15.5:0:0. 

b) Reacted with ammonium car
bonate solution to form an 
ammonium nitrate/chalk 
slurry. The calcium am
monium nitrate product 
can be up-graded if re
quired by the addition of 
ammonium nitrate. CAN 
products usually analyze at 
around 21 to 24% nitrogen. 

c) Reacted with ammonium car
bonate to produce ammon
ium nitrate which can be 
separated by having the 
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chalk filtered off and then 
concentrated to give a 33.5~ 
34:0:0 product. 

If the calcium nitrate of cal
cium ammonium nitrate market is 
depressed, or if government safety 
regulations preclude the distribu
tion of ammonium nitrate, then 
the manufacturer using the freeze
out type of process has serious 
problems to face. 

The second basic nitricphos
phate process was proposed as far 
back as 1930 by F. G. LiIjenroth13 

of Sweden. This is the nitricphos
phate/ammonium sulfate recycle 
process which has been further de
veloped by DSM and Power-Gas 
and with which this paper is pri
marily concerned. For ease I have 
designated this the NP / ASU pro
cess. Before going on to a discus
sion of the merits of this process 
it is worth saying a word or two 
on what kinds of fertilizers are cur
rently being used and what is de
sirable. 

What type of fertilizer is most ac
ceptable? 

'Vhatever the source, water 
soluble phosphate has the same 
high value to the crop. In the U.K. 
it is recommended that water solu
ble P :.:05 be used to give a crop 
a quick start, or when the fertilizer 
is drilled in bands with or near 
the seed. If the fertilizer can be 
applied well before growth starts, 
or when rapid action is not neces
sary then citrate soluble phosphate 
is acceptable. Insoluble phosphate 
in NPK's should not be valued too 
highly as it acts very slowly and is 
only fully effective on acid soils. 
'VhiIe these three types of phos
phoric fertilizers have markedly 
different immediate effects, the 
long term effect of a given quantity 
of P 200 tends to be the same for 
all of these in succeeding years. 
The question of whether to use 
citrate soluble or water soluble 
P20 5 is still a matter for discussion. 
Although citrate soluble P 20 5 has 
been found cheaper to produce in 
Europe, most agronomists argue 
that citrate soluble P20r, is nearly 
as good as water soluble P20 0 

rarely that it is better. Russian 
agronomists have expressed a pre
ference to move all the way up to 
90% water soluble P20 5 from the 
50% currently in use in the Soviet 
Union.1ll 



The table given below shows 
compound fertilizers of the NPK 
type currently in use in the United 
Kingdom. 

Most British and European 
farmers depend on the cheaper 
single superphosphate, triple super
phosphate and finely ground basic 
slag (0: 15;-16:0) for satisfying high 
phosphate requirements, rather 
than high phosphate NPK com· 
pounds. MAP and DAP produc
tion is almost wholly absorbed as 
intermediates used by blenders. 

This point is brought home 
particularly in the knowledge that 
Americans, and indeed many of 
the world's phosphatic fertilizer 
producers, make 12:52:0 and 18: 
46-48:0 NP's so that these com· 
pounds can be blended with 
straight N-fertilizers to give the 
farmer a 20:20:0 or similar prod
uct. Is this essential? 
DSM/Power-Gas NP/ASU Process 

Although the NP / ASU process 
is primarily aimed at the produc
tion of high water soluble P20" 
NP /NPK fertilizers it is also capa
ble of producing low water soluble 
PzOr; compounds and these will be 
looked at later in this paper. How
ever it is on the subject of high 
water solubility that we will dwell 
at length here. 

The process route used can be 
followed from figure I and the 

chemistry from figure 2. Before 
elaborating on this it is interesting 
to compare the basic chemistry of 
the 'conventional' sulfuric acid 

Sulfuric acid route 
aqua 

based process manufacturing an 
NP of formulation say 2: I :0, with 
that corresponding to the NP / ASU 
process. 

(3.5 CaO). P20 5 + 3.5H2S04 ---? 2H3P04 + 3.5CaS04.2H20.J, 
2H3P04 + 2NHa ---7 2NR1H 2P04 (or to DAP) 
9HNOa + 9NHa ---7 9NH4NOa 

(3.5 CaO) . P20 5 + 3.5H2S04 ---7 2NH4H 2P04 + 9NH4NOa 
Overall + 9HNOa + llNHa + 3.5CaS04.2H20.J, 

. Product 
... Effluent 

NP/ASU route 
aqua 

(3.5 CaO) . P20 5 + 7HNOa ---? 3.5Ca (NOs) 2 + 2HgP04 

3.5Ca (NOll) 2 + 3.5 (NH4hS04 ---7 7NH4NOa + 3.5CaS04.2HzO .J, 
3.5CaS04·2H20 + 3.5COz + 7NHa ---7 3.5 (NH4) 2S04 + 3.5CaC03 .J, 
2HaP04 + 2NH3 ---7 2NH4H 4P04 . . (or to DAP) 
2HNOs + 2NHa ---7 2NH4NOs 

aqua 
(3.5 CaO). P20 5 + 3.5C20 ---? 2NH4H zP04 + 9NH4NOs 
Overall + 9NHOs + 11 NHa + 3.5CaC03 .J, 

. Product 
. Effluent 

From the overall equations it 
has been demonstrated that car
bonic acid (made from CO2 which 
is usually available at no cost from 
an adjacent ammonia installation) 
can effectively be substituted for 
sulfuric acid as an acidulation 
agent. Sulfuric acid is, therefore, 
an unnecessary expense. The solid 
effluents from the two processes are 
also different. The chalk from the 
NP / ASU process is more easy to 
dispose of than gypsum and a sav-

ing of about 40% in the effluent 
tonnages to be handled is achieved. 

Referring back to the flow
sheet we can see that it consists 
of two halves. These are the NP 
production plant and the gypsum 
conversion plant. Both of these 
'halves' are being applied separate
ly, on a commercial scale, in Hol
land, India, Austria and other 
countries. 

Table 2 
Fertilizers used in the U.K. 

Dutch State :\1ines, at Geleen, 
are operating a 550 tons/day nitric
phosphate plant. The ammonium 
sulfate fed to this plant is an im
pure by-product of caprolactam 
manufacture. The process of con
verting by-product gypsum to am-PrinCipal group 

General purpose 

High nitrogen 

High phosphate 

High potash 

High nitrogen 

High potash 

High phosphate 

High potash 

Plant food 
ratios 

1: I : I 

2: 1: I 
lY2:1:1 

1:2: 1 
1:1Y2:1 
I: 1:2 
1:1:1Y2 

11;": 1:2 
I ~ 

2: 1:3 
2: 1:4 
1:2:2 

Main uses 

Grasslands. Fodder crops. Horti
cultural crops. Soils of average 
fertility. 

Spring cereals. Kale and other 
leafy crops. Grasslands (inten
sive) . 

Soils that are very deficient in 
phosphate. 

Most row crops grown in potassium 
deficient soils in the drier parts 
of the United Kingdom. Potatoes. 
Sugar beet. Many horticultural 
crops. 

Root crops grown on well-farmed 
land. Sugar beet. 

Peat soils, arable land in wet areas. 

Combine drilling with seed of 
autumn cereals. 

81 

C~lClv'" ""I\~lf Ff«~:'P"CP;1( MY:)RO(,f'" 

h .... OI<.IOf 

t.--...... [i; ; '0 (Nh~~l ~()>4 
, ~ ... M0""."M '''-'lFHAH 

'I) 

t 

\ 
·c· C4,CluM NlrR~fE l'LAI'H 

...... S,-E 



w 

< 
:r .. 
a 

AMMONIA 

FILTRATION 

AMMONIUM SULPHATE 
lIOUO~ STo" .. CE 

COATI~C ACENT 

CYPSUM 
NP/NPK P~OCUCT 

REAte nON rANK!. GYPSUM TREATMENT CARBONATION 

FIG 2 NP!NPK FERTILIZER P"ODUCTION BY THE NP/ASU PROCESS 

monium sulfate by the Merseberg 
reaction is being carried out by 
OSAG and FACT, the latter in a 
4<10 tons/day plant built by Power
Gas. All the steps of the NP / ASU 
process have, therefore, been oper
ated commercially with the excep
tion of one. This is the addition 
of the pure ammonium sulfate pro
duced from gypsum, rather than 
the impure form resulting from 
caprolactam manufacture, to the 
double decomposition tanks. 

The straight NP / ASU process 
shown on the ftowsheet, and now 
briefly described, will produce, de
pending on the pbosphate rock im
purities (and its CaO/P20 5 ratio) 
90-95% water soluble P20 5 com
pound fertilizers with an N/P201\ 
ratio of 1.6 or greater. Many varia
tions are possible to provide an 
even wider range of products and 
these will be discussed later. 

The process will accept rock 

particles up to one sixth of an inch 
enabling a power saving of ap
proximately 25-35 kwh ton P20 5 

when compared with sulfur based 
processes. 

55-58% w/w nitric acid is re
acted with phosphate rock. The 
reaction is exothermic, the tem
perature in the acidulation tanks 
being around 150°F. Anti-foam 
agents are added. 

The reaction between ammon
ium sulfate and calcium nitrate 
takes place around 130°F. The 
gypsum crystals produced are re
moved on a tilting pan filter. 

If a high N/P20 5 formulation 
is required, e.g. 2: I :0, excess nitric 
acid is used in the acidulation 
stage and this acid passes through 
in the filtrate which is essentially 
composed of phosphoric acid and 
ammonium nitrate. It is neutra
lised at nearly atmospheric pres
sure with ammonia at a pH of 
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2.5-3: 5 under automatic control. 
During neutralisation the tempera
ture of the solution, or slurry, is 
at boiling point, i.e. 220-230°F. 

The neutralised NP slurry is 

concentrated to 570 water if it is 
to be granulated, or to about 1 % 
water if it is to be prilled. Potas
sium can be introduced in two 
alternative places, either as potas
sium sulfate to the acidulation 
tanks, or as potassium chloride or 
potassium sulfate to the intermedi
ate slurry going forward to the 
granulation plant (or to the melt 
tank located at the top of the 
prilling tower) . 

The gypsum filter cake is wash
ed to remove mother liquor, slur
ried and further washed on a 
rotary drum vacuum filter. The 
resulting filter cake (containing 
around 20% w /w water) is fed to 
the reaction tanks in the ASU 
plant. Here reaction with 52-53% 
w /w ammonium carbonate solu
tion yields ammonium sulfate and 
chalk. The latter is removed by 
filtration and, after washing, is 
suitable for calcium ammonium 
nitrate manufacture. The 38% 
w /w ASU filtrate is fed up-stream 
in the nitricphosphate plant to the 
double decomposition tanks. It is 
possible to make directly by this 
"conventional" NP /ASU process 
products such as 25: 15:0 and 29: 
9.7:0 containing up to 957"0 water 
soluble P 20 5 • 

Operating data for high water 
soluble P20 5 and high N/P20 5 fer
tilizers is given in Table 2. 

Capital costs and comparative 
production costs are given in 
Tables 4 and 5 respectively. 

A great number of variations 
to the process are possible. In 
order to optimise the process de
sign and plant operation, it is 
necessary to be aware of both pres
ent and future NP /NPK market 
requirements. The European de
mand for NP and NPK's is based 
mainly on NP /P Z0 5 ratios of I or 
more as indicated in the table pre
sented previously. 

NPK produced with NjP2 0 S 

mtios less than 1.6 
The DSMjPGC plant can be 

very easily modified to produce 
fertilizers with N/P20 5 ratios be
low 1.6. 

The simplest modification 
would be to add phosphoric acid, 



MAP etc. to th(; intermediate NP 
slurry going forward to ammonia
tion. For an N/P20 5 ratio of 1 
this would mean that approxi
mately 58 % of the total product 
P20 5 would be derived from nitric 
acid acidulation. Triple superphos
phate with stabilising compounds 
(urea and ammonium sulfate) 

could also be employed as a P20 li 

source. 
With this scheme in use the 

hydrogen ions in phosphoric acid 
can be made to substitute, to a cer
tain exent, for those of nitric acid. 
It is preferable to introduce phos
phoric acid into the nitric acid 
acidulation stage, thereby lowering 
nitric acid usage. Using a 50/50 
mixture of Kola/1V[orocco fluor
apatites Dutch State Mines produce 
a 23:23:0 product with 730/0 of 
the product P20 5 derived from 
nitric acid acidulation. The bal
ancing 27 % is from phosphoric 
acid addition. Impurities in the 
phosphate rock do have a signifi
cant effect and Table 2 is based 
on lower grade Florida rock. 

It should not be forgotten that 
phosphoric acid is a product of the 
attack of nitric acid on rock. Fur
ther possibilities to recycle part of 
the filtrate from the tilting pan 
filter to the acidulation tanks. The 
amount of recycle is limited and 
the rock impurities again have a 
significant affect. "Internal re
cycle" of phosphoric acid would 
give, in the case of Kola/Morocco 

Table 3 
High ws P20 5 Nitric Phosphates from Standard NP/ASU Process 

Al florida Phosphate Rock 

BPL 
PZ0 5 

CaO 
F 
Si02 
CO2 

S04 
Fe20s 
AI20 s 
MgO 
Na20 
K20 
H 20 

& Inerts 

BI Phosphoric Acid from Rock 

P20 5 

H aP04 

McP04 

CaSiF6 

H 2S04 

H 20 
Inerts 

%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
%w/w 

%w/w 
%w/w 
%w/w 
%w/w 
%w/w 
0/0 w/w 
%w/w 

A 

64/66 
30.27 
45.30 

3.52 
10.25 
3.85 
1.35 
LI5 
1.30 
0.57 
0.57 
0.10 
1.0 
2.48 

32.654 
41.456 

3.790 
2.882 
2.775 

48.687 
0.410 

CI ASU Liquor Production-Consumption !lata Per Ton of 38% Liquor 

B 

70/72 
33.0 
46.5 

3.6 
5.3 
3.4 
0.9 
0.5 
1.5 
0.25 
0.15 
0.10 
5.1 
0.26 

29.88 
38.704 
3.538 
2.691 
2.591 

52.093 
0.383 

By-product gypsum Notes: 
(1000/0 CaS04·2H20) ton 0.551 (i) ASU Solution 

c 
74/76 
34.38 
49.30 

3.77 
3.75 
3.05 
0.90 
U3 
1.15 
0.42 
0.50 
0.10 
1.0 
1.5 

32.654 
41.456 

3.790 
2.882 
2.775 

48.687 
0.410 

Ammonia (100%) ton 0.111 (NH4hS04 38-40% w/w 
Carbon dioxide (1000/0) ton 0.143 H 20 58-60%w/w 
Steam (30psig) ton 0.019NHa 0.6-1.0%w/w 
Process water US gals 133 CO2 0.6-1.0% w/w 
Cooling water US gals 1900 (ii) Up to 100/0 NHs 
Filtered river water US gals 68 can be accepted as aque

ous 25% NHs. 
Power KWH 12 (iii) CO2 of 65% con

centration can be ac
cepted by ASU process. 

Table 3-continued 
DI NP Production-Consumption Data Per Ton of Prilled Fertilizer 

N/P20 5 Ratio I 
ws P20 5 % w/w 89 
N w/w 22.3 
P20 5 w/w 22.3 
Moisture (max.) % w/w 0.9 

Phosphate Rock-Florida 

Phosphoric Acid-Florida 

Nitric Add (55% w/w) 
Nitric Acid (57% w/w) 
Ammonia (100%) 
ASU Solution (38 w /w) 
Coating 
Steam (200 psig) 
Steam (30 psig) 
Cooling water 
Power 

ton 

ton 
ton 
ton 
ton 
ton 
ton 
ton 
ton 
US gals 
KWH 

Overall Efficiency-(C)+(D) 
N 
P20 5 

A 
0.459 
A 

0.285 
0.742 

0.038 
1.248 
0.026 
1.84 
0.025 

18,500 
23.6 

97.8 
96.3 

1.79 
89 
25.4 
14.2 
0.9 

A 
0.489 

Nil 
0.949 

0.037 
1.343 
0.026 
1.82 
0.025 

18,500 
23.6 

97.7 
95.9 
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2 
89 
26.0 
13.0 
0.9 

A 
0.448 

Nil 
0.986 

0.051 
1.231 
0.026 
1.74 
0.025 

17,750 
23.6 

97.1 
95.8 

1 
91 
22.45 
22.45 

1.0 

B 
0.469 
B 

0.265 

0.715 
0.033 
1.31 
0.026 
1.60 
0.025 

16,000 
22.3 

97.8 
96.0 

2 
92 
26.4 
13.2 

1.0 

B 
0.416 

Nil 

0.954 
0.060 
1.18 
0.026 
1.54 
0.025 

14,500 
25.4 

97.8 
96.1 

1 
90 
22.6 
22.6 

0.9 

C 
0.424 
C 
0.274 
0.748 

0.039 
1.262 
0.026 
1.77 
0.025 

18,750 
23.6 

97.8 
96.1 

1.72 
91 
25.6 
14.9 
0.9 

C 
0.453 

Nil 
0.945 

0.037 
1.363 
0.026 
1.83 
0.025 

18,750 
23.6 

97.7 
95.7 

2 
91 
26.4 
13.2 
0.9 

C 
0.400 

Nil 
0.996 

0.057 
1.204 
0.026 
1.72 
0.025 

17,750 
23.6 

97.5 
95.9 



an N/P20 S ratio of 1.35. With 
Florida rock this ratio would be 
approximately 1.45. Operating data 
is given in Table 9. 

If external phosphoric acid is 
to be used it is as well to take it 
from a point upstream of the 
phosphoric acid filtration section 
of a typical wet process phosphoric 
acid plant. By-passing of the phos
phoric acid filter in this way re
sults in:-

a) An acid containing 32% 
P20 5 as opposed to 30% 
P 205 (since no wash water is 
added) . 

b) As a result of (a) above, a 
lower steam consumption in 
the concentration section of 
the NP/ASU plant. 

c) An automatic make-up feed 
of gypsum into the NP / ASU 
system. 

d) Seed crystals for the subse
quent double decomposition 
section. This increases the 
crystal size and filterability 
of the nitricphosphate by
product gypsum, and subse
quently a reduction in the 
capital cost of the filter. 

A further alternative is to 
acidulate using a mixture of nitric 
and sulfuric acid. This is reason
ably sensible as phosphoric acid 
would in any case normally be 
produced in a standard sulfuric 
acid acidulation plant. It the rock 
is first attacked with a deficit of 
nitric acid "chemical grinding" is 
achieved and the rock becomes 
more assailable by subsequent sul
furic acid attack. This reduces 
costs in the plant concentration 
section as the effect is of adding 
P 20 5 of concentration 60 or 
higher. 

NP/ASU process-low water 
soluble PzOs content 

Considering the basic equa
tions for nitric acid acidulation it 
can be seen that if calcium nitrate 
is allowed to proceed to the 
annnoniation stage then phosphate 
reversion takes place leading to the 
formation of water insoluble/ 
citrate soluble dicalcium phos
phate. It is even possible to carry 
this reaction as far as apatite if 
too much calcium nitrate should 
slip. This means that a very effec
tive control on NP product water 
soluble P20 5 is the amount of 

Table 4 
NP/ ASU Plant Capital Costs (Turnkey, Battery Limits) 

Basis: 65,000 tonsl year P.O. 
- ...... -~~-- ... - .~.---.~--~ ... - ..... --~ .... ~ .. --~ ~-----

Product 23.8: 14.9:0 26.5:10.5:0 26.0: 14.1:0 21:11.4:11.4 
(prills) 
% ws P 20 5 60 75 95 95 
Output 435,000 620,000 460,000 570,000 
(tons/year) 

US $Millions 4-y.4 5 5 5-1'2 

Notes: (1) The capital costs for an NP / ASU nitric phosphate plant are 
dependent on a number of factors, e.g. 
(a) Product formulations and whether these are NPs or NPKs 
(b) Product form i.e. granules or prills 
(c) ·Water soluble P20 5 content 
(d) Raw materials etc. 

(2) The following capital costs should be included in the sul
phuric acid based routes 
(a) Sulphuric acid plant 
(b) Phosphate rock grinding equipment 
(c) Phosphoric acid plant (with concentration) . 

(3) When making 1:1:0 NP grades via the NP/ASU process then 
there will be requirements for sulphuric acid, etc., but these 
requirements will be %-Ya of those for the conventional sul
phuric acid based routes. 

(4) The nitric acid requirements of the NP / ASU and conven
tional processes are virtually identical. 

Table 5 
Comparative Cost Data 

NP I ASU Process Vs. Conventional Sulphur Based Processes 

Bases: (1) Phosphate rock 
(e.g. Tunisian) 

(2) NPK Product 

30% P20 5 

49.5% CaO 
21:11.4:11.4 prills 
95% ws P20 5 

(3) Output 525,000 tons/year NPK fertilizer 
i.e. 60,000 tons/year P 20 5 -=------ ...... -~ 

Nitric Phosphate Conventional 
NP/ASU Sulphur Based 

--_ ...... 

Diff. Diff. 
Raw Materials and Intermediates Tons/Yr US$ Tons/Yr US$ 

Phosphate rock @ $17 per ton 208,000 213,000 85,000 
Potassium chloride 100,000 100,000 
Sulphur @ $40 per ton 58,000 2,320,000 
Sulphuric acid 174,000 
Phosphoric acid (100% P20 5) 61,000 
Ammonia @ $35 per ton 142,500 3,500 142,400 
Nitric Acid 224,100 223,800 
ASU Liquor 234,000 
CO2 (no cost if from adjacent 

ammonia plant) 79,000 
Gypsum make-up @ $7.50 per ton 20,000 150,000 
Steam $1 per ton 819,000 686,500 132,500 
Cooling water @ 3¢ per 

1000 US gals 18x 109 gals 90,000 15x 109 gals 
Power @ 0.5¢ per KWH 25.5x 106 36.5xI06 55,000 

KWH KWH 
~-..... --.~--~ ...... .._._- .. ~-~---..... ..... ---
Minimum Annual Cost Saving US$ 1,540,000 
Minimum Cost Saving Per Ton P2O" US$ 25.66 
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Table 5-continued 

Further Savings 
us $ Saving 
Per Ton P20s 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

If ASU washing of the mtrIC phosphate by
product gypsum is employed, approx. 20 % of 
steam requirements of NP / ASU plant may be 
saved, i.e. 
If gypsum make-up is from an adjacent phos. 
acid unit then gypsum is at no cost and the 
ASU plant acts as an effluent disposal unit. 
The capital cost of the NP / ASU factory complex 
is approx. US Sly!? million cheaper than the 
conventional sulphur based process and this on 
a IO-year write-off is equivalent to 
Power figures do not include for rock grinding 
requirements of the conventional route which, 
at 30 K'VH/ton P20 5 represents a further sav
ing in favor of the NP / ASU process. 
Labor, maintenance etc. are less for the NP /ASU 
route. 
The on-stream time of the NP / ASU plant is in 
excess of 333 days/year and allows for maximum 
integration with adjacent ammonia and nitric 
acid facilities. 

Possible Annual Cost Saving 
Possible Cost Saving Per Ton P20 5 

US$ 
US$ 

2.75 

2.50 

2.50 

0.15 

+? 

+? 

2,004,000 
33.40 

~-------~--------------~----~------------------------

lvote: Under U.K. conditions it has been independently17 estimated 
that with sulphur costing [20 per long ton, the NP jASU process 
will produce water-soluble P20 5 at approx. [lO/ton cheaper than 
an existing conventional sulphur based plant. For a 20:10:10 
NPK fertilizer, this means approx. 4 reduction in price to the 
farmer. For a 23:23:0 NP fertilizer (made via NP/ASU with phos. 
acid addition), the corresponding reduction is about 5y!? 0/0-

ammonium sulfate solution sent to 
the double decomposition section 
of the plant. This of course, 
determines the amount of calcium 
precipitated as gypsum. The bal
ancing calcium ions, therefore, go 
forward as calcium nitrate to the 
ammoniation stage. 

If it is decided at the outset 
to limit the water soluble P20:; 

TABLE 6 - Typ:cal NP Cornp~und Fertilizer 

to say 700/0, then a by-pass from the 
acidulation section to the NP 
intermediate storage tank can be in
stalled. This allows reduction in 
the capital cost of the double de
composition and filtration sections. 

A further alternative is to 

W$ Pz.Ds 
0t "'0 w/w 

PZ05 w/\",. 

~olStu.re (maxi 

Phosphate Rock 
(Table 23.) 

Phosphone ACl.d 
(Table 2b) 

).;ttrlC Acid{5S'>:'ow ·...-i 

Amrnonla (1 :::O;ct 

ASU S0Lltl0nD3~ew v. \ 

COut:ng 

Steam (200 psig\ 

Steam (30 pSIg) 

Overall 
:.; 

P,;:Ds 
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allow excess mtnc acid to pass 
through the double decomposition 
and filtration stages. This excess 
acid can then be mopped up in a 
second reaction stage into which 
the balance of the phosphate rock 
is fed. The products, including 
calcium nitrate, pass via interme
diate storage to the ammoniation 
section. 

Operating data for low water 
soluble P20" nitricphosphates is 
given in Table 7. 
Calcium nitrate removal
combination of freeze-out and ASU 

Part freeze-out can have de
cided advantage in adding greater 
flexibility to the NP / ASU process. 
This is especially so where large 
scale operations are envisaged for 
the simultaneous production of 
1: I:X and 1.5 -3: I:Y NP/NPK 
products. -While it is not for us 
to go into the pro and con of 
freeze-out versus ammonium sulfate 
recycle the main arguments against 
freeze-out are the high power re
quirements arising from the re
frigeration load involved, and also 
the need to process by-product 
calcium nitrate. 

Comparative data is given in 
Table 8. In the context of a large 
fertilizer complex the freeze-out 
process, when making 75-800/0 
water soluble P 20", leaves an 
N/P,P5 ratio of 2.0-2.2: 1. In the 
case of the NP / ASU process mak
ing 95 % water soluble P20 5, this 
ratio is 1.35-1.45. Both processes 
of course, are totally independent 
of sulfur or sulfur products or in 
fact make-up supplies of phos
phoric acid. 

97.~ <.:n,J 
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Table 8 
Calcium Nitrate-freeze-Out Vs. ASU 

Consumptions-Per Ton NP 

Conventional 
"Oddan 

Basic 
NP/ASU 

-----~---------- ---.-.. ~-----

N/P20 5 ratio 
ws P20 5 

N 
P20 5 

Moisture (max) 

Phosphate Rock-Florida 
(Table 2) 

%w/w 
%w/w 
row/w 
row/w 
row/w 

ton 
Nitric Acid (57% w/w HNOa) 

Ammonia (100%) 
ton 
ton 
ton 
ton 

ASU Solution (38 %) w Iw 
Coating 

Steam (200 psig) 
Steam (30 psig) 
Cooling water 
Power 

By-product (as calcium 
nitrate end product) 

ton 
ton 

US gals 
KWH 

ton 

ton 

1.36* 
51.8 
17.2 15.0 
24.2 

0.9 13.6 

A 
0.829 

0.874 
0.122 
Nil 

0.025 

0.45 
0.02 
7,200 
68.2 

1,038 

Nil 

0.057 
0.016 
Nil 

0.010 

0.363 

4,000 
37.8 

1.69 
70 
24.4 
14.4 
0.9 

A 
0.496 

0.929 
0.049 
1.088 
0.026 

1.61 
0.025 

16,250 
23.6 

Nil 

-Note: If ammonium nitrate by-product, instead of calcium nitrate is 
made, then N/P20 5 ratio is approx. 2. 

Surplus nitrogen from a freeze
out operation is available as cal
cium nitrate, calcium ammonium 
nitrate, or ammonium nitrate. It 
should be noted that these straight 
N-fertilizers are unacceptable in 
some markets for a variety of rea
sons. 

Whether or not some or all of 
the ammonium nitrate is to be fed 
back into the freeze-out process 
in order to obtain the required 
product N/P20 5 ratios, it is always 
necessary to push the freeze-out 
system to its design limits if maxi
mum water soluble P20 5 is needed. 
Variations in rock feed can prove 
critical. 

A nitricphosphate factory com
plex producing 100,000 tons per 
year P20 5 and including a 1,000 
tons per day ammonia plant, could 
include a freeze-out process which 
would leave about 100,000-125,000 
tons per year of ammonia available 
for, say, urea manufacture. The 
corresponding NP I ASU process 
leaves 180,000-185,000 tons per year 
ammonia available for urea. This 
is an important consideration. Not 
only is urea becoming more 
'fashionable" but its analysis of 

46.5: 0: 0 can be a decided advant
age in terms of bagging, handling, 
and freight over its "competitors" 
such as CAN, calcium nitrate and 
ammonium nitrate. 

Blending back of urea into 
NPK products from the nitric
phosphate process leads to higher 
analysis products. Up to 15 % 
of the total N in the nitricphos
phate NPK can be as urea without 
entering areas of thermal insta
bility. 
Multi-stream operations
freeze-out plus ASU 

A simple variation of the NP I 
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ASU process, in terms of large 
scale multiple stream operations, 
where two or more NP INPK's are 
to be simultaneously produced is 
illustrated in figure 3. 

1£ one stream is to produce, 
say, a 23: 23: 30 grade and an
other is to produce high N/P20 5 

ratio material, e.g. 27.4:13.7:0, 
then it is possible to consider 
freezing out calcium nitrate from 
the lower N/P20 5 stream and 
transferring this to the stream mak
ing high N/P20 5 products. The 
calcium nitrate so removed and 
transferred need not be washed 
with nitric acid and this is a dis
tinct advantage over a straight 
freeze-out process. Here, freeze-out 
is being employed only as a control 
over NjP20/i ratio. Water soluble 
P20;; content is under the inde
pendent control of ammonium sul
fate addition. 

The ratio of high and low 
N/P20 5 fertilizers from streams 
1 and 2 (etc.) can be modified 
by incorporating other schemes 
such as internal phosphoric acid 
recycle. 

Again the overall NIP 205 

ratio of a factory complex based 
on NP IASU will be lower than 
the corresponding freeze-out type 
complex. This leaves a greater 
ammonia surplus for urea produc
tion and gives greater flexibility of 
operation and storage in the 
straight N-fertilizers sections of the 
overall complex. 

Phosphate recycle 
The basic reactions given for 

nitric acid acidulation and sub
sequent ammoniation indicate that 
the question of water-soluble P20 5 

in the final NPK fertilizer is bound 
up with the removal of calcium 
nitrate formed in the acidulation 

,..---_ "ICiH N/ptOS 
fOfOrcUUtlO .... 
u.,. ws. "os 
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fO .. "'Vt~fIOWs: 
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stage. The amount of calcium 
nitrate so formed is governed by 
the CaO /P 205 ratio of the rock 
feed. If there is a reduction in the 
latter ratio this will lead to a re
duction in the N/P20 5 ratio of the 
final product. 

Two possible process opera
tions (see Figure 4) have been 
followed up on bench scale by 
Power-Gas and appear to be very 
promising. The basis is:-

a) Nitric acid attack on phos
phate rock. 

b) Calcium nitrate 
and removal. 

freeze-out 

M~H "/'l~ 
Mf' t,Nl'IIU4lCIAt! 
'OC .. Wi r,~ 

cium phosphate and monocal
cium phosphate) . 

d) Filtration of the dicalcium 
phosphate / monocalcium 
phosphate precipitates. The 
precipitates can be recycled 
or fed to a second stream 
making low NIP 205 prod
ucts. All the NPK's from 
these two alternative opera
tions can be high water solu
ble P 205 products. 

Reducing the CaOIP~05 ratio of 
the feed to the process 

One way of reducing the CaO I 
P20 5 of the "rock" feed has been 
dealt with. Another possibility is 

c) Ammoniation of the in ter- to start from monocalcium ph os-
mediate NP. Residual cal- phate. 
cium nitrate is reacted with The basic reactions using 
phosphoric acid to produce monocalcium phosphate18 feed 
calcium phosphates (dical- are: 

Ca (H2P04) 2 + 2HNOg ~ Ca (NOg) 21 + 2HgP04 

Ca (NOg) 2 + (NH4) 2S04 ~ CaS04 + 2NH4NOa 

Ammoniation can now yield 
2NH4H 2P04 + 2NH4NOg • The 
N/P20 5 ratio is now about 0.6 at 
100% water soluble P 20". 

The reaction between reagent 

aqua 

grade monocalcium phosphate and 
ASU solution with the direct pro
duction of MAP has proved pos
sible in the laboratory. 

Ca (H2P04) 2 + (NH4) 2S04 ~ CaS04 • 2HzO + 2N H 4H 2P04 

The use of commercial grade 
TSP has been found unsatisfactory 
because the gypsum formed is dif
ficult to separate by filtration. 

Gypsum washing with ammonium 
sulphate 

There is no novelty13 in the 
suggestion that ammonium sulfate 
solution be used to wash the gyp
sum formed in the NP / ASU plant. 
Since the need to use wash water 
on the tilting fan filter can be done 
away with by using ASU washing, 

there is a reduction in the steam 
requirements of the NP evapora
tion/concentration section. 

All the sulfate solution fed to 
the double composition section of 
the plant can, if desired, be used 
for gypsum washing and thus the 
present need (cf wet phosphoric 
acid manufacture) to find a C0111-

promise between wash water re
quirements, P205 efficiency, and 
steam consumption is avoided. 

The ASU solution adhering to 
the gypsum crystals may be regard-
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ed as an inert in the Merseberg 
reaction since it is precisely this 
solution which is being made in 
the OSAG/FACT plant. Thus, in 
effect, the by-product gypsum is 
"dry". The strength of the sulfate 
solution from the existing plant is 
38-41 % w Iw. Its strength is gov
erned by the 20-25"10 water in the 
gypsum filter cake. If "dry" gyp
sum is used, then 44-45"10 w/w 
ASU solution can be made with 
the limit being set by ammonium 
sulfate solubility in water and the 
risks arising from crystal deposi
tion in the plant. The need to 
make 52-54% weight ammonium 
carbonate solution in the OSAGI 
FACT plant is also removed and 
leads to the adoption of a cheaper 
carbonation system. Obviously the 
steam savings arising from this sys
tem are dependent on the product 
formulation but they can be about 
20%. 

Prilling or granulation of the 
NP INPK products? 

At the production rate of 
about 1,000 tons per day of NP or 
NPK, the capital cost of a pril
ling plant is approximately 20% 
cheaper than a corresponding gran
ulation plant. It also offers lower 
power consumption and greater 
heat efficiency in product drying, 
therefore reducing operating costs. 

Another major advantage of 
the prilling plant is its simplicity 
of operation, combined with mini
mum dust production, and the use 
of very low recycle rates (about 
0.05: 1 as opposed to 3: 1 for a con
ventional granulation plant) . 

The prilling process does suf
fer from limitations arising from 
N/P20 5 , N/K20, P20 5/K20 and 
water soluble Pz0l'i/citrate soluble 
P 205 ratios. This is because of the 
high viscosities which can be en
countered. 

For an NP product the lower 
limit for N/P20" ratio is about 0.6. 

Co-production of straight 
N-fertilizers 

If an NP I ASU plant is to be 
installed, depending upon the 
availability of ammonia and car
bon dioxide, it is possible to con
sider using natural gypsum or by
product gypsum to make ammon
ium sulfate (21:0:0) a saleable 
straight N-fertilizer. 

The cost of increasing the size 



of the ammonium sulfate recycle 
plant to produce, say, an extra 500 
tons per day of saleable ammonium 
sulfate would only be around US 
$1 million turnkey-battery limits. 
Of course, the additional capacity 
would be "free" from labor costs. 
In the context of a complex one 
could almost regard an ASU plant 
as an effluent treatment unit as it 
converts by-product gypsum into 
the more easily disposable chalk 
effluent. This results in a 40 % ton
nage handling saving. 

Should ammonium sulfate be 
of too low analysis then ammon
ium nitrate can be added to pro
duce ammonium sulfate nitrate 
(26:0:0). Considerable tonnages 
of ammonium sulfate nitrate are 
currently being produced in Eur
ope. 

One interesting possibility for 
the disposal of by-product chalk is 
its conversion into foam concrete.16 

A large size trial plant for the pro
duction of foam concrete has been 
in operation for some time at 
Koennern K.G. of Bernburg in E. 

Germany. Foam concrete is a very 
light building material and is a 
good thermal insulator. The con
crete is based on quartz and chalk 
(from sodium carbonate manufac
ture) and cement with gasifying 
additives. The material is claimed 
to have high resistance to compres
sion and to be easily drilled, nailed 
or sawn. Building panels measur
ing 20' x 5' are being produced. 

The use of ammonium sulfate m 
conventional phosphoric 
acid plants 

In Europe, up to 150/0 of the 
sulfate ions of sulfuric acid have 
been replaced by using ASU liquor 
in wet phosphoric add plants 
where the PZ0 5 production is im
mediately to be converted to NP / 
NPK, MAP or DAP. 

" Conventional" 

(3.5 CaO) . PzO!,) + 3.5HzS04. 
aqua .j, 

3.5 CaS04' 2H20 + 2HgP04. 

"Ammonium sulfate addition" 

(3.5 CaO) • P 20 5 + 2.975 H 2S04 + 0.525 (N"H4) 2S04 
.j, aqua 

3.5 CaS04' 2H20 + 1.05 NH4H zP04 + 0.95 H 3P04 

In a 1,000 TPY P:P5 wet phos
phoric acid plant, the use of am
monium sulfate can save approxi
mately 14,000 tons of sulfur, or 
over $0.5 million per year. That 
is $5/ton of P20 5 . The correspond
ing ammonium sulfate capacity to 
be installed would be around 180-
190 tons/day. 

CentTifuges versus filteTS 
As stated previously, the NP / 

ASU process has not been put into 
commercial operation as a single 
entity, although both halves of the 

FIG. , 

overall process have been in full 
scale operation for some time now. 

Integration of the two halves 
does raise afresh the question of 
centrifuges versus filters. While it 
seems probable that the first plants 
will be based on gypsum removal 
by tilting pan filters, one can anti
cipate a case being made in favor 
of centrifuges on the grounds of 
lower costs, both capital-and opera
tional-wise. 

Centrifuges could be incorpo
rated as illustrated in Fig. 5. 
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Conclusions 

Excluding the common am
monia and nitric acid facilities an 
NP / ASU plant will cost 15-20% 
less on a turn-key, battery limits 
basis than a sulfur based conven
tional plant. 

~With sulfur costing US $40 
per ton, a 60,000 tons/year, 90-95% 
water soluble P20 5 factory, saves 
over US $2 million per year in 
terms of sulfur alone. P20 5 can 
be produced at least $25-30 per 
ton cheaper than in a sulfuric acid 
base conventional plant at this sul
fur cost. 

The product NP /NPK fertil
izers readily substitute for a great 
many present day products, with 
regard to high analysis and high 
water soluble P20 5 content. Both 
high and low water-soluble P20 5 

NP /NPK compound fertilizers can 
be produced, the water solubility 
being under simple controL 'With
out the use of sulfur, sulfuric acid 
or phosphoric acid (and without 
the co-production of unwanted 
straight N -fertilizers) N / P 20" 
ratios 1.35 can be achieved. Again 
with no separate straight N -fertil· 
izer production N/P20 5 ratios of 
1.0 are possible, consuming only a 
quarter or one third of the sulfur 
required by a conventional plant. 
In a two-train plant, NP /NPK 
products with N/P20 5 ratios of 1 
and say 2, can be produced with
out the co-production of an N
fertilizer and without directly using 
sulfur or sulfur derivatives. 

This type of plant is also able 
to process low grade phosphate 
rocks, e.g. 25% P20 5 with high 
CaO (P20,,). 

The NP/ ASU plant will 
operate continuously for over 335 
days per year. This allows close 
integration with the ammonia and 
nitric acid facilities while at the 
same time minimising intermediate 
storage requirements. It will also 
utilize a substantial amount of al
ready installed equipment in a con
ventional sulfuric acid based fac
tory complex, i.e. plant conversion 
to NP / ASU may be possible de
pending on individual circum
stances. 'Where wet phosphoric acid 
plant is installed the ASU plant 
will, of course, provide a disposal 
unit for noxious by-product gyp
sum effluent. 

If the ammonium sulfate sec-



Table 9 
Phos. Acid Recycle 

NP Production-Consumption Data Per Ton of 
95% Solution 

N/P20 5 Ratio 1.'18 
ws P20 5 0/0 w/w 92 
N % w/w 24.2 
P20 5 % w/w 16.4 
Moisture w/w 5.0 

Phosphate Florida B (see 
Rock- Table 2) 

Ton 0.510 
Nitric Acid 

(570/0 w/w) Ton 0.825 
Ammonia 

(100%) Ton 0.021 
ASU Solution 

(38% w/w) Ton 1.446 
Steam (200 

psig) Ton 1.780 
Steam (30 

psig) Ton 0.026 
Power KWH 30 

tion is enlarged it will provide a 
relatively cheap gypsum to am· 
monium sulfate facility to make 
straio'ht N-fertilizers such as 21:0:0 
or 26:0:0. A small increase in the 
capacity of the ammonium sulfate 
section can enable up to 15% of 
the sulfuric add requirement of an 
adjacent wet phosphoric acid plant 
to be saved, the saving being effect· 
ed by substitution of ammonium 
sulfate. 

There have been criticisms of 
the NP / ASU process such as high 
capital cost but it is hoped that 
the table of capital costs included 
in this paper negates this. I t is 
hoped this paper shows a way 
round the problem of high N/P20" 
ratio without at the same time in
undating the market with straight 
N -fertilizers. 

The problem of high steam 
consumption cannot be avoided 
even with ammonium sulfate wash
ing. 
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MODERATOR HECK: Thank you 
Mr. Dumain. I shall now turn the 
meeting back to Chainnan SAU
CHELLI. 

CHAIRMAN SAUCHELLI: Thank 
you Bob. Our next paper, a con
tinuation of the general discussion 
on nitrophosphates, will be dis
cussed by Samuel Strelzoff, Senior 
Vice President and George Dell, 
Senior Process Engineer, Chemical 
Construction Co. At last year's 
meeting Mr. Strelzoff extolled the 
advantages of nitric acid for mak
ing phosphate fertilizers and pre
dicted that it would become a 
very challenging competitor of sul
phuric acid for this purpose. 

At the July meeting of the 
American Institute of Chemical 

Engineers he presented a detailed 
evaluation of the various processes 
for making nitrophosphates. It was 
an excellent study. 

He has had more than 42 years 
of experience in chemical engineer
ing, process plant research, design, 
construction and operation. Before 
joining Chemco he held an execu
tive position with Defense Indus
tries, Limited of Quebec, Canada, 
and Societe BeIge de l' Azote, Liege, 
Belgium. 

Sam is a loyal booster of the 
Round Table and earnestly cO'
operative in making our annual 
meetings a success. He and George 
Dell will discuss the economics of 
nitrophosphate fertilizer materials. 

Chemico Nitrophosphate Process 
Samuel Strelzoff and George Dell 

Mr. Chairman and Gentlemen; 
The idea of using nitric acid 

instead of sulfuric acid for the 
digestion of natural phosphates is 
more than 100 years old. In 1868 
Eben N. Horsford of Cambridge, 
Massachusetts obtained Letter Pat
ent No. 75,271 dated March 10, 
1868 which covered a process for 
treating rock phosphate with nitric 
acid. Moreover he proposed using 
sulfuric acid to remove the major 
part of the calcium as gypsum. 

The commercialization of this 
idea had to wait for the creation 
of economical processes for the prO'
duction of nitric acid: first by oxid
ation of atmospheric nitrogen in 
an electric arc furnace, begun in 
1903 by E. Birkenland and S. Eyde 
in Norway, and then the Ostwald 
process of ammonia oxidation. The 
latter process was first used in a 3 
TID unit built near Bochum, Ger
many, in 1908. The Haber Bosch 
ammonia synthesis process which 
was put into operation at BASF's 
Oppau plant in Germany in 1913, 
yielded inexpensive ammonia and 
led to a dramatic expansion in the 
use of the Ostwald process. By the 
end of the first World War, large 
production facilities, using the am
monia oxidation process, were 
erected at Muscle Shoals, Alabama. 
These were designed and built dur
ing the war by Chemical Construc
tion Corporation. 

The radical reduction in the 
production cost of nitric acid pro
duced by the ammonia oxidation 
process, as compared with the older 
process for the decomposition of 
Chilean saltpeter by sulfuric acid, 
became a strong stimulant for the 
idea of using nitric acid for the 
digestion of rock phosphate. How
ever, as long as elemental sulfur 
was relatively low priced and avail
able in sufficient amounts, the 
phosphate fertilizer industry util
ized sulfuric acid for digestion of 
rock phosphate. This process, be
ing relatively simpler than other 
technological processes involved, 
remained more economical. 

The recently experienced sul
fur shortage and its increased price, 
coinciding with the radical reduc
tion of ammonia and nitric acid 
costs, have led to a revival of in
terest in the processes for the 
manufacture of nitrophosphates 
based on the use of nitric acid 
alone for the digestion of rock 
phosphate. Many papers have been 
presented at various scientific meet
ings in the U.S.A. and abroad, 
pointing out the economic advant
ages of these processes as compared 
with those based on the use of 
sulfuric acid. 

Before describing, in some de
tail, Chemico's Nitrophosphate 
process and its economics, a brief 
historical development appears in 
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order. A long list of patents have 
been issued in the U.S.A. as well 
as in Europe covering nitrophos
phate production processes. 

Without any claim of having 
established a complete list of these 
patents, it is interesting to note, as. 
mentioned above, that a patent was 
issued in the U.S.A. to Eben N. 
Horsford of Cambridge, Massachu
setts covering the digestion of rock 
phosphate in nitric acid. The 
amount of nitric acid proposed is 
sufficient to convert the calcium 
phosphate into calcium nitrate and 
monocalcium phosphate. Sulfuric 
acid is then added to precipitate 
calcium sulphate, leaving in solu
tion monocalcium phosphate and 
an excess of nitric acid. The nitric 
acid is evaporated by heat. The 
monocalcium phosphate contains a 
small amount of sulfuric acid 
which is neutralized by lime, yield
ing a dry finished product. 

U.S. Patent 872,757 filed Janu
ary 3, 1906 by Johannes Schlutius, 
Karow, Germany describes a pro
cess for the digestion of rock phos
phate in nitric acid solution ex
pressed by the following equation: 
CaSP20 S + 4 HN03 = 

CaH4 P20 s + Ca (NOs) 2 

U. S. Patent 936,317 dated 
October 12, 1909 (app!. April 25, 
1908) to B. F. Halvorsen of Norsk 
Hydro, Norway also describes a 
process for the digestion of rock 
phosphate in nitric acid expressed 
by the equation given in 1906 by 
Schlutius. Hot calcined calcium 
nitrate is added to the dissolved 
phosphate to ultimately form, after 
evaporation, a product containing 
15% P20" and 11 '70 N 2• 

A number of other U. S. pat
ents are listed in Appendix I. 

BASF described the process for 
precipitation of calcium in the 
form of gypsum in its Gennan 
patent application on December 
16, 1926 (U. S. Patent 1,788,828, 
dated January 13, 1931). The pro
cess consists of the digestion of 
rock phosphate by a mixture of 
nitric acid with sulfuric acid or 
sulphates of ammonia and potas
sium. The precipitated gypsum is 
separated by filtration. The re
maining solution is neutralized 
with ammonia and concentrated by 
evaporation. For a rock phosphate 
containing 30% P20 5 , the final 
product components would be in 



a ratio of I.ON: 1.2P 205: 1.2K20. 
Very likely, the first commer

cial plant using only nitric acid for 
the digestion of rock phosphate 
was erected in Norway by the pro
cess patented by Erling B. Johnson 
of Odda Smelterverk, A. S. in Nor· 
way (Patent application in Nor
way dated October 27, 1928 and 
U. S. Patent 1,816,285 dated July 
21, 1931). In this process, the cal
cium nitrate produced by the diges
tion of rock phosphate in the solu
tion of nitric acid, as per the fol
lowing general equation: 
CaFz ' 3Cas (P04) 2 + 20HN03 

10Ca (NOa) 2 + 6HgP04 + 2HF, 
is crystallized out, in the presence 
of excess nitric acid by refrigera
tion of the acid solution. A long 
list of similar, processes for the 
digestion of rock phosphate in 
nitric acid has been described in 
patents and published literature. 
They all indicate that although the 
digestion of rock phosphate in 
nitric acid solution does not pre
sent any special problems, the 
separation of insoluble residual 
materials and the products are 
not easy operations. Nevertheless, 
plants using those processes have 
been operated in Norway, Ger
manv, Netherlands, France, Fin
land: Sweden, the U.S.S.R. and 
others. 

It can be pointed out that the 
users of the Odda process, in which 
a large part of calcium is separated 
in the form of calcium nitrate 
crystals, still face this serious prob
lem of separation of residuals. At 
the ISMA (International Super
phosphate Manufacturers Associa
tion) conference held in Septem
ber 1968 in Brussels, papers were 
presented by Norsk-Hydro and 
Hoechst Uhde. Both described 
their versions of the Odda process. 
Both use some kind of settling de
vice to separate the residuals from 
the digested solution. Norsk Hydro 
uses sand traps, a rather cumber
some piece of equipment requiring 
a great deal of labor. In addition, 
both processes indicate problems in 
proper control of crystallization of 
calcium nitrate. As a matter of 
fact, Norsk Hydro still uses batch 
type crystallizers followed by a 
vacuum filter. 

Chemico's experience in the 
nitrophosphate field dates back 40 
years, when a plant was put into 
operation in Belgium to manu-

facture dicalcium phosphate from the Gujarat plant in India (450 
rock phosphate and nitric acid. MT /D plant designed by Chem-
Various kinds of equipment for the ico) , which operates on by-product 
separation of insoluble materials gypsum from a phosphoric acid 
were tried, including filter presses, plant. For these plants Chemico 
vacuum filters and centrifuges. uses the I.C.1. process with im-
None of this equipment could be provements initiated by its engi-
adopted as a final solution to the neering staff. 
problem. The addition of various In summation, it can be con-
standard flocculants also proved eluded that all the steps of Chem-
unsuccessful in removing the resid- ico's nitrophosphate process are 
uals. Finally, the problem was re- now well established, providing a 
solved by adding a small amount sound basis for the design of large 
of sulfuric add (about 10% of the industrial production units. 
total acid requirement) to the The Chemico process, using a 
nitric acid digestion operation. much simpler technology, has by-
The precipitated gypsum would passed operating problems indicat-
form a filter cake retaining the ed for the Odda process. 
residuals. This prevented the clog- The Chemico process has a 
ging of the filter cloth and, there- maximum flexibility in producing 
fore, allowed the separation of the a great variety of formulations, all 
clear solution at a constant and contammg nearly 100% water 
acceptable rate. soluble P20". 

The use of sulfate recycle \Ve shall now review in more 
technology eliminates the need for detail the specific steps of several 
the separation of residuals. These variants of the Chemico nitrophos-
materials are retained by gypsum phate process. 
and later on by calcium carbonate \\Te find the name of the game 
cake. The crystallization of gypsum we play to produce available and 
does not require any artificial re- water soluble P20 5 in fertilizers 
frigeration as is the case for the really should be called "catch the 
Odda process. Besides Chemico's calcium ion". Due to the physical 
own demonstration, first made chemistry of the calcium sulfate 
about 15 years ago in its pilot system, and the availability and 
plant, TVA is now carrying out inexpensiveness of sulfur in the 
an extensive program with the past, sulfuric acid has served ad-
identical process at a pilot plant mirably to "catch" the calcium so 
handling about 500 pounds of rock it could be removed from the sys-
phosphate per hour. At a demon- tem. 
stration visit in October 1968, Recently however, the creation 
about 500 visitors from the U.S.A. of more economical processes for 
and foreign countries (more than the manufacture of large amounts 
100 foreign visitors) were given the of ammonia and nitric acid, has 
opportunity to witness the pilot resulted in the decreased cost of 
plant operation. Excellent results nitric acid - making it a strong 
were shown for the separation of competitor for sulfuric acid in the 
gypsum, as well as for calcium manufacture of fertilizers. The 
carbonate cake produced by the nitrogen of the nitric acid provides 
reconversion of gypsum into am- a potential source of plant food; 
monium sulfate solution. and when potassium is added, 

In regard to the reconversion nitric acid treatment of phosphate 
of the gypsum, it should be noted rock offers a source of compound 
that millions of tons of ammonium nitrogen phosphorus - potassium 
sulfate were (and still are) pro- (N-P-K) fertilizers without any 
duced by I.C.I. in England; ANIC loss of nitrogen value. 
in Italy (1500 l\lT /D plant de- The digestion of rock phos-
signed and built by Chemico), the phate by nitric acid is idealized 
Sindri plant in India (1200 MT /D according to the following equa-
plant designed by Chemico); and tion: 
(1.) CaF2 (Ca3 (P04) 2) 3 + 20 HNOg = 10 Ca (NOg) 2 + 6 H gP04 + 2 HF 

Large amounts of calcium 
nitrate, produced by this reaction 
have been removed in crystal form 
by the Odd a process and sold as 
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such. The crystallization of cal
cium nitrate however, unlike gyp
sum, is not an easy process; and 
when separated. it is hygroscopic 



and hard to handle. In addition, son why such nitrophosphate pro· 
its low nitrogen content (15.5-16% cesses have not achieved wide-
N 2) limits its ability to compete spread acceptance in the United 
with ammonium nitrate and urea States; the first, of course, being 
which have a much higher nitro- that sulfur prices have been rela-
gen content. Some of the present tively low. The European agricul-
users of the Odda process are in- tural market, contrary to the prac-
vestigating various methods of dis- tice in the United States, is not 
posing of calcium-nitrate since adverse to the use of phosphate 
marketing it as a fertilizer has be- fertilizers in which only half or 
come very difficult in the intema- less of P20 5 is water soluble. 
tional markets. In order to produce market· 

As mentioned previously, the able fertilizers, the acidic solution 
resulting NP or NPK products resulting from dissolving the phos-
from this Odda process have a re- phate ore must be neutralized. 
latively limited ratio of water solu· This is done with ammonia, ac-
ble P20". This is the second rea- cording to the idealized reactions: 

(2.) H aP04 + NHa = NH4 H2 P04 

(3.) H aP04 + 2NHa = (NH4) 2 H P04 

(4.) HNOg + NHg = NH4 NOg• 

During such ammomatIOn, 
however, any calcium nitrate pres
ent causes secondary reactions, de-

pending on the degree of ammoni
ation: 

(5.) H aP04 + Ca (NOg) 2 + 2NHa 2NH4NOg + CaHP04 

(6.) 2CaHP04 + Ca (NOg) 2 + 2NHg = 2NH4NOg + Cag (P04) 2 

(7.) 2HF + Ca (NOg) 2 + 2NHa 2NH4NOa + CaF2 

(8.) 3Cas (P04) 2 + CaF2 = 3 (Cag (P04) 2) • CaF2 

These four secondary reac
tions, known as reversion reac
tions occur in proportion to the 
amount of calcium nitrate and 
fluoride ion present in the reaction 
liquor. The danger of reversion is 
greatest when ammoniation is per
mitted to go beyond the require
ments for the formation of dical
dum phosphate. Additional am
moniation will produce apatite, a 
chemically similar composition to 
the one in the natural phosphate. 

Among the products of the 
neutralization reactions, mono
ammonium and diammonium 
phosphate are water-soluble; dical
cium phosphate is water·insoluble 
but citrate-soluble; tricalcium phos
phate is water-insoluble and spar
ingly citrate-soluble; while apatite 
is insoluble both in water and 
neutral citrate solution. The 
amount of each product present 
determines the quality of the fer
tilizer. \Vater-soluble monocalcium 
phosphate may also be present in 
the reaction mixture during acidu
lation. However, it is usually con
verted to the water-insoluble di
calcium phosphate during am· 
moniation. 
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neutralization with ammonia 
would produce ammonium nitrate, 
monoammonium phosphate and 
diammonium phosphate. Of the 
last two, monoammonium phos
phate is preferred, since it can 
be readily separated from the am
monium nitrate by crystallization 
in the Chemico process. For ex
ample: When a solution contain
ing 55;10 ammonium nitrate and 
21;10 monoammonium phosphate 
is cooled to 30 a C., monoammonium 
phosphate will be crystallized in a 
relatively pure form, leaving only 
about 2;10 in the mother liquor. 
On the other hand, if a solution 
contammg diammonium phos
phate is cooled, the separation is 
not as sharp. Figure I is a block 
flow diagram of the complete 
Chemico sulfate recycle process. 

The Chemico process starts 
with the digestion of phosphate 
rock with sufficient nitric acid to 
convert all the rock phosphate into 
phosphoric acid. Fifty to sixty per
cent nitric acid is used to control 
the water content of the slurry, 
which is then mixed with a (38-

AMMONIUM CHALK 
SULFATE 

-. NP 

I L FERTILIZER 
I GRANULATION I 

AMMONIUM 

NITRATE 

If the calcium could be totally 
removed from the digestion liquor, 

Figure 1 

Chemioo Sulfate Recycle Process 
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ration is ammoniated to a pH of 
about 3.5 for the conversion of 
the phosphoric acid to monoam
monium phosphate. 
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The solution which now con· 
tains about 58 % water must first 
be concentrated to 20 % water and 
fed to a vacuum crystallizer. With 
proper design, the monoammo
nium phosphate is produced as 
crystals that are easily separated 
from the ammonium nitrate, as 
shown in Figure 4. 

Fiqure 2 
Diqestion Precipitation Filtration Process Flow Diaqram 

40%) ammonium sulfate solution. 
The latter reacts with the calcium 
nitrate to produce calcium sulfate 
dihydrate (gypsum). The gypsum 
is separated from the mother 
liquor, which is principally phos
phoric acid and ammonium nitrate 
with small amounts of iron, 
aluminum, magnesium, calcium, 
flourine as well as vanadium and 
rare-earth metals present in the 
phosphate ore. Figure 2 provides a 
more detailed process flow diagram 
for this part of the process. 

The gypsum is washed free of 
phosphate and is sent to the am
monium sulfate plant where it is 
treated with ammonia and carbon 
dioxide; the gypsum is converted 
to ammonium sulfate and a cal
cium carbonate precipitate. When 
filtered from the liquor, the cal
cium carbonate can be dried and 
used as agricultural lime or mixed 
with ammonium nitrate to make 
nitro-chalk (ammonium nitrate
lime stone fertilizer having a 20 to 
26-0-0 grade). Nitro-chalk ferti
lizers are extensively used in the 
European countries to increase the 
yield of forage crops on grazing 
land, but they have been of rela
tively little interest in this country. 
The purpose of limiting the nitro· 
gen content to 20 to 26 % as com
pared to pure ammonium nitrate 
with 34.5 % nitrogen is to reduce 
the hygroscopic capacity and mini
mize the fire hazard of the product. 

The ammonium sulfate liquor, 
having 38 to 40 % concen tration, 
is recycled to the precipitator 
where calcium, solubilized by the 
reaction of nitric acid with the 
phosphate rock, is removed. Since 
95 to 98 % of the gypsum is con
verted to ammonium sulfate and 
a small excess of ammonium sul
fate is required for complete pre
cipitation of the calcium, a cheap 
source of make up gypsum or am
monium sulfate is required. 

Figure 3 is a process flow dia-

Fiqure 4 
Monoammonium Phosphate crystallized from 
Ammonium Nitrate Solution. Maqnification 
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Table 1 
System NH.H.PO.-N H.NO...-H20 

Liquid Phase, Weight % 

NH.H2PO. NH.N03 H2O Solid Phase 

Isotherm 70·C 
51,0 ° 49,0 

1NH.H,PO. 
15,2 30,4 54,5 
12,5 37,5 50,5 
2,89 68,0 29,1 ) 
1,6 82 16,4 NH4H 2P04 + NH4NOll 

° 83,3 16,3 NH4N03 

Isotherm 80·C 
54,8 0 45,2 1NH•H,PO. 16,7 33 50,0 
] 3,6 41,9 45,5 
3,8 67,3 28,9 ) 
2,0 84,2 13,8 NH4H 2P04 + NH4NOa 

° 86,2 13,8 NH4N03 

Isotherm 90· C 
59,6 ° 40,4 

}NH.H,PO. 
25,7 25,8 48,5 
18,1 37,4 45,5 
H,5 43,5 42,0 
5,0 66,5 28,5 
2,5 87,0 10,5 NH4H 2P04 + NH4N03 

0 88,9 11,1 NH4NOa 

Isotherm 95 0 C 
61,6 ° 38,4 NH1H 2P04 

27,0 87,1 10,2 NH4H 2P04 + NH4NOg 

° 89,8 10,2 NH4NOa 

Isotherm 100°C 
63,5 0 36,5 l 28,5 28,5 43,0 
19,8 39,7 40,5 fNH.H,PO. 
15,7 47,1 37,2 
6,5 66,2 27,3 
3,3 88,5 8,2 NH4H 2P04 + NH4NO ll 

0 91,0 9,0 NH4NOa 

Isotherm 110°C 
68,3 ° 31,7 

lNH'H'PO' 
31,2 31,3 37,5 
21,3 42,7 36,0 
16,9 50,6 32,5 
8,9 63,8 27,3 J 
3,98 89,82 6,2 NH4H 2P04 + NH4NOa 
0 93,0 7,0 NH4NOa 

Isotherm 130°C 
80,0 ° 20,0 

6,05 90,41 3,54 
0 98,5 1,5 

The sharpness of the separa
tion is indicated by data published 
in the U.S.S.R. * An essential part 
of which is reproduced here in 
Table I and Table 2. An overall 
phase diagram for the system is 
shown in Figure 5. 

• F. G. Margolis and T. V. Glasova. Pub
lished on behalf of Academy of Sciences USSR 
Publications, Moscow ]966 by "Scicnce"-
1vfoscow. 

NH4H 2P04 

NH4H 2P04 + NH4N03 

NH4NOa 

The MAP crystals are readily 
redissolved and fed to a stand
ard TVA drum granulator or a 
blunger. To produce about a 14-
42-0 fertilizer with over 90 ot 
the P20 5 water soluble and essen
tially 100% citrate soluble. The 
ammonium nitrate solution is con
centrated and prilled for use as 
fertilizer. 
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The granular fertilizer pro
duced if ammonium nitrate is not 
separated would be about 28-14-0 
varying somewhat with the phos
phate rock used as raw material. 

U sing Florida float concen
trate phosphate rock with 33.6 % 
P 205 and 48 % CaO we would 
obtain 1.8 to 2 tons of ammonium 
nitrate per ton of 14-42-0 fertilizer. 

By blending all or part of the 
ammonium nitrate into a granula
tor solids stream we have a flexi
bility to make for example a 1-3-0, 
1-1-0, or 2-1-0 NPK fertilizer ac
cording to the agronomic require
ments of our customers. 

Figure 6 is an Economic Pro
duction Analysis that compares the 
cost of producing one ton of P20l) 
and 1.73 tons of nitrogen as ferti
lizer by three routes. 

The Chemico Process, DAP 
plus arnmonium nitrate and phos
phonitric mixed acid plus ammo
nium nitrate were the routes se
lected for this comparison. 

Sulfur cost was varied from 
$30 to $55 per long ton and ammo~ 
nia from $20 to $35 per short ton 
while the rock phosphate cost was 
held constant for this study. 

Utilities, operating labor, 
maintenance, depreciation of cap
ital invested, taxes, and insurance 
were included for each of the 
plants involved for the three 
routes. You will note that the cost 
of producing equal amounts of 
plant nutrient by the Chemico 
process and the DAP plus ammo
nium nitrate routes are the same 
when sulfur price is $32 per long 
ton or more. For the mixed acid 
phosphonitric route, the break 
even point is considerably high. 
Also you will note that variations 
in ammonia cost only reflect 
changes in total product cost, while 
variations of sulfur cost reflect in
creased advantage for the Chemico 
process. 

Besides the sulfate recycle sys
tem which we have just described, 
Chemico has developed and labora
tory tested a number of processes 
based on partial neutralization of 
the liquor produced by reacting 
phosphate rock with nitric acid 
and ammonia to precipitate a cal
cium phosphate. Figure 7 shows 
the basic process as a block flow 
diagram. By making a separation 
of the partially neutralized solu-



Table 2 
System N H,NO..-NH,H.PO,-H.O 

Liquid Phase 

Weight % Moles/10D Moles 

NH,ND. NH,H.PO. H.O NH,NO. NH.H.PO. H.O 

27,2 
22,0 
28,8 
38,9 
45,0 
45,6 
47,0 

0,0 
8,8 

18,3 
28,6 
38,7 
44,9 
'1:9,0 
51,2 
53,6 

0,0 
8,4 

18,4 
23,5 
28,1 
.38,2 
44,6 
48,8 
54,1 
58,0 
59,6 

0,0 
8,1 

17,5 
27,6 
30,5 
,,7,9 
44,3 
48,6 
53,8 
59,0 
64,0 
65,1 

0,0 
7,8 

16,9 
26,9 
37,5 
43,9 
48,2 
53,5 
58,8 
68,7 

·69,7 

0,0 
5,5 
3,8 
2,4 
2,0 
1,8 
0,0 

18,4 
12,4 
8,2 
4,8 
3,1 
2,4 
1,9 
1,5 
0,0 

21,4 
15,5 
10,0 
7,7 
6,2 
4,1 
3,0 
2,2 
1,6 
1,2 
0,0 

25,5 
18,8 
12,2 
8,1 
7,0 
5,1 
3,7 
2,8 
2,2 
1,6 
1,2 
0,0 

30,2 
22,7 
15,1 
10,3 
6,2 
'1,5 
3,5 
2,7 
2,0 
1,2 
0,0 

72,8 
72,5 
67,4 
58,7 
53,0 
52,6 
53,0 

81,6 
78,8 
73,5 
66,6 
58,2 
52,7 
49,1 
47,3 
46,4 

78,6 
76,1 
72,0 
68,8 
65,7 
57,7 
52,4 
49,0 
44,3 
40,8 
40,4 

74,5 
73,1 
70,3 
6·1,3 
62,5 
57,0 
52,0 
48,6 
4·1,0 
39,4 
34,8 
34,9 

69,8 
69,5 
68,0 
62,8 
56,3 
51,6 
~18,3 

43,8 
39,2 
30,1 
30,3 

100 
85,1 
91,6 
95,9 
97,1 
97,3 

100,0 

0,0 
50,5 
76,3 
89,5 
94,7 
96,4 
97,5 
98,0 

100,0 

0,0 
43,75 
72,1 
81,4 
86,7 
93,0 
95,5 
97,0 
98,0 
98,6 

100,0 

0,0 
38,3 
67,4 
83,4 
86,2 
91,5 
94,5 
96,2 
97,2 
98,1 
98,8 

100,0 

0,0 
33,0 
61,7 
79,1 
89,7 
93,4 
95,2 
96,7 
97,7 
98,8 

100,0 

Isotherm _10°C 
0,0 1188,5 

14,9 1245,8 
8,4 951,9 
4,1 642,6 
2,9 507,2 
2,7 498,3 
0,0 501,2 

Isotherm DOC 
100,0 2830,6 
49,5 1986,4 
23,9 1360,0 
10,5 926,6 
5,3 633,6 
3,6 502,6 
2,5 433,9 
2,0 402,0 
0,0 384,5 

Isotherm 10°C 
100,0 2345,7 
56,25 1760,0 
27,9 1280,8 
18,6 1057,9 
13,3 890,9 
7,0 624,'1 
4,5 498,8 
3,0 432,4 
2,0 356,4 
1,4 308,2 
0,0 301,6 

Isotherm 20°C 
100,0 1862,7 
61,7 1536,7 
32,6 1200,6 
16,9 860,0 
13,8 783,1 
8,5 612,0 
5,5 493,3 
3,8 427,6 
2,8 353,4 
1,9 291,2 
1,2 238,8 
0,0 238,3 

Isotherm 3D·C 
100,0 1478,6 
67,0 1312,2 
38,3 Il03,5 
20,9 820,2 
10,3 598,7 
6,6 487,9 
4,8 424,2 
3,3 351,8 
2,3 289,7 
1,2 192,5 
0,0 193,1 

Solid Phase 

Ice 

}Ice + NH4H 2P04 

}NH4H 2P04 

NH4NOa + NH4H 2P04 

NH4NOs 

NH4NOs + NH 4H 2P04 

NH4NOs 

NH4NOa + NH4H 2P04 

NH4NOa 

NH4NOs + NH4H 2P04 

NH4NOa 

NH4NOa + NR,H2P04 

NH4NOa 
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Figure 5 
Polltherma of the system. 

NH,H,.J>O,-NR.-NlLNOa-H.O 
The fiqures indicated on curves and points. 

Temperature in ·C. 

tion, an appreciable amount of the 
calcium is removed as calcium ni
trate with very little P20 5 remain
ing in the filtrate. The cake is 
redissolved with nitric acid and 
the remaining calcium removed 
as gypsum by adding ammonium 
sulfate. This reduces the amount 
of ammonium sulfate required and 
thus the amount of gypsum to he 
converted. The second filtrate can 
then be ammoniated and granu
lated to yield a 23-23·0 fertilizer . 
However, since ammoniation will 
be to a pH of about 4, the impuri
ties including iron, aluminum etc., 
will precipitate reducing the pre
cipitation rate of the dicalcium 
phosphate. 

To overcome this problem, 
Figure 8 shows a dual precipita
tion arrangement of the basic 
process. You will note, though, 
the introduction of additional neu
tralization and filtration steps in
creases capital investment and op
erating requirements. 

There are numerous other 
variations of this basic principle 
that we have investigated. Figure 
9 shows one in which the Iron 
and aluminum are removed before 
the dicalcium phosphate IS pre
cipitated. The iron, aluminum and 
other impurities are treated sepa
rately before being recombined 
with the main phosphate stream. 
Under certain circumstances this 
variation of the basic process could 
have definite advantages and be 
economically attractive. 

\Ve have noticed that accord
ing to the recent inquiries we have 
received, there is a definite trend 
by fertilizer manufacturers abroad 
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to produce higher and higher water 
soluble products. It is our feeling 
that this trend will continue to the 
point where high water soluble 
P 205 in the fertilizer will be re
quired by farmers on a worldwide 
basis not just the United States 
and Great Britain. 

We fully believe that our 
processes have been sufficiently 
demonstrated technically and pro
vide a positive technique of catch
ing the calcium ion so that high 
water soluble phosphate fertilizers 
will be available to meet the re
quirements of agriculture. 

As a result of the work done 

by TVA and ourselves, we are 
satisfied that we have proven the 
Chemico process to be an eco
nomically and technically sound 
route for making high water solu
ble P20 5 ratio within wide limits. 
\Ve are now in a position to de
sign and build such plants and 
guarantee their performance. 

As we have had the good 
fortune of being able to work very 
closely with :\1r. Hignett, Mr. 
Meline and many others at TVA 
on many of our studies, we would 
like to express our sincere thanks 
to them for sharing their experi
ence with us. 

Appendix I. 
United States Patents 

75,271 Horsford March 10, 1868 
872,757 Schlutius January 3, 1906 
436,317 Halvorsen (Norsk Hydro) October 12, 1909 
982,466 Blackmore January 24, 1911 

1,011,909 Bretteville December 19, 1911 
1,023,133 De Jahn April 16, 1912 
1,057,876 Samuel Peacock April 1, 1913 
1,058,145 Braun April 8, 1913 
1,292,293 Toss January 21, 1919 
1,788,828 BASF .J anuary 13, 1931 
1,816,285 Odda July 21, 1931 
2,013,970 Moore Sept. 10, 1935 
2,312,047 Ogburn Feb. 23, 1943 
2,683,075 Caldevele July 6, 1954 
2,689,175 Strelzoff Sept. 14, 1954 
2,728,635 Miller Dec. 27, 1955 
2,753,252 Barnes July 3, 1956 
2,757,072 Kapp et al July 31, 1956 
2,759,795 Archer August 21,1956 
2,767,045 McCullough Oct. 16, 1956 
2,857,245 Fallin Oct. 21, 1958 
3,049,416 Brown August 14, 1962 

This list cannot necessarily be considered as a complete record of 
all U.S.A. patents covering processes for the treatment of rock phos
phate by nitric acid. We have not tried to assemble lists of patents 
issued in other countries. 

CHAIRMAN SAUCHELLI: Thank 
you, Dr. Strelzoff and George Dell. 

With your indulgence, we 
have one more paper by William 
A. Lutz. He promised that it 
wouldn't take more than 10 or 
15 minutes. 

He is President of the Weston 

Process Design. He was too late 
for getting on the printed program, 
Mr. Lutz is an experienced chemi
cal engineer. He also co-authored 
a chapter in my Monograph. He 
has given his talk the provocative 
title, Nitric Phosphates-Fact, Fic
tion and Philosophy. Mr. Lutz 
please. 

Nitric Phosphates 
Fact, Fiction and Philosophy 

w. A. Lutz 

Summary 
It must be concluded that the 

historic objections to nitric phos-

phate fertilizers would be difficult 
to defend in light of recent prac
tice and experience. Complex 
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fertilizers being produced by this 
route in Europe are superior to 
the majority of equivalent com
pounds made in the United States 
with respect to total grade and 
water solubility. It is also highly 
probable that they are superior in 
some of the less tangible areas 
such as product quality, storage 
and handling characteristics. The 
opportunities for cost reduction 
appear to be excellent but detailed 
cost comparisons are necessary to 
firmly establish overall differences. 
A large potential market does ex
ist for fertilizers which can be made 
using this type of process. 

The selection of processes to 
be used in a new or modernized in
stallation is a difficult and complex 
problem. Nitric phosphate proc
esses do merit full consideration, 
along with other technical develop
ments, in this progressive and ex
panding industry. As with most 
other developments, they do not 
represent a universal solution to 
all the problems in the industry. 
There does appear to be a place 
for them. 

Nitric Phosphates 
In the past few years increas

ing attention has been focused 
upon the nitric phosphate routes 
for making fertilizers. One of the 
major reasons has been a shortage 
of sulfur1 and corresponding in
creases in sulfur prices, which must 
lead to consideration of processes 
using little or no sulfur, either di
rectly or indirectly. Another factor 
is the advent of large ammonia 
plants which have resulted in price 
reductions on nitrogen, as well 
as policy modification in market
ing and distribution. 

Nitric phosphate plants have 
been in operation in Europe for 
over thirty years and an extensive 
experience background on these 
plants and their products is avail
able. On the basis of this experi
ence, the first American plant, 
which uses no sulfur either di
rectly or indirectly, is now under 
construction for the Farmers 
Chemical Association at Tunis, 
North Carolina. The plant is be
ing built under license by Norsk 
Hydro and is being constructed by 
vVellman-Lord, Incorporated. This 
plan t will use a vPTsion of the 
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Odda Process and will include two 
relatively recent improvements2 : 

1. Deep cooling which will per
mit product water solubility 
of approximately 85 % with
out the use of sulfate addi
tions, and 

2. The use of prilling rather 
than granulation to produce 
fertilizers of superior physi
cal characteristics. 

Both of these improvements 
have been fully demonstrated in 
commercial operations in Norway. 
Figure 1 is a photograph of this 
ins tallation. 

In past years a number of 
objections have been voiced con
cerning ni tric phosphates, either 
formally or informally. Among 
those most frequently heard are: 

1. Low water solubility of P20 u 
content. 

2. Inflexible grade limi tations 
and N j P20 5 ratios in prod
ucts. 

3. Poor physical and storage 
characteristics. 

4. High product cost ultimately 
applied to fields. 

The question then arises as to 
whether these processes fit into ex
isting practice in the U ni ted S ta tes 
and in other parts of the world. 
Are these objections really firmly 
based in light of present experi
ence? Do these processes require 

modification to make them accept
able? In what way do products 
from nitric phosphate processes 
differ from those being manufac
tured by existing processes and 
supplied to existing markets? 

It is obvious that there are 
no all-inclusive answers to such 
questions. However, a brief look 
at existing practice can provide 
partial answers and perhaps pro
vide some basis for a realistic. non
emotional appraisal. 

Water Sol1fbility 
The original Odda Process 

patents described the means of at
taining 90 0/0 water solubility. The 
plants that have been built utiliz
ing calcium nitrate crystallization 
have generally been operated at a 
level of around 50 % water solu
bility because this was considered 
to be satisfactory for Northern 
Europe. It is perhaps for this rea
son that the impression has arisen 
that Odda Process units cannot 
produce over 50 % water solubility. 

In most European countries 
50 % water solubility is considered 
to be acceptable, while Norway 
and Sweden require only 30 0/0. It 
is of some interest to note that in 
England, where water solubility 
has been stressed more than in 
other countries, approximately 
27 0/0 of the P 20 5 consumed in 
1965-66 was in water insoluble 
form. 
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Recent large scale commercial 
operations have demonstrated that 
processes of this type are capable 
of producing fertilizers wherein 
the water solubility is about 850/0. 
Process modifications involving the 
use of sulfates3 for calcium removal 
have been described by which 
water solubility can be increased 
to 90-95 % and certain crystalliza
tion techniques4 have been de
scribed by which essentially 1000/0 
water soluble can be produced. In
creasing water solubility will in
evitably carry with it some degree 
of increasing processing costs which 
can be determined only by detailed 
analyses of the particular process 
involved. 

The required level of water 
solubility is a highly controversial 
subject5 and there are no real 
standards established for the 
United States. Areas in the far 
west are requesting 90% while 
40 % has been suggested as a mini
mum for the Southeastern states. 
The general lack of standards and 
apparent lack of real interest by 
users for the whole subject can be 
inferred from the results of surveys 
which show the water solubility 
on a large number of samples of 
materials commercially marketed. 
This data is shown on Figure 
II.IO,1l .12 

The most recent curve, which 
also shows the highest water solu
bility, shows that 53 % of the 
samples were below 600/0 water 
solubility, while approximately 
90 % of the samples were below 
the level of 8~ % water solubility 
which can be obtained by deep 
freeze processing without the use 
of a supplementary step for cal
cium removal. Even 36 0/0 of 'the 
superphosphates which are con-

1. C.s .... . l ')H - $O 
l'.:O; .1., 1955 - 56 

2 . SOQ"!'l.au. St " t.eI 19f>4 
• . 5upt:rp~. o~pb.,-.s 1<>\5- 56 

;';a t" . solu!- ,l it} 
"" , "ent. o ~ A.I'."'. 
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sidered as highly water soluble are 
below this level. 

Versions of the Odda Process, 
therefore, appear to be entirely 
capable of meeting the require
ments for the majority of mixed 
fertilizers marketed in the United 
States. The level of water solu
bility in these products will ap
proach those of DAP which will 
be, normally, in the range of 85-
950/0. Fertilizers made by proc
esses involving ammoniation of 
superphosphates will normally be 
lower in water solubility than those 
attainable by the nitric phosphate 
route. 

If it becomes the objective of 
the industry as a whole to upgrade 
the level of water solubility in 
fertilizers marketed in America, 
then it would seem logical to di
rect such effort toward those ma
terials now on the low end of the 
scale. Some effort applied to elim
inating those below 500/0 water 
solubility, which is considered by 
many authorities to be a reasonable 
minimum, could be more reward
ing overall, than similar effort to 
produce minor improvements at 
the high end of the scale_ 

Product Grade 
Nitric phosphate fertilizers are 

definitely not inherently low grade. 
Fertilizers of 1: 1 : 1 ratio from this 
source would normally assay in the 
range of 15-15-15 to 17-17-17, de
pending on the product water 
solubility and the character of the 
phosphate rock used for their 
manufacture. 

In the case of the 1: 1 : 1 grades 
reported to have been sold in 
quantities in excess of 10,000 tons, 
the distribution by grade is ap
proximately as follows: 

Table I 
Distribution of Fertilizers Consumed 

by Grade 

Grade of 
fertilizer 

8-8-8 
10-10-10 
12-12-12 
14-14-14 
15-15-15 
16-16-16 

Cumulative Percent 
Having Indicated 
or Lower Grade 

12.9 
47.0 
78.5 
87.8 
95.0 
98.0 

The average grade of all ferti
lizers reported is approximately 
11.3-11.3-11.3. 

The product grade of mtrIC 
phosphates is related to the water 
solubility. }<'or most high grade 
rocks, the following relationship 
would be typical: 

Table II 
Grade of Nitric Phosphate Fertilizers 

Percent Water 
Solubility 

30 
50 
70 
85 

Grade of 1:1:0 
Nitric Phosphate 

20-20-0 
21-21-0 
22-22-0 
23-23-0 

The production of highly 
water soluble fertilizers will entail 
some increase in production costs 
resulting from a nominal increase 
in capital cost and an increase in 
utility requirements because of 
heavier refrigeration loads. On the 
other hand, some credit against 
the higher production costs is ob
tained in the form of reduced 
storage, bagging, shipping and dis
tribution costs. In many cases the 
credit thus obtained may be greater 
than the increase in production 
costs. 

The attainable fertilizer grades 
are thus competitive with those 
attainable by other routes and are 
certainly well above the average 
of those now commonly used in 
the United States. 

Nitrogen to Phosphate Ratio 
Nitric phosphate plants now 

commercially using the Odda Proc
ess can produce a minimum 
N : P 205 ratio in the phosphatic 

fertilizer of about 0.7. Since most 
countries tend to use ratios that 
can be expressed in small, whole 
numbers, this means that for prac
tical purposes the minimum ratio 
suitable for direct marketing is 
essentially l.0. 

Although no commercial op
erations are known, workable 
processes are known for the pro
duction of lower N: P 205 ratios. 
One of these involves a relatively 
minor variation of the Odda Proc
ess wherein additional phosphate 
rock is added following the cal
cium nitrate removal step. This 
rock will react with the remaining 
free acid in the slurry to ultimately 
reduce the N: P20r; ratio sufficiently 
to allow the production of 1: 2 
ratio. Product water solubility 
would be reduced to about 70'1'0 
by the addition of the secondary 
rock. 

Variations of the nitric phos
phate processes using the sulfate 
recycle system have been proposed 
whereby it is possible to crystallize 
substantially pure monoammonium 
phosphate6 which would presum
ably yield a product having an 
N: P20 5 ratio of 1 :5. 

In 1966-67 there were approxi
mately 3900 grades of fertilizer con
sumed in the United StatesT but 
only 189 of these grades were pro
duced in quantities in excess of 
10,000 tons. Among these 189 
grades representing about 85 % of 
total sales, the distribution as a 
function of N: P20 5 ratio is re
ported as follows: 

Table III 
Distribution of Fertilizers Consumed by N:P.O. Ratio 

N:P.O. Tons 
Ratio Actual 

--~--.~.------~-------~ 

2: 1 and Higher 645,351 
>1:1 -<2:1 454,926 

1: 1 2,989,006 
1 :2 4,489,073 

<1 :2 6,433,746 
All Others 6,311,815 

On the basis of N:P20 5 ratio 
only, the existing Odda Process can 
theoretically meet requirements for 
approximately 20% of the fertil
izers consumed in the United 
States, and with some modifica
tions, could be extended to cover 
requirements for approximately 
40'1'0. The use of nitric phosphate 

f02 

Tons Percent of 
Cumulative Total Cum. 

645,351 3.0 
1,100,217 5.2 
4,089,283 19.2 
8,578,356 40.3 

15,012,102 70.5 
21,323,917 100.0 

.. ---~ 

fertilizers as a base for bulk blend
ing might further extend the mar
ket potential. 

On the other hand, the pro
posed sulfate recycle processes, 
which do not involve separation 
of nitrogen from the phosphate 
component, can yield a minimum 
N:P20 5 ratio of about 1.7 unless 



supplemental P2 0 5 is supplied 
from other sources. The direct 
market for such compounds is pres
ently comparatively limited and 
accordingly, would be considered 
to constitute a serious commercial 
limitation on such processes. 

Table VI 
Characteristics of Nitric Phosphate Fertilizers 

The approximate total P20 5 

utilization in mixed fertilizers 
within the N:P20 5 ratio limits for 
Odda type processes is shown on 
Table IV. 

Table IV 
Utilization of P.O. in Mixed Fertilizers 

N/P.O. 
Ratio Tons P.O. 

I: 1 and Higher 430,000 
1 :2-1: 1 640,000 
Total All 

Mixtures 

Cumulative 
Tons P,05 

430,000 
1,070,000 

3,460,000 

It is, of course, quite obvious 
that only a fraction of this market 
potential could be attained in the 
immediate future. One of the ap
parent problems is the fact that 
nitric phosphate grades, as normal
ly produced, will be much higher 
than those commonly used and 
will, therefore, require either heavy 
dilution or, alternately, consider
able revision in consumer practice. 

It would appear, however, that 
sufficient sales potential does exist 
to justify the construction of a fair 
number of Odda Process type 
plants within the next decade. 

The production of nitric phos
phate fertilizers will yield a co
product amounting to something 
of the order of 5.5 tons of ammon
ium nitrate per ton of P20 5 pro
duced. Production of fertilizer 
grade ammonium nitrate in the 
United States is given in the fol
lowing Table V. 

Bulk Density-Packed Ibs/ft3 

Bulk Density-Loose Ibs/ft3 

Angle of Repose-Degrees 
Percent Moisture-Approx. 

Size Analysis-Typical 
+ 3mm (7 mesh approx.) 
+ 1.5 mm (10 mesh approx.) 
+ 1.0 mm (16 mesh approx.) 

co-product ammonium nitrate that 
would be produced as a result of 
the production of nitric phos
phates. The fundamental change 
involved is only the routing of 
nitric acid to the nitric phosphate 
plant where it is converted to am
monium nitrate instead of sending 
it directly to neutralization and 
ammonium nitrate production. 

Calcium Nitmte Utilization 
In North America calcium 

nitrate is not expected to be widely 
used. It is now generally visualized 
that this material will be reacted 
with ammonia and carbon dioxide 
to make ammonium nitrate for 
marketing, either in solid form or 
as solution fertilizers and calcium 
carbonate as a waste product. 

Other potential uses for cal
cium nitrate would be its inclusion 
in liquid fertilizers, since substan
tial percentages of ni trogen from 
this source can be included with
out appreciable reduction of total 
nitrogen content of the solution. 
It is unlikely that calcium nitrate 
would be acceptable in ammoniat
ing solutions for fertilizer granu
lation, since the presence of cal
cium would adversely affect the 
chemistry of the granulation step. 

Table V 
Production of Fertilizer Grade Ammonium Nitrate in United States 

(Thousands of Tons) 
.. -~----- "---.-~-

Year Solid 

1960 1,572 
1962 1,668 
1966 2,414 
1969 P 2,896 
P = Projected 

~~.-. 

The existing market for am
monium nitrate appears to be gen
erally sufficient to absorb all the 

Liquid Total 

1,253 2,825 
1,378 3,046 
2,119 4,533 
2,746 5,642 

Ammonium nitrate limestone 
can be manufactured using calcium 
nitrate as a base. It has also been 
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Prilled 

76.5 
71.8 
25 
0.5 

Granulated 

70.5 
65.6 
30 
0.5 

Percent Cumulative Plus 

Trace 
98 
98 

Trace 

suggested that the calcium nitrate 
be thermally decomposed to yield 
lime, and regenerate nitric acid for 
reuse in the acidulation step. 

Except under unusual circum
stances, thermal decomposition of 
the calcium nitrate does not ap
pear to be economically justifiable. 

Prill or Granulate 
The prilled product would be 

considered to be greatly superior 
to that produced by more or less 
conventional granulating techni
ques. The prilling operation has 
been in operation for three years 
at Norsk Hydro and must be con
sidered to be completely commerci
ally demonstrated. 

Material having an analysis of 
16-16-16 would have the typical 
characteristics shown in Table VI. 

\Vith granulation, size range 
will normally be greater and flexi
bility in control of size range is 
improved. 

Fig. III is a photograph com
paring the two types of product. 

The amount of Kel that 
normally can be incorporated in 
prilled mixtures as a function of 
N:P20 5 ratio is shown on Table 
VII. 

In circumstances where it is 
proposed to manufacture grades 
containing very high percentages 
of potash or substantial amounts of 
filler or other compounds, it may 

Table VII 
Ratio Limitations for Prilled Fertilizers 

Maximum 
N/P.O. K20/P.o5 

0.7 1.7 
1.0 2.3 
1.5 3.3 
2.0 4.4 



enclosed to avoid moisture pick up 
from precipitation as the material 
moves from one area to another. 

During long storage there is 
some tendency to form a light crust 
on the surface of the pile where it 
is exposed to air. Subsequent 
handling with pay loader is carried 
out with no undue difficulties. 
Figure IV is a photograph of the 
interior of a Norsk Hydro storage 
building for N.P.K. 

In test programs, mtnc phos
phates have been stored in silos 
lined with plastic sheeting for per
iods up to nine months. The fer
tilizer has always remained free 
flowing and could be recovered 
from the silo with no difficulty. 
Such a silo with the reclaim and 
spreading, is shown in Figures V, 
VI, and VII. 

Fiqure III 

Samples of the prilled material 
have been sent to the United States 
for tests in North Carolina and 
Georgia where conditions are some
what more rigorous than in Nor
way. While tests are still in prog
ress, examination after approxi
mately six months has provided 
considerable information as to its 
behavior. 

Comparison of Granular and Prllled Nitric Phosphate Fertilizers 

be necessary to consider granula
tion as an alternate to prilling. 

Although the exact break-even 
point is a matter of local considera
tion, it is believed that prilling 
would be less expensive than gran
ulation for plants having a capac
ity in excess of about 500 tons per 
day of fertilizer. 

Storage and Handling 

The statement that nitric phos
phate fertilizers are difficult to 
store and handle is often heard. 
This statement is quite true and 
can be applied equally well to 
almost any commercial chemical 
fertilizer produced today. The 
wealth of published patents, data 
and test work relating to caking, 
demonstrate that storage problems 
are not unique to any particular 
processing route. 

Fertilizers containing ammon· 
ium nitrate in conjunction with 
other soluble salts will pick up 
moisture from the air if the rela
tive humidity exceeds about 55 ro . 
Nitric phosphates, if protected 
from moisture pick up, have gen
erally been found to remain free 
flowing for long periods. No de
gradation or breakage of granules 
or prills has been observed to re
sult from temperature cycling 
across the transition temperature 
of 32.l"C. 

Many years of experience are 
available on the behavior of these 
materials. In Norway, bulk stor
age buildings holding up to 25,000 
tons in a single pile having a cen
ter depth of 30-35 feet, are used. 
These buildings are not air con
ditioned, but are kept closed inso
far as practicable to avoid excessive 
intake of moist air. Conveyors are 

Bulk storage piles which had 
been covered wilh polyethylene 
sheeting were found to be in ex
cellent condition. As far as could 
be determined, the material was 

Flqure IV 
Bulk Storaqe Buildinq in Norway 
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Fiqure V 
Silo Used for Storaqe Tests Fiqure VII 

Spreadinq of Nitric Phosphates 

just as good as the day it was re
ceived. The prills were completely 
free flowing and had still retained 
their original hardness. No lumps 
were found when the pile was 
probed to floor level, or walls, 
where some tendency toward cak
ing would be expected. 

In an adjacent pile, not cover
ed. the top of the pile was crusted 
and lumps were found along the 
wall and down into the pile. Prills 
at the floor line were wet and 
mushy. The comparison illustrated 
very clearly the necessity of pre
venting fertilizers of this type from 
contacting humid air from which 
it could absorb moisture. 

Small amounts of fertilizer 
were exposed to simulate spillage. 
The prills picked up so much mois
ture that they lost their identity. 
leaving a soupy mess. 

Any conclusions regarding fer
tilizer storage characteristics must 
be based on a detailed considera
tion of the related circumstances 
and conditions which might affect 
the behavior. Information avail
able to date would seem to indicate 
that if nitric phosphates are rea
sonably protected from moisture 
pickup, their behavior in storage 
will probably be better than most 
of the competitive grades presently 
available in America. 

Fiqure VI 
Reclalmlnq from Silo 
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Chemical and Agronomic 
Considerations 

The chemical composition of 
nitric fertilizers is presumably not 
appreciably different from those 
manufactured by ammoniation of 
superphosphates with added am
monium nitrate, although the per
centages of the various chemical 
phases may differ substantially. 
Among the major compounds that 
would be present in the final N-P 
product would be found: 

Monoammonium Phosphate 
Diammonium Phosphate 
Calcium Phosphates 
Ammonium Nitrate 
Calcium Fluoride 
Iron Phosphate 
Aluminum Phosphate 
Plus other impurities. 

Only traces of sulfur would 
normally be present. Sulfur could 
be included, if required, by several 
known means. One way that this 
can be done is to use potassium 
sulfate instead of potassium chlor
ide in the N .P.K. grades, or smaller 
amounts of MgS04 when Mg is de
sirable. Potassium sulfate may re
place potassium chloride when a 
chloride free fertilizer is required, 
such as for tobacco culture. 

Trace elements can be added 
as required ahead of prilling and 
granulation. 

Safety Aspects 
It is well known that fertilizers 

(not only nitric phosphates) con
taining certain proportions of 



nitrate and potassium chloride are 
capable of maintaining self sustain
ing decomposition, sometimes call
ed "cigar burning". Temperatures 
in the range of 300--450°F are re
quired to initiate the reaction.. 
This phenomenon has been exten
sively investigatedB• 9 and it is now 
possible to formulate stable com
positions. 

While some precautions must 
be taken in storing and handling 
of N-P-K fertilizers, they do not 
limit availability and use of these 
materials. Additional costs result
ing therefrom, will in most cases, 
be negligible. 

Quality 
As produced in a nitric phos

phate process, every granule of fer
tilizer contains very nearly the 
same ratio of nutrients. Segrega
tion or separation during storage, 
transportation and application will 
not affect the uniformity of distri
bution of nutrients on the field. 
The use of bulk blended fertilizers 
does create a possibility of such 
uneven distribution. 

Even distribution of nutrients 
becomes increasingly important as 
the quantity of fertilizer per unit 
area is increased. This factor ap
pears to have been stressed more 
heavily in European countries than 
in the United States. 

Phosphate Solubility 
It is beyond the scope of this 

discussion to go into the agronomic 
aspects regarding water solubility 
of the phosphates. In view of the 
wide acceptance of what might be 
termed low water soluble phos
phates, there appears to be no real 
issue regarding nitric phosphates. 
It must be concluded that they are 
broadly acceptable in this respect. 

Ratio of Ammonia and 
Nitrate Nitrogen 

N itrophosphates manufactured 
by existing developed processes 
contain both ammonia and nitrate 
nitrogen, normally in a ratio of 
about 55% ammonia nitrogen and 
45% nitrate nitrogen. The nitro
gen content is fundamentally de
rived from a mixture of ammon
ium phosphates and ammonium 
nitrate. The nitrate content is 
easily available for rapid response, 
while the ammonia content repre
sents a longer lasting component. 

Nitric phosphates would not 
generally be considered to be ad
vantageous for use on rice paddies. 
For such usage fertilizers contain
ing only ammonia nitrogen are 
preferred. 

Production Costs 
In a free society a fertilizer 

operation must be profitable if it is 
to survive. By the time the fertil
izer has been applied to the fields, 
it has moved through a long and 
complex chain beginning with 
phosphate rock, potash and sulfur 
at their respective mines, plus gas 
in wells, which ultimately produces 
the nitrogen content. 

An almost infinite variety of 
combinations with respect to raw 
materials, processing conditions 
and transportation of intermediate 
or final products exist within this 
chain. Consequently, it is impos
sible to draw any broad and sweep
ing conclusions regarding final 
costs unless the entire system is 
examined in detail. 

Some of the major factors 
which influence costs are illustrated 
in the comparison of three routes 
for making a 1: 1 : 1 fertilizer. These 
processes are: 

1. Nitric phosphates by the 
Odd a Process. 

2. Diammonium phosphate by 
conventional routes follow
ed by bulk blending with 
solid ammonium nitrate and 
potash to yield a final high 
grade N-P-K compound. 

S. Production of superphos
phates, both normal and tri-

PHOSPHATE 
ROCK 

POTASSIUM CHLORIDP! 

RAW MATERIALS 
Tons/Ton 1'205 

Phosphate Rock 3.16 
Total Ammonia 2 .. 73 
Carbon Dioxide 0 .. 93 
potassium Ch1orioe L68 
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pIe, by conventional paths, 
followed by granulation in 
a TVA type granulation 
plant. This diagram and 
raw material estimates have 
been somewhat simplified 
insofar as the granulation 
operation is concerned. 

The approximate raw material 
requirements are assumed to be 
anhydrous ammonia, elemental sul
fur, North Carolina phosphate 
rock and postassium chloride. Ma
terial requirements are expressed 
as tons raw material per ton APA 
produced and include reasonable 
allowance for losses during process
ing. 

Figure VIII shows the essential 
process steps and raw material re
quirements for a nitric phosphate 
operation. The entire operation 
would probably be a single in
tegrated unit operating under a 
single management. Raw materials 
are natural gas, phosphate rock and 
potassium chloride. 

The primary product from 
the N-P-K plant would be a 1:1:1 
compound assaying between 15-15-
IS and 17-17-17, depending on 
water solubility. Other products 
originating from the same com
plex might well include ammon
ium nitrate, urea, anhydrous am
monia and solutions. Other N-P 
or N-P-K solid fertilizers can also 
be made. The CO2 needed for con
version of the calcium nitrate to 
ammonium nitrate is obtained 
from the ammonia plant. 

A capacity of 100-200 tons per 
day P20 5 would be considered a 

• 

solutions 
Anunonium Nitrate 

N-P-K or N-P 
Fertilizers 

PIGURE VIII 
NITRIC PHOSPHATE PERTILIZERS 



solutions 
NH4N03 

RAW MATERIALS 
Tons/Ton P205 

pho,sohate ROCK 3.35 
1.01 
1.42 
1.6B 

FIGURE IX 
GRANULAR FERTILIZERS PSING D A P FOR BUI,K BI ENDING 

Total }-:!-13 
potassium Chlor:Lde 

realistic and economical size for 
the nitric phosphate unit, although 
this would have to be established 
in accordance with the market 
potential for the various plant 
products in the marketing area. 

Figure IX indicates raw ma
terial requirements and movement 
of semi-finished materials in cases 
where the final product is to be 
produced by bulk blending. In 
many cases the three unit opera
tions; phosphate production, nitro
gen production, and bulk blending, 
may be remotely located and under 
different ownership. Insofar as raw 
materials are concerned, sulfur is 
now necessary in addition to those 
used in the nitric phosphate opera
tion. 

The size of the phosphate 
operation will typically be in the 
range of 500-1000 tons P20 5 per 
day, while bulk blending would be 
carried out in a number of quite 
small plants. As compared to the 
nitric phosphate operation, there 
has been an increase in flexibility 
with respect to ability to produce 
small tonnages of unusual grades. 
But nitric phosphates can also be 
used as a base for bulk blending. 
Additional intermediate products 
such as phosphoric acid and other 
phosphatic compounds also become 
available for direct application or 
further processing, which also con
tribute to added flexibility. 

Basically, the advantages and dis
advantages of this procedure are 
similar to those for the bulk blend 
route. 

In comparing the different 
processes, the major advantage of 
the nitric phosphates is the saving 
in sulfur. Based on $40.00 per ton 
sulfur delivered plantsite, the sav
ings are of the order of $28.00-
$40.00 per ton P205 produced. Be
yond this, comparative costs are 
difficult to define, but a number 
of studies do indicate that net over
all savings will be of similar magni
tude. 

In considering a nitric phos
phate operation, this must be look
ed upon as a supplement to a 
nitrogen producing facility. Nitric 
acid on its way to being converted 
to ammonium nitrate can be util
ized to make AP A from phosphate 
rock in passing. In any operation 
where the production of ammon-

GAS 

PHOSPHATE 
ROC 

RAW MATERIALS 

nORMAL SUPER 
PLAtrr 

ium nitrate is scheduled, there 
would appear to be an excellent 
opportunity to make phosphatic 
fertilizers at low cost bv the nitric 
phosphate route. Such I)Ossibilities 
are well worth investigation. 

The total costs of transporta
tion, handling, and distribution 
are indeterminate. Materials basic
ally originate at the phosphate 
mines, the ammonia plants, the sul
fur mines and the potash mines, 
and move through their respective 
production chains to the fields. It 
does seem quite possible that any 
differences in this respect could, 
theoretically, favor mtnc phos
phates on the average, when com
pared to today's practice. The pro
duct grades attainable certainly 
average higher than those for cor
responding ratios commonly used 
today. The assignment of charges 
for movement of the excess am
monium nitrate is perhaps more 
one of accounting procedures than 
anything else. Large tonnages of 
ammonium nitrate are going to 
move from manufacturing plants 
to fields, regardless of the exact 
procedure used in its manufacture. 
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CHAIRMAN SAUCHELLI: I am 
sure Mr. Lutz will be around for 
those who have questions so you 
can check with him. Thank you 
Mr. Lutz. 

CHAIRMAN SAUCHELLI: vVe 
have a treat here that Dr. Strelzoff 
has provided which IS going to 
take only about 12 minutes. It is 
a motion picture that was a feature 
at the last TVA demonstration. I 
think it has to do with the am
monium sulfate recycle process. So 
those who would like to stay to 
see it, the picture is now going on. 

(The Meeting adjourned at 
five-forty-five o'clock p.m.). 

Friday Morning Session, Nov. 15,1968 
The Round Table Reconvened at 9:45 o'clock A.M. 
Vincent Sauchelli and Billy E. Adams, Moderators 

MODERATOR SAUCHELLI: Our 
first paper this morning has to do 
with nitrophosphates. It seems to 
me that the Round Table has been 
a forum for nitrophosphate for 
three sessions now and I believe 
that our proceedings will consti· 
tute a good volume on all phases 
of the nitrate phosphate question. 
I think people will regard it as a 
valuable asset because of that. 

The paper titled "USS Agri
cultural Chemicals Nitric Acid Di
gestion Nitrophosphate Process" is 
co-authored by Richard F. McFar
lin, Vice President, Commercial 
Development USS Ag. Chern. and 
Donald E. Brown, Manager Ferti
lizer Plant Sales, Foster Wheeler 
Corporation. Mr. Brown will dis
cuss the paper. 

USS Agricultural Chemical Nitric Acid Digestion 
"Nitrophospha tes" Process 

R. F. McFarlin* and W. E. Brown** 

The Role of Nitrophosphates 
in Agriculture 

During the past several years 
few people involved in the ferti
lizer industry have been unaware 
of the profusion of articles and 
technology in the subject area, 
"Nitrophosphates". Equally few 
people have understood the poten
tials and limitations of this tech
nology-such as the U. S. Market. 

• USS Agri-Chemicals. Inc. 
•• Foster Wheeler Corporation~ 

Let's define "nitrophosphate 
processes" first, to insure that we 
have a common understanding of 
the term. vVe will use the term 
"nitrophosphate process" to de
scribe the acidulation of phosphate 
rock with nitric acid followed by 
the substantially complete separa
tion of CaO and P20 5 components. 
The related processes that immo
bilize the calcium as an insoluble 
compound-still in the presence of 
the phosphate-are thus elimin
ated by this definition. Process 
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variations differ primarily m 
method and degree to which the 
calcium is separated from the phos
phate. One may categorize "nitro
phosphate" processes as follows: 

A. Those in which part of the 
calcium is removed, while the 
remainder is rendered water in
soluble in situ. These are: 

Odda, Norsk-Hydro, Kampka-
Nitro, S.B.A. 

B. Those which remove the cal
cium completely from the pres
ence of the phosphate, normally 
as gypsum: 

DSM sulfate recycle, TVA, 
Liljenroth, St. Paul Ammo
nia, Chemico and the sub
ject USSAC NAD 

There remains some hazard in 
classifying the various processes 
under the above headings, because 
each process has broadened its op
tions to gain product flexibility. 
More about this later. 

Is the Nitrophosphate Process 
competitive with DAP? 

Inevitably, people rush to com
pare a nitrophosphate process with 
the conventional sulfur-based proc
ess for di-ammonium phosphate. 



This is simply not valid. The DAP 
plant is a P201) process which nec
essarily produces some nitrogen; 
the nitrophosphate process is pri
marily a nitrogen process which 
produces some P20 5 • The basic or 
primary phosphate producer will 
have little interest in a nitrophos
phate process unless he has a de
fined market for nitrogen products. 

What, then, is the role of 
nitrophosphate technolo,£,ry? 

Having ruled out the pro
ducer, who wants P20 5 only, the 
answer to this question is obvious. 
The ideal customer is a nitrogen 
producer who has an eXIstmg 
market for nitrogen materials and 
wants relatively small tonnages of 
P20 n. He is motivated by the pros
pect of getting double duty from 
his nitric acid. He can solubilize 
some phosphate before converting 
the nitrate ion into a solid carrier 
of ammonia. It is apparent that 
the nitrophosphate process is 
ideally suited to co-produce ammo
nium nitrate and ammonium phos
phate. 

In our analyses we find that if 
the following conditions are met, 
the economics overwhelmingly 
favor a nitrophosphate plant: 

A. The producer has an am
monia plant and consequently a 
source of free carbon dioxide. and 

B. The producer has a market 
for products such as 28-14-0, 23-23-
0, 20-30-0 and ammonium nitrate. 

How does one select the most ap
propriate Nitrophosphate Process? 

The producer must select the 
most economical variation consis
tent with the demands of his 
market place: These considerations 
are, 

A. The degree and import
ance of water-soluble P20 5 : 

Even though U. S. agronomists 
assure us that 50-60 water-solu
ble P 20 5 content is adequate for 
most applications, the commodity 
P 20 5 products, DAP and TSP, 
have an 85-90 '70 water-soluble con
tent. Less than 85 % could put 
the producer at a disadvantage in 
some competitive areas, particu
larly those areas with a limited 
growing season or short-term truck 
crops. 

In the first mentioned nitro
phosphate category, the calcium is 

ultimately removed as CaCOs 
thereby producing ammonium ni
trate and an X-X-O product. The 
Odda, or modified Odda process 
can remove sufficient Ca to pro
duce up to 85'70 P 20 5 water solu
bility, although 60% may be a 
more practical target. The am
monium sulfate recycle processes 
can produce P20" water solubility 
as high as 90-9S . Virtually all 
the calcium is removed, so the 
P 205 in the final product exists as 
mono- or di-ammonium phosphate 
-exactly as in the conventional 
sulfur-based route. 

B. Grade flexibility and total 
nutrient content: 

The nitro phosphate product 
should be competitive in total 
plant food content. Those nitro
phosphate variations which leave 
calcium in the phosphate product 
necessarily produce a lower analy
sis product than the NAD process. 

C. The desired nitrogen to 
phosphate ratio: 

Because of the stoichiometry 
of the common rock digestion step, 
nitrophosphate processes suitable 
for most markets produce about 
two tons of nitrogen/ton P 2 0r,. 
Thus, the producer must be cer
tain that he can market, in some 
acceptable product mix, the total 
quantity of nitrogen involved. The 
nitrophosphate process should pro
vide maximum separation of 
the ammonium nitrate/ammonium 

phosphate constituents--so the 
producer can offer a wide range of 
NP products. 

Foster \Vheeler has made a 
thorough review of the nitrophos
phate technology available today 
and has concluded that the USS 
Agri-Chemicals NAD Process offers 
the maximum advantages in lenm 
of low N/P ratio grades, minimal 
capital investment and high p;!Or, 
water-soluble products. 

Technical Description -
USSAC NAD Process 

The N AD Process is classified 
basically as a sulfate recycle proc
ess with additional steps to sepa
rate ammonium nitrate and thus 
provide N/P ratio flexibility. An 
N/P20 5 ratio as low as 0.67/1 is 
possible in the phosphate product. 
Lower ratios such as O.S/l or 
0.25/1 require very little supple
mental P!lO" from an olltside 
source. 

Chemistry and Basic Process 

The chemistry and overall 
flow scheme of the process are 
presented in Figure 1. Phosphate 
rock is digested with a mixture of 
nitric acid and ammonium sulfate. 
The resulting slurry contains gyp
sum and a solution of ammonium 
nitrate and phosphoric acid. The 
gypsum is filtered and the solution 
is further treated accordingly to 

SIMPLIFIED PROCESS CHEMISTRY a BLOCK FLOW DIAGRAM 

Ca~(PO .. ;z + 6HNO:s+ ""tt..-2S0",,+6HzO
Ca so .. · a H20 + 6 NH.e:HO, + 2 Ha PO .. 

s CoSO.' 2H.0 + IIIIH, + seo._ 

SC:OCO, +5!11141.80. +3H.0 
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the desired final product as shown 
on the right hand side of the chart. 
A product having an N/P205 ratio 
of about 2 is made by simultane
ously ammoniating and concentrat
ing the filtrate and granulating the 
resultant slurry. Low N/P20 5 
ratios are manufactured by sepa
rating part of the ammonium ni
trate before neutralization. These 
low N/P20 5 ratio products yield 
ammonium nitrate as a co-product. 

The gypsum is reacted with 
ammonia and CO2 to form calcium 
carhonate and ammonium sulfate 
solution. The solution is filtered 
from the chalk solids and recycled 
to the rock digestion system. 

Rock Digestion 
The attack system contains an 

attack solution mixing tank, a 
rock feed system, and a multicom
partment digesting vessel. Re
cycled ammonium sulfate solution 
and nitric acid are mixed and 
cooled in an agitated tank prior 
to entering the first digester. Phos
phate rock is wet with recycled 
digestion slurry in a small pre
mixer before entering the first 
digester. High-speed turbine im
pellers agitate the rock and slurry 
in the premixer. Slower axial-flow 
impellers provide gradually de
creasing degrees of mixing as the 
slurry proceeds from the first to 
the third digester. A flash cooler 
removes the exothermic heat of 
reaction between apatite and the 
attack solution and the off-gases 
are scrubbed with water. 

The nitric acid used for at
tacking the rock is equivalent to 
the calcium, iron, and aluminum 
in the rock. Although the princi
pal reaction is with the calcium; 
iron and aluminum also consume 
nitric acid to form iron and alu
minum nitrates. The amount of 
ammonium sulfate used is about 
98 % of the stoichiometric equiv
alent of the calcium in the rock. 
Although a small amount of de
foamer is necessary when starting 
up an attack system, no additional 
control of foaming is required after 
operating for about 3 hours. 

The digestion slurries gradu
ally become less viscous as the 
slurry proceeds from the premixer 
to the third digester. The slurry 
exiting the third reactor has a spe
cific gravity of about 1.5 and a pH 
of about 0.5 or lower. P20 5 re-

ROCK DIGESTION IGYPSUM FILTRATION 
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covery is comparable to the con
ventional wet process acid route. 

Gypsum Filtmtion 
The digestion slurry is fed to 

a tilting pan filter for separating 
the gypsum from the ammonium 
nitrate-phosphoric acid solution. 
Recycle ammonium sulfate solu
tion is heated and used for wash
ing the gypsum cake. The gypsum 
is repulped with water and 
pumped to the sulfate recycle unit 
where a gravimetric feeder adds a 
small amount of make-up gypsum 
to the repulp tank. 

Digestion slurry at 170°F. 
filters at 700 gal./hr.-ft.2 with 20 
in. Hg vacuum for a I-in. cake. 
Comparable wash rates are ob
tained when the wash solution is 
200°F. Using the entire ammo
nium sulfate recycle stream for 
washing the gypsum corresponds 
to a wash ratio of about 1.8 lb. 
solution/lb. dry cake. A single, 
once-through wash reduces phos
phoric acid losses in the gypsum 
cake to about 0.570 of the total 
P20" fed to the system. The gyp
sum cake, containing about 70 % 
solids, is repulped to 50 % solids 
before additional processing. 

Digestion Filtrate Evaporation 

The mother liquor from the 
gypsum filter is concentrated in 
a forced-circulation vacuum evap
orator. The ammonium nitrate
phosphoric acid solution, contain
ing small amounts of impurities, 
is concentrated to reduce the water 
content from about 50 to 12%. 
Monitoring the evaporator effluent 
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density provides controL The solu
tion boils at about 165°F. when 
under 25 in. Hg vacuum. The 
concentrated solution has a specific 
gravity of about 1.6. 

Nitrogen losses are very low 
and the evaporator can be equip
ped for ammonia injection and 
used as a neutralizer when making 
high N/P20 5 ratio products. The 
pH of the solution is approximate
ly 0-0.5. The low pH is essential to 
achieve a good AN separation. 

Ammonium Nitrate Crystallization 
The concentrated solution is 

cooled by heat exchange with 
water in a classifying-type crystal
lizer. The supersaturated solution 
is contacted with a circulating bed 
of crystals and saturated liquor. 
A crystallizer operating tempera
ture of 92°F., and feed solution 
containing about 12% water, allows 
removal of about 60% of the 
total ammonium nitrate from the 
solution. These conditions are 
sufficient to yield the 1-1-0 ratio 
product after ammoniatization of 
the centrifugate. By adjusting the 
crystallizer operating conditions 
additional AN can be removed to 
yield a I: 1.5: 0 product after final 
processing. 

Cooling water at 80-90°F., cir
culating concurrently with the 
slurry, removes the sensible heat 
and latent heat of crystallization. 
The feed solution salts out at 
about 150°F. and contains 40-5070 
suspended solids when cooled to 
92%F. A circulating velocity of 
1-2 fL/sec. through the cooler pre
vents scaling on the heat transfer 
surfaces. 

Ammonium Nitrate Centrifugation 
Ammonium nitrate crystals are 

grown in size to EiO- 100 mesh be
fore centrifuging. The crystals are 
rice shaped and contain less than 
270 adhering mother liquor. The 
viscosities of the centrifuge feed 
and centrifugate liquor at 92°F. 
are about 750 and 15 cp., respec
tively. The centrifugate cake 
weighs about 55 lb./ft.a. The am
monium nitrate cake is suitable 
for melting and prilling, for granu
lating, or for use in solutions. 

Neutralization-Concentration 
The ammonium nitrate-phos

phoric acid solution is first used 
to scrub the unreacted ammonia 
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and carbon dioxide off-gases from 
the ammono-carbonators. The am
monia neutralizes part of the phos
phoric acid, and the carbon diox
ide passes through the scrubber 
to the atmosphere. The liquid 
portion of the scrubber effluent 
is then routed back to the product 
neutralizer. 

The solution is concentrated 
from 20 to 10% H 20 in the neu
tralizer-concentrator. Ammonia is 
injected directly into the circulat
ing leg of this unit. The total 
amount of water removed in this 
unit is about one-tenth of the 
water removed in the previous 
evaporator. The neutralizer is op
erated at a pH of about 5.3 to 
allow formulation of the 1-1-0 
ratio product and provide opti
mum conditions for neutralization 
and concentration. Between 5.0 
and 5.5 pH, the solubility of am
monium phosphates is at a maxi
mum. Neutralization of the phos
phoric acid generates about four 
times as much heat as that re
quired to concentrate the solution. 
The excess heat is removed either 
by cooling water or direct addi
tion of water that is flashed off as 
steam. 

After concentration, the prod
uct solution is pumped to a surge 
tank which serves as a granulator 
feed vessel. 

The neutralization and con
centration can be conducted under 
atmospheric pressure without in
creasing ammonia losses appreci
ably. This type of design might 
be favoured for large commercial 

units. In this case, the heat ab
sorbed by the cooling water could 
be used to preheat the feed to the 
first stage of the digestion filtrate 
evaporator, also operating under 
atmospheric pressure. 

Granulation 
The granulation system is a 

typical TVA-type unit, operating 
at a recycle ratio of about 4: 1. 

Gypsum Ammono-Carbonation 

The repulped cake from the 
gypsum filter, which contains cal
cium sulfate dihydrate with small 
amounts of P20" and ammonium 
sulfate is routed through a feed 
tank to a four-compartment sulfate 
synthesis vessel. The gypsum 
slurry cascades through three re
actors where direct injection of 
anhydrous ammonia and CO2 con
verts the gypsum to a slurry con
taining calcium carbonate solids 
in a solution of ammonium sulfate 
and ammonium carbonate. Part 
of the slurry from the third reactor 
is recycled to the first to control 
foaming and aid calcium carbonate 
crystal growth. The slurry over
flowing the third reactor is heated 
to vaporize excess ammonium car
bonate and decrease the slurry vis
cosity before filtration. The am
monia and CO2 off-gases are 
scrubbed as previously described. 

The gypsum feed slurry con
tains only that amount of water 
which is necessary to prevent crys
tallization of ammonium sulfate in 
the chalk filter feed slurry. This 
amounts to 50-5570 solids in the 
gypsum feed. The total ammonia 
and CO2 fed to the three reactors 
is about 1.1-1.2 times the stoichi
ometric amount needed for con
verting all the gypsum to ammo
nium sulfate. 

The slurry pH in the reactors 
is controlled at 8.5-9.0. Recycling 
slurry from the third to the first 
reactor at about twice the gypsum 
feed rate eliminates reactor foam
ing and improves filtration rates. 
The third reactor slurry effluent 
contains about 2770 suspended 
solids and has a specific gravity of 
1.45. 

The conversion of gypsum to 
ammonium sulfate is controlled by 
the agitation supplied in the three 
reactors. The degree of conversion 
increases as additional power is 
consilmed by the reaction slurries. 
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However, calcium carbonate filtra
tion rates are inversely related to 
conversions. About 91 % conver
sion of gypsum to ammonium sul
fate represents the best compromise 
between choosing either a high 
filtration rate or high sulfate re
covery for design. 

The fourth compartment in 
the reaction vessel is a steam
heated hold tank. The slurry is 
heated to about 200°F. before be
ing fed to the chalk filter. 

Chalk Filtration 

The slurry from the ammono
carbonation hold tank is filtered 
under vacuum on a rotary drum 
filter to remove the precipitated 
carbonate and other solids. The 
filter cake is then washed counter
currently with water to recover the 
ammonium sulfate adhering to the 
chalk solids. The chalk cake is 
repulped with water and discarded. 

The ammonium-sulfate-chalk 
slurry filters at a rate of about 
40 gal./hr.-ft.2 for a O.5-in. cake 
thickness and 20 in Hg vacuum. 
The filter cake contains about 
7070 solids and consists of spheri
cal calcite particles a bou t 10-15 
microns in diameter. The am
monium sulfate solution is re
cycled to the rock digestion unit 
via the gypsum filter. 

A wash ratio of about 0.5 lb. 
H 20/lb. dry cake leaves a chalk 
cake containing about I % ammo
nium sulfate. This corresponds to 
about 1 % of the total input sul
fur lost because of incomplete 
washing. 

I
, NEUTRALIZATION/GRANULATION 
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Raw Alaterials, Products, 
and Utilities 

The raw materials, products, 
and utility requirements for a 17-
17-17 design are estimated in Fig
ure 6. The make-up gypsum can be 
imported from a wet-process phos
phoric acid plant. This type of 
gypsum can be processed under the 
same conditions as gypsum made 
in an NAD unit. Alternatively, a 
small amount of sulfuric acid or 
ammonium sulfate can be used to 

provide the makeup sulfate. 

Potassium Sulfate 1'1,1 odification 

One modification of the NAD 
process involves substitution of 
potassium sulfate for all or part of 
the ammonium sulfate in the at
tack solution. This replaces am
monium ion in the final product 
with potassium and results in 
lower NjP:a05 ratios without sepa
ration of ammonium nitrate from 
the digestion liquor. These N-P-K 
grades contain potassium nitrate 
rather than the conventional potas
sium chloride. 

The lowest NjP20 5 ratio 
product which can be obtained by 
crystallizing potassium nitrate at 
ambient temperatures analyzes 
about 17-34-17. In this modifica
tion the total amount of nitrogen 
in the combined products is about 
equal to the total P20 5 • 

Economic Evaluation 
To put this process tech

nology in perspective let's look at 
the economics. 

There is once again no truly 

equitable basis for comparing the 
cost of producing P 205 by the 
NAD route and a conventional 
sulfur-based phosphoric acid plant. 
If we attempt to compare the two 
on the same P20 5 tonnage level, 
we must either consider an un
realistically small wet-process phos
phoric acid plant or a nitrogen 
plant that would produce an un
realistically large tonnage of nitro
gen products. 

There are three basic situa
tions which favour nitrophosphate 
technology: 

A. Sulfur-cost, supply, bal
ance of payment factors. 

B. A market which demands 
high NjP20 5 ratios, or 

C. A basic nitrogen producer 
who wants to co-produce a 
relatively small quantity of 
P20 5 : i.e. 200 TPD or less. 

We chose situation C. as the 
basis for presenting the economics 
of the NAD process. Typical pro
duction rates are given in the next 
slide. 

Production, Short Tons 

AN Co-
Grade Annual As P20 5 product 

--- ---. 

28-14-0 157,000 22,000 
23-23-0 96,000 22,000 63,000 
20-30-0 73,000 22,000 85,000 

326,000 66,000 148,000 

To simplify the presentation, 
the production costs are based on 
23-23-0 only. However, this same 

plant can produce any of the above 
ratios (with potash added as re
quired) at no increased capital 
cost. 

Additional case conditions are 
as follows: 

1) Nitrogen works include the 
following existing plants: ammo
nia, ammonium nitrate, nitric acid 
and NPK granulation with potash 
handling facilities. 

2) The plant currently oper
ates with purchased phosphoric 
acid and markets the previously 
listed grades, so that the only 
change proposed is that the P20" 
come from the N AD process. 

3) Addiional capital invest
ment will include the following: 

$ 

a) phosphate rock 
handling facilities 500,000 

b) l\'AD wet section 5,500,000 
c) Chalk disposal 

pond 500,000 

6,500,000 
4) The NAD PZ0 5-ammo

nium nitrate slurry to the existing 
granulation plant will be delivered 
with the same water content and 
chemical composition as the pres
ent H 3P04 process. 

5) Any ammonium nitrate 
by-product from the NAD PROC
ESS is returned to existing AjN 
facilities as a clean melt of 83% 
concentration. 

6) Prices assumed for raw 
materials are as follows: 

Figure 6 
Raw Materials. Products. and Utilities Estimated Requirements 

Basis: 1 ton 17-17-17 

Feed Materials 

Net Ton 

Phosphate Rock 0.61 
(68 BPL) 

Nitric Acid 0.73 
(IOOro) 

Ammonia 
(anhydrous) 0.25 

Carbon Dioxide 0.28 

Make-Up 
Gypsum 

Potash 

O.ll 

(62.5 % K 20) 0.27 
Coating Agent 0.02 

Products 

N-P-K 17-17-17 

Ammonium Nitrate 
(100%) 

Calcium Carbonate 
(dry) 

Utilities 

Net Ton 

1.00 Steam, ton 

0.50 Elec. 
kwh 

0.71 Natural Gas 
(Dryer) 
MCF 
Process Make-
up Water, 
M gal. 

0.85 

48 

0.7 

0.34 

-----....-~ ... ~.--~~------ ... ----.. --~ .. ---~ 
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$/Ton 

68 BPL Rock, delivered 14.00 
Cost of make-up ammonia 30.00 
Cost of make-up nitric acid 15.00 
Cost of make-up gypsum 4.00 

The cost includes only those 
items associated with producing 
the P20 5 solution which serves 
as feed to a granulation plant. 
Therefore, this value should be 
directly comparable to P20 5 pur
chased as phosphoric acid. 

\'Ve were unfortunately unable 
to obtain approval for public re
lease of detailed economic data. 
However, based on our computa
tions with the most realistic infor
mation available, we calculated a 
P20 5 value of $83.50/ton P20 5, 

which includes all cost factors ex
cept return on investment. This 
value compared with $120-l25/ton 

market price of P20 5 delivered to 
this same upper Midwest area 
would give somewhere between 
35-40% pretax ROI. 

The principal advantage of 
the USS Agri-Chemical NAD proc
ess is that by extracting the ammo
nium nitrate from the basic nitro
phosphate mix, practical ratios can 
be made and the economics there
fore, have real significance. It 
still has some of the nitro-phos
phate limitations, but we feel that 
many possibilities have been 
opened up by this improvement 
and that the fertilizer industry 
should evaluate this opportunity 
to modernize its nitrogen and P 20 5 

manufacture. 
MODERATOR SAUCHELLI: Thank 

you Don. That was a very compre
hensive paper. I am sure there 
are going to be some questions. 

Comments on Nitrophosphate Discussions 
Samuel Strelzoff, Donald E. Brown, Ray Ewell, 

William F. Sheldrick and Gero F. LGth 

STRELZOFF: Yesterday we had 
a rather short time to present cer
tain papers which were not given 
a chance to be commented on. 

First of all, I would like to 
congratulate our speaker, Mr. 
Brown, for a very clear and clean 
cut presentation of his paper 
which. confirms, in many respects, 
statements made by us many, many 
years ago, that ammonium sulfate 
recycle process is a process that I 
think resolves a great deal of prob
lems for the production of nitro
phosphate. As a matter of fact, 
Chemical Construction have had 
the patent granted way back in 
1952. 

So far as potassium sulfate, as 
a route, it was already offered in 
1927 by Mr. Tossell, whom I men
tioned yesterday. There is nothing 
new so far as the sulfate recycle 
features of the process presented 
to us. 

What I would like to suggest 
to Dr. Sauchelli, since we have 
here mostly presented papers by 
the people who are promoting 
various variations of processes, try· 
ing, of course, to use this platform 
for commercial purposes, wouldn't 
it be desirable to have some kind 

of an unprejudiced person, I think 
Dr. Ewell tried to do it, however, 
possibly, he has not yet completed 
his work to present a comparison 
of all of the nitrophosphate pro
cesses without, let us say, any spe
cial slant toward the commercial 
end of it. We did try to do that 
in S1. Louis by presenting all of 
the processes that were available 
at that time but, of course, I am 
prejudiced too. Really, I do not 
want to prod my own views on 
nitrophosphate which I was al
ready trying to sell for 43 years. 

I wanted to say yesterday, and 
I had no chance to, however, Mr. 
Brown did very well say that 60 
percent water soluble is just as 
good as 95 percent water soluble. 
\'Ve have here in this country very 
large production facilities for 
water soluble phosphate fertilizers 
like diammonium pbosphate and 
tiple-superphosphate. Freeport Sul
phur and Texas Gulf Sulphur have 
a big advantage to be able to con
trol their own sulphur price. 

So regardless of whatever we 
will say, engineers or chemists, that 
60 percen t or 50 percen t is good 
in the United States, we will have 
to produce nitrophosphate, which 
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will match for water solubility, 
diammonium and triple-superphos
phate. 

I will comment on this parti
cular presentation. I would say 
that for some reason or other it 
had increased the complexity of 
the process by adding various steps 
tbat I do not think were absolute
ly necessary. Is it really necessary 
to crystallize out ammonium ni
trate from the solution which can 
be separated much more simply 
later on directly by the process 
that we indicated when ammon
ium nitrate really pushes mono
ammonium phosphate out and 
gives us a much higher nitrophos
phate product and much more 
flexibility. J don't know what this 
paper has told us more than we 
knew before except that it seems 
to me we now have quite a race 
between engineering companies. 
Really what we need, Dr. Sauchelli, 
is somebody that will have nothing 
to do with the sales of any pro
cesses, some one who can say to us 
"All right, we have compared all 
of these processes and here are 
their economics, and let the indus
try decide which one is most at
tractive to them," 

MR. BROWN: I would answer 
that comment by saying I do think 
the chemical system is more sophis
ticated but it is not as simple as 
tbe process described. How simple 
can you get besides crystallizing 
out ammonium nitrate? It comes 
out with very little P205' You 
make a clean cut separation and 
you produce a low N to P20r. 
ratio. How much simpler would 
you want it than this? 

MR, STRELZOFF: It looks very 
simple to design ammonium ni
trate crystallizers but you try to 
operate them. 

MR. BROWN: This process has 
been patented and we think it is a 
unique application of ammonium 
nitrate crystallization from a P20 5 

nitrogen mixture. We have found 
from our literature survey, which 
was fairly extensive, a good basis 
for the patent. 

RAY EWELL: I do want to 
congratulate Mr. Brown on a very 
clear, well presented paper. In 
fact, I have just selected him as 
one of the commentators on the 
report I am writing for the United 



Nations. I will solicit and seek 
your comments. 

I might say first that it seems 
to me this mass multiplicity of re
latively small changes in process 
is going to serve to confuse an 
awful lot of people. It is going 
to take a tremendous effort on 
somebody's part to really establish 
the relative economics of these 
seven or eight different variants 
of the nitrophosphate process and 
one of the biggest unknowns in all 
of this is what the capital costs are 
going to be and the capital costs 
loom very large in the ultimate 
comparative economics. 

My experience in getting esti
mates of capital costs on chemical 
plants is that you never know till 
you get the bid in from the bid
ding contractors, it's an unknown 
quantity till you get the bids in. 
Again, I congratulate you, Mr. 
Brown. 

MR. SHELDRICK: I have been 
provoked to say a few words in 
defense of the phosphoric acid 
route this morning. I have heard 
Mr. Strelzoff say that he has had 
40 years trying to sell nitrophos
phates and I have heard him on 
many occasions, usually from the 
floor, say there is nothing new in 
nitrophosphate processes. I also 
have been very closely associated 
with nitrophosphates, both in de
velopment work and on economic 
assessments, over the last 14 years 
and I think it's fair to say that 
everything I have heard within 
that time has been a variation on 
the same theme of elementarv 
chemistry with very little ne,~ 
thinking. . 

vYhat we find in all these as
sessments is that the nitrophos
phate route shows some economics 
in materials. These papers are 
usually presented by engineering 
companies or academics, who don't 
have to operate fertilizer plants, 
and they usually finish up by say
ing there is some lack of flexibility. 
vYhat they don't tell us is what 
this is worth in economic terms. 

Now, my company, "Fisons", 
is probably about the best ex
ample you could find of a com
pany that theoretically should be 
making nitrophosphates. We pro
duce about half a million tons a 
year of high nitrogen compounds 
of two-to-one ratio, or even above. 

We also have waste ammonium 
sulfate solution from a caprolac
tam plant. Also, in the U.K. sul
fur costs between $45 and $50 per 
ton. 

Now, this appears to be an 
ideal setup for nitrophosphates. 
But when we go into the costs and 
we try to estimate what this lack 
of flexibility would mean to an 
operating company which has to 
cater for two peak seasonal de
mands with very largely differing 
nutrient requirements, we find 
that this lack of flexibility in eco
nomic terms far outweighs the sav
ings in materials that we get from 
the nitrophosphates. 

I think it's a very significant 
fact that in Europe, which is tradi
tionally the horne of nitrophos· 
phate processes, there are more 
people who are changing from 
nitrophosphate processes to the 
phosphoric acid route than there 
are people who are building new 
nitrophosphate plants. 

.MR. BROWN: Let me comment 
on Bill Sheldrick's statement first. 
This is difficult to do since we 
represent Fisons and we are going 
to see them Monday morning. I 
can't get him too mad at me. 

I think he's right in many re
spects. I think we pointed out in 
the paper and we tried to do this 
as clearly as possible, there is no 
direct comparison between a sulfur 
route and a nitric acid route. They 
are different processes. They pro
duce different products. 

If you want phosphoric acid, 
you forget nitrophosphate. If you 
want ammonium nitrate-ammon
ium phosphate, you consider nitro
phosphates. If this is your product, 
the economics we have, as I said, 
showed about 40 per cent return 
on investment and we find nothing 
wrong with these numbers. These 
are not hairbrained numbers. 
These are based on our own esti
mates and we see nothing wrong 
with them and, if there is some
thing wrong with them, we wish 
someone would point it out to us 
because we're spending a lot of 
money, as other contractors are, 
in developing and pushing these 
processes. 

Back to Mr. E'IN-eU's comment 
in talking about the 7 or 8 vari
ants, I'm not so sure this is cor
rect. We could go back to the 
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campaign and quote from George 
Wallace and say there's not a 
dime's worth of difference between 
them, in the first half of the pro
cesses; that is, the attack and filtra
tion portions. 

As Mr. Ewell's paper pointed 
out, they all produce essentially 
the same products, from the same 
raw materials. It is only when 
you get into the separation step 
where there is any significant vari
ation at all. 

The Norsk-Hydro process es
sentially produces a one-to-one 
ratio product with extra ammon
ium nitrate. The process we are 
talking about, can go as low as a 
0.7 ratio with ammonium nitrate 
by products. 

Chemico's process does the 
same thing with a little bit differ
ent twist. It is only when you get 
to the back half of the process 
that you have these essentially 
three variations. As far as I am 
concerned, these are the only three 
variations which you should be 
considering. 

MR. STRELZO.FF: They talk 
about Europe and about nitrates. 
What about economics where no 
sulphur and study of agronomy 
exists, where they have separate 
positions to take in regard to the 
process of fertilizers? They cannot 
afford to take sulphur, even today, 
at $60.00 per ton. They have to 
make something out of phosphorus 
and they use nitrophosphorus. 
This is logical for them. 

There are gentlemen here 
who can tell you that their com
panies are now producing about 
one million tons of nitrophosphate 
per year. I can mention to you 
one project behind the Iron Cur
tain where they produce 1000 tons 
of ammonia per day all converted 
to nitrophosphates without any 
sulphuric acid being involved. 
This means one and a half million 
tons of nitrophosphate per year. 

I have no doubt that the sul
furic acid route is good for those 
who have sulfur and that the nitric 
acid route is good for those who 
cannot afford to buy sulfur. We 
in Chemico, as I said last year, 
don't take any position one way 
or another as to the sulfuric acid 
route or the nitric acid route. 

MR. BROWN: One comment I 
forgot on Mr. Sheldrick's com-



ment. If you use our definition, 
which pretty much coincides with 
Dr. Ewell's definition, not many of 
the European plants are nitrophos
phate operations because we are 
using 75-85 water soluble P20 5, 

and most European plants produce 
about 40% water soluble PZ0 5• 

There are very few nitrophosphate 
plants existing in the world today 
by this definition. In fact, there 
is the "Norsk.Hydro Plant. the 
plant in North Carolina, which is 
not on steam yet, and perhaps one 
plant in Czechoslovakia. All of 
the rest do not fit this stringent 
defini tion. These are in the 40 to 
60 percent solubility range which 
I feel are simply just not part of 
the economic situation, particular
ly in the States or England. Where 
P20 5 is sold competitively 80-90% 
PZ0 5 water solubility is almost 
essential. 

The nitrophosphate technol
ogy has improved in the last three 
or four years because it is only 
in this period that high water
soluble PzO/i has been offered com
mercially, and without water solu
ble PzOr; the processes in my opin
ion are worthless. 

DR. LijTH, BASF. AG., West 
Germany: I wish to comment on 
the last paper about nitrophos
phate. As I told you last year we 
already produce nearly a million 
tons of nitrophosphates. We de
cided to leave this process when 
we started up a very big plant in 
Antwerp, our second big fertilizer 
plant in Europe. In this plant we 
decided to use the mixed acid pro
cess and to use phosphoric acid. 
We found our costs were so high 
that we had to consider that we 
made a mistake. 

Our accounting people told us 
that if we had decided on an Odda 
process, and pumped the calcium 
nitrate to the ocean, it would be 
cheaper to produce our fertilizers 
than along the mixed acid process. 
This reasoning was due to the high 
sulphur prices, or increased sul
phur prices in the three years from 
the decision to start up of the 
Antwerp plant. 

I think the main reason why 
the Fison's people have another 
thinking about this is that in Eng
land the water soluble P20 5 is sub
sidized by the governmen t and an
other thing is, which would prob-

ably be of interest to you, prices 
for fertilizer in England increased 
5 % the last time and on the con
tinent of Europe prices decreased 
5%. On the continent of Europe 
we use the Odda or similar pro
cesses. I think this is also an in
teresting view and I say this to 
make a complete picture about 
these things. 

MODERATOR SAUCHELLI: That 
was Dr. Liith of Badische Anilin 
and Soda Fabrik of West Ger
many. \Ve are glad to have you 
here. 

MR. HEMSLEY: I am a phos
phoric acid man, so I am going 
to leave it at that. 

MODERATOR SAUCH£LLI: The 
next speaker is well known to us. 
He was on our program two years 
ago, Mr. J. D. C. Hemsley of 
Fisons Limited. Fisons is one of 
the very progressive companies of 
Europe. It is a privilege to have 
representatives from Fisons on our 
program. 

Mr. Hemsley is going to dis
cuss The New Fisons Process For 
Powder Monoammonium Phos
phate. vVhen he was here last 
time, he told us something about 
the process in the pilot plant 
stage. Now he is going to continue 
the discussion. Mr. Hemsley. 

The New Fisons Process for Powder Mono
Ammonium Phosphate 

J. D. C. Hemsley* 

Summary 

Fisons Limited new process 
for the manufacture of a mono
ammonium phosphate fertilizer in
termediate known as MINIFOS is 
described. The process has two 
basic steps. The first involves the 
pressure ammoniation of wet pro
cess phosphoric acid and forma
tion of a highly concentrated yet 
fluid ammonium phosphate solu
tion. The second step is the flash 
drying of the solution to a powder 
material suitable for use as phos
phate donor in conventional gran
ulation plants. The manufactur
ing process is simple, cheap and 
efficient. whilst the product is com
patible with all other fertilizer raw 
materials. including urea. MINI
FOS is a high analysis material 
containing sixty units or more 
of plant food nutrient which can 
be easily transported in bulk. The 
process should be of especial in
terest to the phosphate rock pro
ducer as a cheaper and simpler 
way of transporting P20 5 than 
either phosphate rock or concen
trated phosphoric acid. 

Introduction 

The paper presented to the 
16th Annual Meeting of the Fertil
izer Industry Round Table1 des-

• Chief Chemical Engineer. Technical 
Service Dept.. Fisons, Ltd., England. 
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cribed the development of a novel, 
cheap and efficient process for the 
manufacture of powder mono
ammonium phosphate intermedi
ate. At that time only pilot plant 
work at production rates in the 
range 1.1-1.7 tons per hour had 
been attained, whilst use of the 
product had been limited to lab
oratory experimental work. Never
theless sufficient confidence was 
established in both process and 
product to justify the construction 
and commercial operation of an 
eight tons per hour unit at Fisons 
Avonmouth Factory. This plant 
was successfully commissioned in 
August, 1967 and the product used 
to replace granular MAP hitherto 
employed in the manufacture of 
high analysis granular NPK fertil
izers. During January, 1968 a sec
ond plant of sixteen tons per hour 
was brought on stream at Imming
ham, Fisons largest factory, so 
that a considerable proportion of 
Fisons ammonium phosphate re
quirement for the granulation of 
NPK fertilizers is now provided by 
these new facilities. 

The purpose of this paper is 
to discuss the process as it stands 
at the present time with particular 
reference to the ways in which 
Fisons believes this process can be 
exploited for the advantage of 
both process operator and the 
product consumer. 
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FIGURE I 

SOLUBILITY OF MONO -AMMONIUM PHOSPHATE 

IN WATER 

Process Philosophy 
There are two main steps in 

the new process. The first step is 
the reaction between concentrated 
wet process phosphoric acid and 
anhydrous ammonia under condi
tions which allow of the forma
tion of an exceptionally concen
trated yet fluid mono-ammonium 
phosphate solution. The second 
step is concerned with the flash 
drying and cooling of the concen
trated MAP solution to a powder 
or micro-prilL 

Examination of the soluhility 
data2 (Figure I) shows that con
centrated solutions containing less 
than ten per cent water can exist 
at solution temperatures ahove 
155°C. In conventional ammon
ium phosphate reaction systems 
the operating temperature is typi
cally 1l0-1l5°C. and, at a mole 
ratio NH3 :H3P04 of around I: 1, 
the minimum water content that 
can be tolerated without serious 
problems in slurry handling is 
25-30 per cent. The reaction sys
tem developed by Fisons however 
is designed to take advantage of 
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the considerable boiling point ele
vation occasioned by operation at 
moderate pressure. In practice 
these operating conditions are 2.1 
kg/cm.,2 gauge (45 psia), l70·C., 
and 9-10 per cent water content 
(Figure IA). The ammonium phos
phate solution produced in this 
pressure reaction system is com
pletely fluid, and it can thus be 
handled safely in pipework and 
simple flow systems without fear 
of blockage or build-up. 

The required phosphoric acid 
concentration to attain such con
centrated MAP solutions is de
pendent on a number of factors, 
but chiefly, the acid temperature 
and whether it is "black" or clari
fied acid, and the physical state of 
the anhydrous ammonia feed. For 
example, gaseous ammonia with 
"black" phosphoric acid at ambi
ent temperature would necessitate 
a concentration of around 49 per 
cent P20". Phosphoric acid at 900C 
would need a concentration of 
around 45 per cent P 20" under 
similar conditions. On the other 
hand the use of liquid ammonia 
would require a feed phosphoric 
acid concentration of 52 per cent. 

In practice, it is usual to em
ploy a slightly stronger phosphoric 
acid than the minimum in order 
to allow for the normally expected 
variations in concentration, tem
perature and solids content. A 
small quantity of water is thus 
added to the reactor to allow for 
these variations and thus maintain 
the reactor operating temperature 
constant. It has been found that 
the operating temperature has an 
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important relationship with the 
water content of the reactor solu
tion and the final product. A 
change of 2°C. affects the product 
water content by about one unit 
of per cent (Figure II) . 

The considerable heat of re
action between phosphoric acid 
and ammonia is sufficient to drive 
off a large quantity of water as 
superheated steam. At an NHa:Ha
P04 mole ratio of 1:1, approxi
mately 1.4 Ibs of water are re
moved per Ib of ammonia feed in 
the reaction step. Since the vapor
ization of one Ib of ammonia re
quires little more than 0.6 Ib of 
steam, there is more than sufficient 
waste steam available for this pur
pose and a notable steam economy 
in the preceding phosphoric acid 
concentration stage is entirely via
ble. 

The partial vapour pressure 
of ammonia above concentrated 
ammonium phosphate solutions 
where the mole ratio NHs:HsP04 
does not exceed I: 1 is negligible, 
even at temperatures of 170·C. 
Since the reaction system is always. 
operated at a pH of 3.5-4.0, the 
process can operate with a high 
nitrogen efficiency without the 
need for a scrubbing system, pro
vided that sufficient mixing is de
signed into the reactor. The pilot 
plant data showed that a nitrogen 
efficiency well in excess of 99.5 per 
cent could be returned. This ex
perience has been adequately con
firmed on the full-scale plants now 
in operation. 

In the second step, the con
centrated MAP solution is ejected 
from a nozzle into an environment 
at ambient pressure. Under these 
conditions, further water is flashed 
off and in doing so the MAP solu
tion is rapidly cooled and solidifies 
into small particles. The product 
becomes further cooled by the na
tural draught air stream as it falls 
down the tower and it is recovered 
as a powdery material containing 
approximately six per cent water. 

The overall quantity of water 
driven off in the process is slightly 
in excess of 1.7 Ibs per Ib of am
monia feed. The water lost in the 
flash drying step represents there
fore some 20 per cent of the total. 
Since however this amount of 
water is not sufficient to saturate 
the air-flow through the tower, no 
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'MtNIFOS' PROCESS 

plume IS visible from the exhaust 
stack. 

Process Description 

A simplified flowsheet is 
shown in Figure III. 'Wet process 
phosphoric acid is pumped to a 
stirred tank reactor capable of 
operating at up to 3 kg/cm.,2 
gauge. The reactor is fitted with 
a turbine impeller and wall baffles 
to promote a high degree of agita
tion. The material of construction 
is generally 316 ELC or its equival
ent unless a significant chloride 
content is present. In this case the 
material may be of the type typi
fied by lncaloy 825. 

Ammonia gas from a vertical 
shell and tube vaporizer is piped 
to the base of the reactor where 
it is injected into the eye of the 
reactor impeller. The vaporizer is 
supplied with waste superheated 
steam from the reactor except at 
start-up when boiler steam is re
quired for a few minutes. Surplus 
steam from the reactor is let down 
through a back-pressure control 
valve and it is then vented to at
mosphere, condensed, or passed to 
another process unit. Part of the 

vaporizer condensate is returned 
by means of a pump to the reactor, 
the flow being regulated to main
tain the reactor temperature, and 
thus the product water content, 
constant at the desired level. 

\\There stronger acid of around 
52 per cent P20 5 is available, there 
is no need to vaporize the liquid 
ammonia and this represents a re
latively considerable saving in 
equipment and instrumentation. 
As with gaseous ammonia, the 
liquid is injected into the eye of 
the impeller. Water for reaction 
temperature control has to be sup
plied in this case from outside the 
plant battery limit. 

The pilot plant data have 
shown that very high steam re
lease rates from the reactor could 
be achieved without entrainment. 
The highest rate noted was 235 
Ibs/hour.ft.2 Full scale plants have 
been operated at steam release 
rates of 160 Ibs/hour.ft.2 without 
entrainment and there is evidence 
to suggest that higher loadings can 
be expected in the future. There 
seems little doubt that pressure 
ammoniation does enable the use 
of smaller cross-sectional area re
actors for MAP production than 

117 

~ 

! 

SPRAY 
TOWER 

n 

'--1" ......, 

is possible with atmospheric am
moniation. 

The concentrated MAP solu
tion flows from the bottom of the 
reactor and through steam jacket
ted pipework to a special nozzle 
at the top of a short natural 
draught tower. This nozzle com
bines the duty of flow control and 
spray formation. The nozzle has 
a pneumatically actuated valve 
plug which is positioned by auto
matic control to maintain the solu
tion in the reactor at a constant 
and optimum level. The level con
trol primary element used for this 
purpose is of the type based on 
the buoyancy of a submerged float. 
Considerable changes which can 
occur in the density of the reactor 
contents due to changes in the 
operating conditions affect the out
put from this type of level ele
ment, and a supplementary device 
based on electrical conductivity is 
employed to determine the ab
solute level so that the main con
trol system can be reset as neces
sary. 

The tower itself is a very sim
ple structure which can often be 
installed within an existing pro
cess unit building. The tower walls 



Material properties 
Water Content 
Size Range 
pH 

Utility Requirements 
Steam 
Water 
Power 
Fuel 

Labour Requirements 

Capital Requirements 

Maintenance 

Table I 
Comparative Data 

Fisons 
Powder Map 

Process 

5-70/0 
0.1-1.5 mm 

3.5-4.0 

200 lbs per hour 
Nil 

2 kwh/ton 
Nil 

0.5 men per shift 

£60,000 

5% per annum 

Conventional 
Granular Map 

Process 

0.5% 
1-3 mm 
4.0-4.5 

100 lbs per hour 
10 imp. gallons /ton 

24 kwh/ton 
2.5 imp. gallons/ton 

4 men per shift 

£400,00 

7Y20/0 per annum 

are fabricated from plastic covered 
canvas or similar material tied 
back to a supporting structure. 
The top of the tower is vented to 
atmosphere through a stack or 
louvres. The bottom of the tower 
is fitted with air entry louvres and 
a simple rotary scraper for product 
recovery_ 

ammonium sulphate as required 
by the particular grade formula
tion. 

The new process represents an 
important technological and eco
nomic step forward in the manu
facture of MAP intermediate. The 
comparative data presented in 
Table I serve to indicate the most 
important advantages and differ
ences, and are based on a process 
unit capacity of 30 long tons per 
hour. 

at Immingham and Avonmouth, 
and the establishment of the prod
uct as an important fertilizer inter
mediate, the Board of Fisons 
Limited approved the name MIN
IFOS for the new material. This 
name is now formally registered 
with the Board of Trade_ 

Many thousands of tons of 
MINIFOS have now been manu
factured by the two units operat
ing within the Fisons organization. 
A third unit has recently been suc
cessfully commissioned for a com
pany in the Netherlands. At the 
present time, four other plants are 
under construction in Spain, Aus
tralia and South Africa. 

~IINIFOS is stored in bulk 
and can be handled by all the 
conventional mobile and fixed 
handling equipment used in the 
fertilizer industry. Immediately 
after manufacture the material 
takes on a slight initial "heat-set" 
but there is no difficulty in recov
ery from bulk store and its stor
age properties can be generally re· 
garded as equivalent to cured 
superphosphates and other fertil
izer raw materials. The absence of 
fine dust during handling opera
tions is particularly noteworthy. 

The process is adequately in
strumented to ensure push button 
starting and stopping, whilst the 
process conditions are fully auto
mated to ensure stable operation 
with the minimum of attention. 
Phosphoric acid is metered by 
means of an electro-magnetic flow
meter; ammonia by orifice plate. 
The make-up Row is automatically 
regulated to maintain the reactor 
temperature constant, and the 
vapour space pressure is also main
tained constant by automatic 
means. A simple pH determina
tion by means of test papers is the 
only local analytical control re
quired. 

The product is non-hygroscopic, 
Properties and Use and under normal storage condi-

of Minifos tions will tend to lose moisture. 

Utility and Capital 
Requirements 

Hitherto the most important 
source of MAP for use by Fisons 
as an intermediate in the manufac
ture of high analysis NPK granu
lar fertilizers has been pin-head 
granular material manufactured it
self on a granulation plant. In its 
use, the material has necessitated 
crushing treatment to reduce the 
larger granular material and to 
prepare it for subsequent granula
tion with ammonium nitrate solu
tion, potash, superphosphates, and 

Following the successful com- The most important proper-
missioning of the two Fisons units ties of MINIFOS are listed below: 

Analysis 12-56-0 (dry has is, settled Morocco acid) 
P20 5 Water Solubility 96 per cent 
·Water Content 6 per cent 
Size Range Substantially in the range 0.1-l.5 mm. 
Bulk Density 53 lbs per cubic ft -loose 

Angle of Repose 
pH Number 

59 Ibs per cubic ft - tamped 
38 degrees 
3.5-4.0 (10 per cent solution) 

Apart from the advantages of 
extremely low capital investment 
for the process plant, and the 
minimal operating costs, there are 
other important economic and 
process reasons why considerable 
benefit can be derived from the 
use of this material. 

Firstly, MINIFOS can be used 
to augment or replace completely 
the traditional superphosphates to 
satisfy the increasing demand for 
more concentrated fertilizers. In 
this respect its physical form is 
eminently suitable for use as an 
intermediate since it requires no 
more treatment than that accorded 
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to the superphosphates and other 
solid fertilizer raw materials at the 
intake of the consumer granula
tion plant. As a solid material it 
embodies all the advantages of a 
P20 5 carrier such as single or triple 
superphosphate, in that it can be 
economically manufactured at a 
larger central site and distributed 
cheaply by bulk carrier to satellite 
granulation plants, but with the 
added advantage that it carries at 
least sixty units of plant food per 
ton. 

Fisons has incorporated this 
material into a very wide range of 
fertilizers and it has been found to 
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14-14-14 13-13-20 
12-24-12 16-18·14 

The use of MINIFOS plays an 
important role in ensuring the 
maximum output from the granu
lation plant. This is particularly 
so where the granulation step is 
liquid phase controlled, due to the 
presence of other raw materials 
containing significant levels of 
water, for example ammonium 
nitrate solution. In this respect 
powder MAP has a significant ad
vantage over MAP provided in the 
form of slurry from pre-neutraliza
tion facilities. The conventional 
Fisons granulation plant is capable 
of manufacturing the higher an
alysis fertilizers at fines recycle 
ratios no higher than 2: I whilst 
grades such as 15-15-15 and 13-13-
20 require recycle ratios in the 
range of 1-1.3:1. In all cases, the 
size distribution of fertilizers made 
on Fisons ten granulation plants is 
substantially within the range 
1.6-3.4 mm. 

Perhaps one of the most im
portant considerations which en
hances the attractiveness of solid 
mono·ammonium phosphate inter
mediate is the simple nature of the 
consumer granulation plant. It has 
already been said that the MAP 
manufacturing process does not 
need expensive ammonia recovery 
equipment. This also applies to 
the NPK granulation process. 
Furthermore, the use of MAP does 
not limit drying temperatures so 
that lower product water contents 
can be obtained much more read
ily than with fertilizers containing 
diammonium phosphate. This is 
becoming an extremely important 
consideration as the increasingly 
high standards for product storage 
became prevalent. In the UK, for 
instance, it has become necessary 
for granular fertilizers to be stored 
for periods up to nine months be
fore use due to the very uneven 
market conditions. Fertilizers such 
as 17-17-17 for example need to be 
dried to less than 0.3 per cent in 
order to obtain satisfactory storage 
properties. 

One of the most important 
groups of fertilizers during the 
next few years, especially iIi the 
Middle and Far Eastern areas, is 
likely to be the urea-ammonium 
phosphate and urea-ammonium 
phosphate-potash system. Hignett3. 

and others have urged this proh-



Table II 
Comparative Costs for Alternative Routes 

Capital Costs 

Raw Material Costs 

Ope~'atjng Costs 

ability [or some time on the broad 
bases that these products have an 
exceptionally high nutrient con
tent, are agronomically acceptable 
in these particular areas, and are 
free from burning or explosion 
hazards. There are however two 
other factors which are significant 
but do not appear to have been 
developed seriously as yet. 

Firstly, there already exists in 
the "emergent" areas of the world 
a considerable internal urea capac
ity. This capacity will be augment-

Minifos Route 

£1,600,000 

£8,700,000 

£ 125,000 

Conventional Route 

£2,300,000 

£8,500,000 

£ 250,000 

ed within the next few years by 
plants already under construction 
or in the last stages of planning. 
Urea has become and will con
tinue to be a principal form of 
nitrogen plant food. The reasons 
for this are clear: urea is the 
cheapest and most concentrated 
form of solid nitrogen available, 
it is agronomically effective, and 
the basic raw material is frequent
ly indigenous. 

Secondly, the manufacture 
and use of phosphatic fertilizers 

Figure 5 
Top of Pressure Reactor with Agitator Drive 
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has lagged behind that of nitro
genous fertilizers. There is now a 
growing understanding that prop
erly balanced complete fertilizers 
are essential to the proper exploit
ation of the soil and the new high 
yield seed varieties. Some urgency 
now exists to redress the balance. 
In this respect the evaluation of 
the most appropriate process 
routes for compound NP and NPK 
fertilizers should take account of 
the existing or planned nitrogen
ous fertilizer capacity. As an illus
trative example it is useful to con
sider the fertilizer industry in 
Pakistan. After the completion of 
the third five year plan proposals, 
which involve a very considerable 
nitrogen expansion, the country's 
requirements will be essentially 
satisfied for some years to come, 
with the exception of the require
ments for phosphate. This need 
has now become fully realized by 
the relevant Organizations and 
Agencies within and without Pak
istan, and various basic schemes 
for at least minimising the phos
phate deficiency by means other 
than import of finished ' fertilizers 
are being discussed. Analogy with 
European history shows that the 
most viable and useful routes will 
be those which offer the phosphate 
plant food in combination with 
nitrogen and, later on, potash. 

Of the various routes avail
able, the urea-ammonium phos
phate system appears to have the 
most attractive advantages. The 
urea-superphosphate system suffers 
from the fact that the two com
ponents are basically incompatible 
and it does not appear to be a 
practical process route particularly 
when high levels of urea are used. 
The nitro-phosphate route re
quires additional installation of 
nitrogen capacity and therefore 
cannot assist the basic problem of 
nitrogen-phosphate imbalance. A
part from this, there are other 
serious disadvantages of the pro
cess. 

TVA has carried out extensive 
development work on methods for 
producing urea-ammonium phos
phate fertilizers and much of this 
has been published4 • Fisons Lim
ited has also carried out re~earch 
and pilot plant work on this sys
tem with particular reference to 
the use of MINIFOS as the phos-



phate donor. Briefly. this work 
has shown that the granulation of 
solid urea with MINIFOS and. 
as required. potash can be carried 
out in the Fisons conventional 
granulation process with only mod
est alteration. The granulation 
step can be operated at a recycle 
ratio in the range 1.5-2: I. Drying 
rate experiments have shown that 
this step in the process is easier 
to accomplish than with ammo
nium nitrate based fertilizers even 
though reduced temperatures have 
to be used because of the lower 
melting point of the urea-ammo
nium phosphate system. Product 
storage and hardness properties are 
as good as those of equivalent fer
tilizers based on the ammonium 
nitrate-ammonium phosphate sys· 
tem. When MINIFOS is used. 
there is no measurable ammonia 
loss and the process is therefore 

much simplified by the absence of 
ammonia recovery equipment. 

A typical scheme showing how 
MINIFOS could be used to build 
up the granular N·P requirement 
for a country such as India where 
phosphate in one form or another 
has to be imported is shown in 
Figure IX. For comparative pur
poses a scheme represen ting a 
somewhat different but frequently 
discussed route involving phos. 
phoric acid transport is also shown. 

In both cases it is assumed 
that a phosphoric acid manufactur· 
ing unit is situated at a large phos
phate rock mining area such as 
Florida or Morocco. In the 
MINIFOS route there is no exten
sive phosphoric acid storage. since 
the wet process acid is immediately 
converted to powder intermediate 
without the need for clarification 
and shipped by conventional sea 
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transport to the consumer country 
where it is incorporated with urea 
and perhaps potash in a simple 
granulation plant such as that op· 
erated by Fisons. The alternative 
route necessitates the transport of 
phosphoric acid in specially con
structed ships with little likelihood 
of suitable return cargoes being 
available. This form of transport 
has not yet been carried out on 
the scale needed for the size of 
consumer factories now envisaged. 
It would certainly be necessary to 
utilize clarified acid in order to 
minimise settling during transport. 
Large and expensive phosphoric 
acid storage facilities are required 
at both terminals. Furthermore. 
the consumer granulation plant 
needs phosphoric acid neu traJiza
tion facilities and extensive ammo
nia recovery equipment which are 
expensive. The operation of this 
type of plant is also more complex . 

. Capital. raw material and op
eratmg costs have been calculated 
for these two routes and a sum
mary is shown in Table ll. 

Notes: 

1. Capital costs are based on 
battery limit process units 
and storage facilities but ex
cluding the DhosDhoric acid 
plant. ammonia ;torage and 
granular product storage. 
these being common to both 
routes. 

2. National capital costs are in
cluded for terminal facili
ties. 

3. Costs for general off-site 
facilities are excluded. 

4. Raw material and intermedi
ate costs are those payable 
by the granulation plant op
erator. 

5. It is assumed that the granu
lation plant site is at or close 
to the urea plant facilities. 

6. Variable operating costs only 
are indicated. 

The raw material costings 
have been based on current data 
available to Fisons. The difference 
in capital cost is particularly note
worthy and this is due mainly to 
the lower investment required for 
storage of PZ0 5 as solid ammonium 
phosphate. The increase in the raw 
material cost for the MINIFOS 
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route follows from the higher urea 
requirement, although the P 20 5 

cost at the consumer factory is 
significantly cheaper. 

If we assume however that the 
cost of servicing the additional 
capital in the form of mainte
nance, depreciation and return on 
capital is equivalent to about 30 
per cent of the capital savings it 
can be seen that the net result of 
operating, materials and capital 

cost requirements is in favour of 
the MINIFOS route. 

For areas where ammonium 
phosphate is clearly agronomically 
more satisfactory in the form of 
the mono salt, then the MINIFOS 
route becomes even more attrac
tive since the raw material con
sumption for the additional nitro
gen is then the same for both 
routes. 

Patents 
The MINIFOS process, and its 

apparatus, together with processes 
using MINIFOS described in the 
present paper form the subject 
matter of applications for patents 
and accepted patents in the name 
of Fisons Limited in the principal 
countries of the world. 
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MODERATOR SAUCHELLI: Thank 
you, Mr. Hemsley, for an excel
lent paper and very ably presented. 
We have time for one or two 
questions. 

MR. WILLIAM McGRATH 
(Gulf Oil): What do you feel for 
additional ammoniation as far as 
the monophosphate is concerned 
when you are using a granulation 
plant. Can you put more ammonia 
in? 

MR. HEMSLEY: We have found 
that "Minifos" can be readily am
moniated in rotary drum granu
lator equipment. One of the prob
lems, of course, in doing this is 
that there is some slip of ammonia 
from the granulator which has to 
be recovered by scrubbing equip
ment. 

The sort of future we see for 
"Minifos" is as a carrier of P20 5 

with its manufacture at a central 
site and subsequent transportation 
across the oceans of the world. 
Without phosphoric acid being 
available there is a problem in 
picking this ammonia up but we 
feel that the simplification of the 
granulation plant and the overall 
economy of the route described 
in the paper more than outweigh 
this particular point. 

A MEMBER: Did you tell me 
that you actually can't figure on 
any additional ammonia, is that 
what you said? 

MR. HEMSLEY: No, the ma
terial will absorb ammonia very 
readily. There is no problem from 
this standpoint. However, as you 
know, in the conventional TVA 
type ammoniation system there is. 



some ammonia slip which has to be 
recovered and, if phosphoric acid 
isn't available at the particular 
site, there could be a problem in 
doing this. 

SAME MEMBER: My question is 
what do you figure as far as the 
degree of ammoniation for this 
product when used in a conven
tional TVA type granulation 
plant? 

MR. HEMSLEY: We have am
moniated this material up to the 
DAP level, with analysis of the 
order of 19-50-0. 

SAME MEMBER: But that's with 
recovery of ammonia, right? 

MR. HEMSLEY: Yes. 
SAME MEMBER: I'm talking 

about conventional ammoniation. 
MR. HEMSLEY: In conven

tional ammoniation, I would say 
we could go to perhaps about a 
mole ratio NHs to H aP04 of 1.3 
to 1 in the granulator without sig
nificant ammonia loss. 

SAME MEMBER: Thank you. 
ANOTHER l\fEMBER: In your 

ammomatlOn, have you had any 
evidence of conversion to non
ortho products? 

MR. HEMSLEY: \'Ve haven't ex
amined this problem in any detail 
but I can't imagine that this would 
occur to any significant extent. 

MODERATOR SAUCHELU: I shall 
now return the meeting to Billy 
Adams of our Executive Commit
tee. 

MODERATOR ADAMS: I hope 
that our program continues to be 
as lively as we switch to some other 
subjects. Of course, we have been 
talking about water soluble P20 5, 

citrate soluble and now we move 
along into polyphosphates. 

Our next paper by Mr. Frank 
P. Achorn, Head of Product Im
provement and J. S. Lewis, Jr., 
Chemical Engineer, TVA, Muscle 
Shoals, Alabama covers "Uses for 
Solid Ammonium Polyphosphate 
In Bulk Blending, Granulation, 
and Fluid Fertilizers". Mr. Frank 
Achorn, no stranger to the Round 
Table, will discuss the paper. 
Frank, please. 

polyphosphate from superphos
phoric acid and ammonia. In 
this process the furnace superphos
phoric acid, 77 percent P20", is 
reacted with ammonia under 
moderate pressure and at elevated 
temperatures. The resulting melt 
is granulated with recycle fines in 
a pug mill, and the product from 
the pug mill IS screened and 
cooled. 

Uses for Solid Ammonium Polyphosphate in Bulk 
Blending. Granulation and Fluid Fertilizers 

Granular ammonium poly
phosphate is free flowing. Results 
of storage tests indicate that it 
stores well in bulk. Bulk storage 
tests in Hawaii indicate that this 
material will store as well as diam
monium phosphate 18-46·0 under 
humid conditions. Incidentally, 
the material shipped to Hawaii 
was barged in bulk to New Or
leans, transferred to a steamer, and 
shipped in bulk to Hawaii. The 
company that used the 15-62-0 re
ported no difficulty in the bulk 
handling of the material. In solu· 
tion polyphosphates of 15-62-0 can 
complex certain metallic elements 
such as iron, zinc, and manganese 
which would otherwise precipitate 
and settle out of solution. This 
property, commonly referred to as 
sequestration, results in advantages 
for the use of ammonium poly
phosphate in the production of 
liquid fertilizers. Frank P. Achorn* and J. S. Lewis, Jr.** 

TVA started demonstration
scale production of solid ammo
nium polyphosphate (APP) in 
1966 at Muscle Shoals. This ma
terial has the highest analysis (77 
units of plant food) of any solid 
material now in the production 
stage. This paper will describe the 
product in detail, point out its 
usefulness in the production of 
clear liquid, suspension. and bulk
blended fertilizers, and briefly dis
cuss its use as a granulation aid. 

Solid ammonium polyphos
phate is a completely water-soluble 
material with all the nitrogen in 
the ammonium form and about 
45 percent of the phosphorus in the 
ortho form as monoammonium 
phosphate, about 51 percent as 
ammonium pyrophosphate, and the 
remaining 4 percent as more con· 

• Head Process and Product Improvement, 
Tennessee Valley Authority, Muscle Schoales. 
Ala . 

•• Chemical Engineer, Tennessee Valley 
Authority. Muscle Shoals, Ala. 

densed phosphates. Figure I is a 
sketch of a TVA process for the 
production of solid ammonium 

Some of the chemical and 
physical characteristics of 15-62-0 
are shown in the following tabula
tion: 

Approximate chemical contents 
Ammonium polyphosphates, % 
Monoammonium orthophosphate, 0/0 

Total nitrogen, % N 
Ammonium nitrogen (NH4 +), % of total N 

Total phosphorus, % P20 5 

Available phosphorus, as % P20 5 

Available phosphorus, as % P 
''Vater·soluble P20 5, % 
Orthophosphate P20 5, % of available P20 5 

Polyphosphate P 20 o, % of available P 20" 
pH of saturated solution at 80°F. 
Acid-forming potential, lbs. CaCOa per ton 
Moisture content, % 
Bulk density (loose pour), lbs. per cu. ft. 
Size distribution (Tyler screen), mesh 

55 
45 
15 

100 
62 
62 
27 

100 
45 
55 
5.6 

1,400 
nil 
60 

-6 +16 

The product size is compara
ble to that of any well granulated 
material, and its product moisture 
is nil. 

Clear Liquid Fertilizers 
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Solid ammonium polyphos
phate can be used to produce 10-



34-0 and other clear liquids which 
are normally produced from 10-
34-0 solution and potash. The 
production of 10-34-0 from ammo
nium polyphosphate should prove 
to be one of the most popular 
uses for this material. The 10-
34-0 is produced by reacting 1,097 
pounds of ammonium polyphos
phate with 43 pounds of ammo
nia and 860 pounds of water. 
Vigorous agitation is required to 
dissolve the material in a reason
able length of time. A suitable mix 
tank with the necessary appurten
ances for carrying out the reaction 
is shown in Figure 2. The three 
main features of this mix tank are 
a cone bottom, a 500-gallon-per
minute recirculation pump, and a 
5-horsepower agitator which has a 
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propeller 14 inches in diameter. 
The tank and piping may be fabri
cated from mild steel. The tank 
should be mounted on scales so 
that raw materials may be weighed 
in it; however, some operators may 
prefer to meter the liquid ma
terials to the mix tank. 

The best mixing procedure for 
producing I 0-34-0 is to add water 
to the mix tank, follow it with 
solid ammonium polyphosphate, 
and then immediately add the 
aqua or anhydrous ammonia. 
After dissolution and ammoniation 
of the ammonium polyphosphate, 
the 10-34-0 solution should have a 
pH of about 5.8, a specific gravity 
of about 1.37, and a viscosity of 
60 centipoises at 80°F. This pH 
and specific gravity can be used 
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as an alternate control of the 
production of the 10-34-0 solution. 
The 10-34-0 material produced 
from ammonium polyphosphate is 
as clear as water, and it can be 
stored at temperatures below OOF. 
without crystallization difficulty. 
It also has excellent prolonged 
storage characteristics. 

One company has recently 
used 15-62-0 to produce an 11-37-0 
grade which stored without salt
ing out at 200F. 

Several cold-mix operators 
have found it convenient to pro
duce N-P-K mixtures directly from 
ammonium polyphosphate, aqua 
or anhydrous ammonia, urea-am
monium nitrate solution, and po
tash. Some of the grades which 
they have produced in this manner 
are 16-16-0, 7-21-7, 5-10-10, 20-10-0, 
8-8-8, 8-16-8, and 10-15-5. In each 
of these grades the P 20 5 was am
moniated to an N: P20 5 weight 
ratio of 1: 3.4. This is a ratio of 
maximum solubility for ammo
nium polyphosphate solutions. 

Many companies that have 
bulk blending plants would like 
to have facilities for the produc
tion of liquid starter grades. How
ever, they do not want to invest 
in a complete liquid cold-mix 
facility. Ammonium polyphos
phate fills the needs of these 
blenders quite well, because the 
only equipment needed to produce 
liquid starter grades is a mix tank 
and perhaps one or two storage 
tanks. Such companies already 
have solid storage space for the 
15-62-0 and potash. The cost of 
the additional equipment for man
ufacturing liquids is estimated to 
be less than $9,000. Some blenders 
have already installed these facili
ties and are producing a 7-21-7 
starter grade. 

Ammonium polyphosphate 
can be combined with wet-process 
or spent phosphoric acid to pro
duce clear liquid fertilizers. It can 
be used in this manner, because 
the pyrophosphates in 15-62-0 
sequester or dissolve the impurities 
which would normally precipitate 
from wet-process and spent phos
phoric acids when they are ammo
niated. 

Ammonium polyphosphate is 
particularly adapted to this proc
ess, because it has the highest 
pyrophosphate content of all the 



polyphosphate products which are 
being produced for the fertilizer 
market. In most instances the wet
process acid-and in all instances 
the spent phosphoric acid-is 
more economical than furnace 
phosphoric acid. Therefore, use 
of 15-62-0 in combination with the 
less pure acids usually provides 
some saving to the liquid fertilizer 
producer. 

Field tests have shown that in 
the production of nonpotash grades 
adequate sequestration is obtained 
by supplying 20 percent of the 
total P20 5 in the form of 15-62-0. 
In grades containing potash 30 
percent of the PZO.3 usually must 
be supplied by 15-62-0. 

A large percentage of the 
plants which now produce liquid 
fertilizers are of the hot-mix type. 
The hot-mix plants involves the 
neutralization of phosphoric acid 
with ammonia and the addition 
of supplemental materials to give 
the desired formula. The heat 
of neutralization gives a hot mix. 
These plants usually have coolers 
to prevent excessive boiling in the 
mix tanks. With the use of 15-
62-0 it is possible to produce 
N-P-K mixtures by the hot-mix 
method without a cooler. Figure 3 
is a sketch of such a plant which 
would use wet-process phosphoric 
acid, 15-62-0, urea-ammonium ni
trate solution, and potash. The in
vestment for a plant of this type 
should be about $25,000. The in
vestment for a conventional hot
mix plant would be about twice 
this cost. The need for a cooler is 
eliminated by the use of the proper 
quantities of ammonium polyphos
phate, phosphoric acid, and ammo
nia to prevent the release of 
enough heat to cause excessive boil
ing in the mix tank. 

Some companies find that it 
is possible for the semi hot-mix 
plant to use phosphoric acids of 
lower concentrations - such as 
spent phosphoric acid with 22 to 
24 percent P20l)-and still pro
duce high-analysis liquids or sus
pensions. Tests indicate that when 
N-P-K mixtures are produced by 
formulations in which 50 percent 
of the needed P20 5 is supplied by 
15-62-0 and the remainder by wet
process or spent acid the resulting 
product temperature is in most in
stances less than 160°F. Therefore, 
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when ]5-62-0 is used, it is possible 
to produce clear liquid grades 
from low-cost raw materials (wet
process or spent phosphoric acid) 
in a mix plant having a low capi
tal investment. 

Suspension Fertilizers 

The plant shown in Figure 3 
has also been used for the produc
tion of suspension grades. One 
company in the Mid-\Vest is now 
using spent phosphoric acid in a 
semihot-mix plant of this type to 
produce a 5-15-30 potash base sus
pension grade. The base suspen
sion has been used to produce 
other high-analysis suspension 
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grades. Other companies have used 
conventional cold-mix plants such 
as the one shown in Figure 4 for 
the production of suspension mix
tures. \Vhen suspensions are pro
duced in either a semihot-mix or 
a cold-mix plant, it is advisable for 
the plant to be equipped with a 
mix tank which has violent agita
tion and a cone bottom. It is also 
advisable that the potash be 
screened prior to its use in the 
mixture and that the product from 
the mix tank be strained. The am
monium polyphosphate which was 
shipped to Hawaii was converted 
to suspensions in a cold-mix plant. 
Some grades produced in this plant 
from 15-62-0 were 8-32-5, 11-28-11, 



12-24-15, and 8-14-6-4MgO. Some 
companies in the continental 
United States have used 15·62·0 
in conventional cold-mix plants to 
produce grades such as 14-14-14, 
11-22·11, 9-18-18, 3-10-30, and 
7-21-21. One particular advantage 
in using 15-62-0 in the production 
of suspensions is in the manufac
ture of fertilizers for tobacco. 
Bench scale tests have shown that 
15-62-0 can be used with potassium 
nitrate, magnesium silicate, clay, 
and water in the production of a 
6-12-18-2Mg tobacco-grade ferti
lizer. This suspension probably 
would not have satisfactory pro
longed storage characteristics; how
ever, bench scale tests indicate that 
if it is applied shortly after it is 
produced no difficulties are encoun
tered in its application. 

Some companies have used 
low-pressure ammonia-ammonium 
nitrate-urea solutions, together 
with 15-62-0 and potash, in the 
production of clear liquid or sus
pension mixtures. Since only a 
small amount of ammonia is re
quired, the ammonia used in these 
solutions may be used to bring 
the 15-62-0 to the proper ammo
nia-nitrogen-to-P20 5 ratio without 
seriously affecting the salting-out 
temperature of the clear liquid 
grades or the viscosity of the sus
pensions. Since manv ammoniat
ing low-pressure dire~t-application 
nitrogen solutions are available 
and their production cost is less 
than that of urea-ammonium ni
trate solutions, perhaps these ni· 
trogen solutions can be used now 
in conventional cold-mix plants 
with 15-62-0 to produce fluid ferti
lizers by the cold-mix process. 

Bulk Blends 
The high plant-nutrient con

tent of ammonium polyphosphate 
aids in the production of high
analysis bulk blend grades such as 
12-24-2'1, 10-20-30, and 9-27-27. Urea 
is compatible with ammonium 
polyphosphate, and when it is used 
with 15-62-0 in dry blending, 
grades such as 20-20-20 and 36-12-0 
can be produced. Since nitrogen 
and phosphorus are chemically 
bound in the same granule, a more 
homogeneous bulk blend can be 
prepared. No difficulty should arise 
in blending ammonium polyphos
phate with other fertilizer ma
terials. Only one company-Io-

cated in Alaska-has used solid 
ammonium polyphosphate in bulk 
blending. This company reports 
no difficulty in the use of this ma
terial in blending. 

Granulation 

lizer, hard well formed granules 
were produced. Tests show that 
a hard well formed 6-24-24 grade 
and similar hard-to-granulate 
grades can be produced when 15-
62-0 is incorporated into the mix
ture. 

TVA has conducted a limited 
number of granulation tests in 
continuous and batch ammoniator
granulators. Tests indicate that 
ammonium polyphosphate is valu
able as a granulation aid. When 
50 to 200 pounds of 15-62-0 was 
added per ton of granular ferti-

Limited quantities of ammo
nium polyphosphate micronutrient 
carriers have been produced by 
coating solid ammonium poly
phosphate with micronutrient ma
terials. A 14-59-0-4Zn has been pro
duced by coating zinc oxide onto 
solid ammonium polyphosphate. 

Table 1 
Estimated Cost of Producing Ammonium Polyphosphate (15-62-0) 

Plant capacity: 
Fixed investments: 

400 tons/day (330 days/year 132,000 tons/ year) 
Battery limits plant $1,000,000 
Off sites 400,000 

Total $1,400,000 
Working capital:' 

Variable Costs 
Superphosphoric acid (77 
Ammonia (82.3 ro N) 
Product loss 
Power 
Cooling water 
Supplies 

Subtotal 

Semivarlable Costs 
Operating labor and supervision 

$3,700,000 

Quantity/Ton 
of Product 

0.805 ton 
0.182 ton 
0.013 ton 

25.000 kwh. 
2.0001\1 gal. 

$IUnit 
88.40b 

35.00 
77.53 

0.00445 
0.02 

(2 men/shift and 1 foreman) (0.295 man-hour/ton at .$4)" 
Maintenance (6ro of investment/year) 
Labor overhead (30 % of operating labor and supervision) 

Subtotal 

Fixed Costs 
Plant overhead (70ro of operating labor and supervision) 
Depreciation (IS-year straight-line depreciation) 
Local taxes and insurance (2% of plant investment/year) 
Interest on working capital (7 % of Y2 of investment 

and working capital) 

Subtotal 

Total manufacturing cost (Oro return on investment) 

$/Ton 
of Product 

7U6 
6.37 
1.01 
O.ll 
0.04 
0.10 

78.79 

l.lS 
0.64 
0.35 

2.17 

0.83 
0.71 
0.21 

Sales and administrative expense (10% of total manufacturing cost) 
Average out freight 

1.35 

3.10 

84.06 
8.41 

10.00 

Total delivered cost 

Delivered cost considering 10ro return on investment 
and working capital 

Delivered cost considering 20 return on investment 
and working capital 

102.47 

106.33 

110.20 

• "Vorking capital is estimated to be 30 days of raw~material cost plus 
estimated production cost of 3 months end product. 

b Unit cost of superphosphoric acid was based on a cost of $0.12 per 
pound for phosphorus and a cost of $10 for converting a ton of P20 5 

to superphosphoric acid. 
e Includes benefits 3 X 24 X 365 X 1.48 = 0.295 man-hour/ton. 

132,000 
The 1.48 factor is to correct man "lDrking only 40-hour week. 
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FIGURE 5 

This material can be used as a 
zinc carrier for bulk blends or for 
the production of fluid fertilizers. 

TVA has also produced a 
nominal 12-52-0-15S by spraying 
molten sulfur onto a rolling bed 
of granular ammonium polyphos
phate. This material will be used 
primarily in direct-application pro
grams; however, it could be used 
as a source of sulfur in the pro
duction of bulk blends. 

Agronomic Characteristics 
Field and greenhouse tests 

show that ammonium polyphos
phate is an effective source of ni
trogen and phosphorus on acid, 
neu tral, and basic soils. Since all 
its nitrogen is in the ammonium 
form, it is as effective as any of 
the commonly used ammonium ni
trogen sources. As a source of 
phosphorus ammonium polyphos
phate is as effective as monoam
monium and diammonium phos
phates. In greenhouse tests APP 
has usually been more effective 
than superphosphate in terms of 
dry-matter yield and phosphorus 
uptake probably because of the 
beneficial effect of having nitrogen 
and phosphorus in the same gran
ule. 

The material is suitable for 
either broadcast application or 
band placement to the side and 
below the seed. Ammonium poly
phosphate can serve as an effec
tive carrier of some micronutri-

ents. For example, granular am
monium polyphosphate is a more 
effective carrier of zinc (as zinc 
oxide) than granular monoammo
nium phosphate. "When used to 
produce fluid fertilizers containing 
micronutrients, ammonium poly
phosphate has the advantage over 
ammonium orthophosphate, be
cause larger amounts of zinc, 
copper, iron, and manganese can 
be dissolved in the polyphosphate 
material. 

Production Costs 
An estimated toal production 

cost of 15-62-0 is shown in Table 
I. It was assumed that electrical 
power would cost 4.45 mills per 
kwh. The calculated cost of phos
phorus for this estimate was about 
$0.12 per pound. It was recognized 
that the cost of phosphorus may 
vary from $0.10 to $0.14 per pound. 
In the estimate $0.12 was used as 
shown in Table 1. Figure 5 shows 
how much the cost of ammonium 
polyphosphate would vary with 
this variation in the cost of phos
phorus. It was assumed that the 
ammonium polyphosphate would 
be produced in a 400-ton-per-day 
plant. The cost of ammonia was 
assumed to be $35 per ton. Its 
total delivered cost, considering 
no return, a 10 percent return, and 
a 20 percent return on investment, 
was calculated to be £102A7, 
$106.33, and $110.20 respectively. 

Solid ammonium polyphos
phate is a multipurpose product 
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which can be used in all segments 
of the fertilizer market. Because 
of its multiple use, we expect 
others to produce this material in 
the near future. 

MODERATOR ADAMS: Thank 
you, Frank. \l\Te have a few minutes 
for questions. 

A l\IEMBER: Frank, under ex
tended storage conditions, hot, 
humid weather, have you any data 
on the loss of poly due to hydro
lysis? 

MR. ACHORN: \Ve haven't had 
that problem with ammonium poly 
produced from furnace superphos
phoric acid. Now, I understand 
that sorne of the 12-59-0 produced 
by a commercial firm are having 
some problem along that line. We 
have not been able to prove it our
selves and we have had no hydro
lysis whatsoever. In fact, one of 
the advantages for the product is 
that it does not hydrolize. 

SAME ME~[BER: Are you say
ing then with wet acid this can be 
experienced? 

MR. }\CHORN: No. We haven't 
been able to prove it one way or 
the other. The 12-59-0 is at a 
lower pH than 15-62-0 and there 
may be the possibility of some 
hydrolysis there but it hasn't been 
proven yet. 

A ;\JE:\fBER: Could the suspen
sion type baEed on polyphosphate 
liquid fertilizer, the fluid, can it be 
sprayed on or broadcast from an 
airplane? 

MR. ACHORN: \Ve have been 
applying suspensions for, I guess, 
three years now in Louisiana from 
an Ag Cat, if you know what I'm 
talking about ,,,hen I sayan Ag 
Cat. 

The suspensions were pro
duced from 12-40-0. They were not 
produced from ammonium poly 
but I think it would be the same 
thing and it's certainly practical 
to apply from an airplane. 

SAME \IEMBER: Okay. Thank 
you. 

\IODERATOR ADAMS: Our next 
discussion "Ammonium Polyphos
phate Materials for Use in Fluid 
Fertilizer Formulations" prepared 
by Dr. Ronald D. Young, William 
C. Scott and R. S. Meline, TVA, 
l\I uscle Shoals, Alabama. l\I r. 
Young will give the paper. 



Alternatives in Production of 
Ammonium Polyphosphate Materials for Use 

Fluid Fertilizer Formulations 
in 

readily converted to superphos
phoric acid with polyphosphate 
content ranging up to 8510 of the 
total P20 5• The production of acid 
is simple and straightforward, in
vestment and operating costs for 
the acid plant are reasonably low, 
and the product acid is of very 
good quality. 

R. D. Young*, W. C. Scott* and R. S. Meline* 

Introduction 
Beginning in the middle fifties 

with the introduction of furnace 
superphosphoric acid, TVA re
search and development has em
phasized polyphosphate-based fer
tilizers. 19•14,17 Fluid products, such 
as 10-34-0 and 11-37-0 clear liquids 
and 12-40-0 suspensions, have been 
of particular interest. These am
monium polyphosphate materials 
supplied to the industry made pos
sible the production of higher an
alysis N-P-K fluid products than 
were possible with orthophos
phates. Savings in freight, storage, 
and handling were realized because 
of their higher nutrient content. In 
1966 TVA introduced granular 
ammonium polyphosphate pro
duced from electric-furnace super
phosphoric add in demonstration
plant facilities.l2 

Research and development 
work by TVA and others, and sub
sequent commercial experience in 
the field of polyphosphate inter
mediates, have provided a choice 
of means by which the final ferti
lizer products may be obtained. 
F or instance, the successful de
velopment of a process for pro
duction of wet-process superphos
phoric acid provided an alternative 
to the elemental phosphorus route 
for obtaining superphosphoric 
acid. Also, a more recent develop
ment was successful in providing a 
way to produce ammonium poly
phosphate granular or fluid ferti· 
lizers directly from orthophos
phoric acid. This is done by effec
tively taking advantage of the heat 
of ammoniation of the acid to 
evaporate water from the ortho
phosphoric acid. 

The purpose of the present 
paper is to describe and compare 
several alternative schemes for 
production of ammonium poly
phosphate materials of various 
types for use in fluid fertilizer 
formulations. A comprehensive 
description of properties, produc
tion methods, and uses of ammo-

• Processing Engineering Branch, Tennessee 
Valley Authority, Muscle Shoals. Ala. 

nium polyphosphate fertilizers has 
been published.15 

Elemental Phosphorus
Based Products 

The production of elemental 
phosphorus in an electric reduc
tion furnace operation is illustrated 
in Figure 1. The phosphate charge 
after agglomeration or size prepara
tion is calcined and blended with 
coke and supplemental silica (if 
required) to provide the charge 
or "burden" for the furnace. The 
smelted phosphorus is evolved as 
a vapor and recovered by cooling 
in a condenser. It is collected in 
a sump under water. By-product 
carbon monoxide gas is evolved 
from the furnace and can be used 
to provide most or all of the fuel 
for the calcination step. Ferrophos
phorus and calcium silicate slag 
byproducts are tapped from the 
furnace periodically.18.2o 

Phosphorus can be safely 
stored and shipped in plain steel 
tanks under a layer of water. It 
can be pumped readily as a fluid 
by supplying enough heat by hot 
water jacket or coils to keep the 
material molten at a temperature 
of 120· to I30"F. 

Eleci1'ic-Fumace Superphosphoric 
Acid 

Elemental phosphorus can be 

P~OSPHATE 

c!::~. I ) SCRUSBER 

A diagram of a stainless steel 
acid plant of the type developed 
and used by TVA is shown in 
Figure 2. Production of acid by 
the thermal process involves (1) 
oxidizing (burning) elemental 
phosphorus with air in a combus
tion chamber to produce P20r;, (2) 
hydrating the P20 5 with dilute acid 
or water to produce phosphoric 
acid, and (3) recovering the acid 
from the vapor stream in a venturi 
scrubber and separator. In an acid 
unit made of stainless steel, effec
tive cooling of equipment in con
tact with the hot gases and acid 
streams is essential to minimize 
corrosion. Complete jacketing of 
the equipment and adequate flow 
of cooling water are required.2 

Superphosphoric acid with 
concentration ranging from 75 to 
83% P 20 5 (equivalent to 105 to 
115 % H aP04) can be readily pro
duc~d by appropriate changes in 
operating conditions. The high 
polyphosphate content (60 to 85% 
of the total P20 5) and compara
tive purity of the electric furnace 
acid offer attractive advantages for 
use in the preparation of fluid 
fertilizers. The high concentration 
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Figure 2 
Manufacture of Superphosphoric Acid from Elemental Phosphorus 

allows savings in shipping and 
handling costs. 

Properties of electric-furnale 
superphosphoric acids with 76 and 
801'0 P 20 5 contents are given 
below. 

Concentration, 
1'0 P:P5 76 80 

Specific gravity 
At 75°F. 1.92] 1.986 
At ]70°F. 1.885 ].952 

Viscosity, cen tipoises 
At 75°F. 800 
At 170°F. 80 250 

Crystallization 
temperature/ OF. 70 130 

Distribution of 
species, % of 
total P20 5 

Ortho 49 15 
Pyro 42 39 
Tripoly 8 24 
Tetrapoly I ]2 
Other 0 ]0 

a Approximate (76% P205 acid usually, is 
fiuid below 70°F_ because of supercoolmg 
tendencies) . 

The essentially pure (norm
ally less than O.lrc total impuri
ties) electric-furnace superphos
phoric acid can be easily ammo
niated to produce a variety of 
polyphosphate-base fluid products 
such a 11-37-0 liquid and 12-40-0 
suspension. Higher analysis sus
pensions are under development. 
These liquid and suspension-base 
materials can be used to prepare a 
variety of N-P-K final products by 
mixing with supplemental nitro
gen and potash in simple and in
expensive local plants. The poly
phosphate intermediates can be 
used to provide all of the phos
phate or supplied only in a pro
portion sufficient to sequester im-

purities in ammoniated wet-proc
ess orthophosphoric acid used as 
the major source of P20 5 • 

Granular Ammonium 
Polyphosphate 

The granular ammonium 
polyphosphate introduced by TVA 
from demonstration-plant facilities 
in ]966 is produced by ammoniat
ing electric-furnace super-phos
phoric acid in ;J pressure reactor. 
Grade of the product is 15-61-0 or 
15-62-0. The melt prepared in the 
reactor is granulated with recycle 
in a pug mill and the product is 
cooled and screened. No drying 
step is required since the feed ma
terials are anhydrous; this simpli
fies the equipment and makes 
operation more convenient. Ex
perience in production and in use 
of the gTanular ammonium poly
phosphate as an intermediate in 
preparation of liquid and suspen
sion products has been very good. 
This is covered in detail by F. P. 
Achorn in another presentation at 
this Round Table. 

Typical chemical analysis for 
granular ammonium polyphos
phate is: 

N 

15.0 

P20 5 

Total Ortho 

62.2 25.6 
Particle size of the uniform, closely 
sized granular product is minus 6 
plus 12 mesh. It is stored and 
shipped in bulk without a condi
tioner. 

Wet·Process Acid·Based 
Products 

Wet-Process Superphosphoric Acid 
Because of the many advant-
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ages gained in using the ammon
ium polyphosphate liquids and 
suspensions produced from elec
tric-furnace superphosphoric acid, 
their popularity increased and they 
became the backbone of the fluid 
fertilizer industry. As a result of 
this popularity, research and de
velopment activities by TVA and 
others were directed toward pro
cesses and equipment for concen
trating wet-process acid to the 
superphosphoric acid range.4

• A 
modified submerged combustIOn
type evaporator was developed by 
TVA in pilot-plant studies.13 In 
this type of concentrator the fee? 
acid of about 54rn P20 5 content IS 

fed at a controlled rate continuous
ly to the small pool of acid in the 
concentrator. Hot combustion gases 
at a temperature of ahout 17000F. 
are released from a dip pipe 
beneath the surface of the acid 
pool. The considerable turbulence 
and direct contact of acid and hot 
gases result in efIicient evapora
tion. Product acid is withdrawn at 
a temperature of about 5500 r'. and 
concentration of about iO to 740/0 
P20r.. Polyphosphate content of 
the product acid is about 50% of 
the total P 20". Exhaust gases pass 
through a scrubber and mist elimi
nator. 

Other evaporators are operat
ed under vacuum and include the 
forced circulation tubular type 
and the falling film type. The vari
ous designs have been developed 
or modified for this use. All of 
these types of concentrators are 
being used in commercial systems 
now in operation. Descriptions and 
diagrams of the various types of 
concentrators in use for prepara
tion of wet-process superphos
phodc acid have been pub]ished.1l 

The impurities in typical wet
process acid cause some difficulties 
in concentration which limits the 
product acid concentration to 70 
to 74 P20" and the polyphos
phate content to about 50%. With 
this polyphosphate content, the 
concentration of the base ammoni
ated fluids produced from it is 
limited to a maximum of 10-34-0 
for the liquid and 11-37-0 for the 
suspension. 

Chemical analyses of some 
wet-process superphosphoric acids 
produced with rock from various 
sources are given below. 



Percent by weight 

Total Ortho F so" MgO 
W.I. 

solids 

(Acid made with uncalcined Florida phosphate rock) 
72.9 31.8 2.2 1.8 0.3 2.0 0.3 0.4 

(Acid made with calcined western phosphate) 
72.5 34.0 1.2 3.0 0.3 2.1 0.8 0.3 

(Acid made with uncalcined North African phosphate rock) 
72.4 25.1 0.6 0.4 0.12 2.7 1.1 0.4 

Direct Process tOT Ammonium 
Polyphosphates 

Recent pilot-plant develop· 
ment work has led to a process 
for production of ammonium poly
phosphate products directly from 
the usual merchant-grade wet-pro
cess acid. 3, \} In this process, acid 
containing about 54% P205 is 
ammoniated in a two-stage re
action system. The heat of reaction 
of anhydrous ammonia and the 
acid is utilized effectively to evapo
rate water. Essentially all of the 
free water and part of the chemi
cally combined water are removed, 
resulting in an essentially anhy
drous melt of about a 12-58-0 
grade 'with up to 50% of the P20" 
condensed to a non-ortho form. A 
flowsheet of the reaction system is 
shown in Figure :3. 

Acid is fed to the first stage 
and gaseous ammonia is fed coun
tercurrently to the mixing tee 
where part of the ammonia reacts 
with the flow of partially neutral
ized acid from the first stage to 
form the polyphosphate melt. The 
melt, excess ammonia, and water 
vapor flow to the disengaging 
chamber where the ammonia and 
water vapor separate frorn the 
product melt. The ammonia and 
water vapor from the disengaging 

chamber are directed to the first 
stage where the ammonia is re
covered by reaction with the feed 
acid. The water vapor from the 
second stage plus that generated in 
the first stage is vented. 

To produce the products with 
about 50% of the P 20 5 in a non
ortho form, it is advantageous to 
use acid produced from calcined 
rock to avoid the difficulties of the 
very viscous foamy melts that re
sult when acid made from uncal
cined rock is used. Acids produced 
from uncalcined rock can be satis
factorily utilized in production of 
melts with up to about 30 of the 
P20" as polyphosphate. 

The ammonium polyphos
phate melts may be converted di
rectly to a fluid fertilizer or may 
be converted to a solid granular 
product. A flowsheet of the fluid 
system is shown in Figure 4. 

\Vith this system, either a 
10-34-0 grade solution or ll-37-0 
grade suspension may be made. To 
produce fluids directly, the poly
phosphate melt from the disengag
ing chamber flows directly to a 
stream of hase solution circulating 
from the fluid fertilizer reactor. 
Supplemental ammonia and water 
are added to the fluid fertilizer re
actor to maintain the desired 
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grade. Indirect cooling is used to 
remove heat generated in this sys
tem and maintain a temperature 
of about 180°F. in the reactor. If 
10-34-0 liquid fertilizer is being 
made, the material is pumped 
through a secondary cooler direct
ly to product storage at a tempera
ture of about 100°F. 1£ 11-37-0 sus
pension fertilizer is being made, 
the solution flows from the second
ary cooler through a mixing tank 
where 3 % by weight of suspend
ing clay is added prior to going 
to storage. 

'When producing a 12-58-0 
grade granular product, the melt 
from the disengaging chamber is 
fed directly onto a bed of recycle 
in a pug mill where granulation is 
accomplished. The pug mill pro
vides some degree of working to 
the melt so that partial crystalliza
tion of the melt OCellfS. The ma
terial discharges from the pug mill 
to a rotary cooler followed by 
screening and crushing equipment. 
The crushed oversize, the under
size, and a large portion of the 
product size are recycled to the 
pug mill. A flowsheet of the granu
lation system is shown in Figure 5. 
The retention time and additional 
working provided in the cooler re
sult in further crystallization of 
the melt so that the material dis
charging from the cooler is only 
slightly sticky and can be screened 
and crushed without undue dif
ficulty. Ahout 15 pounds of recycle 
per pound of product is usually 
required. The high recycle ratio 
is required so that the entire bed 
of material in the pug mill will 
remain relatively free flowing, thus 
preventing buildup of material on 
the rotating shafts and the walls of 
the mill and overloading of the 
drive motor. Studies of methods 
for improving the rather cumber
some granulation operation are 
under way. 

The granular 12-58-0 grade 
product would be suitable for ship
ment and conversion to solution 
and suspension fertilizers; it also 
should be suitable for direct ap
plication, bulk blending, or granu
lation with other materials. 

Importance of Polyphos
phate in Fluid Fertilizers 

Polyphosphates offer signifi
cant advantages in the production 



AMMONHJM POLY PHOSPHATE 
MELT (i2~5a-O) 

WATER 

COOLER 
SOO SQ FT. 

CLAy 

.... ,.,""'1 
GAL 

Il<H-O 
PRODUCT 

TO 
STORAGE 

15 T.PK 

Figure 4 
Conversion of Ammonium Polyphosphate Melt Produced by 

Direct Process to Base Suspension 

of both liquid and suspension fer
tilizers. These advantages are so 
well established now that the in
dustry is dependent upon reliable 
economic sources of supply. The 
main advantage is the significantly 
higher concentration of N-P prod
ucts that can be produced because 
of increased solubility in the poly
phosphate system. This is shown 
in Figure 6 where the total units 
of plant food (N + P 20,,) over a 
range of N:P :.!Or; weight ratios is 
cumpared [or 0, 45, amI 70,}{) level~ 
of polyphosphate in the parent 
acid. An increase of 6 units is 
shown in the maximum solubility 
for 50% polyphosphate over that 
obtained when no polyphosphate 
is present and an additional 2 
units if the polyphosphate level IS 

increased to 707<.16 

Wet-process 

The polyphosphate materials 
can also be used effectively to se
quester the impurities in wet-pro
cess acid to allow substantial use 
of the regular 54 P20:; or tho
phosphoric acid for fluid fertilizer 
production. In producing liquid 
nonpotash grades, adequate seques
tration usually is obtained by sup
plying 10 to 20'70 of the total P20 u 
in the form of 11-37-0. In grades 
containing potash, 30 to '10 70 of 
the P!)05 usually must be supplied 
as 11-37-0. 

Procedures for sequestration 
have been described.!! Typical 
formulations for liquid fertilizers 
that include 11-37-0 as a seques
trant for wet-process phosphoric 
acid are shown in the following 
tabulation. 

Pounds per ton 

Aqua UAN Est. 
TVA ortho acid ammonia solution Kel salt-out 

Ratio 

1:1:0 
1:2:0 
1:3:0 
1:1:1 
1 :2: I 
1:3:1 
1:2:3 

Grade 11-37-0 (0-54-01 

1'1-14-0 151 415 
10-20-0 216 593 
8-24-0 260 711 
8-8-8 130 207 
8-16-8 259 415 
6-18-6 292 467 
4-8-12 130 207 

FROM RE:ACTION SYST~M 

qcECYCLE FINES 

(20-0-0) (32-0-0) 

375 589 
533 218 
657 
186 339 
373 178 
440 
185 91 

Figure 5 

(0-0-621 Water 

258 
258 
194 
387 

470 
440 
372 
880 
517 
607 

1000 

PRODUCT 

12-58-0 GRADE 

Granulation of Ammonium Polyphosphate Produced by the Direct Process 
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temp., OF. 

32 
25 
19 
48 
44 

3 
46 

When producing clear liquid 
N:P20 5 :K20 final products, the ad
vantage of poly phosphates is less 
pronounced because the potassium 
salts control the solubility of the 
other salts in solution. As the pot" 
ash content of liquid is increased, 
the total nutrient content that can 
be maintained in solution de
creases. 

The polyphosphate may be 
present as pyro, tripoly, tetra, and 
higher poly species. The pyrophos
phate has been found to be the 
most effective component for in
creasing the concentration of liq
uid products and for sequestration. 

The polyphosphate content of 
electric - furnace superphosphoric 
acid and its ammoniated products 
is considerably higher than for 
similar products made by the wet
process acid route. A comparison 
of grades and typical polyphos
phate contents is shown on p. 132. 

A 12-40-0 suspension or an 
11-37-0 liquid made by ammoniat
ing furnace superphosphoric acid 
normally has polyphosphate con
tent amounting to 65 or more of 
the total phosphate. The 10-34-0 
liquid and I] -37-0 suspension 
made with wet-process acid, either 
by the direct process or with super
phosphoric acid, have polyphos
phate contents of about 50~,. 

Recent research at TVA has 
resulted in experimental produc
tion of suspensions higher in grade 
than the typical 12-"10-0 made by 
ammoniating furnace superphos
photic acid. The grades of these 
experimental materials are 13-41-0 
(270 clay), 14-44-0 (0.570 clay), and 
14-47-0 (no clay). Development 
work on production of these 
higher analysis materials is 111 

progress. 10 

Because of the impurities in 
wet-process acids, and particularly 
those with high magnesium con
tents, interest and activity in sus
pension fertilizers made from wet
process acid are increasing. Gen
erally, the storage properties of all 
fluid products made with furnace 
superphosphoric acid have been 
superior to those derived from wet
process acid where storage periods 
exceed about 1 month. Although 
this difference seems to favor fur
nace acid, practical experience has 
shown that producers are able to 
use fluids made "with 'Net-process 



Electric-furnace superphosphoric acid 
(76-80 70 P20 5) 

Ammoniated products 
10-34-0 liquid 
11-37 -0 liquid 
12-40-0 suspension 

Polyphosphate 
content, % of 
total phosphate 

50-85 

15-61-0 granular ammonium polyphosphate 
Wet-process superphosphoric acid 

50-80 
65-80 
65-80 
54-60 
50-55 

(70-74% P20 5 ) 

Ammoniated products 
10-34-0 liquid 
11-37-0 suspension 
13-58-0 granular ammonium polyphosphate 

50-50 
50-55 
50-55 

Direct-process ammonium polyphosphate 
10-34-0 liquid 40-50 

40-50 
40-50 

11-37-0 suspension 
12-58-0 granular ammonium polyphosphate 

acid effectively. Consequently, most 
fluid mixed products marketed to
day are derived all or in part from 
wet-process acid. 

Successful application of liq
uids and suspensions requires dif
ferences in equipment and proced
ure. For broadcast application, it 
is necessary to provide flooding
type nozzles for suspensions be
cause these materials contain some 
solid nutrient. Also, it is desirable 
to provide means for agitating 
suspensions in applicator tanks to 
prevent settling and to ensure 
homogeniety. This is usually done 
with a recirculation pump or, in 
some cases, with a simple air 
sparger. R On the other hand, most 
liquids contain little, if any, parti
culate matter andean be applied 
with smaller nozzles and do not 
require agitation. 

Comparison of Design and 
Operating Factors for Fluid 

Fertilizer Plants 
Typical designs of fluid fertil

izer plants may be divided into 
three main categories. These are 
(1) hot-mix continuous plants, (2) 
hot-mix batch plants, and (3) cold
mix plants. Each of these can 
make use of some types of poly
phosphate materials. 

The hot-mix continuous plant 
is designed for the reaction of fur
nace or wet-process superphos
phoric acid with ammonia to pro
duce base liquids such as 10-34-0 
and 11-37-0 or base suspensions 
such as 12-40-0. Potash and supple-

mental nitrogen (usually urea 
ammonium nitrate solution) then 
may be added to produce three
component solutions or suspen
sions. Typically, this type of plant 
has a capacity of about 15 tons 
per hour of the N-P intermediate. 

Either furnace or wet·process 
superphosphoric acid may be am
moniated in a plant of this design; 
requirements for satisfactory de
sign and operation are the same 
for both acids with the exception 
that the wet-process acid is more 
viscous and must be heated to a 
slightly higher temperature for 
metering and handling. 

The same equipment may be 
used effectively for the production 
of an 11-37-0 suspension with melt 
from a direct-process ammonium 
polyphosphate plant fed into the 
reactor instead of superphosphoric 
acid. However, the amount of heat 
to be removed when the direct
process melt is fed to the reactor 
is only about half that to be reo 
moved when superphosphoric acid 
is fed. For example, about 10 mil
lion Btu's per hour are removed 
when the acid is ammoniated at a 
rate required for production of 15 
tons of 1I-37-0 per hour as com
pared with only about 5 million 
Btu's for the melt. 

Design features of the hot-mix 
batch plant and the continuous 
plant are similar. However, the 
usual function of the continuous 
plant is to provide base materials 
for shipment to small cold-mix 
plants; the function of the hot-mix 
batch plant is to produce N:P205: 
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Figure 6 
Effect of Polyphosphate Level and N:P2Ots 
Weight Ratio on Solubility of Ammoniated 

Electric-Furnace Acids. 32°F. (O°C.) 

K20 products tailored for local 
use. 

The cold-mix plant uses a 
fluid-base ammonium phosphate 
which was produced in a hot-mix 
plant. Cold-mix plants are not de
signed for neutralization of acid 
with ammonia. Consequently, no 
stainless steel is required in con
struction of this plant. Nitrogen 
solutions are usually stored in 
aluminum tanks or mild steel pro
tected by a coating or lining. 
Other equipment is mild steel. In
vestment for this type plant is very 
low, and operation is convenient 
and inexpensive. 

The cold-mix plant is well 
suited to the use of granular am
monium polyphosphate in produc
tion of fluid fertilizers. The 15-62-0 
dissolves readily in water if vigor
ous agitation is supplied in the 
mix tank. The additional am
monia that is added provides heat 
to aid dissolution of the granular 
ammonium polyphosphate. Some 
plants depend on a high-capacity 
pump for agitation; however, a 
turbine agitator in a tank equip
ped with properly designed baffles 
in superior. The presentation of 
F. P. Achorn, "Uses for Solid Am
monium Polyphosphate in Bulk 
Blending, Granulation, and Fluid 
Fertilizers," at this session gives 
more details on use of the granu
lar ammonium polyphosphate. 

Advantages and 
Disadvantages of Various 
Polyphosphate Materials 

Electric - furnace superphos-



phoric acid and its ammoniated 
products 11-37-0 liquid and 12-40-0 
or higher grade suspensions have 
significant advantages of compara
tive purity, higher grade, and 
high polyphosphate content than 
derivatives of wet-process acid. 
The absence of impurities that can 
be troublesome in wet-process acid 
products also ensures more con
sistent storage and application 
properties. The elemental phos
phorus-based polyphosphate ma
terials are proportionally more ef
fective as a sequestrant since wet
process acid derivatives have util
ized a large part of the polyphos
phate potential in sequestering 
their own impurities. The granu
lar ammonium polyphosphate 
made from electric-furnace super
phosphoric acid has very good 
storage and handling properties. 
The relatively easy dissolution to 
produce fluid products and versa
tility for use in bulk-blended gran
ular fertilizers are plus factors that 
enhance future prospects. The gen
erally higher cost is the only ap
parent disadvantage for polyphos
phates produced from elemental 
phosphorus. 

Despite considerable problems 
in concentration and the need for 
added expense for clarification of 
the feed acid, wet-process super
phosphoric acid has proved feasi
ble for production and shipment. 
The comparative high viscosity 
and need for keeping this acid 
hot (about 1500 F.) to allow effec
tive unloading, pumping, and 
feeding have been coped with satis
factorily through use of suitable 
insulated tank cars. The ammoni
ated liquid 10-34-0 made from wet
process superphosphoric acid rang
es in color from opaque dark to 
clear green, depending on whether 
raw or calcined rock is used to 
make the parent acid. The 10-34-0 
may contain visible amounts of 
fine solid particles, but if properly 
prepared, no appreciable problems 
are experienced in storage or ap
plication. Some wet-process acids 
with higher magnesium content 
can result in precipitation prob
lems on prolonged storage of am
moniated products. Suspensions 
made with wet-process acid have 
essentially the same appearance as 
those made with furnace acid. The 
main advantages of wet-process 

acid-based poly phosphates include 
the greater availability of this type 
of acid and likelihood of lower 
cost, especially if the direct pro
cess proves to be commercially 
feasible. 

Future growth in production 
of both wet-process acid-based and 
elemental phosphorus-based poly
phosphate materials is expected. 
Substantial increased production 
will be necessary to support the 
anticipated increase in popularity 
of fluid fertilizers. 

At present the production of 
fluid fertilizers is of major impor
tance only in the United States 
and France. There is some pro
duction in England and indication 
of substantial interest and planned 
activity in other European coun
tries and in Australia and South 
Africa. A recent paper on the tech
nology and economics of liquid 
mixed fertilizers5 stirred consider
able interest at the Internation
al Superphosphate Manufacturers' 
Association meeting in Brussels, 
Belgium, that likely will result in 
increased evaluation and activity. 

Commercial Production of 
Polyphosphate Materials 

The past 2 years has seen pro
duction of wet-process superphos
phoric acid reach commercial real
ity, and it is now available in de
pendable supply. Of the approxi
mately forty plants in the U. S. 
that manufacture wet-process acid, 
there are now reported to be at 
least eight that produce wet-pro
cess superphosphoric acid and mar
ket it or its ammoniated products. 
The "hot·dog" type of insulated 
railroad tank car has allowed ship
ment of the wet-process superphos
phoric acid for long distances with 
temperature maintained satisfac
torily high for handling and con
veniently unloading the viscous 
acid. 

In the U. S. there are thirty 
plants operated by ten companies 
that produce phosphoric acid from 
elemental phosphorus; nine of the 
plants are equipped to produce 
superphosphoric acid. At least 
one producer purchases elemental 
phosphorus and produces super
phosphoric acid and 11-37-0 from 
it. 

TVA is the only source at 
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present of 15-61-0 granular am
monium polyphosphate; it is pro
duced in demonstration-plant facil
ities and made available for test
ing as an intermediate in produc
tion of liquid and suspension fer
tilizers. It has been shipped in 
bulk by rail, barge, and ship with 
very good results. Interest that has 
developed rapidly in this versatile 
granular material indicates good 
prospects for commercial produc
ers to enter production in the fu
ture. 

A recent survey shows that 
more than seventy-five plants pro
duce 10-34-0 liquid by various 
means. Most of these use wet-pro
cess superphosphoric acid. Several 
use electric-furnace superphosphor
ic acid of the 76% P::P5 shipping 
grade, and use of granular am
monium polyphosphate is increas
ing. Activity in production of base 
suspensions apparently is increas
ing substantially. 

The direct process for pro
duction of ammonium polyphos
phate fluid and granular products 
that has been developed on pilot
plant scale by TVA3 is not known 
to be in use commercially. A num
ber of finns are engaged in test 
work and appear to be evaluating 
the process and its potential m 
their planning activities. 

Economics 

Although it is generally 
recognized that wet-process phos
phoric acid usually can be pro
duced at lower cost than thermal 
acid from elemental phosphorus, 
recent evaluations (taking into ac
count higher sulfur prices and 
prospects for lower electric power 
costs) indicate narrowing of the 
margin.7 The investment in elec
tric-furnace facilities is about dou
ble that for wet-process acid pro
duction and this has considerable 
impact on costs. Recent estimates21 

indicate production costs of about 
$118 per ton of P20 5 for 76ro 
P20" electric-furnace superphos
phoric acid and $109 per ton of 
P20 5 for 70 P20 5 wet-process 
superphosphoric acid (Lo.b. plant). 
These estimates are for facilities 
located in Florida with a 10ro re
turn on investment and producing 
600 tons of P20 5 per day. The 
cost of wet-process superphosphor-
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Alternatives for Producing Ammonium Polyphosphate Suspensions 

ic acid is based on a sulfur cost of 
$41 per ton and includes an esti
mated $11 per ton for clarification 
of the feed acid and concentrating 
to 70'10 P20". The cost of electric
furnace superphosphoric acid is 
based on a power cost of 5 mills 
per kwh. Shipment of elemental 
phosphorus long distances could 
significantly offset the indicated 
difference in cost. 

The present process technol
ogy provides a choice between at 
least five alternative routes to pro
duction of ammonium polyphos
phate-base solutions and suspen
sions. These alternatives, shown 
diagrammatically in Figure 7 are: 

duce 10-34-0 clear liquid or 
11-37 -0 suspension. 

4. "Wet-process orthophosphoric 
acid is produced at, or near, 
a major phosphate deposit. 
The acid is used at the plant 
site to produce a 12-58-0 
grade melt by ammoniating 
wet- process orthophosphoric 
acid in the direct process at 
atmospheric pressure. The 
melt is dissolved in water 
and a small amount of am
monia is added to produce a 
10-34-0 liquid. If a suspen
sion is desired, the amount 
of water is slightly decreased 

to raise the grade to 11-37-0, 
and attapulgite clay is added. 

5. Same as 4 except the 54 '10 
wet-process acid would be 
shipped to a regional plant 
for use in the direct process. 

With the exception of the 12-
58-0 material made by the direct 
process, these alternatives have 
been reduced to commercial prac
tice. The direct process has not 
been carried beyond the pilot
plant stage to date. 

For comparison, the delivered 
costs of base suspensions in Des 
Moines, Iowa, have been estimated 
and reported for four of the al· 
ternatives.G An estimate was made 
for Method 2 (production of gran
ular ammonium polyphosphate 
from electric-furnace superphos
phoric acid and shipment to Iowa 
for preparation of suspension in 
a simple cold mix-type operation). 
This estimate used a delivered cost 
of $106 per ton of product for 
granular 15-62-0 in 10wa.1 A phos
phorus cost of $240 per ton to the 
acid plant was used. Total cost of 
conversion of granular ammonium 
polyphosphate to 12-40-0 (not in
cluding raw materials) was esti
mated at $6 per ton of 12-40-0 
product. Results of the estimates 
are tabulated below. 

1. Elemental phosphorus pro
duced at, or near, a major 
phosphate deposit is shipped 
to a regional plant and con
verted to superphosphoric 
acid. This superphosphoric 
acid is ammoniated to pro
duce 11-37-0 clear liquid or 
a suspension such as 12-40-0. 

Grade 
of base 

sus
pension 

Delivered cost, $/ton of material 

2. Furnace superphosphoric acid 
is ammoniated in a pressure 
reactor to produce 15-62-0 
grade granular ammonium 
polyphosphate. The 15-62-0 
is shipped to cold-mix fluid 
plants for dissolution in 
water to produce either liq
uids or suspensions. (Pilot
plant work has indicated feas
ibility of 13-59-0 grade gran
ular ammonium polyphos
phate acid.) 

3. Wet-process superphosphoric 
acid is produced at, or near, 
a major phosphate deposit 
and shipped to a regional 
plant. This superphosphoric 
acid is ammoniated to pro-

12-40-0 

11-37-0 

Method 1 

76.72 
(147.54/ T 
plant food) 

Method 2 

78.01 
(150.00/T 
plant food) 

These estimates indicate a 
slight economic advantage for 
method 4 which makes use of the 
direct process for ammonium poly
phosphate made from wet-process 
orthophosphoric acid. In the esti
mates, a price of $60 per ton for 
ammonia was assumed. Although 
lower prices that now are avail
able would affect the results ob
tained in these estimates, the com
parisons would not be affected 
significantly. The comparatively 
minor differences in delivered cost 
of the suspensions indicate that 
savings in shipping and handling 
costs for more concentrated ma-
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Method 3 

71.49 
148.94/T 

plant food) 

Method 4 

70.13 
(146·1O/T 
plant food) 

Method 5 

72.05 
(150. WIT 
plant food) 

terials, and higher grade of prod
uct, can offset substantially higher 
cost of starting material. These 
comparisons indicate that the ele
mental phosphorus and wet-proc
ess acid routes to polyphosphates 
are likely to be keenly competitive. 

Summary and Conclusions 

Alternative routes to produc
tion of ammonium polyphosphate
base solutions and suspensions 
have increased in recent years with 
the result that fluid fertilizer pro
ducers are in a much more flexible 
position to produce polyphosphate-



based products. These develop
ments should greatly aid the 
growth of the fluid fertilizer in
dustry in the future. Because of 
the comparative ease with which 
Huids are handled, transported, 
and applied to the soil, continued 
growth of this industry is ex
pected. 
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MODERATOR ADAMS: Thank 

you for that excellent paper. Are 
there any questions? 

It looks like you have covered 
your subject real well. Our chair
man suggests that we all stand up 
and stretch for a minute. 

Our program continues with 
Polyphosphates and Suspension or 
Fluid Fertilizers. We regret that 
Mr. Formaini was not able to at· 
tend to give the next talk. My 
associate, Mr. George R. Gilliam 
and I have agreed to give this 
talk and I hope you will bear with 
us. 

Fluid Fertilizers Containing Polyphosphate 
and Micronutrients 

R. E. Formaini* 

Introduction 
Significant quantities of inor

ganic micronutrients may be in
corporated into liquid fertilizers 
when products contain polyphos
phates.1 The quantity of micro
nutrient soluble differs for each 
metal, and it is influenced by sev
eral factors. 

Some information is avail
able concerning micronutrient 
compatibility in solution2•3 and 
salt-suspension4 systems, particu
larly for zinc" This paper pre
sents micronutrient solubility data 
for boron, copper, iron, molybde-

• Contribution from Allied Cbemical Corp., 
Agricultural Division, Research Department, 
Hopewell, Virginia. 
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num, manganese and zinc .in fluids 
containing wet-process 10-34-0, 
urea-ammonium nitrate solution 32 
and muriate of potash. In addi
tion, procedures for incorporating 
metals into coIel-mixed, salt sus
pensions will be given. Discussion 
will be limited mainly to the 
metals which depend upon seques
tration for dissolution. 

Solubility Limits 
The metals boron (B) and 

molybdenum (Mo) supplied as the 
usual commercial sodium salts are 
soluble to the extent of at least 
one percent in Huid fertilizers. 
Since sequestration is not involved 



Table 1 

Solubility of Metals in Wet Process 10-34-0' 

Pounds Metal Per 100 Pounds P20.2 

P.O. In 
Metal" Final Mix, % Stable 1 Day' Stable 1 Week' 

Cu+2 15 and above 10.0 8.0 
6 to 15 9.0 6.0 

Fe+3 6 and above 2.6· 2.6 5 

Mn+2 30 and above 0.6 0.2 
15 to 30 0.4 0.2 

Zn+2 28 and above 10.0 6.0 
15 to 28 6.0 4.0 

---~.----.-~.----.---.. -----. ._-.--

Notes: 
1 10-34-0 Containing 1.8 pounds Fe per 100 pounds P 20 5 initially. 
2 Can be used for solutions or suspensions. 
3 Supplied as sulfates, chlorides, carbonates and for ZnO. 
4 Time elapsed before a precipitate formed in solutions. 
5 Does not include Fe in 10-34-0. 

in solubility and one percent is ex
cessive to normal needs, we will 
turn our attention to the other 
micronutrients. 

The solubility of copper (Cu), 
iron (Fe), manganese (Mn) and 
zinc (Zn) in N-P-K liquids is de
pendent upon the polyphosphate 
content in the system. However, 
product stability is determined by 
metal and P20 5 content. This is 
shown in Table 1 which gives data 
for metal sulfates, carbonates and 
chlorides, and for zinc oxide in 
10-34-Q containing 0.6 percent iron 
and having at least 58 percent of 
its phosphate in the polyphos
phate form. As shown, substantial 
amounts of Cu, Fe, and Zn are 
sequestered but Mn has limited 
solubility. In addition, metal con
tent at saturation increases with 
P20 5 content, but product stability 
decreases with increase in metal 
content. 

Micronutrient Mixtures 

Maximum metal content of 
fertilizers containing micronutrient 
mixtures may be computed by us
ing the weighted average method 
and the values in Table 1. The 
following solution grades are ex
amples when 30 percent of the 
polyphosphate is used for Cu and 
the balance is used for Zn: 

9-27-0-0.8Cu-0.5Fe-I.9Zn 
8-8-8-0.2Cu·0.IFe·O.3Zn 
8-16-8-0.5Cu·0.3Fe·0.7Zn 
5-10- I 0-0.3Cu·0.2Fe·OAZn 

Metal Content of 
Suspensions 

Since the problem of solubility 
is not involved with suspensions, 
more metal than that specified in 
Table 1 can be used. The limiting 
factor, in this case, is product 

Table 2 

Grade 
Ratio 

1-1-1 
1-2-1 
1·2-4 
1-3-1 
1-3-3 
1-3-6 

Note: 

Maximum Suspension Grades with Copper" 

Metal to PeOn Weight Ratio 

10,100 

13.6-13.6-13.6-1.4Cu 
10.2-20A-1O.2-2.0Cu 
6.7-13A-26.8-1.4Cu 
8-24-8-2ACu 
6.6-19.8-19.8-2.0Cu 
4.6-13.8-8-27.6-IACu 

20,100 

11-11·11-2.2Cu 
7-14-7-2.8Cu 
4-8-16-1.6Cu 
6-1 S-6-3.6Cu 
4-12-12-2.4Cu 
3-9-J8-I.SCu 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KC} (62 % 
KzO) and CUS04 (25.2% Cu) and stable for 24 hours. 
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viscosity which may be controlled 
by preparing lower grades. 

In this respect, maximum 
plant food content was found to 
be related to the type and quantity 
of metal added and the P20 5 con
tent of the suspension. Severity 
of thickening was in order 
Mn> Fe> Zn = Cu which is the 
reverse of the preferential order of 
sequestration. The influence of 
metal source on thickening was 
minor except for Cu and Zn. Sus
pensions with copper and zinc suI· 
fates were more thixotropic than 
those with other salts. Selected 
grades given in Table 2 to 5 illus
trate the preceding statements and 
show the highest metal contents 
attained for which no reduction 
in plant food due to thickening 
was required. 

Maximum Metal Content 
of Suspensions 

Maximum grade for micronu· 
trient mixtures may be computed 
using the data herein and assum
ing the preferential order of se
questration is Cu Zn > Fe > 
:\1n. However, N-P-K suspensions 
have been prepared and applied 
having the following metal con
tents: 

1.0ro B or Mo 
(maximum tested) 

4.0% Zn or Cu or Zn + Cu 
1.5% Mn or Fe or Mn + Fe 
3.0% Fe + Zn (Fe 1.2ro) 
2.5% Mn + Cu or Fe + Cu 

(Cu = 1.0ro) 
4.5 % Total metals 

(Fe + Mn 1 % max.) 
These data are shown graphi

cally in Figure I. It should be 
mentioned that clay content was 
decreased as metal content was in
creased. At the maximums indi
cated, no clay was used. This was 
necessary to maintain viscosity be
low 700 centipoises. 

Fig. 1, see page 138. 

Mixing Procedures 
lVIicronutrients are more effi· 

ciently added to suspensions in a 
batch mix tank rather than in ap· 
plicators or nurse tanks. \\Then the 
mixture is to contain up to one 
percent metal, the micronutrient 
may be added to the liquid used 
to develop clay pregel. Using large 
amounts of micronutrients, addi· 
tion should be made just prior to 



potash addition, the final mixing 
step. 

Micronutrients may be added 
as finely divided solids, water 
slurries, or preferably. as solutions. 
With each, the rate of addition 
must be slow to prevent agglomera
tion and avoid forming heavy gels 
which can occur while adding 
micron u trien ts_ 

Suspension Storage 
In some cases, suspensions con

taining micronutrients will thicken 
to a slight degree after mixing. 
Thickening may result from down
ward temperature change but 
mostly to continuing chemical re
actions. For this reason, we recom
mend applying the material as 
soon after mixing as possible. If 
application is delayed, mechanical 
agitation should be provided to 
prevent possible gelation. 
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MODERATOR ADAMS: \Ve will 
move along with our program. 
Mr. Edward Platz will tell us a 
little bit about the manufacture 
of Liquid and Suspension Ferti
lizers, right from the plant. 

Editor's Note: Sorry at time 
of printing we did not have the 
notes from Mr. Platz's discussion. 
l\Jr. Platz spoke from the cuff and 
our transcriber was not operating. 
\Ve will try to include :Vir. Platz's 

Grade 
Ratio 

H-l 
1-2-1 
1-2-4 
1-3-1 
1-3-3 
1-3-6 

Table 3 

Maximum Suspension Grades with Iron' 

Metal to P205 Weight Ratio 

5:100 

14-14-14-0.7Fe 
10.5-21-1O.5-1.0Fe 
7 -14-2S·0. 7Fe 
8-24-S-I.2Fe 
6.S-20.6-20.6-1.0Fe 
5-15-30-0.75Fe 

10:100 

11.5-11.5-1 L5-1.2F e 
8-16-8-1.6Fe 
4.5-9-1S-0.9Fe 
6-1S-6-l.SFe 
4.5-13.5-13.5-1.3Fe 
3-9-IS-0.9Fe 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KCl (62 % 
K20) and Fe2 (804) g (27ro Fe), and stable for 24 hours. 

Table 4 
Maximum Suspension Grades with Manganese' 

Grade 
Ratio 

Metal to P 20. Weight Ratio 

1-1-1 
1-2-1 
1-2-4 
1-3-1 
1-3-3 
1-3-6 

Note: 

2:100 

14-] 4-14-0.28Mn 
11-22-11-0.44Mn 
7 -14-2S-0.2SMn 
S-24-S-0.4SMn 
7-21-21-0.42Mn 
5-15-30-0.30Mn 

5:100 

12.5-12.5-12.5-0.6Mn 
1O-20-10-1.0Mn 
6-12-24-0.6Mn 
7-21-7-1.0Mn 
6-1S-1S-0.9Mn 
4-12-24-0.6Mn 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KCI (62 % 
K 20) and Mn804 (27.3% Mn), and stable for 24 hours. 

Table 5 

Maximum Suspension Grades with Zinc' 

Grade 
Ratio 

Metal to P20. Weight Ratio 

1-1-1 
1-2-1 
1-2-4 
1-3-1 
1-3-3 
1-3-6 

Note: 

10:100 

14-14-14-1.4Zn 
IO.5-21-1O.5-2.IZn 
6.9-13.S-27.6-1.4Zn 
S-24-S-2.4Zn 
6.7 -20.1-20.1-2.0Zn 
4.8-14.4-2S.8-1.4Zn 

20:100 

11-1l-1l-2.2Zn 
8-16-S-3.2Zn 
4.5-9-1S-l.SZn 
6-1S-6-3.6Zn 
4-12-12-2.4Zn 
3-9-1S-1.8Zn 

1 Prepared from urea-ammonium nitrate solution 32, 10-34-0, KCI (62% 
K20) and ZnS04 (36% Zn), and stable for 24 hours. 

message in our 1969, Round Table 
Proceedings. 

MODERATOR ADAMS: Thank 
you, Ed, for that personal testi
mony on your way of operating 
the liquid fertilizer operation. 

He personally runs the plant 
and knows all of the ins and outs. 
1£ you have any questions, he will 
be around and you can ask him 
later. I will turn the meeting back 
to our Chairman Dr. Sauchelli. 
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CHAIRMAN SAUCHELU: Thank 
you, Billy. 

That certainly was a refresh
ing experience to have Mr. Platz 
explain his method. 

'Ve are nearing the end of 
these present sessions and I take 
this opportunity to thank all of 
the speakers for their unstinted co
operation in making this meeting 
the success that it admittedly was. 
\Ve should recognize the efforts 
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MICRONUTRIENTS 

of the speakers who generously 
give of their time and expendi
tures to share with us their knowl
edge and experience, and particu
larly those who come from over
seas at great expense to be able to 
share with us their knowledge and 
experience. Also, we thank the em
ployers who permit their men to 
participate in these meetings. 

I thank my associates on the 
Executive Committee, and espe
cially that tireless worker Dr. 
Marshall, for their loyal coopera
tion, and Miss .10 Ann 'Withers 
for her patient and alert record
ing of the talks and comments. 

Thanks also to the personnel 
and management of the Mayflower 
Hotel for their courteous help and 
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I sincerely hope we have not ne
glected our foreign guests. We 
want to make sure at all of our 
sessions that our foreign guests 
have been well taken care of. 

I do want to express our ap
preciation to the representatives of 
the trade press. At every meeting 
of the Round Table we have had 
the good fortune to get friendly, 
helpful publicity. 

Our Secretary has arranged to 
have the next Annual Meeting 
held at this hotel on November 
5, 6 and 7 of 1969. Please record 
the dates. Meanwhile, please re
member to send us your sugges
tions. Don't wait until it is too 
late. 'VVe need your suggestions 
and problems for building up an 
interesting and helpful agenda for 
our next meeting. 

Unless there is something else 
to be brought before the group, 
I want to declare that our meeting 
is adjourned until next November, 
about 50 weeks away. 

(Applause.) 
(The .Meeting adjourned at 

eleven-fifty-two o'clock a.m.) 
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