


























































































































Question No. 12-What Are the Advantages of Applying 

Suction to the Classification Screens. Cite Actual Ex-

periences. 

F. T. Nielsson 

I technique of sup­
plymg suctIOn to classification 

screens at granular plants was first 
suggested by ·Wayne King of Tyler. 
As suggested by Wayne, and a, ap­
plied a t the plants I have seen, a 
series of ducts extend horilOnta ll y 
across the screens below the fine 
deck. Each duct has a slit on the 
underside. The ducts are connec(­
ed to a header that in turn con­
nects to the suction side or the 
drier or cooler exhaust system. The 
theory is that air will be sucked in 
through the screen d ecks and as­
sist in· cooling the product. In ad­
dition, some of the fine dust will 
be drawn off and not have to be 
handled by the fines screen, there­
by keeping the screen area clean. 

The idea mav work fine if the 
header were to a special­
ly dust system working at 
faIrly hIgh suction. However, in 
the installations I have seen, the 
suction is so weak that the dust 
collected in the transverse ducts 
settles out in the header and the 
connecting duct work, and the 
ducts soon stop up. After the oper­
ators clean the ducts a balf dozen 
times, they decide the cost of clean­
ing is not worth the extra cooling 
they might obtain if tbe system 

working and they stop clean· 
ll1g the system. 

. Because, in m y own exper­
Ience, 1 have not seen a plant 
where the screen cooling system 
was in operable condition, I as­
sume the degree of cooling in the 
average system, as currently de­
signed, is not sufficient. 

Wayne W. King 

T HE purpose of this paper is to 
clarify the necessary applica-

tion of Air Suction to this process 
and explain the reasons for its suc-

cess. For simp Ii fica tion we will au t­
line the factors involved. 

Application 

Air suction to be properly 
functional and efficient must be 
applied to the material while it is 
falling through the screening sur­
faces and is in a thoroughly strati­
fied condition. 

To accomplish this task, com­
plete uniformity of pull over the 
entire area and constant velocity is 
important. Proof of this is d em­
onstrated by removing all of the 
dust covers and still maintaining 
a slight n ega tive atmosphere with­
in the entire screen body. 

Details of construction show 
two 4" I.D . pipes welded into the 
fines collecting hopper under each 
5-foot length of screen. In each of 
these pipes there is a slot cut in 
the exact bottom and extending 
the full length of the pipe inside 
the hopper running across uncler 
the screening surface and at right 
angles to it. 

The area of this slot is nearly 
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eq ual to twice the area of the cross 
section of each pipe; constructed 
in this manner and by pulling from 
both ends of each pipe, a uniform 
down draft is crea ted evenly across 
the entire inside width of the 
screen body. 

H eader Piping along the ou(­
of the body connects into each 

end of all pipes as shown in the 
plan view of the slides. Succeeding 
piping should increase in size so 
a, not to build up the velocity too 
greatly. 

The volume of a ir required to 
do the best job varies widely, de­
p ending on the process, plant con­
ditions, and desired conditions of 
product. The volume of air re­
quired through each pipe ranges 
from 250 to 850 C.F.M. 

I t is obvious that we want the 
largest portion of fines [or recycle 
to discharge out the fines collecting 
hopper and as directly into the mix 
as possible to retain maximum 
temperature and best chemical con­
trol. 

Too little air sllction acceler­
ates choke ups in piping and de­
livers to the cyclone only part of 
the extremely fine air float mater­
ial. 

Increasing the velocity and vol­
ume of air increases the particle 
size of the fines delivered to the 
cyclone. 

The coarser the m a terial de­
livered to the cyclone (to a happy 
balance) decreases the caking ten­
dency of the materia l in the cyclone 
for best operation. So a balance 
worked out on each installation 
offers a two fold basic advantage. 
Complete recovery of fines and 
minimumized caking. 

It is impractical, although pos­
sible, to apply sufficient air suc­
tion to carry off all of the fines that 
pass through the finest screening 
surface of the classifier screen. 

A separate fa n, piping and 
cvclone works much better than a 
secondary svstem connected to the 
usually available system used for 
dryel- and cooler. 

Advantages and Benefits That 
Can Be Derived From a Proper 

Air Suction System 

A. Complete recovery of all val­
uable fines not so generously 
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spread throughout the plant, 
from which deposits they are 
very difficult to reclaim. 

B. Eliminate air Hoal fines depos­
ited on product and carried to 
storage area. 

C. Remove the dust problem from 
the screen area and other work 
areas close by. 

D. Reduce condensation of mois­
ture on inside of elevator hous­
ing, screen body. and fines hop­
per which in turn will reduce 
caking of fine material in these 
housings. 

E. The granular product or deck 
load over the second surface is 
reduced in temperature consid­
erablv, the oversize to a lesser 
degre'c and all of this heat en­
ergy is transferred to the fine 
material and ducts through 
which these fines travel to re­
cycle. 

r. This process oilers an extra 
profit where the Classifier Hum­
mer is installed in the flow be­
tween the dryer and cooler 
where condensation is such an 
obvious factor, and lor where 

only a cooler or dryer where , , 
only a dryer is used in the How. 

e. All of the benefits listed will 
in turn aid in the reduction of 
Preventative j"faintenance re­
quired. 

In conclusion, just as Morality 
is good business ~o is Good House­
keeping good business and profit­
able business. 

DISCUSSION 

Q.lIestiOI1: What are the ad­
valllages of applying s1lction /u the 
ciassijz('(ltiol1 srreensf Cite flctual 
('xpaiences? 

F. T. A'ielssol1: 

It might be dillerent, but 
where I have seen it. as I have said, 
the ducts stop up, the boys stop 
cleaning, the tiling doesn't work, 
and once people dou't use a system 
that is ill there, all you can figure 
is that there can't be much to it. 

Wa)'ne W. King: 

The advantages and benefib 
that can be derived from a proper 
air sunion system: 
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Complete recovery of all valu­
able fines now so generously spread 
throughout the plant, from which 
deposits are very difficult to re­
claim as such. \Ve all know this. 

Eliminate air How fines de­
posited on the product and carried 
to storage area. They go over in 
static. \\Tith that mild air flow 
through there, they are reduced in­
to the fines hoppei. The huge por­
tion of it goes directly past the 
pipe. All you are doing is creating 
a semi-negative in that fines hop­
per which pulls the air flow down, 
not up. 

I hold no brief against put­
ting a hood on there. It is like 
a man picking himself up by his 
bootstraps. You don't pull the air 
up or the fines up. It belongs down 
in the fines hopper, and that is 
why you should put your air suc­
tion at the bottom, not at the top. 

You can remove the dust from 
the screen area and other work 
areas close by. 

Here is the most important 
thing: You reduce the condensa­
tion of moisture on the inside of 
your elevator housing, on the in­
side of the screen body, and in the 
fines hopper, and it ~lefinitely re­
duces the caking of fine material 
in these housings. There is no 
question a bOll t that. It will do 
that. 

The granular product or deck 
load over the second surface is re­
duced in temperature to some ex­
tent, the oversize to a much lesser 
degree. 

Here comes your heat transfer. 
This is absolutely true, and we 
have measured it. A.II this heat 
energy is transferred to the fines 
material. It has to go some place. 
I am an engineer. I don't have any 
particular knowledge of heat othe;' 
than I learned in school. But if 
you are taking the heat out of 
the intermediate, it has to go some­
where, and in this instance it defi­
nitely has to go into the fines. And 
it is my understanding that is whal 
you want. Of course. lhat goes into 
the reyde. 

This process oilers an extra 
profit where the classifier is in­
stalled between the dryer amI the 



cooler, where condensation is an 
obvious factor, and/or where only 

a cooler or a dryer IS used in the 
flow. 

Question No. IS-What Are The Principal Techniques of 

Ammoniation Which Contribute to Efficiency of Oper-

ation? 

Since the amount of granulation achieved depends heavily on the 

ammoniator-granulator equipment, should not more attention be given 

to sparger design. location and performance toward this goal rather 

than toward ease of maintenance, lower initial cost and replace ability? 

E. C. Perrine 

M UCH more is now demanded 
of ammoniation than the 

simple economy in the small 
amount of ammonia that was being 
added to the formulae of yester­
day. The economics are still so 
important that any change in pro­
cesses or prices calls for a thorough 
re-appraisal of ammoniating prac­
tices. In addition to their in­
fluences on economy and the abil­
ity to hold a formula to grade, am­
moniating techniques strongly in­
fluence the quality of pulverized 
fertilizer and even the ability to 
granulate. I said, in extreme cases. 
I will say now in many cases. Poor 
ammoniating techniques have also 
been associated with some flash 
fires in the mixing equipment, and 
some fumes in addition to am­
monia fumes. 

The cost of a finished product 
includes the costs in effort and 
time of using the several ingredi­
ents. The techniques for holding 
more than 3 pounds of ammonia 
at high efficiency per unit of P 205 

in 20% superphosphate become 
progressively so involved that many 
operators lapse into means that 
prove costly long before the com­
fortable limit of 5.5 to 6.5 pounds 
has been reached. One study with 
a batch mixer and a nitrogen solu­
tion of mild volatility indicated 
that the last pound of ammonia in 
a 6.5 pound ammoniation rate re-

quired about 4 times as much time 
as for each of the first four pounds. 
Speaking about batch. it is very 
easy to make those studies. The 
relationship is probably parallel in 
the continuous ammoniator also. 

Three factors, singly or com­
bined-you will find all three of 
them applying in some cases; too 
many cases, I am afraid-compli­
cate the techniques of ammonia­
tion beyond 3 or 4 pounds rate of 
ammoniation per unit of P 205' 

First, the mass has become so 
warm that much of the remaining 
ammoniation is performed by am­
monia as gas, and gases usually 
react with dry materials more slow­
ly than do liquids. 

Secondly. the easily ammoni­
ated surfaces of the superphosphate 
particles have already been am­
moniated, probably almost to the 
limit. It then becomes necessary 
to penerate to the unreacted su­
perphosphate inside of the particle, 
a slow process, particularly when 
the ammonia has become a gas. 
Several studies have shown that as 
the particle size of superphosphate 
increases beyond about 30 mesh, 
the ammonia take-up drops off 
rapidly. 

A third fact tends to limit am­
moniation to a point below an ex­
pected level. Varying degrees of 
agglomeration may develop and 
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protect some of the superphosphate 
from further ammoniation before 
all of the ammonia has been added. 
This may be especially true if the 
first two factors, volatilization of 
the ammonia and large particle size 
of superphosphate. have prolonged 
the time of applying the ammonia. 

In other words. we are work­
ing for granulation, but we can get 
it too soon. 

The principal techniques that 
are required to meet these prob­
lems may be quite easily stated and 
even quite easily applied once the 
principles are understood. Very 
intimate and uniform contact be­
tween the superphosphate particles 
and the ammoniating medium 
while the ammonia is still in the 
liquid state takes advantage of the 
easy first phase of ammoniation. 
It is here that time can be saved, 
as usuallv the reactions are about 
four tim~s as fast per pound of am­
monia as for the last 15 or 20% 
of the ammonia. ' 

At substantial rates of ammon­
iadon, gas is going to be generated, 
and more and more of the am, 
monia will be reacted as gas as the 
limit of the process is approached. 

Provisions must be made for 
contacting the ammonia gas uni­
formly with the superphosphate 
and for generating this gas no fast­
er than it is going to be reacted. 
That gets into the skills and obser­
vation of the operation as much as 
the design and maintenance of the 
equipment. Very few, if any. pres­
ent commercial devices for am­
moniating superphosphate provide 
for reclaiming much of the am­
monia gas if that gas has been 
generated faster than the surround­
ing superphosphate can absorb it 
at atmospheric pressure. Arrange­
ments to do so under pressure have 
not been widely commercialized. 

The simple practice of intro­
ducing the ammoniating medium 
at progressively slower rates as sat­
uration is approached, has been 
very effective. The practice has the 
advantage of being applicable to 
any ammoniating medium from 
the least to the most volatile, with 
minimum changes to equipment. 
The mechanical means for achiev­
ing this descending rate of appli­
cation and of limiting the rate of 



gas formulation ditter between the 
rotary batch and the continuous 
systems. 

In either the continuous or the 
batch rotary mixer, the demand for 
ammonia is far from uniform per 
inch of length of the mixer 
throughout the length of the mix­
ers. In the rotary mixer, even if 
the chemical action were uniform 
for all of the superphosphate at a 
given time, the volume of the ma­
terial per inch of the mixer length 
in one section may be many times 
that of another section. In the 
continuous TVA type of ammon­
iator throughout its length the 
volume of the mass is quite uni­
form. But, the rate of reaction 
with ammonia and the portion of 
that ammonia that will be gas must 
be quite different between the in­
let and the outlet ends of the TVA 
continuous ammoniator. 

The ammonia distributor pipe 
must be considered as a manifold 
design to accommodate these re­
quirements. The holes should be 
so spaced, or sized progressively in 
some cases, that they function as 
metering orifices. If there are good 
reasons [or having the holes of a 
given size and spacing to deliver 
a rather closely Llefinetl amount of 
ammonia to the various regions on 
the day the system is put into ef­
fective operation, there are com­
pelling reasons for seeing that the 
arrangements are not allowed to 
degenerate through wear, corro­
sion, or resort to easy, careless at­
tention to detail by the personnel. 
I am very happy to see the report 
on Hastalloy-C. When a pipe is 
once made that way, it continues. 
I believe somebody mentioned he 
had gotten something like 40,000 
tons through one pipe, and it was 
still performing very well. 

Regardless of costs, or con­
veniences, all efforts should be di­
rected to achieve these ends. Am­
moniating techniques not only di­
rectly affect costs of nitrogen, phos­
phates, and acids, but they exercise 
heavy influence on graulation and 
the condition of pulverized, am­
moniated fertilizer. 

Since the rate of reaction de­
creases rapidly beyond the half­
way point in high rates of ammon­
iation, there should be a corres­
ponding decrease in the through-

put of ammonia per hole in the dis­
tributor pipe in a batch mixer. 
Also, in the continuous mixer there 
should be a reduction in the num­
ber of holes or in their size toward 
the outlet end or some other means 
of coping with the changing de­
mands of the process. In both sys­
tems a judicious handling of the 
gas portion of the ammonia can 
serve to even out the irregular am­
moniation of superphosphate that 
seems to be inherent in commer­
cial ammoniation with liquids as 
it is performed today. 

For efficient use in application 
to the fertilizer mass, acids should 
be distributed uniformly. There is 
room for serious study on the use 
of acids for these are used to offset 
poor original equipment or degen­
eration of operating skills or equip­
ment. These original failures or 
declines of techniques are increas­
ing the costs of making fertilizer 
wherever they occur and they ere· 
ate needless hazards in many in­
stances. 

Poor ammoniation techniques 
can quickly result in excess costs 
of nitrogen, superphosphates, and 
acid, in poor condition of pulver­
ized or granulated fertilizer, and 

some bad fumes in addition to am­
monia fumes, truly a long line of 
indictments. 

Comments by Chairman Sau­
chelli; Thank you, Elmer. That is 
a fine condensed summary of 
things. 

\Ve have time for one or two 
questions. \Vho will be the first to 
fire a t Elmer? 

If I didn't know that a lot of 
questions are fired at these fellows 
in the corridors and in the rooms, 
I would be disappointed, but I 
know that one of the objectives, 
one of the fine things about our 
round table, is that it does enable 
many of these fellows to have small 
group sessions so they can ask ques­
tions. One man told me that in 
three days here he sees more people 
than he could see in traveling 
around three months, and he has 
had a chance to ask some questions. 
So even though we don't get too 
much discussion because of the 
large crowd here, I feel thaL as we 
select two or three speakers to dis­
cuss different phases of the subjects 
we are enforcing discussion, be­
cause the people who do discuss are 
selected right from your own group. 

Question No. 14-A Discussion of The Advantages and Dis-

advantages of Screening Granulated Mixed Fertilizer 

Between the Dryer and Cooler Versus Screening After 

the Cooler. 

F. A. Refzke 

W E have each screening sys­
tem in operation at differ­

ent plants in our company. How­
ever, I can give only a qualitative 
comparison because of other dif­
ferences in formulation and opera­
tion among the different plants. 

In the hot screening system, 
that is screening between the dryer 
and the cooler, (1) the over-size 
is crushed in a chain mill and re­
turned to the dryer; (2) the on­
size goes to the cooler; and (3) the 
screen fines and cyclone fines are 
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returned at a controlled rate to 
the ammonia tor-granulator. In the 
cold screening system, screening af­
ter the cooler, (1) The over-size 
is crushed and rescreened without 
redrying; (2) the on-size goes to 
pile storage; and (3) the screen 
fines and cyclone fines are returned, 
at the rate they are made, to the 
ammoniator. In the hot svstem, 
we formulate with 66° Be s~lfuric 
acid while in the cold system we 
use 60° Be sulfuric acid and have 
<l separate granulating drum. 



vVith hot screening the tem­
perature of the recycle fines is 
about 80 0 higher than with cold 
screening. This hot recycle adds 
heat to the goods in the ammoni­
ator, and increases the liquid, plas­
tic phase. This aids granulation 
in certain formulas whereas adding 
water might not. Or, less water 
may have to be added for granula­
tion than with cold recycle. Thus 
the subsequent drying load is re~ 
duced. 

For those formulas which nor­
mally have a high liquid, plastic 
phase and high reaction tempera­
ture, the additional heat from hot 
recycle contributes to the evapora­
tion of moisture from the goods 
in the ammoniator. This tends to 
dry up the bed and also reduces 
the drying load. 

In some formulas less sulfuric 
acid may be needed to promote 
granulation than with cold recycle. 
This reduces raw material costs. 

The crushed over-size, return­
ed for redrying, is also at a higher 
temperature than from cold screen­
ing, which again decreases the dry­
ing load. 

Screening after the dryer ob­
viously reduces the cooling load, 
for only the finished product is 
cooled. In our case, we were able 
to use an existing cooler, capable 
of handling up to 25 tons per hour, 
while the dryer and ammonia tor 
were handling up to 40 tons per 
hour in order to take advantage in 
some cases of cheaper raw materials 
costs by using high recycle rates. 

'Vith only the on-size product 
in the cooler, dust emission from 
the cooler stack should be less than 
that from a system which cools all 
the material from the dryer. 1 have 
not particularly noticed the point 
of attrition in the cooler creating 
fines in our product, although I 
do not have any quantitative data 
on that. 

Naturally there are some dis­
advantages to hot screening. "For 
formulas which have a low water 
content, a high liquid, plastic 
phase and a high reaction tempera­
ture ,it may be necessary to reform­
ulate to a cooler, less plastic form­
ula. So far we have not exper­
ienced this. It might occur in high 
nitrogen, high P 20" formulas COIl-

taining nitrate solution and phos­
phoric acid. 

Prior to the start-up of our hot 
screening system, I was concerned 
about blinding the screens, partic­
ularly the fine screen cloth. How­
ever, under normal operating tem­
peratures, we have had no trouble 
with the Ton-Cap equivalent of 
20-mesh with stainless steel wire. It 
will blind if the temperature of 
the material, containing nitrates, 
is above the normal operating tem­
perature. 

If the temperature of mater­
ial containing nitrate is above nor­
mal, the hot over-sized does not 
shatter as easily which in turn in­
creases the over-size load in the sys­
tem. Such material will also build-

---~ ... ------

up on the interior of the chain 
mill. vVith normal material tem­
peratures this is not a problem. 

Screen maintenance may be 
some higher. For example, an ordi­
nary plywood screen cover does not 
last very long in the hot, humid 
atmosphere which you get with hot 
screening. 

If the hot recycle is handled 
on a belt or in an elevator, the life 
of such equipment may be short­
ened. Our experience has not been 
long enough to indicate this. 

I think this question is similar 
to the question of co-current versus 
counter-current drying. As we said 
in the Army, it depends upon the 
situation and the terrain. 

.~-- .. __ ._--

L M. leach 

W E went into the granula­
tion of mixed fertilizer in 

Indianapolis in the Spring of 1955. 
There were not many plants 

granulating at that time and there­
fore, there was not too much ex­
perience on the overall granulation 
operation. 

This is a handicap, but one 
that maybe you can't see too well. 
\Ve chose to screen between the 
drying and cooling operation. It 
appeared to us that we could do 
a better job for several reasons: 

1. The oversize would still be 
moist inside therefore would 
crack real easy to proper size, 
and the hard dry outer layer 
would help keep the mill from 
plugging. 

2. After cracking while oversize 
was still hot, we could run it 
back to the dryer and save 
fuel because we would not 
need to build up temperature 
to take out the remaining 
moisture. 

3. The fines could be immediate~ 
ly put back into the ammoni­
ator and because they are still 
hot they would not cool the 
ammoniator bed. vVe could 
get by with less reaction heat 
therefore use less acid. 
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4. vVe could have much more ef­
ficient cooling because we 
would have only product go­
ing through cooler, the cooler 
load would be reduced by the 
amount of the recycle which 
often amounts to 100% of 
production rate. 

5. Then there was a fifth reason 
and that was the fact we al­
ready had a cooler and to 
work it into the system, we 
would have to make some ex­
pensive alterations. So we de­
cided the best way to go was 
to dry, screen, then cool. 

The actual operation has not 
worked out like we planned. First 
the oversize unless it was quite a 
bit to large, was not so wet inside 
and after it was cracked or crushed, 
dried very fast so we soon put a 
bypass after the crusher and ran 
the material back to the screens. 

Another reason too, for the by­
pass, was to take the load off the 
dryer. This recycle load seemed 
to build up unusually fast. 

One reason was because if the 
recycle was not cracked the first 
time through, it would be one half 
hour before it went through again; 
the half hour being the time it 
takes to go through our dryer. 



1 see no reason that the fines 
being hot would help in the gran­
ulation process, but that, too, has 
not been an advantage, since the 
acid rates arc the same at all plants. 

There are also other disadvan­
tages to screening hot material. It 
is no fun trying to clean the fine, 
bottom screen with hot pills going 
up your sleeve or down your neck 
so unless your foreman is constant­
ly watching the screens "will blind 
and fines go to product. 

Unless you use stainless steel 
wire, screens do not last very long. 
Even with stainless the hot heavy 
laden ammonium nitrate fertil­
izer sticks and builds up fast. 

And it gives you chills seeing 
men with scrapers, rubber ham­
mers, or what have you, cleaning 
high priced stainless steel screen 
cloth. 

"\Iost of the screen cloth 
doesn't wear out, it just gets 
cleaned to pieces. 

Then too, it is always fun to 
clean a screen after a batch of fer­
tilizer that has too much acid or 
gotten too hot in the dryer, or for 
some other reason has become real­
ly gummy, has been delivered to 
screen. This doesn't happen very 
often, but when it does you have 
yourself a mess_ 

\Vell what I am saying is I 
would rather screen after cooling. 
In the three processes, we put in 
following Indianapolis, we screen 
after cooling. 

One thing is very true, I think, 
and that is the cooler is much more 
efficient when you screen before 
cooling. 

However, you still must have 
proper equipment. Even though 
we set up to screen then cool at 
Indianapolis, we found our cooler 
would not do the job and we had 
to change. 

Since then, cooling has not 
been a problem. So, I would rather 
size the cooler to do the job then 
screen after cooling. 

DISCUSSION 

Monitor, V. Sauchelli. 
,)'Jr. G .. l.. B1idger: Like many 

of the questions discussed today, 
the answer to this one depends 
upon the grade of fertilizer you 

want to make. Each system has 
certain advantages for different 
grades. 

Perhaps most plants use the 
system of screening the total fertil­
izer after it has gone through both 
the dryer and the cooler. The fer­
tilizer is screened into three frac­
tions. The over-sized is crushed 
and rescreened; the on-size goes on 
to storage; the tines go back to 
recycle. 

This system has certain ad­
vantage~. First of all, if there is 
any attrition in the cooler, then 
the fines caused by this attrition 
are removed by the screens and do 
not get into the product. Secondly, 
the recycle is a cool recycle. This 
is an advantage if you are making 
high nitrogen grades with high 
solution uses. You want a cool re­
cycle in this case. 

On the other hand, the sys­
tem in which screening is done be­
tween drying and cooling has some 

advantages. In this case you get a 
hot recycle. This is advantageous 
if you are making low nitrogen 
grades - 1-4-4, for example. You 
want hot recycle. A second advant­
age is that you have to cool a much 
~maller amount of fertilizer. You 
cool only the on-size material. But 
this system has the disadvantage of 
getting altntlOn in the cooler 
which is not then removed but 
goes on into the product unless you 
want to screen a second time, and 
the more serious disadvantage 
abouthigh nitrogen grades when 
they are hot tend to be sticky and 
pastic, and are very difficult to 
screen. So your screening problem, 
keeping them clean, keeping them 
from binding, is very serious. You 
might have to keep a man operat­
ing all the time. 

All in all, if you have to make 
both grades, as most of you do, my 
opinion h that you would be better 
off to screen after cooling. 

Question No. IS-Economics Involved in the Selection of 

High Capacity Versus Low Capacity Equipment. 

Glen Wesenberg & James Madigan 

E ITHER oversizing or under­
sizing equipment is costly. 

Many factors should be considered 
in selecting the size and/or capaci ty 
of equipment to adequately meet 
production requirements. These 
[actors are especially important in 
the selection of equipment for pro­
ducing acceptable granular high 
analysis grades of fertilizer. In tlle 
following summary we have out­
lined the selection of equipment 
based on two extreme approache;, 
and modifying the size selection in 
consideration of existing and de­
sired factors. Although there may 
be, in any specific case, other fac­
tors that will inHuence the size 
selection required we hope the fol­
lowing summary will be of assis­
tance as a guide in the selection 01 
processing equipment. The two 
approaches are equipment selection 
based on peak demand period re­
quirements or average demand re­
quirements. 
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A. Selection of Equipment Based 
on Peak Demand Periods 
It is suggested that the month 

of highest Shipping requirements 
be used as the peak demand period, 
and that the production rate re­
quired based on the peak demand 
period be determined from a re­
view of the highest requirement 
month of each of the past five 
years. This will not only give basic 
figures but will also show the trend 
of requirements for the future. 
Graphical analysis of existing data 
present can be a helpful procedure 
in making this study. Selection of 
equipment based on capacity re­
quired during peak demand per­
iods will require high capacity 
equipment. 

B. Selection of Equipment Based 
on Average Demand 

Here, we will define aver· 
age demand as the average ton per 
hour requirement based on a nor· 



mal operating time of 70. hours 
per working day and determined 
from the total tonnage requirement 
for the entire year. In determining 
this rate, consideration must be 
given to vacation time and esti­
mated down-time for repairs and 
modifications. Here again, past 
records and availahle area reports 
will be a good guide in determin­
ing the average demand or require­
ments. Selection of equipment 
based on the capacity required to 
meet the average demand rate will 
require lower capacity equipment 
than the selection based on peak 
demand requirements. 

vVe have given two extremes 
and normally a selection of equip­
ment will be based on the summary 
of both of these equipment re(Iuire­
ments. The following factors will 
vary the selected equipment capa­
city rate accordingly: 

(1) Product Storage Space. 
If available storage space is 
not adequate to meet the 
peak demand requirement 
ment while producing at 
the average demand rate an 
increase in the capacity 
selection of the equipment 
must be made. Likewise if 
the peak demand selection 
basis is used as a reference 
starting rate the capacity 
size of the equipment may 
be reduced in consideration 
of the available storage space 
that can he used to supple­
ment the demand during 
the peak period. Increasing 
the storage space may prove 
more beneficial, especially 
where an increase in num­
ber of grades is reg uired 
rather than maintaining the 
requirement for high capa­
city equipment. 

(2) Available & Requi1'ed 
Equipment Si)ace. 
If selection of equipment is 
made on the peak demand 
requirement and availahle 
existing space within the 
plant is not adequate for 
the size and amount of 
equipment required; con­
sideration can again be giv­
en to reducing the size and 
correspondingly the capa­
city of the equipment and 
utilizing savings for expand­
ing storage capacity to off-

set the reduction in capacity 
of the equipment. Follow­
ing this procedure a consid­
erable savings can at times 
be realized by locating the 
equipment in existing space, 
as above aisles, where the 
space can not be used for 
product or raw material 
storage. 

(3) Initial Equipment Invest­
ment. 
Ohviously a higber equip­
ment investment is made if 
the equipment is selected on 
the basis of the peak de­
mand requirement rather 
than if the equipment selec­
tion is hased on the average 
demand requirement. If the 
equipment is based on the 
peak demand requirement 
the equipment will remain 
idle during extended per­
iods throughout the year. 
As we all know, idle equip­
ment in a fertilizer plant 
normally has a decrease in 
life almost as rapidly as if 
the equipment is in contin­
uous use, If the equipment 
selected is based on the aver­
age demand capacity the 
equipment would be used 
continuously throughout 
the year. During the peak 
demand period the equip­
ment can he operated on a 
two or three shift basis and 
thereby meet requirement!> 
during the peak demand 
period. 

(4) Consideration of Cost of 
lVI odi lication or 0 bsoies­
cence of Equipment when 
New and Improved Equip­
ment or P1Dcess Procedures 
Corne Up. 
Certainl y consideration 
should he given to process 
changes and equipment im­
provement that are arising 
due to the rapidly changing 
grade requirements, prod­
uct quality requirements, 
and for more extensive pro­
cess developments that are 
continually changing the 
equipment requirements. 
Not only should this be 

kept in mind for equipment 
lavout but consideration of 
th~ large capacity and long 
life equipment cost may not 
he fully warranted. 
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(5) Requirement for Overtime 
and Shift Labor- During 
Peak Demand Periods. 
If peak demand capacity of 
equipment is selected less 
overtime and shift lahor is 
required. If the plant is in 
an area where lahor rates 
are high the straight time 
labor ohviously gives a sav­
ings. It also presents prob­
lems in hiring and laying off 
personnel and training per­
sonnel for operation of 
equipment. 

(6) Powel' Requirements and 
Cost. 

Here again section of larger 
equipment requires a larg­
er power supply, corres­
ponding larger transform­
ers, starters, etc. Depending 
on the agreement with the 
power company the cost of 
a power may vary consider­
ably to satisfy peak demands 
for short periods of time 
only. 

(7) Rates of Inventory Recov­
ery Afler Shutdown and 
Production Planning Re­
quired to Build Up Inven­
tory. 
Inventory can he huilt up 
much more readily with the 
higher capacity equipment 
and unpredictable higher 
capacity demands can be 
met with the larger equip­
ment, therefore, production 
schedules can more readily 
be met ,,,,ith the higher ca­
pacity equipment.· 'Vith 
the lower capacity equip­
ment longer range planning 
must he done in order to 
meet the demands tha t oc­
cur. 

(8) High Rate Production Ver­
sus Low Rate Production 
Over an Extended Period 
o( Time. 

Low rate production uver 
an extended period of time 
not only permits opeladon 
of the equipment by the 
same personnel maintain­
ing employment at a more 
even rate, hut it also may be 
advantageous in obtaining 
and scheduling raw mater· 
ials. 

We hope this presentation will 



be of assistance in the most eco­
nomical selection of equipment 

that will be best suited to adequate­
ly meet requirements. 

Question No. IS-Economic and Qualitative Advantages of 

a Preblender-Ammoniator-Granulator. 

James E. Madigan and Glen H. Wesenberg 

I N order to accomplish three dis­
tinctively important operations 

essential in obtaining a homogene­
ous, granular fertilizer product Fer­
tilizer Engineering & Equipment 
Company, Inc., has designed a 
special unit to accomplish dry ma­
terial and fines blending, ammoni­
ating and granulating on a contin­
uous basis. Accomplishing these 
phases of manufacture with a single 
unit is not only less expensive, but 
less space is occupied and installa­
tion and maintenance are simpli­
fied and less costly than using three 
independent pieces of equipment. 

1. Preblending Dry Materials 
Proper mixing is an important 

factor in obtaining a homogeneous 
mixture. Most convcn tional unit 
mixers blend materials together af­
ter they are assembled in~to a pre­
determined batch which accom­
plishes intimate mixing and homo­
geneity; however, in subsequent 
transfer o[ materials via chutes, 
conveyors or elevators often pre­
cludes tbe desired effects. since 
these manipulations tend to segre­
gate the individual materials. 

In the Preblender-Ammonia­
tor-Granulator dry materials con­
tinuously fed into the pre blender 
section are tumbled and mixed, 
and spill over the edge of the pre­
blender discharge retention ring, 
onto the top of the material bed in 
the ammoniator. This method as­
sures most optimum mixing condi­
tions right up to the time that dry 
materials are brought in contact 
with the liquids added in the am­
moniating section of the drum. A 
quick emptying adjustable dis~ 

charge gate permits speedy empty­
ing of the ell-um at the end of each 
particular grade run. 

2. Minimizing Formation of Am­
monium Chloride Fumes 

It is a well known fact that 
once formed, ammonium chloride 
fumes are difficult to remove. Need-

when a corroded sparger allows 
less formation sometimes occurs 
relatively large quantities oE acid 
to impinge onto a stream of re­
cycled fines having a high potash 
content. * Subsequent reactions be­
tween hydrochloric acid and am­
monia yield the chloride fumes. By 
the use of the FEECO Preblender," 
recycled high potash fines from 
screens and cyclones are blended 
with the dry raw materials before 
entering the ammoniating section 
to give a homogeneous feed to the 
ammoniating section. Decreasing 
actual formation, rather than re­
moval of ammomum chloride 
[urnes, is an important factor in the 
use of the preblender. 

3. Cost Saving With Unit Piece of 
Equipment for Mixing, Ammon­
iating, and Granulating. 

A considerable cost savings can 
be made in using a unit piece of 
equipment to accomplish mixing, 
ammoniating and granulating over 
the expenditure required to accom­
plish these operations with separate 
pieces of equipment. Since these 
operations are accomplished by 
using a single drum, only one start­
er, motor, a single set of drives, 
bearings, wheels, etc., are used 
which not only gives a savings in 
initial equipment cost but a savings 
is also realized in less installation 
and subsequent maintenance costs. 
Likewise, less conveying eq ui p­
ment connecting chutes, transi­
tions, etc., are required. 

4. Space Savings. 
Much less space is occupied by 

the combined Preblender-Ammoni­
ator-Granulator than that required 
for unit pieces of equipment for 
each of these operations. In the 
conversion to granulation on a con­
tinuous basis of existing mixing 
units the Preblender-Ammoniator­
Granulator can be located in the 

'* "Particle Size & Composition studies of 
Granular Fertilizel's" by R. W. Magness and 
.J. O. Hardesty U.S.D.A. April 19,,4 Agricul­
tural Chemicals. 
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place occupied by the conventional 
dry batch mixer with only a small 
amount of additional space being 
required. 

Here again, less elevating and 
conveying equipment can be used 
giving a less complex system and 
corresponding space savings. 

5. Flexible Design to Handle De­
sired Production Rates. 

"With a knowledge of the de­
sired production rate the capacity 
of the drum is designed to obtain 
maximum efficiency in each phase 
of the operation. Generally the ca­
pacity in ea(:h section and corres­
ponding retention time are the im­
portant factors in accomplishing 
these operations efficiently. 

Two I,'EECO Preblender-Am­
moniator-Granulators are already 
in operation, and results to date 
indicate that the pre-mixing cham­
ber is an important asset and valu­
able addition in the processing of 
granular fertilizers. 

DISCUSSION 

E. C. Perrine 

The industry is rapidly find­
ing that it has pretty much reach­
ed the economical limits in the con­
trol of safety and of granulation 
with existing equipment when they 
reach 1-1-1 ratios up in the 12-12-12 
grades. Speaking of 3-2-2 and 2-1-1 
fertilizer grades, making these 
grades is rapidly advancing the fer­
tilizer industry into chemical pro­
cessing and away from the chemi­
cal methods of manufacturing fer­
tilizers. 

The economics, equipment de­
~ign, safety, and even the training 
of personnel for making some fer­
tilizer grades includes much that is 
common to the chemical industry 
These points are strongly in e':i~ 
dence where the grades are granu­
lated and the plant is using ordi­
nary ingredients with fertilizer 
equipment rather than using the 
more exotic prod ucts tha t are on 
the market. I mean by that, some 
of these fertilizer companies, when 
they get into these grades, are actu­
ally making a chemical that is be­
ing used in the less well equipped 
plants but have been made in the 
final stage in a more complete 
chemical plant. 



Question No. 17-The Economic and Operational Aspects 

of Recycle in Granular Fertilizer Manufacture. 

s. D. Daniels 

T HERE is nothing mysterious 
about recycle or its use in the 

process of manufacturing granular 
fertilizers. There are only two rea­
sons [or recycling finished product 
in a fertilizer manufacturing opera­
tion. First, it is necessary to recycle 
fines produced in the sizing opera­
tion. Secondly, material is recycled 
to control the graulation operation. 

In order to understand the 
economic and operational effects of 
recycle on granular fertilizer manu­
facture, it is only necessary to un­
derstand the process of granula­
tion. Granulation is simply the 
process of mixing dry fertilizer ma­
terials with a liquid in such a way 
that agglomerates of fertilizer are 
formed in the particle size range 
dictated by the consumer. 

Control of granulation in­
volves control of the amount ot 
liquid in the granulating medium 
This liquid is simply a high con­
centrated solution of soluble fertil­
izer salts in water. The amount of 
liquid then, depends upon the 
amount of chemical heat produced 
by the formulation. 

If the fertilizer formulation 
contains too much water, the result 
is over-granulation; if the tempera­
ture is too high, the solubility of 
the fertilizer salts is increased so 
that too large a volume of liquid 
is present and over-granulation re­
sults. Conversely, too little mois­
ture or too little heat results in too 
little liquid-hence. too much fine 
material results. 

This concept of granulation is 
well understood. Recycle added to 

a fertilizer operation affects the 
amount of moisture and the tem­
perature in the ammonia tor. Un­
derstanding this, the use of and the 
implications of recycle become 
clear. 

vVhen recycle is added to a 
granulating system, it effectively re­
duces the moisture content and 
temperature of the system. It is 
true that there are many factors 
which affect the amount of recycle 
used in a particular granular fer­
tilizer formulation. However, all 
of these factors come back to the 
simple fact that the recycle affects 
moisture and heat in the ammon i­
ator. For instance, a manufacturer 
may screen his product between the 
dryer and cooler so that the re­
cy~led fine material is hot. The 
manufacturer finds that his mater­
ial is over-granulating-his only 
solution is to reformulate to pro­
duce less chemical heat to allow 
for the heat contributed by the re­
cycled material. 

The problem of reformulation 
brings us to the question of recycle 
and raw material costs. It is quite 
generally true that for a partictl-
1ar fertilizer grade as the price for 
raw materials decreases, the recycle 
requirements increase because the 
cheaper formulation does contain 
more water and/or heat producing 
raw materials. For instance, in 
making 12-12-12 in which all of the 
nitrogen is derived from ammoni­
ating ~olution, more recycle is re­
quired both for the extra water 
contributed by solution and acid 
and the greater amount of heat 

(j8 

produced from the acid required 
to react with the free ammonia. In 
order to correct this and lower re­
cycle requirements, one must re­
place solution with dry, non-heat 
producing ammonium sulfate. The 
way in which variation in recycle 
changes raw material cost will de­
pend upon location so that one 
cannot draw general conclusions 
about this matter. 

As in the consideration of 
operational aspects. the economic 
implications of recycle come down 
to the simple consideration of heat 
and moisture. If to produce a fer­
tilizer at a lower raw material cost 
it hecomes necessary to use those 
materials which contrihute more 
,vater or produce more chemical 
heat the recycle requirements will 
increase. 

It is the responsibility of the 
fertilizer manufacturer to carefully 
cl)Ilsider the increased cost of pro­
duction at a higher recycle rate to 
determine whether the saving on 
raw material cost will be advan­
tageous to him_ 

In summary. the factors which 
influence recycle rate are those fac­
tors which influence the amount 
of heat and moisture in the am­
moniator-granulation process. The 
effect of recycle rate on raw ma­
terial cost depends upon the heat 
and moisture contributions of the 
raw materials which are used in the 
manufacturing process. 

it is the responsibility of the 
supervisory personnel in the fertil­
izer industry who should and do 
understand the workings of recycle 
and granulation to teach their 
operating personnel the meaning of 
recycle. In this way. the operator 
will recogni7(:' and understand the 
requirements for granulation con­
trol and ultimate product CJllality 
will be improved. 
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Economics of Formulation 

Comments by V. Sauchelli: \Ve 
have an interesting program here 
today. Our theme this morning 
is the Economics of Formulation. 
I am sure everyone in the room is 
very much interested in that theme. 

In line with our program this 
year we have a keynoter to set the 
stage for the morning's proceed­
ings. \Ve are fortunate indeed to 

have as a keynoter a man who is 
thoroughly competent and is 
thoroughly familiar with all phases 
of our fertilizer manufacture. The 
speaker is a graduate of Syracuse 
University. Early he got his train­
ing right after graduation with the 
Solvay J)rocess. Then he went to 
the Tennessee Valley Authority at 
'Vilson Dam, where he was en­
gaged first as shift superintendent, 
and then he became a project lead­
er. He had a very interesting career 
at TVA. He invented processes. 
He is credited with two patents 
pertaining to the TVA continuous 
ammoniator. He also has two pat­
ents on the nitric phosphate pro­
cess. At TVA he participated in 
the electric furnace and wet pro­
cess phosphoric acid work, nitric 
acid and ammonium nitrate, triple 
super, calcium metaphosphate, COIl­

ventional and granulated fertil­
izers, and what-not. He has been 
active in every phase of it. 

He left the Tennessee Valley 
Authority, for the benefit of the 
industry. Let me emphasize this. 
The TVA may be criticized for 
certain things. It is not our busi­
ness here to discuss that. But one 
thing I think we are all agreed 
upon is that TVA has been a great 
constructive force in the fertilizer 
industry and research, and pri­
marily, in my judgment, in the 
training of men. I mean that many 
a good man that they would like 
to keep there has left the TVA 
after his training, and entered in­
dustry to help our fertilizer indus­
try. 

Let me mention a few of the 
men. I don't have a complete list. 
But there are Larry Heim, L. D. 
Yates, George Frear, Russ Jones, 
Phil Stone, Frank Acorn, G. L. 
Bridger, Herb Kerr, Bill Williams, 
Dave Delavan, Robert Russell, Dan 

\Valstock. There are others I have 
left out without meaning to. 

There, gentlemen, is one of 
the factors which has helped, I be-

in revolutionizing and evolu­
tioni.dng our business from a scavo 
engel' business to a real engineering 
process industry. The influence of 
the men trained a t the TVA is 
definite and makes for constructive 
work. 

So I think we ought to recogn­
ize and J do recognize the work of 
the TVA in training men who are 
very influential and very helpful 
to our industry as one of its pri­
mary jobs. They should be ap­
plauded for it. 

Our speaker is one of that 
famous group of alumni of TVA. 
\Vithout further ado, it gives me 
great pleasure, and J think it is an 
honor to us, to have as our keynoter 
today Frank T. Nielsson, known 
affectionately to his friends as 
"Slugger" Nielsson. (Applause). 

Frank T. Nielsson 
1 ADIES and Gentlemen and Fel­
L low Alumni: 

At this time let me say the 
hoss has gone home, the salesmen 
have left, and now we have left the 
people who do the work; now we 
have the people who can get some 
sleep if the plant is operating with 
a good formula. 

Our theme this morning is the 
Economics of Formulation. 

The dictionary has many def­
initions for economy and econom­
ics. The ones that J believe apply 
to us are: 

(a) To be sparing in expendi­
tures 

(b) To use to the best advan­
tage 

The dictionarv states also that 
a formula is a 'prescription or 
recipe. Therefore we can say that 
formulation is a term that deals 
with the choice of the raw mater­
ials to be used in making up a 
given fertilizer grade. 

So far we have been discussing 
the ways and means whereby best 
results can be obtained from our 
personnel, our equipment, and 
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what are the advantages of various 
flowsheets or means of making a 
product. 

Now we take up the question 
of how can the fertilizer recipe con· 
tribute to cost savings and good 
operation. 

Formulation Starts Out With: 

A. Sales objectives; or how 
much icing is needed to satisfy the 
customer. Is this a conventional 
or "powdered fertilizer"? Is it 
granular or semi-granular? By 
semi-granular I mean any coarse 
product not sized. If granular, is it 
to be closely sized or will it have 
a wide range of particle sizes? Does 
the agronomist believe the product 
has the necessary ingredients for 
good plant growth. 
. B. Equipment; or on what 
model stove are we doing our cook­
ing. 

Once the physical dimensions 
of the product are set, formulation 
is tailored to equipment. Is it a 
batch or continuous mixer. If con­
tinuous, is it a pugmill or TVA 
type ammonia tor. 

Each combination of product 
specifications and plant flow sheet 
sets a basic pattern as to what form­
ulae are needed. For example con­
ventional 5-10-10 generally has a 
lower raw material cost than gran· 
ular or semi-granular 5-}0-1O. 
Granular 1O-} 0-10 generally has a 
lower raw material cost than does 
the semi-granular or conventional 
product. A 10-10-10 formula for 
a continuous granular plant hav­
ing only a cooler requires large 
quantities of free ammonia and sul­
furic acid, and will be more expen­
sive than one where a drier permits 
the use of large quantities of solu­
tion having a low free ammonia 
content. 

When the agronomist has 
spelled out the needs of the cus­
tomer in terms of major, secondary 
and minor plant foods and the 
sales department has set up specifi­
cations for physical appearance and 
condition, the formulator is ready 
to juggle the large number of avail­
able raw materials in a recipe for 
a given fertilizer grade to suit a 
particular plant in a definite area. 



Allow me to list some of the 
thoughts that should be going 
through the mind of the formula­
tor as he makes up a new formula 
in order that the resultant product 
will yield the desired degree of cus­
tomer satisfaction regarding qual­
ity along with a fair return on in­
vestment to the manufacturer. Al­
though the remarks are slanted pri­
marily toward granulation form­
ulae, some will apply to conven­
tional formulae. 

1. "What is the net eftect on the 
fOl"mula cost of a new raw material? 
For example, phosphoric acid is 
more expensive than is triple super. 
However, by using phosphoric acid, 
it may be possible to eliminate sul­
furic acid, use more, low cost ordi­
nary super, and replace solution 
with less expensive anhydrous am­
monia. The net effect maybe a 
sizeable saving in formula cost if 
phosphoric acid is used. 

2. Can I justify the equipment 
needed to handle new materials 
even though they reduce formula 
cost? For example, it may cost 
about $4,000 to install new piping 
and metering equipment to handle 
phosphoric acid. If 6-24-24 is the 
only grade in which phosphoric 
acid will be used, is the tonnage of 
6-24-24 sufficient to justify the new 
installa tion. 

3. What effect will the formula 
have on the process, technically and 
economically? For example, using 
12 units 01 solution instead of 8 
in a ]2-12-12 grade should reduce 
the formula cost. However. the 
higher solution rate probably will 
require more recycle. The higher 
recycle may require a decrease in 
tons per hour output. 'Vill the in­
creased labor and overhead cost 
justify th~ savings in raw materials 
cost. 

4. Have raw material costs 
changed so a new appraisal of their 
value is needed? For example, 
when sulfate of ammonia was deliv­
ering for about $2.15 per unit and 
solution plus equivalent acid was 
about $1.70 per unit, the urge to 
use more and more solution had 
economic justification. Now that 
sulfate has dropped to about $1.70 
per unit, and the equivalent solu· 
tion-acid price is the same, a re­
appraisal of the use of sulfate is 
needed. 

5. "What effect will tht: new 

formula have on the physical con­
dition of the product? For exam­
ple, if using 12 units of solution 
instead of 8 in a 12-12-12 shows an 
overall saving. will the product be 
as satisfactory as it was before. Or 
will the cost of returned goods be­
cause of complaints offset the sav­
ings in formula cost? Another ex­
ample is the use of combination 
urea-ammonium nitrate solutions. 
Their lower freezing points makes 
possible the use of low free am­
monia solutions during cold weath­
er. However, the same combina­
tion of urea and ammonium ni­
u'ate that yields a low freezing 
point results in greater solubility 
than if one salt alone were present. 
Therefore the products made with 
combination solutions become soft­
er at the same moisture pick-up 
than do products made with either 
solution alone. As a result, the new 
product may require further drying 
to ensure satisfactory condition. 

-When I was first getting my 
feet wet in scale formulation 
I was very proud because I con­
vinced management that in a con­
ventionaI5-1O-1O, 5 units of a C type 
solution would materially reduce 
costs as compared to using 4 units 
of an A type solution and I unit 
of sulfate of ammonia. The plant 
superintendent reported the form­
ula was fine at basing time. How­
ever. when bag storage tests began 
to show severe bag set with the 
new formula, the possible savings 
went out the window, because the 
material was unsaleable. I did not 
have any data then as to how much 
ammonium nitrate could be toler­
ated in a grade at a certain mois­
ture content. 

vVhat I found out the hard 
way then, has been repeated by 
many formulators. It is difficult to 
convince some operators that a 
formula that yields a satisfactory 
product in Amarillo may be all 
wrong for Biloxi, Mississippi, be­
cause of the difference in humidity 
at the two locations. 

6. ':\That is the effect of raw ma­
terials on chemical analyses? For 
example, by using granular potash 
instead of standard muriate, it may 
be possible to use a low heat form­
ula using solution and no sulfuric 
acid. However, the granular pot­
ash may not become incorporated 
with the other raw materials and 
the resultant segregation in the 
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pile may result in very erratic an­
alyses. 

7. \Vhat type of product will 
satisfy the customer? For example. 
if the customer is satisfied with a 
wide variation in particle size, a 
low heat, low recycle formula can 
be used. If the customer requires 
a closely sized product, recycle will 
be high, and therefore the formula 
can be one that works best with 
high recycle. 

8. How will the formula affect 
working or operating conditions? 
For example, a low cost material 
may be so dusty that it affects em­
ployee morale, causes hazardous 
working conditions, and contamin­
ates other materials. Then again, 
the formula may yield excessive 
oversize that will not dry properly 
with resultant stoppage of mills 
and blinding of screens. 

9. How will the formula affect 
air pollution? For example, the 
cheapest formula may be one where 
excessive solution is used, know­
ing that a high free ammonia loss 
will result. If plant ventilation is 
inadequate, employees suffer. If 
good ventilation is available, the 
neighbors may complain. Or, a 
spent acid may be fine in all re­
spects except for the smell evolved 
during its use. 

10. Are there any gimmicks 
that may affect the cost of a par­
ticular raw material? For example, 
two materials may have the same 
FOB cost and freight rate, but one 
may be trucked into the plant by 
dump truck with no unloading 
cost whereas the other may require 
the use of plant personnel for un­
loading. 

11. How much drying does the 
formula require? The degree of 
drying affects the heat input into 
the drier and the throughput 
Goods that will move directly into 
the field do not need the same 
degree of drying as that required 
by the same goods if they are to be 
stored in a bag warehouse for 
months. 

12. What are the storage prob­
lems? For example, is it more eco­
nomical to tie up a 500 ton bin 
with 100 tons of 3-12-12. or is it bet­
ter to dilute 4-16-16 with dolomite 
at time of shipment for such a 
small tonnage. 

You may have noticed I stop­
ped short of having the formula­
tor have a thirteenth point messing 



up his calculations. That is be­
cause finally there is a point at 
which all that the formulator can 
do is to say that the formula is a 
good starting point and further 

changes will have to be made after 
a plant trial. 

I hope that this talk may have 
brought some new thoughts into 
the economics of formulation. 

Question No. I-What Is the Factor that Establishes Wheth­

er a Formula Is Low or High 'Analysis? 

W. L. Hill 

T HE importance to the fertili­
zer industry of the designations 

high-and low-analysis is attested by 
their inclusion among the items for 
attention in the Round Table this 
year. Immediate interest lies in 
practical criteria for their differen­
tiation. For obvious reasons pri­
mary consideration must be given 
to NPK fertilizers. 

Criteria 
One school holds to the view 

that the top of the low-analysis 
category is the maximal grade that 
is producible from ordinary super­
phosphate without fortification 
with a higher-grade phosphorus 
carrier. On this basis a 10-10-10 fer-
tilizer, about 30% of (N P 205 

KzO) would be the maximal low­
analysis grade. Another school 
would use the national average nu­
trient content of mixed fertilizers 
consumed in the most recent year 
as the point of division. tn 1956-
57 this figure was 29.54%, so that, 
as of today, both criteria lead es­
sentially to the same place-30%. 

General acceptance of any 
standard of grade highness can 
come only if the rule satisfies the 

sensed need of the industry. If 
then the foregoing figure be a rea­
sonable one that will serve the 
trade fairly, it must meet the needs 
in all market areas. 

The Market Situation 
On a regional basis the aver­

age grade falls from New England 
to the Southeast, then gradually 
rises through the South Central 
and Mountain regions, and be­
comes highest in the North Cen­
tral States. The path of change is 
thus a spiral beginning in the 
Northeast and ending in the North 
Central States. 

The situation is, however, 
much more realistically depicted by 
a plot of the State averages (Fig. 
1) pg. 61. The curve, drawn near 
the upper boundary of the field of 
points, is intended merely to indi­
cate the general pattern presented 
by the plotted figures. State aver­
ages, rounded to the nearest whole 
number, range from 21 (Florida) to 
44% (Korth Dakota) with a mid­
range figure of 32.5% in compari­
son with the national average of 
29.5%. This is a rather broad 
range. A relatively high-analysis 
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fertilizer in one State turns out to 
be a relatively low-analysis product 
in some other State. At the same 
time, the grade may meet soil needs 
under the dominant management 
practice in the first more adequate­
ly than would the high-analysis 
goods marketed in the second. 
Hence, the manufacturer serving 
the first area properly resents the 
mild stigma associated with dub­
bing his best product a low-analysis 
fertilizer. Obviously then, regional 
differences in market demands, 
rather than cussedness of vendors, 
is the chief obstacle to uniform 
usage of current terminology. 

Are Terms Really Needed? 

A reviewer of this piece de­
manded, \Vhat good comes from a 
high-low classification of fertilizer 
grades? Fertilizers are represented 
as being accurately formulated to 
provide a balanced nutrient supply 
for crops under established man­
agement practice. The term high­
analysis can provide no assurance 
of agronomic worth. Against this 
view, effectual defense is difficult 
to find. 

Alternatives to CompLete Discard 

A requisite for retention of 
the terminology is an acceptably 
fair basis of classification. It must 
bring into joint perspective the 
sensibilities of manufacturers and 
vendors, the variable farm require­
ments from region to region and 
the technologist's ability to produce 
concentrated products. This end 
can be achieved by either of two 
general approaches. The fore-men­
tioned reviewer, commenting fur­
ther, suggested that the high-low 
classification might be based on 
State or regional averages. Section­
alization of the criterion would, of 
course, mean a sliding scale for the 
several market areas. The other 
approach is the introduction of a 
third category-Iow,- medium, and 
high-analysis. Two arbitrarily 
chosen points of subdivision might 
be accepted more generally than 
one very logical selection based on 
formidable arguments. 'What 
should be the arbitrary choices? 
The distribution of the 69 princi 
pal grades (1956-57) on the scale 
of nutrient content is shown in 
Table 1. It is suggested that the 



Round Table select the points for 
subdivision, if perchance a triad of 

classes seems to meet industry's 
need, 

I. Chemical or theoretical reac­
tions 

A. Superphosphates 
Table 1. Distribution of Sixty-Nine Principal Grades" Over Market Range 

of Nutrient Content 
The approximate percentage 
compositions of superphos­
phates are given in Table 1. 
The ammoniation reactions are 
based only on the water soluble 
phosphates, namely phosphoric 
acid and mono-calcium phos­
phate. However, a small 
amount of additional ammonia 
may react with the citrate soIu­
ble~water insoluble phosphates. 
The calcium sulfate does enter 
into the ammoniation reactions 
by providing the calcium to 
combine with the phosphate 
thereby permitting the am 
monia to combine with the sul­
fate. The presence of the cal­
cium sulfate in large quantities 
in normal superphosphate is the 

Nutrient Content Grades Nulrienl Can lent Grades 

"10 of IN + P205 + K2O) Number % of IN + P205 + K2O) Number 

20 11 29 None 
21 5 30 6 
22 2 31 None 
23 None 32 I 
24 5 33 1 
25 2 34 I 
26 2 35 2 
27 5 36 4 
28 2 >36 20 

"From Scholl et a!.. Com. Fort. 97(1): 27-38. 43-45 (1958). 

Question No. 2a-What Is the Maximum Ammoniation Rate 
for Using-Anhydrous Ammonia With the Several Phos­
phatic Materials? 

reason that normal superphos­
phate has a higher ammonia-W. W. Harwood 

T HE phosphatic materials to be 
included in this discussion are 

normal or ordinary superphos­
phate, triple superphosphate made 
from "wet process" phosphoric acid 
and phosphoric acid, both "wet 
process" and electric furnace. 
These materials represent the large 
majoritv of the phosphate-bearing 
materials being used in mixed fer­
tilizer manufacture and are those 
that are involved in the ammonia­
tion reactions. 

Ammoniation of phosphatic 
materials in the manufacture of 
mixed fertilizers is, in reality, a 
series of chemical reactions be­
tween the uncombined ammonia 
added and the acidic components 
of the phosphatic materials, orig­
inally present or formed during the 
l'eartion steps. In this paper, the 
term "ammoniation rate" is used 
to denote the pounds of anhydrous 
ammonia absorbed per unit or per 
20 pounds of available P Z05' even 
though the term is commonly used 
in the fertilizer industry to refer 
to the pounds of ammonia added 
per unit of available P zO", Since 
the "theoretical maximum" am­
monia absorptions do not conform 
to those rates which can be 
achieved in actual operations, it 
was decided to treat this subject in 
three phases. These are: 1. Chem­
ical or theoretical reactions. 2. In­
fluences of physical factors. 3. 
Opera tional factors. 

Table 1. Percentage Composition of Superphosphates. 

Normal Triple 

Monocalcium phosphate, Ca (H eP04h' H 20 
Citrate soluble-water insoluble phos., induding cli­

calcium phosphate, iron and aluminum phos­
phate complexes 

Calcium suHate, CaSO; 
Silica, fluosilicates, organic matter, unreacted rock. etc. 
Free moisture 

23-30 

5-9 
45-50 

8-12 
3-6 

63-73 

13-1 tI 
3-6 
5-10 
3-6 

tion rate than triple superphos­
phate has. 
The accepted principal reac­

tions that take place in the am,non-

laOon of superphosphate (1,2. 3) 
are given in the order in which the 
reactions are believed to occur: 

For normal and trip!" stlPerphosphates 
(1) R,PO, -L -i> :--JH.H"PO

J 

(2) Ca(R,PO. L . H 20 -'- XR, -i> CaHP04 XH"HCPO" + H 20 
For nomwl stlPerphosphate 
(3) 2CaHPO. (from reaction 2) -i- 2NH~ + Casa, -i> Ca:J(PO.)~ + (NH.) 
(4) NH"R,PO, (from reactions 1 & 2) + XH, CaSal -i> CaHP04 + (NH.) 
(5) 2CaHPO. (from reaction 3) + 2XR, + CaSO, -i> Cae; (PO)" + (NH.) 

FOT triple superphosphate 
(3) 2CaHP04 (from reaction 2) + 2XH~ + -i> Ca?,(Po4 )., + (NH.)"CO. 
(4) NH,H,PO. (from reaction~ 1 & 2) -t, (XH,)" HPO. 
(5) 3CaHPO, (from reaction 2) -i-2XH" >40°C -i> (XH.)"HPO. + (PO.)" 

Based on the average chemical 
compositions of the representative 
superphosphates given in Table I, 
the calculated stoichiometric or 

Normal superphosphote 

"theoretical maximum" pounds of 
ammonia absorbed per unit of 
available P ::0:, for each reaction 
are: 

Triple superphosphote 

Reaction No. Increment Summation Increment Summotion 

.6 .6 0.3 0.3 
2 1.9 2.5 2.0 2.3 
3 1.9 4.4 0.5 2.8 
4 2.5 6.9 2.2 5.0 
5 2.5 9.4 1.0 6.0 
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Reactions 1 and 2 which take 
place very rapidly are the reactions 
between the ammonia and the 
water soluble phosphates, namely 
phosphoric acid and monocalcium 
the dicalcium phosphate from re­
action 2, ammonia and some cal­
cium sulfate results in a small loss 
of availability of the P 20", since 
phosphate. Reaction 3 involving 
precipitated tricalcium phosphate 
is only partially available, approxi­
mately 80%. The ammonia absorp­
tion in this reaction is much larger 
for normal super than for triple 
super since the calcium sulfate 
necessary for the tricalcium phos­
phate formation is in much greater 
abundance in normal superphos­
phates. It was pointed out by 
White, Hardesty and Ross (2) that 
no appreciable additional trical­
cium phosphate is formed until an 
ammonia absorption corresponding 
approximately to reaction 5 is 
reached, at which point the major­
ity of the phosphate would be in 
this form. \Vith the ammoniating 
equipment in use, it is impossible 
to achieve the maximum ammonia­
tion rates shown in reaction 5, since 
this maximum degree of ammonia­
tion can only be approached by 
prolonged treatment with ammonia 
at temperatures and pressures that 
are impossible to attain economic­
ally in processing equipment. 
There is a linear decrease in the 
water solubility of the P 205 of nor­
mal superphosphate with increases 
in ammoniation rates; while under 
the same conditions, the water solu­
bility of the P 205 of triple super­
phosphate levels off between 50-
60%, when expressed as % of avail­
able P 205 in the original material 
(3, 4). 

B. Phosphoric Acids 
The reactions that take place 

in the full ammoniation of phos­
phoric acid are: 

(1) H 3P04 + NH3 ~ 
NH4 H ZP04 

(2) NH4 H 2P04 NHa ~ 
(NH4) 2HP04 

(3) H 2S04 + 2NH3 ~ 
(NH4) 2 S04 

Based on 54% P20 5 acid (75% 
H 3 P04 for furnace acid and 67% 
H 3PO. and 2.5% H 2S04 for wet 
process acid) , the Htheoreticalmax­
imum" pounds of ammonia ab­
sorbed per unit of available P 205 

Table I 
Furnace Acid Wet Process Acid 

Reaction No. Increment Summation Increment Summation 

4.8 
') .. 4.8 
J3 

for each reaction are shown in 
Table I above. 

The remaining P 20 5 in wet 
process acid is present as iron and 
aluminum phosphates which are 
available according to AOAC 
methods and are beneficial in gran­
ulation processes. 

II. Influences of Physical Factors 
The effects that the physical 

properties and moisture of the 
superphosphates have upon their 
ammonia absorption were covered 
very completely by Kumagai, Rapp 
and Hardesty (4) when anhydrous 
ammonia is used as the only source 
of ammonia. For this work, a 
bench-scale laboratory rotary am­
moniator was used with a period of 
four minutes allowed for ammoni­
ation and mixing. 
1. Porosity 

Superior ammonia absorptions 
were obtained with superphos­
phates containing soft and por­
ous particles than those mater­
ials containing hard and dense 
particles. Porosity is probably 
the most important physical 
property that affects ammonia­
tion. 

2. Particle siz.e 
When materials of the same por­
osity were tested, ammonia ab­
sorption increased as the particle 
size of the superphosphate was 
decreased from 5 to 80 mesh. 

3. Initial moisture content 
Ammonia absorption increased 
as the free moisture content was 
increased from 1 % to 7%. Con­
clusion was that the desired 
moisture content should be 
3-6%. 

In addition to the influences of 
the physical characteristics upon 
ammoniation, they showed the ef­
fects of reaction temperatures and 
reaction time. 
I. Reaction temperature 

The reaction temperature for 
normal superphosphate is not 
important; however, increases in 
the reaction temperature for 
triple superphosphate resulted 
in increases in ammonia absorp-
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4.8 
9.6 

4.3 4.3 
4.3 8.6 

.3 8.9 

tion. Optimum temperature ap­
pears to be near 212°F. 

2. Reaction time 
Every chemical reaction requires 
time; therefore, the minimum 
reaction time for efficient am­
moniation should be not less 
than 3 minutes. 

In. Operational Factors 
Even though it is neither prac­

tical nor economical to ammoniate 
phosphatic materials at the "theo­
retical maximum" ammoniation 
rates, as previously discussed, the 
following operational factors (5, 6) 
must be considered in order to ob­
tain maximum ammoniation rates 
with m1l11mUm nitrogen losses. 
These factors must be established 
for a particular plant using specific 
equipment and then controlled ac­
cordingly. 
1. Correct formulations in order to 

have the proper reaction mix­
tures possessing the following 
and avoiding any possibility of 
excessive plasticity: 
a. Properly sized raw materials 

with maximum porosities. 
b. Adequate moisture content 

and controls. 
2. Proper control of physical con­

ditions through correct selection 
and operation of ammoniating 
equipment in order to obtain: 
a. Homogeneity of mixing. 
b. Thorough mixing in a fairly 

dense bed in order to provide 
intimate contact between the 
reactants. 

c. Sufficient reaction time in the 
ammoniator. 

d. Adequate temperature con­
trol. 

e. Proper ventilation. 
3. Proper selection and mainte­

nance of the equipment, auxil­
iary to the ammonia tor, such as, 
a. All metering equipment 

should be kept in good work­
ing condition, free of dust 
and corrosion. 

b. Use of corrosion-resistant dis­
tributors for both ammonia 
and acid, properly located. If 
acid is used in the formula-



don, the complete neutraliza­
tion of the acid with am­
monia is desirable in order to 
prevent the acid from react­
ing with any ammonium ni­
trate or potassium chloride 
present, thus avoiding the for­
mation of nitric or hydro­
chloric acids. These acids are 
very corrosive and cause large 
stack losses. 

4. Adequate drying facilities with 
proper controls. a.) The amount 
of water-soluble materials in the 
final product determines the 
moisture level to which the ma­
terial must be dried. The max­
imum allowable moisture usual­
ly is about 4% and frequently is 
less than 2%. Excessive mois­
ture can cause caking and/or 
reversion of the phosphate to an 
unavailable form. b.) High dry­
ing temperatures can resul,t in 
high nitrogen losses. 

5. Cooling facilities. 
The product should generally be 
cooled to 100° F -125 ° F in order 
to minimize phosphate reversion 
and ammonia losses. 

6. Avoid use of materials in the 
formulations that may bring 
about secondary heating in the 
curing piles, such as calcium 
carbonate limestone, magnesium 
suilfate, potassium carbonate, 
other alkaline materials, and in 
some cases dolomite. These ma­
terials in certain formulations 
can result in phosphate rever­
sions and ammonia losses. 

In conclusion, it can be stated 
that due to various limitations. the 
ammoniation rates, expressed as 
pounds of ammonia per unit of 
available P ~05' for phosphatic ma­
terials are commonly regarded in 
commercial operations to be 5-6 
pounds for normal superphosphate, 
3-4 pounds for triple superphos­
phate, 6.5-7.5 pounds for "wet pro­
cess" phosphoric acid and 7.5-8.5 
pounds for "furnace" phosphoric 
acid. Many plants are able to oper­
ate at the upper limits of these 
ranges or even at slightly higher 
rates through proper maintenance 
of the various controls and through 
close surveillance of their opera­
tions. \Vith the improvements that 
are being made in equipment, tech­
nological "know-how" and raw ma­
terials, it is conceivable that the 
ammoniation rates presently em-

ployed will be increased appreci­
ably in the future as they have been 
m the past. 
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Question No. 2b-What Are the Physical and Chemical 

Specifications for Triple Superphosphate to Get a Good 

Granulation? 

W. W. Harwood 

I Nmost granulation plants, the 
ammoniation and granulation 

processes are generally closely con­
nected. Therefore, when consider­
ing the physical and chemical spec­
ifications for triple superphosphate 
necessary for good granulation, the 
ammonia absorption properties ot 
this material must be considered 
also. 

For good ammonia absorp­
tions, Hardesty and co· workers (I) 
reported that superphosphates 
should consist of fine, soft and por­
ous particles rather than coarse, 
hard and dense particles. They 
found that the initial moisture con­
tent of the material should not be 
less than 3% when anhydrous am­
monia is used as the source of ni­
trogen. These properties are not 
considered to be in conflict with 
the properties desirable for good 
granulation. 

The proper proportion and 
control of the liquid phase is one 
of the most important factors gov­
erning the granulation of mixed 
fertilizers (2, 3). The liquid phase 
which consists of the solution of 
the soluble salts present in the mix­
ture is essential for the production 
of the necessary plasticity or cohe­
siveness of the mass. If the amount 
of liquid phase is too small, insuf­
ficient plasticity may result in an 
excessive amount of fines to be reo 
cycled. Too much liquid phase 
may cause excessive agglomeration 
resulting in large lumps causing 
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mechanical difficulties and loss of 
production. 

The amount of liquid phase 
present in granulation processes is 
dependent upon: 

1. Composition of the formula­
tion mixture. 

2. Heat present, due either to 
chemical reactions or to other 
sources, such as steam, hot air, 
etc. 

3. Amount and form of mois­
ture, present in the raw ma­
terials or added as water 
and/or steam. 
Mixtures containing large 

amounts of soluble salts can be 
granulated at low moisture levels 
if the operating temperatures are 
sufficiently high, since elevated tem­
peratures increase the solubility of 
the salts comprising the liquid 
phase. In formulations containing 
small quantities of soluble salts, it 
may be necessary to use additional 
moisture to assist granulation. In 
the case of low nitrogen formula­
tions, the temperatures resulting 
from the ammoniation reactions 
are generally too low for good gran­
ulation; therefore, it is frequently 
necessary to attain higher tempera­
tures by the reaction of ammonia 
with sulfuric or phosphoric acids. 
Higher temperatures may be ob­
tained through the use of anhy­
drous ammonia in conjunction 
with or instead of nitrogen solu­
tions due to the cooling effect of 
the water content of the solutions. 



Granulation resulting from formu­
lation and heat of reaction is pre­
ferable to granulation through in­
creased moisture content due to the 
economical aspects and the durabil­
ity of the granule. If added mois­
ture is req uired, more durable 
granules can be obtained generally 
with steam than with water. 

A recent paper by some TVA 
investigators (4) reported a study 
of the effect of raw material par­
ticle size on the granulation of 
mixed fertilizers. Although their 
work was primarily concerned with 
the use of potassium chloride of 
different particle sizes, the use of 
granular triple superphosphate in 
different formulations was investi­
gated. The screen analysis of the 
triple used in this work was: -6 

10, 67(r~; - 10 16, 23%; - 16 
2H. 71!~; - 28 + 48, 48, 

1%. 
From their investigations, the 

[oj Jowing conclusions were made 
concerning the use of granular raw 
materials as a source of part of the 
solid raw materials required: 

1. In formulations that require 
some aid for proper granula­
tion, such as 4-16-16 and 5-20-
20. 
A. Granulation efficiency was 

improved when a portion 
of the solid raw materials 
was nearly equal in size to 
the desired product gran­
ule size. The particles of 
granular raw materials 
serve as cores or nuclei 
around which the other in­
gredients form into fertil­
izer granules. 

R The percentage of on-size 
granules increased. 

C. The strength of the gran­
ules increased. 

D. The amounts of other aids, 
such as steam, water and! 
or acid, required for gran­
ulation decreased. 

E. Granular superphosphates 
were equally as effective as 
granular potassium chlor­
ide as an aid in granula­
tion. 

2. In formulations that granu­
late readily, such as 12-12-12, 
A. The presence of granular 

raw materials was not ad­
vantageous; however, 
neither was their presence 
seriously detrimental to 
the control of granulation. 

B. In some cases, the granules 
produced from fine raw 
materials were more nearly 
homogeneous and more 
regular in shape than those 
made with coarse raw ma­
terials being present. 

In conclusion, this question 
may be answered by stating that 
the physical and chemical specifica­
tions for triple superphosphate to 
possess in order to attain a good 
granulation, are dependent upon 
(1) the specific composition of the 
formulation to be made, (2) the 
ammoniation rate desired, and (3) 
the processing eguipment, facili­
ties and method; including primary 
and auxiliary to be employed. Gen­
erally, the use of coarse or granu­
lar triple may offer some advan­
tages in those formulations which 
are difficult to granulate, such as 
the 1-4-4 ratios; however, the am-

monia absorption properties of the 
respective form of triple must be 
fully considered. The use of fine 
or run-of-pile triple is advantage­
ous in those formulations which 
granulate readily such as the 1-1-1 
ratios. 
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H. B. Tatum 

W E should first. define what 
we mean by good granula­

tion. Good fertilizer granulation 
may be defined as a mixture of 
reacted raw materials that has ag­
glomerated at a temperature to 
yield most granules in the desired 
particle size range. The analysis, 
shape and color vary to a slight 
degree. The granules dry and cool 
easily. Medium hardness and high 
water solubility are other proper­
ties. 

Pile set and bag rot are just 
nonexistent. 

Essentially, there are two types 
of granulating plants; the fully­
integrated and the semi-granular. 
Each has its merits and each re­
quires a different triple. 

The two triples in question 
are ROP and Coarse. Chemical 
specifications are the same, but 
there are variations in the screen 
size distribution, surface area and 
rate of ammoniation. Porosity 
should not vary. 

Chemical Specifications for Triple 
Available P 20 5 

Superphosphates are: 
46 to 47.5% 

2 to 4.5% 
3. to 5.5% 

Free acid 
Moisture 

Physical Specifications for Triple Superphosphate 
(in general terms) 

Screen size distribution 
Surface area 

ROP 

Fine 
High 

COARSE 
.~--

Coarse 

Rate of ammoniation-pounds per unit P "0, 
Porosity 

3.5 to 4 lbs. 
High 

Intermediate 
2.5 to 3 lbs. 
High 

R.O.P. Triple is produced for 
the manufacture of high analysis 
mixed fertilizers in the fully-inte­
grated granulating plant. Higher 
temperatures are reached as a re­
sult of free ammonia neutralization 

7() 

by phosphates, thus promoting 
plasticity and agglomeration. 

Coarse Triple, a special prod­
uct combining granular character­
istics with an intermediate ammon­
iation rate, assists in pro!lucing 



granules of high yield and quality 
from the semi-granular plant. The 
relatively few fines in Coarse Triple 
are necessary for coating the potash 
and other ingredients. 

Having two types of granulat-

ing plant with variations of each 
and having two types of triples, the 
problems of manufacturing 1-1-1 
and 1-4-4 grades were most chal­
lenging at first. Now general con­
clusions are drawn: 

I _ Fully-integrated granulatillg plant: 
Grade to be made 

1-1-1 
1-4-4 

2. Semi-Granular plant: 
Grade 10 be made 

1-1-1 

1-4-4 

vVater, nitrates, free ammonia, 
potash, sulphuric add and other 
raw materials play their respective 
roles in granulation. However, it 
should not be overlooked that the 
selection of the proper Triple Sup­
erphosphate for the type of granu· 
lating plant and grade to be pro­
duced is fundamental to the assur­
ance of good granulation. 

DISCUSSION 

1'v11'. T. E. Martin: I think Mr. 
Harwood has done an excellent 
job of covering this subject. This 
is a question where I think every­
body in the room has his own ideas 
on what are practical maximum 
ammoniation rates for the various 
phosphatic materials we use. \Ve 
are normally using and recom­
mending to our customers these 
ammoniation rates: For triple, 4 
pounds per unit of AP A; for super. 
() pounds per unit; and for phos­
phoric acid of any kind-and of 
course there is a slight difference 
between wet process acids and fur­
nace acids-7 pounds per unit. 

Some of our customers throw 
up their hands in horror and say 
these are away too high. Others 
use them without any complaint 
or use these or very similar 
amounts. 

From the Floor: \Vould you 
repeat the figures? 

AIr. Martin: Triple, 4 pounds. 
I believe Mr. Harwood said 3 to 
4. Super, 6 pounds. ;VIr. Harwood 
said 5 to 6, if I remember right. 
Phosphoric, 7 pounds. He said 
6.0 to 77~' That is about the same 
figure. 

These are not maximum rates 

Type (.) of Triple 

R.O.P. 
R.O.P. (and small amount 

of coarse) 

Type (s) of Triple 

Coarse (and small amount 
of R.O.P.) 

Coarse 

in any theoretical sense, in that 
these rates can usually be attained 
without appreciable' loss of am­
monia provided the ammonia is 
mixed in suitable mixing equip­
ment. They may be regarded as 
maximum practical rates, at least 
dt present. 

The ra te for phosphoric acid 
can be run up to 7.0 pounds per 
unit with reasonably careful opera­
tion, without appreciable ammonia 
loss. 

It seems to me that a couple 
of years ago Mr. Hignett or some­
one else from the TVA told us 
that they were able to get, I be­
lieve, over 5 pounds of ammonia 
into a unit of APA in triple, using 
a TVA ammonia tor at that time. 

Of course, the attainment of 
maximum ammoniation rate is a 
kinetic problem. By that, of course, 
I mean that if you expose any 
phosphatic material to ammonia, 
there is a definite rate at which 
t he ammonia will react with the 
phosphate. Ammonia being as 
volatile as it is, it is quick to dis­
appear into the surrounding air. 
If the reaction rate is not fast 
enough, part of the ammonia will 
be lost. 

It is known that much higher 
rates than the above can be ob­
tained if sufficient time for obtain­
ing equilibrium is allowed. Prac­
tically, there is a definite limit on 
the reaction time or mixer hold­
up tonnage. The design and state 
of maintenance and the operation 
of the mixing equipment all have 
"ery important effects on the re­
action kinetics. The physical con­
dition, as Mr. Harwood said-the 
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porosity, the state of fineness, and 
the moisture content of the solid 
phosphatic materials-is of great 
importance. 1 t is well known that 
higher temperatures increase re­
action rates, at least up to a point. 
Therefore, the amount of ammonia 
absorbed is increased. 

I think Mr. Harwood has 
covered all of the other things that 
1 might say. 1 think the point is 
covered very adequately. 

ChaiTman Sauchelli: Thank 
you, Tom. 

Now we shall ask Barney 
Tatum to handle the second part 
of the question, and then we will 
put the question to the floor for 
open discussion. 

(Mr. H. B. Tatum then pre­
sented his prepared paper, marked 
No.4-D.) 

Chairman Sauclzelii: Thank 
you, Barney. 

Now the question is open for 
discussion from the floor. \Vho has. 
a question? 

Mr. Richa~'d Taylor: My ques­
tion is, vVhat is the influence o[ the 
presence of single super on the am­
Illoniation rate of tripple super 
used in mixtures? Can we expect a 
higher ammoniation of the triple 
by having single super present? Can 
somebody give some information 
on that? 

Chairman Sauchelli: Bill, do 
you want to handle that? 

All'. Harwood: I would say yes, 
in this manner: You do have added 
calcium sulfate along with the nor­
mal super which will contribute to 
the over-all increase in your am­
moniation rate. 

Chainnan Sauchelli: Do you 
want to add anything to that, 
Barney? 

ML Tatum: 1 think the ques­
tion is answered very well, Dr. 
Sauchelli. Mr. Tayloe has just 
answered it. He said that he, too, 
thought that that was the answer 
to the question. 

Chainnan Sauchelli: Any oth­
er question? 

Mr. Fmnk T. Nielsson: I 
would like to talk to Mr. Tayloe 
and tell him the Monsanto people 
gave a paper on formulation, and 
in that paper they have a chart 
which shows for ordinary super 
1-8 mix, triple super has other ef­
fects. Depending upon what pro­
portions of each material are in 



the formula, you dray your line 
for the average ammoniation rate 
of the mixture. I am sure that will 
be published. 

Chairman Sauchelli: Where 
was that paper given, Frank? 

Mr. Nielsson: The TriStates 
meeting up in Chicago. 

Mr. W. W. Whitlock: I have 
a comment. The question of am­
moniation rate cannot possibly be 
seriously considered without a con­
sideration of what type of product 
we want. If we marry ourselves 
to a 4-6-7 figure, which is no doubt 
a good figure for running the slide 
rule, and then disregard the type 
of product that we are concerned 
with, then we might as well forget 
about the ammoniation rate to be­
gin with. In a 5-20-20 or 4-16-16, 
for instance, what good is your 
particular ammoniation rate if you 
are under-ammoniated? In a 1-1-1 
ratio, for instance, what good is 
your ammoniation rate if your 
product pH is so low that you 
have to coat the material in order 
to guarantee any reasonably good 
condition- vVhat amount of water 

solubility is desired in the particu­
lar product in the particular area? 

These things definitely affect 
the ammoniation rate. We cannot 
malry ourselves to these numbers. 
We have to ask what kind of prod­
uct we want. 

Chairman Sauchelli: Any oth­
er questions? I know this affects 
everyone here and everyone is in­
terested ill these problems of 
formulation. 

NIr. Jonathan H. Sprague, Jr. 
(Freeport Sulfur): Are these am­
moniation rates for anhydrous am­
monia about the same or slightly 
higher than or slightly lower than 
the comparable ammoniation rates 
with solutions? 

Chairman Sauchelli: Bill Har­
wood, you gave the rates. 

jlJr. Harwood: I would say 
yes. After all, when you use solu­
tion you have so much free am­
monia that will react. So it should 
apply for solutions as well as 
anhydrous. 

Chairman Sauchelli: Any oth­
er comment or question? (No re­
sponse.) 

Question No. 3 - What is the Formula Usage. Cost. and 

Availability of Diammonium Phosphate. Superphos­

phoric Acid. Phosphoric Acid. Calcium Metaphosphate. 

and Triple Superphosphate? 

Chairman Sauchelli: vVe shall 
go to the third question. I am sure 
everyone will be interested in the 
next discussion. \'Ve are interested 
in all of them, but here is one 
which is another these multiple 
questions. 

T. P. Hignett 

SINCE TVA is at present the 
only source or a principal 

source of three of these materials, 
I would like to outline the condi­
tions under which these materials 
are available from TVA to the 
mixed fertilizer industry. 

A primary purpose of TVA's 
production of fertilizers is the in-

Material 

troduction of new products and 
new processes. '1·0 introduce new 
materials more effectively, TVA 
has recently established a proce­
dure whereby any fertilizer manu­
facturer may obtain limited quan­
tities of new materials for use in 
the production of new or improved 
mixtures, higher analysis mixtures, 
or for determining what advantage 
the new materials may have. This 
new program is in addition to our 
distributor demonstration program 
in which a limited number of man­
ufacturers or distributors use 
TVA's products or distribute them 
in an educational program. 

Each manufacturer may apply 
for a maximum of 200 tons of each 
of the new materials in a fiscal year. 
The applicant is requested to de­
scribe the processes or products in 
which the new materials will be 
used and to agree to furnish TVA 
with a report of his experience on 
completion of his tests. Applica­
tions are approved when it appears 
that the planned use of the mater­
ial will contribute to_ advancement 
of technology in producing higher 
analvsis, more economical, or other­
wise'improved mixtures. 

The materials available at 
present under this program are cal· 
cium metaphosphate, superphos· 
phoric acid, diammonium phos­
phate, ammonium phosphate-ni­
trate (30-10-0), and high-analysis 
superphosphate (54% P e05) . 

The prices of these materials 
are set somewhat lower than the 
expected commercial price as an in­
centive for manufacturers to try 
them out. If the new materials are 
successful, it is expected that com­
mercial producers will become in­
terested in supplying them. 

Following are the current 
prices of the TVA materials for 
bulk shipments, Lo.b. Sheffield, 
Alabama. 

Price, $ 

Per unit of 
available PeO, Per ton 

(Question :\'0. 3 was reacl.) 
That is one of those big questions. 
Fortunately, we have a man thor­
oughly familiar with problems of 
this kind to discuss it for us this 
morning. 'Ve are always grateful 
to this next speaker for all the help 
he constantly gives the Round 
Table committee, and particularly 
myself. So it gives me pleas­
ure to call on Travis Hignett, of 
TVA, to handle this multiple ques­
tion. I know he will do an excel­
lent job. 

Concentrated superphosphate(54% P 20:;) , run of pile 1.013 
Calcium metaphosphate (64% P C05)' flat grades 1.033 
Superphosphoric acid (76% P 205) 1.473 
Diammonium phosphate (21·53-0) 
Ammonium phosphate-nitrate (30-10-0) 

96.16 
58.00 

Market Prices 
Manufacturers of triple super­

phosphate, phosphoric acid, and di-
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ammonium phosphate were asked 
to provide information on the price 
and availability of their products. 



Replies were received from nearly 
all of the companies that were con­
tacted. 

Twelve companies identified 
themselves as suppliers of triple 
superphosphate to the fertilizer in­
dustry. Two of these quoted prices 
only in the western states and only 
on granular superphosphate. 

Bulk, nongranular triple super­
phosphate was uniformly priced at 
$0.98 per unit plus freight from 
the vicinity of Tampa, Florida. 
Even when the origin was other 
than Florida, the price was adjust­
ed to compete with Florida mater­
ial in midwestern areas. Delivered 
prices were quoted for the western 
states. 

Eleven companies identified 
themselves as suppliers of wet-pro­
cess phosphoric acid, and seven 
supplied furnace-grade acid. The 
price of wet-process acid was usual­
ly $1.36 per unit, Lo.b. point of 
production. Most producers men­
tioned that freight was equalized 
against the nearest competitor's 
plant. The usual concentration 
was 52 to 54 per cent P 20". 

Furnace-grade acid was quoted 
at $1..18 to $1.56 per unt. Most 
companies quoted the higher price: 
some quoted a price range of $1..18 
to $1.56. These prices are f.o.b. 
point of production: there are 
about seventeen production points 
scattered over the lJ nited States. 

Diammonium phosphate (21-
53-0) was quoted at £103 per tOil 
(bulk, Co.b. plant) by one eastern 
producer. Two producers on the 
west coast quoted $125 per ton. A 
granular diammonium phosphate 
m<lde from wet-process phosphoric 
acid (18-46-0) is available in pilot­
plant quantities at per ton, 
bulk, Lo.b. East Tampa. 

DeliveTed Costs: Typical de­
livered costs of triple superphos­
phate are $1.20 to Sl.40 per unit, 
usually about $1.30 in the Midwest. 
A typical delivered cost for wet-pro­
cess phosphoric acid may be about 
Sl.45 per unit. 

In California the delivered 
cost of wet-process phosphoric acid 
is about S 1.50 per unit; bulk snper­
phosphate is $1.60 to $1.70. In 
some other western states the deliv­
ered cost of both materials is about 
$0.10 per unit lower. 

Although the discussion topic 

assigned to me does not include 
ordinary superphosphate, it is nec­
essary to assume some cost for this 
material in order to discuss the 
economics of formulation. The cost 
varies widely, depending on loca­
tion and ,,,,,hether it is produced or 
purchased by the mixed fertilizer 
manufacturer. Perhaps a range of 
$0.90 to $1.20 per unit is typical, 
although both higher and lower 
costs are fairly common. 

Fonnula Usage: Formulations 
using triple superphosphate are 
generally well known. Usually it is 
used in combination with ordinary 
superphosphate in such propor­
tions as are required for the desired 
grade. In the 1-4-4 ratio, for in­
stance, 3-12-12 can be made with­
out triple superphosphate; 4-16-16 
and 5-20-20 can be made with dif­
ferent proportions of ordinary and 
triple superphosphate. 

The higher analysis products 
usually are cheaper per unit of 
plant food even though the raw 
materials cost somewhat more. 
This is because of savings in pro­
cessing, storing, bagging, and trans­
porting the products. It is esti­
mated that these costs amount to 
about $15 per ton of product re­
gardless of the grade of the prod­
uct. If we divide S15 per ton by 
the number of units, we find that 
these processing, handling, and 
shipping costs amount to SO.56 per 
unit of 3-12-12 but only $0.33 per 
unit of 5-20-20. This difference 
usually more than offsets the higher 
cost of the raw materials for the 
higher analysis grades. 

Sometimes we become so in­
tent on increasing the analysis of 
fertilizers that we may lose sight 
of the economics. There are cases 
in which increasing the analysis 
may not result in lower cost of fer­
tilizer delivered to the farmer. This 
may be true when ordinary super­
phosphate is available at unusual­
ly low cost and when higher an­
alysis materials are relatively ex­
penSIve. 

Phosphoric acid may be used 
to replace part or all of the triple 
superphosphate in formulations for 
high-anal ysis fertilizers. 

The advantages and disadvan­
tages of formulation with phos­
phoric acid rather than triple sup­
erphosphate are: 
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Advantages 
I. The formulation cost is usual­

ly lower. 
') Less fuming and better nitro­

gen recovery due to elimina­
tion or decreased use of sul­
furic acid. 

3. Higher analysis grades are 
possible. 

4. Improved granulation with 
some grades. 

Disadvantages 
I. Equipment cost for handling 

and metering acid. 
2. High water· content restricts 

use to those plants that have 
dryers. 

3. High water content may cause 
difficulty in controlling gran­
u I at ion 0 f high-nitrogen 
grades. 
'rhe fact that formulation with 

phosphoric acid is usually cheaper 
than with triple superphosphate 
may seem odd since phosphoric 
acid usually costs about $0.15 more 
per unit. However, it has two eco­
nomic advantages that outweigh its 
higher price: greater ammonia ab­
sorption capacity and higher con­
centration. In a typical case it has 
been estimated that the value of 
the greater ammonia absorption ca­
pacity (7.2 vs. 3.8 lb./unit) is 
about $0.13 per unit, and that the 
value of the higher concentration 
is about $0.17 per unit. 

Triple superphosphate will 
readily absorb 3.8 pounds of am­
monia per unit of P"05' whereas 
phosphoric acid will absorb 7.2. 
vVhat is the extra 3.4 pounds of am­
monia-absorbing capacity worth? 
If valued at the cost of the sulfuric 
acid that would be needed to ab­
sorb this ammonia. the increased 
ammonia-absorbing capacity is 
worth about $0.13 per unit of phos­
phoric acid when sulfuric acid costs 
$24 per ton. If based on the differ­
ence in cost between ammonia and 
ammonium sulfate, the extra am­
monia-absorbing capacity is worth 
about SO.12 per unit of P 20" in 
phosphoric acid. 

The effect of using phosphoric 
acid on concentration is illustrated 
by the fact that wet-process phos­
phoric acid, ammoniated and dried, 
yields a 15-52-0 product as com­
pared with about 742-0 for am­
moniated triple superphosphate. 
\Vhat is this higher concentration 
·worth? One way it can he used is 



to make higher analysis products. 
If an equivalent amount of phos­
phoric acid is substituted for triple 
superphosphate in the usual formu­
lation for 5-20-20. the grade will be 
increased to slightly above 6-24-24. 
The higher grade results in a sav­
ing in processing, bagging, and 
transportation costs per unit of 
plant food. These savings amount 
to about $0.17 per unit of phos­
phoric acid used. 

Alternatively the higher con­
centration of phosphoric acid may 
be utilized by increased use of ordi­
nary superphosphate. For instance, 
when 5-20-20 is formulated with 
phosphoric acid, about 9 units of 
the P zO:; can be derived from ordi­
nary superphosphate as compared 
with 3 units when triple super­
phosphate is used. Ordinarily sup­
erphosphate is usually the cheap­
est source of P ,0,,; the saving due 
to increased use of ordinary super­
phosphate has been calculated to 
be equivalent to about $0.18 per 
unit of phosphoric acid P "05 un­
der typical conditions. 

So in comparing phosphoric 
add with triple superphosphate, we 
find it is worth $0.13 per unit 
more because of its higher am­
monia absorption capacity and 
$0.17 more because of its higher 
concentration, a total of $0.30 per 
unit. Since it usually costs about 
$0.15 per unit more, there is a net 
saving of SO.IS. 

For use in solid fertilizers. fur­
nace add has no important advan­
tages over wet-process acid. I t has 
fewer impurities and therefore 
gives less difficulty in handling. 
Also, the ammoniated product has 
a higher concentration after drying 
because of the absence of impuri­
ties. However, the choice between 
furnace and wet-process add for 
use in solid fertilizers generally is 
based on economics. Since wet-pro­
cess acid is cheaper in most loca­
tions, it is more widely used. Fur­
nace acid is widely used in the 
manufacture of liquid mixed fer­
tilizer; wet-process acid is not used 
for this purpose to a very large ex­
tent because of difficulties caused 
by impurities. 

Superphosphoric acid may be 
used in making solid fertilizers in 
much the same m::tnner as ordinary 
phosphoric acid. Since it i, hig'lly 
<:oncentrated, it does not add water 

to the formulation and therefore 
can be used in plants that have no 
dryer or that have only limited 
drying capacity. 

The principal interest in sup­
erphosphoric acid is for use in liq­
uid mixed fertilizers. :For this pur­
pose it has the advantage if in­
creased solUbility of the phosphates 
formed by ammoniation which en­
ables manufacturers to make high­
er analysis liquid mixtures or mix­
tures of lower salting out tempera 
ture. For instance, I I -33-0 liquid 
has a salting out temperature well 
below 0° F. Also, there is consid­
erable interest in using a combina­
tion of superphosphoric acid and 
wet-process acid in making liquid 
fertilizers. The pyrophosphate con­
t:ent of the sllperphosphoric acid 
sequesters the impurities in wet· 
process acid so that they do not 
precipitate on ammoniation. Thus, 
It is possible to make clear liquid 
fertilizers by ammoniation of the 
two acids under proper conditions. 
. I'he proportion of superphosphor­
ic acid required ranges from to to 
50 per cent (P20 5 basis), depend­
ing on the characteristics of rhe 
wet-process acid and the grade of 
the desired product. Thus, the use 
of superphosphoric acid may open 
up new markets for wet-process 
acid m the liquid fertilizer field, 
Unfortunately, difficulties in estab· 
lishing a satisfactory rail freight 
rate have handicapped the realiza­
tion of this objective. 

The main advantages of cal­
cium metaphosphate for use in 
mixed fertilizers are its high con­
centration and its abilitv to im­
prove granulation of certain grades. 
Its disadvantages are its low water 
solubility and the fact that it can­
not be ammoniated in the equip­
ment available in most plants. Due 
to its high concentration, its de­
livery cost is often lower than triple 
superphosphate. Also, it can be 
used to make high-analysis mix­
tures with resultant savings in pro­
cessing. bagging. and transporta­
tion costs. 

Calcium metaphosphate is 
used in graulation processes prin­
cipally in low-nitrogen or no-nitro­
gen grades. The presence of cal­
cium metaphosphate is helpful in 
granulating these grades which are 
usually difficult to granulate. Par­
tial hydrolysis of the calcium meta-
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phosphate forms a sticky material 
which helps granulation. Grades. 
such as 5-20-20, 6-24-24. 8- I 6-16. 
7-28-14, and 0-20-20 have been 
made with very good granulation 
at such low moisture content that 
little or no drying was required. 
Some increase in water solubility 
occurs during granulation and sub­
sequent storage. 

Diammonium phosphate is 
used in formulations for granular 
and nongranular mixed fertilizers, 
in dry blends, liquid mixtures, and 
for direct application. Its delivered 
cost is usually somewhat higher 
than an equivalent amount of wet­
process phosphoric acid and am­
monia. However. it has some ad­
vantages that often offset the high­
er cost. For instance, it can be used 
in most solid mixing plants with­
out additional equipment. Its use 
is not limited to those plants that 
have a dryer. Its use is particular­
ly advantageous in granulation pro­
cesses in those grades which other­
wise would involve a heavy load 
of chemical reaction in the ammon­
iator or in which the formulation 
would otherwise involve a large 
amount of liquids. 

Diammonium phosphate is 
widely used in dry blends, partic­
ularly when substantially complete 
water solubility is needed such as 
in fishpond fertilizers and in mixes 
for addition to irrigation water or 
for preparation of transplanting 
solutions. 

Availability: Most companies 
indicated that the supply of triple 
superphosphate and phosphoric 
acid was fully adequate to meet 
the present demand. Some com­
panies indicated that the availabil­
ity of tank cars was a bottleneck in 
supplying wet-process acid. More 
tank cars are being obtained in 
several cases. It was evident from 
comments by both producers and 
users that the use of phosphoric 
acid in granulation processes was 
increasing rapidly and was expect­
ed to increase further. 

Diammonium phosphate is not 
widely available due to the fact 
that there are few producers. Sup­
erphosphoric acid is not readily 
available due to lack of a rail 
freight rate. Some commercial 
sources indicated that they could 
supply it, but no prices were given. 
It is understood that superphos· 



phoric acid is available to fertilizer 
manufacturers in Canada and that 
a satisfactory rail freight rate is ap· 
plicable. 

DISCUSSION 

Chairman Sauchelli: Thank 
you, Travis, for a very able presen­
tation of this multiple question. I 
am sure the information you gave 
about the new policy of TVA was 
of great interest to the entire in­
dustry. 

''''e have only a brief time for 
any questions. Are there any specif­
ic questions that you wish to ask? 

MT. T. J. Bosman (Federal 
Chemical Co.): I believe it would 
be interesting to everybody here if 
Travis would touch briefly on the 
great affinity for water of the triple 
superphosphate when its water of 
hydration has not been satisfied, 
and the effect it would have on the 
analysis of this material if it is helel 
in storage for any length of time. 

ML Hignett: The high an­
alysis triple super, 54 per cent 
triple super, picks up water rather 
readily. That is because it con­
sists primarily or anhydrous mon­
ocalcium phosphate, which will abo 
sorb water from the atmosphere 
and form a hydrate. The absorbed 
water usual1y does not render it wet 
or sticky, and usually does not in­
crease the amount of moistnre 
found by AOAC analysis, but it 
does increase the weight and de­
crease the grade. So it is necessary 
to take that into account. 

In analytical procedures when 
weighing out a sample, remember 
that it is likely to be absorbing 
water all the time that you are 
weighing out the sample. It is also 
likely to absorb water in your 
plant. So after you have had it on 
hand for a few weeks, the grade is 
likely to be lower and the quantity 
larger than when you got it. 

Mr. Carl P. Srllllmakel' (Mon­
santo Chemical Co.) : I am wonder· 
ing if superphosphoric acid has a 
similar affinity for water, and what 
effect this might have on the freez­
ing point of superphosphoric acid 
when stored for a while. 

Mr. Hignett: Superphosphoric 
acid does absorb water readily on 
storage. However, most storage 
tanks are closed, so that is not quite 
so much a problem. Absorbing 

water is likely to raise the freezing 
point. So after it has absorbed, 

say, 1 or 2 per cent water, it is 
likely that it will start crystallizing. 

Question No.4-The Use of Nitrogen Solutions Containing 

Urea, Ammonium Nitrate, Anhydrous Ammonia In 

Granulated Mixed Fertilizers 

J. E. Reynolds, Jr. 

T HE basic economics of formu­
lating mixed fertilizers with ni­

trogen solutions in combination 
with anhydrous ammonia promotes 
the use of the nitrogen solution 
which contains the highest fixed to 
free nitrogen ratio. The nitrogen 
solution with the highest fixed to 
free nitrogen ratio also reflects the 
lowest amount of free ammonia 
which must be neutralized per 
pound of solution used. The abil­
ity to use this combination of liq­
uid nitrogen materials affords the 
maximum usage of the most eeo-
110mical source of nitrogen. 

Approximately 3 years ago, the 
<1111monia-ammonium nitrate solu­
tions which most closely conformed 

to these qualifications was either an 
83% ammonium nitrate solution, 
with no anhydrous ammonia and 
a salting out temperature of 154°F; 
or a 32% nitrogen solution, often 
referred to as "R" with a fixed to 
free nitrogen ratio of 3.83 and a 
salting out temperature of 93°F; 
or a 37% nitrogen solution with a 
fixed to free nitrogen ratio of 1.70 
and a salting out temperature of 
48°F. The 37% nitrogen solution 
was selected for our use primarily 
for its most practical salting out 
temperature, under operating con· 
ditions, and its application to the 
production of a competitively 
priced, high quality, 15-15-15 at a 
reasonable production rate. 

High Fixed-to-Free Nitrogen Ratio Solutions 

R 

Total Nitrogen 31.8 
Composition by Weight 

.Free Ammonia % 8.0 
Ammonium Nitrate % 72.0 
Urea 01 

10 

Water % 20.0 
Vapor Pressure, Psig @ 104°F I 
Salting Out Temperature OF +93 
Ratio Fixed ]'I.; jFree N 3.83 

The use of the 37% nitrogen 
solution, with an increased liquid 
phase due to the use of larger 
amounts of ammonium nitrate in 
the Davison-Trenton pug mill pro· 
cess, was accomplished with minor 
adjustments in operating tech­
niques. The operational, quality, 
and analytical demands of the re­
sulting product conformed to estab· 
lished standards for grades contain­
ing less ammonium nitrate, Short­
ly after adoption of the 37% solu­
tion, the total nitrogen content of 
most nitrogen solutions was in­
creased through creation of a line 
of dehydrated or lower moisture 
containing solutions. The fertilizer 
industry profited through lower de-

HI 

Dehydrated 
37 37 3XD 11 

37.0 41.4 41.4 41.0 

16.6 19.0 19.0 19.0 
66.8 74.0 65.6 58.0 

6.0 11.0 
16.6 7.0 9.4 12.0 

I 8 13 10 
+48 +64 +35 7 

1.70 1.65 1.65 1.63 

livered nitrogen costs, but the prop­
erties of the established solutions 
were changed. In the case of the 
now dehydrated 37% solution, a 
4:1 .4% nitrogen solution resulted 
with a 64°F salting out tempera­
ture. 

The grade pattern and tons 
of 1-1-1 ratio grades at several of 
our plants justified the cost for 
heat exchangers, recirculation lines 
to and from the storage tank, and 
heat traced lines to permit the use 
of this higher temperature salting 
out solution during the coldest 
weather. In the case of our smaller 
tonnage plants where no heated 
storage and handling equipment 
existed, for these high salting out 



solutions, the high fixed to free 
nitrogen ratio solutions still offered 
economic advantages. ''''hile re­
viewing the standard nitrogen sol­
utions available, it was noted that 
an ammonia-ammonium nitrate 
solution containing II % urea was 
almost a duplicate of the dehydrat­
ed 37 with 41.4% total nitrogen 
and a fixed to free nitrogen ratio 
of 1.63-1.65. One big difference ex­
isted, the number 11 solution was 
characterized by a salting out tem­
perature of only 7°F rather than 
64°F for the dehydrated 37. The 
possibility of using a high fixed to 
free nitrogen ratio with a 57°F 
lower salting out temperature war­
ranted an immediate investigation 
into the use of urea-ammonium 
nitrate solutions. 

Only limited information was 
available on the quality limitations 
of urea in pulverized mixed fertil­
izer but these limits had been es­
tablished as 50 Ibs. of urea per ton 
of fertilizer. Although even less in­
[ormation was available to estab­
lish the limits of urea in graulated 
mixed fertilizers, the 50 Ibs. of urea 
per ton was arbitrarily chosen at 
the time. Since then, this limit 
has proven to be fairly reliable as a 
rule of thumb. The use of number 
II solution in high 1-1-1 ratio 
grades reflects a larger percentage 
ratio of urea to ammonium nitrate 
than recommended. Later plant 
production tests of 12-12-12 with 
number 1] solution in a plant that 
had been using a -I-26°F salting 
out temperature nitrogen solution 
with a fixed to free nitrogen ratio 
of 1.25, confirmed that although 
that granulation was comparable 
with this solution, the granules did 
not possess the same hard gritty 
"feel" associated with the nitrogen 
solution without urea. Further­
more, the granules later broke 
down in the pile. 

The knowledge of some of 
the properties of number 11 solu­
tion in granulated mixed fertilizers 
caused interest in changing the 
specifications of the dehydrated 37 
solution through the addition of 
urea. Although heated storage was 
provided at our larger granulation 
installations for a nitrogen solution 
which salted out at 64°F, some am­
monium nitrate crystals did form 
during prolonged periods of cold 
weather. These crystals plugged 

semi-idle lines, caused damage to 
the flowmeter, pumps, and heat ex­
changer. It was primarily for the 
reason of maintenance and con­
venience that we searched for a 
solution with a lower salting out 
temperature. Also, why use a nitro­
gen solution which required the 
cost of constant heating when a 
nitrogen solution is available to 
provide the same formula savings 
but requires much less heating and 
maintenance expense. 

Since a zero urea, 64°F salting 
out solution with a 1.65 fixed to 
free nitrogen ratio was satisfactory 
in the production of granulaed 
mixed fertilizers, and a 11 % urea, 
7°F salting out solution with the 
same fixed to free nitrogen ratio 
would most probably be unsatisfac­
tory due to the large quantity of 
urea, we naturally became inter­
ested in a solution 'with a urea con­
tent someplace between 0 and 1170 

Thus, the 6% urea solution 
came into being and was initially 
known as 3XD. 3XD solution con­
tains 41.470 total nitrogen, 19.0% 
free ammonia, 65.6% ammonia ni­
trate, 6% urea, and 9.4% water. 
This solution was also designed to 
maintain a urea content in high 
analysis grades below 50 Ibs. of urea 
per ton oE product. 

Plant investigations with 3XD 
solu tion revealed the following: 
I. The use of 3XD solution was 

operationally interchangeable 
with the ammonia-ammonium 
nitrate solutions in the Davison­
Trenton process. 

2. The particles were slightly more 
rounded due to the presence of 
urea. but just as harel. 

3. The quality of the granules in 
bulk and bag storage was equal 
to, or slightly better than, com­
parable grades formulated from 
ammonia-ammonium nitrate sol­
utions. 

The above accomplishments 
were possible with a solution con­
taining urea, ammonia and am­
monium nitrate, and still provided 
the same economical advantages as 
the original 37% nitrogen solution. 
These advantages were now pos­
sible with a solution which salted 
out at a temperature of 35°F, 
rather than 64°F. 

The user of a urea-ammonium 
nitrate solution will first notice the 
"early" softness of the particles 
coming from the ammoniator gran-

82 

ulator. The operator soon recog­
nizes the importance of adjusting 
water control techniques and must 
recognize the difference between 
water wetness and an increased liq­
uid phase. These features are very 
closely related, and are often sim­
ply described as being related to 
the time required for the particles 
to take up the water and cure out. 
The crystal growth in particles con­
taining urea is slower than that ex­
perienced for grades formulated 
with an ammonium nitrate solu­
tion. Caution in drying must be 
exercised so that the moisture is 
not driven off before the particle set 
has occurred. The increased liquid 
phase from the 3XD solution can 
result in the formation of larger 
particles from the granulator, un­
less adjustments in recycle or wet­
ness are made. A low moisture con­
tent in the product is equally im­
portant for any grade containing 
large amounts of either 3XD or 
3770 solution. 

. Recently, two urea-ammonia­
ammonium nitrate solutions, which 
salt out at 10° and -17°F, but with 
a fixed to free nitrogen ratio of 
1 AO and I A3 respectively, have 
been introduced to our industry. 
These 6 and 7% urea containing 
solutions will compete with the 
ammonia-ammonium nitrate solu­
tion at plants that do not have 
heated storage and have been using 
solutions of a lower fixed to free 
nitrogen ratio, such as .90-1.25. 
Our plant experience with these 
urea containing solutions in com­
parison with a 44% nitrogen am­
monium nitrate solution contain­
ing 23.8% ammonia, which salts 
out at +26°F, indicates an early 
adoption of these new 1.40-1.43 
fixed to free nitrogen solutions. 

The quality of the new prod­
uct appears to be excellent, the pro­
duction rate is the same, and defin­
ite formula savings exist when com­
paring the use of these new 6 and 
7% urea solutions with more wide­
ly used ammonia-ammonium ni­
trate solutions of lower fixed to 
free nitrogen ratios. 

The use of urea originally as 
a temperature depressant in am­
monia-ammonium nitrate solutions 
has opened many avenues for more 
economical formulation. Fertilizer 
manufacturers were naturally hesi­
tant to use large amounts of solu­
tions containing urea and ammon-



lum nitrate, for fear o( urea break­
down when the particles were sub­
jected to drying and an increased 
hygroscopicity of the product. A 
place for urea-ammonia-ammon­
ium nitrate solutions has been es­
tablished in the production of 
granulated mixed fertilizers with 
many advantages possible to the 
company who recognizes its prop­
erties and its limitations. 

DISCUSSION 
Chairman Sauchelli: Bert 

Tucker, of the Sohio Chemical 
Company, will discuss our next 
question; and after that we will 
have Joe Reynolds, of the Davison 
Chemical Company, also give his 
conunents. 

Bert, do you want to take that 
<luestion? 

(Mr. H. H. Tucker then pre­
sented his prepared paper, marked 
No.5-D.) 

Chairman Sauchelli: Joe Reyn­
olds, do you want to comment 
briefly on the manufacturer's ex­
perience with these solutions? 

Mr. Joseph E. Reynolds, 11'.: 
I think because of the excellent 
paper that Bert Tucker presented, 
it might be best that we leave my 
remarks for the Proceedings, and 
if you have any questions for Bert 
and me, maybe we could cover it 
in that manner. 

One comment. \Ve have l,cen 
us;ng 6 per cent urea, which I 
think most of you are familiar 
with, for approximately two years, 
and we are sold on it and believe 
it is the way to go. \Ve originally 

got into this urea ammonia, am­
monium nitrate type of solution 
in a roundabout way. Our original 
solution was a 37 per cent solu­
tion which salted out in the range 
of 48 degrees Fahrenheit. vVe went 
to the high grade solutions, and 
the salting ont temperatures went 
up to 64 degrees. \Ve had heated 
storage at our plants which could 
handle this solution, and we were 
in pretty good shape with the ex­
ception of the extremely cold 
weather during prolonged periods 
o[ time. \Ve did run into some 
difficulty. 

\eVe were also taking a Iouk 
at other solutions for plants which 
did not have heated storage, and 
we eame aeross this No. I I sulu­
tion. \Ve were interested in the 
chemical and physical properties 
to find that this solution was al­
most identical in total nitrogen 
to the dehydrated 37 or your 414. 
It had the same 6-to-3 ratio, but 
it had a salting out temperature 
almost (i0 degrees lower than the 
so-called dehydrated 37. 

That was a very interesting so­
lution to us. \Ve didn't know how 
much urea could be used, and we 
experimented and found that the 
~o. II had too much for our over­
all needs. Eleven per cent was a 
little too much urea in mixture 
with ammonium nitrate. vVhv not 
pick something in between? The 
Ii per cent urea solution looked 
very good to us. 

If there are any questions, 
maybe this would be the lime to 
terminate my remarks. 

Question No. S-Effects of Urea On Ammonium Nitrate­

Ammonia-Water Solutions. 

H. H. Tucker 

T HERE is considerable pub­
lished information on satura­

tion temperatures am1 vapor pres­
sures of ammonium nitrate-am­
monia·water solutions and on urea­
ammonia-water solutions. Little 
information of this type has been 
published on four-component solu­
tions eontaining ammonium ni­
trate -urea-amnlonia-water, 

Urea is added to ammonium­
nitrate-ammonia -water solutions 
for the effect it has on the physical 

properties of the solution and for 
it's effect on the manufacturing and 
conditioning of the end product. 

Effect of urea on Physical Proper­
ties of Nitrogen Solutions 
The addition of urea to am­

munium-nitrate and ammonia in 
nitrogen solutions has been shown 
to reduce the saturation or salting 
out temperature of the solution. 
This makes possible the use of 
higher ratios of salts to ammonia 
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or the increase to what is termed 
the fixed to free nitrogen ratio. Re­
ducing the saturation temperature 
may, therefore, permit a reduction 
in the amount of water. 

The increase in the fixed to 
free nitrogen ratio or the reduction 
of ammonia reduces the vapor pres­
sure of the solution. The reduction 
of ammonia reduces the nitrogen 
content of the solution since an 
H2% nitrogen material is being re­
placed by salts which contain 35 or 
46% nitrogen. Interaction of all of 
these factors must be considered in 
the formulation of nitrogen solu­
tions. 

Effect of Urea on the Manufacture 
of Fertilizers 

\Vork has shown that the ad­
dition of urea to fertilizer mixes 
containing ammonium-nitrate and 
potassium chloride will increase the 
plasticity of the material and im­
prove granulation. This increased 
plasticity is due to the increased 
solubilities of combinations of 
urea and ammonium nitrate or am­
monium chloride. To prevent ex­
cessive plasticity, the amouttt of 
urea which can be added to am­
monium nitrate containing fertil­
i"e1's is limited. At 86"F, 100 grams 
of water will dissolve 242 grams of 
ammonium nitrate or 133 grams of 
urea. At the eutectic point of 4G 
parts urea to 54 parts ammonium 
nitrate, 100 grams of water will dis­
solve 15G4 grams of combined salts 
at 8(J°F. The 242 grams of ammon­
ium nitrate in 100 grams of water 
will increase the solution volume 
from 100 to 251. 133 grams of urea 
in 100 grams of water will increase 
the solution volume from 100 to 
201. The 1564 grams of combined 
urea-ammonium nitrate at the 46-
54 ratio will increase the solution 
volume from 100 to 1206, This 
would mean that these salts could 
be proportioned to increase the vol­
ume of one pint of water from 2 
to over 12 pints of solution even at 
86°F. At higher temperatures the 
solubilities would be even greater. 

The solubility of combinations 
of urea or ammonium nitrate in 
water increase gradually with first 
additions of the second salt. This 
solubility increases very rapidly as 
the eutectic combination is ap­
proached. F or these reasons dry 
fertililers containing urea and am­
mOnilllll nitrate near eutectic pro-



portions may become soggy or plas­
tic at relatively low moisture con­
tents and particularly so at high 
temperatures. 

Properly formulated, the com­
bination of urea and ammonium 
nitrate can be beneficial in contrib­
uting to plasticity at high tempera­
tures for desired granulation and 
give good hard granules when the 
excess heat is removed. A low ratio 
of urea to ammonium nitrate, how­
ever, is necessary in order to pre­
vent sogginess or tackiness of the 
dry end product. 

Effect of Urea on the Conditioning 
of Fertilizers 

Work has shown that the addi­
tion of urea to fertilizer mixes con­
taining ammonium nitrate and pot­
assium chloride will change the 
crystal structure of the resultant 
ammonium chloride from a fern­
shaped or dendritic crystal to a 
cube crystal. This change in shape 
of crystal formation has definitely 
been shown to reduce caking or 
setting of resultant fertilizers. Hy­
groscopic properties as well as solu­
bilities of combinations of urea and 
ammonium nitrate or ammonium 
chloride limit the amount of urea 
which can be used. 

Limits which have been found 
to be satisfactory in that there is 
sufficient urea t~ alter the crystal 
structure of ammonium chloride 
and still not be soggy are 20 to 50 
pounds of urea per ton of end 
product made with ammonium ni­
trate solutions. Limits of 30 to 45 
pounds have been found to be even 
better. Fertilizers containing solu­
ble salts such as ammonium nitrate 
and/or urea should best be dried 
below 2% moisture. 

To obtain the desired amount 
of 30 to 45 pounds of urea per ton 
of end product the quantity of urea 
in an ammonium nitrate solution 
is adjusted to the amount of solu­
tion to be used. This amount of 
nitrogen solution is determined by 
the amount of nitrogen to be ob­
tained from solution and the nitro­
gen content of the solution. vVhen 
not over 300 pounds of solution is 
being used a 15% urea content is 
acceptable. ''''here 700-750 pounds 
of solution are used the urea con­
tent of ammonium nitrate solu­
tions is limited to a maximum of 
6% 

Effect of Addition of Ammonium 
Nitrate to Urea Ammonia 

Solutions 
Three reasons whv the addi­

tion of ammonium nit;ate to urea 
ammonia solutions has not devel­
oped are: (1) The addition of 
small amounts of ammonium ni­
trate to urea ammonia solutions 
has relatively small effects on the 
solubility of the combined salt. (2) 
Urea is less soluble than ammon­
ium nitrate in water or in ammonia 
water solutions. Urea solutions, 
therefore, contain more water 
which may cause over agglomera­
tion and increase the drying oper­
ation. (3) There is less need for 
altering the crystal shape of am­
monium chloride when relatively 
small amounts of ammonium ni­
trate are added. 

Selecting A Solution 
It is usually economically de­

sirable to obtain the highest 

amount of nitrogen possible from 
solutions. vVith high nitrogen 
grades large amounts of nitrogen 
solutions may be used. The high 
fixed-to-free ratio of nitrogen in fer­
tilizer solutions for high nitrogen 
mixed fertilizers is desirable in 
order to curtail the amount of acid 
needed to neutralize excess free 
ammonia. There would be one 
ideal solution, therefore, for each 
grade of fertilizer made under each 
set of conditions. It is usually de­
sirable, however, to compromise on 
one or two solutions which best fit 
the range of manufacturing condi­
tions within a given plant and a 
given area. A low fixed-to-free ratio 
solution along with a high fixed-to­
free nitrogen ratio solution gives 
good versatility of plant operating 
conditions with lowest raw mater­
ials costs. 

Question No. 6-"Have Any Facts Regarding the Character­

istics Of Potash For Granulation Been Developed This 

Year?" 

Chairman Sauchelli: This ques­
tion has been discussed at previous 
Round Tables, and there have 
been a number of articles. We have 
asked representatives of the potash 
industry to give us any develop­
ments or to discuss any new ma­
terial on this subject which may 
have been developed during the 
past year. So we have Mr. H. E. 

Causey, of International Minerals 
& Chemical Corporation, Bob 
MacDonald, of Potash Company 
of America, and Dick Tayloe, of 
the National Potash Company, here 
to give us some information about 
their new developments. Ed Ka­
pusta is also on this program. 

Dick, do you want to start it 
off? 

R. D. Tayloe 

T HIS will be very short. I 
talked to Ed Kapusta last night 

and sort of picked his brains a little 
bit, so what I have to say is the 
impressions 1 have picked up plus 
what I got from him last night. 
I won't say how much is from 
which source. 

There is nothing much new in 
the use of potash to aid granula­
tion in the way of startling facts. 
Manufacturers have tightened up 
on their screen specifications 
somewhat to get a little cleaner 
products in the granular, coarse, 
and standard sizes. There has 
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been some trend to follow the 
recommendations not only of the 
potash people but of Frank 
N ielsson earlier this morning, for 
example, in the use of standard 
potash in granulation as much as 
possible. Coarse potash is more or 
less a crutch. I said this last year. 
Others have said it. Coarse potash 
is used to overcome deficiencies in 
granulation technique. You should 
develop your technique so you are 
not dependent upon this crutch, 
because the use of granular pot­
ash in granulated fertilizer is dan­
gerous. It is dangerous because the 



granular potash is nearly the same 
size as the granule of fertilizer, 
and you will wind up with a non­
homogeneous material which will 
flow apart at the first opportunity. 
Then the state control man comes 
around and he doesn't like your 
5-20-20 which runs anywhere from 
5-22-16 to 5-16-25. You must make 
that granule homogeneous. That 
is one of the primary purposes of 
granulating fertilizer. The way to 
do it is to use standard potash, fine 
potash, not granular potash. 

There apparently has been 
some trend toward this practice of 
using smal1 amounts of coarse 
potash to help control recycle, to 
help hold it down, and to use 
otherwise either the straight stand­
ani potash or mixtures of standard 
and coarse. 

1 hope tlIb trend continues 
for two reasons: One is that a lot 

of people are going to get in trou­
ble with potash analyses, and ] 
will have a lot of trouble trying 
to find out what is wrong, The 
other is that, of the potash prod. 
ucts, I think there is plenty ot 
standard but the supply of coarse 
or granular does have a limit. vVe 
do not want to see somebody 
run out who needs it because some­
body who did not need it used it 
all up where he should not have. 

One thing is a little curious­
the use of granular potash or 
coarse potash by manufacturers of 
pulverized fertilizers. Apparently 
this is clone to give a little grainy 
condition, to improve the storabil­
ity of the product. Again I say, 
develop your technique so you 
make a good product by using the 
art to full advantage, and don't 
use granular potash as a prop to 
cover poor operations. 

R. A. MacDonald 

T HE role of potash in fertilizer 
mixtures is still the sUb.ject of 

continuing investigation. Several 
articles have appeared on the value 
of granular potash as an effective 
aid to efficient granulation. Arti­
cles have also been published 
touching 011 the solubility relation­
ships of potash in fertilizers con­
taining ammonium nitrate and am· 
moni urn sulfate. 

The pronounced shift of fertil­
i.zer granulation manufacturers to 

granular types of potash is ample 
testimony to the benefits to be de­
rivecl from use of coarse potash. 
Therefore, 1 would like to confine 
my discussion to a brief examina­
tion of some of the known reactions 
taking place in fertilizer mixtures 
containing potassium chloride. 

The phenomena of ion ex­
change is of some importance in 
mixtures since it is generally in­
volved in the caking mechanism. 

The reciprocal salt systems of 
potassium chloride and ammonium 
nitrate undergo an ion exchange 
reaction which results in the com­
plete disappearance of either one 
or both of these sal ts. The com­
pleteness of this reaction is depen­
dent upon conditions during re­
action and later storage. It is of in­
terest to note that conditions are al­
ways attained where at least a por-

tion of the reaction takes place. 
Since most fertilizer granulation 
processes are conducted under low 
moisture concli tions, the exten t ot: 
reaction is somewhat limited, 

If we examine the question, 
H\Vhat can be gained by either 
completing the reaction or prevent­
ing, insofar as possible, any reac­
tion," we will find little data sup­
porting either viewpoint. The lit­
erature which 1 have examined in­
dicates the reaction products, am· 
moniulll chloride and potassium ni­
trate, would produce a fertilizer 
with better storage characteristics. 
Conditions necessary to attain this 
state of equilibrium are not known. 
The continuing interest in high an­
alysis-high n i troge n fertilizers 
would indicate need for a rather 
complete study in this field. 

Most fertilizer processes can be 
classified in the partially reacted 
field. Recent work by Silverberg 
and co-workers of TV A on caking 
mechanisms is of interest since it 
gives us some insight into the prob­
lem. Reactions 100<;;) complete are 
reported [or products of relatively 
high moisture content, whereas less 
than 50% reaction occurred in 
well-dried products. The caking 
occurring in those products sub­
stantially completely reacted 
should not be given undue weight 
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since it is likely that most of this 
reaction occurred during storage 
where the growth of new crystalline 
phase resulted in masses of agglom­
erates. Those particles of potash 
which were not consumed in the reo 
action were found to be encased 
with reaction products. This was 
observed on particles completely in­
corporated within the granules and 
on particles unincorporated result­
ing from incomplete granulation. 

Those particles of unincorpor­
ated potash appeared to have an 
unusually bad effect on the caking 
of the mixture. From this it would 
be reasonable to conclude that 
whenever possible an effort should 
be made to coat the potash parti­
cles in the mixture. This is usually 
possible in those granulation sys­
tems where moisture is closely reg­
ulated. 

Most fertilizer manufacturers 
will observe a better bag storage on 
grades which have been stored in 
bulk for a period prior to bagging. 
This procedure permits the forma­
tion of a somewhat stable solution 
phase which is not likely to under­
go significant change unless it is 
present to excessive quantities. 

The continuing problem of 
potash analysis in mixed fertilizers 
should also be mentioned here. 
Manufacturers are increasingly con­
cerned with widely erratic potash 
analyses in their mixed fertilizers. 
Uniform particle sile, well granu­
lated fertilizers, will tend to reduce 
the variations. It will not, how­
ever, compensate for defective an­
alytical determinations. Potash is 
a rather difficult chemical deter­
mination. The gravimetric method 
is tedious and involved, although 
the Harne photometer appears to be 
simple anel rapid. The chloroplat­
inate, or gravimetric method, 
should be closely followed since 
shortcuts risk inaccuracies. The 
flame photometer is sensitive to the 
source of potash and standards 
should preferably be compounded 
from fertilizers approximately 
equiqtlent to the grade being test­
ed. Only reliable chemical analysis 
can serve. 

H. E. Causey 

W E think that the best way 
to answer the above ques­

tion would be to review what was 



discussed by this same group last 
year and perhaps to project at this 
time a complete history of the new 
look as to the mesh size of a par­
ticle of muriate of potash_ 

A typical screen analysis of 
standard muriate of potash of ten 
to fifteen years ago was the rollow­
ing: 

Mesh % Cumulative 

6 .2 
8 1.2 

10 2.0 
14 2.6 
20 11.0 
28 33.S 
35 56.6 
48 75.2 
65 85.4 
80 88.0 

100 91.8 
200 98.0 

-200 2.0 
Most of the domestic produc­

tion was merchandised as standard. 
some. however, was offered for a 
direct application material of a 
larger granular size, a typical an­
alysis being the following: 

50% Granular 

Mesh % Cumulative 
----------

6 .4 
8 7.0 

10 39.4 
14 72.6 
20 86.6 
28 92.0 
35 94.6 
48 96.4 
65 97.6 
SO 9S.0 

100 98.5 
200 99.6 

-200 .4 
Beginning the new era of gran­

ulation, potash producers have 
been faced with the problem of 
supplying the demand for various 
particle sized material. Some var­
iables, such as using a TVA am­
moniator, a pug mill, or a standard 
batch mixer, has established the 
need for different particle sized 
muriate. Most domestic producers 
are offering a material similar to 
the following screen analysis: 

1. Granular 

Mesh % Cumulative 

6 15 
8 40 

10 75 
14 96 

2. Coarse Muriate 

Mesh % 

10 
14 
20 
28 
35 

3. Standard 

Mesh % 

20 
28 
35 
48 
fi5 

100 

Cumulative 

9 
60 
82 
95 
99 

Cumulalive 

3 
28 
62 
81 
92 
9S 

'Vith the above classified prod­
ucts it becomes optional with the 
buyer as to his selection. 

There is a definite trend with 
all manufacturers to use a mini­
nlum amount of oversize potash, 
however, some processes delnand a 
size larger than standard to main­
tain the through-put tons per hour. 

Question No.7-What are Formula Recommendations for 

Good Granulation of a 3-2-2 Ratio Material? 

John M. Daniel, Jr. 

T HIS ratio, which would in­
clude such grades as 15-10-10 

and 12-8-8, would lend itself to the 
use of low free ammonia solutions 
either with or without urea. Typ­
ical ones which could be used are 
Nitrogen Solutions 450 (25-69-0), 
420 (19-66-6), 440 (22-66-6), and 
'~30 (20-68-6). The solution select­
ed would depend largely on climat­
ic conditions in order to avoid salt­
ing out. 

There are two basic sets of 
conditions which each manufactur­
er must evaluate for himself. The 
first is where maximum product 
tonnage is not mandatory and 
large amounts of recycle can be 
tolerated. The second is where the 
maximum production rate is neces­
sary and recycle must be minim­
ized. 

Let's consider the first set of 
circumstances. By the use of pre­
neutralization it is conceivable that 
all the nitrogen could be obtained 
from solution in 15-10-10 and 12-
S-8. High recycle rates would prob­
ably be necessary. In order to take 
advantage of the ammonia absorb­
ing capacity of the phosphatic ma­
terials it would be necessary to split 
the solution feed between the pre­
neutralizer and the ammoniator. 
This entails expenditures for an 
additional flowmeter and pipe plus 
giving the operator one more liq­
uid metering stream to control. For 
plants where anhydrous ammonia 
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is available this material could be 
metered into the ammoniator for 
the phosphate to absorb. Each 
company must evaluate whether 
the tonnage required justifies the 
expenditure for additional equip­
ment. Products made all from solu­
tion would have high ammonium 
nitrate contents and would require 
drying to very low moisture con­
tents and the addition of coating 
agents to preclude caking. 

In the second set of circum­
stances where a high production 
rate is necessary, it would be prefer­
able to use solid ammonium sul­
fate. This would eliminate split­
ting the solution feed and the ex­
penditure for additional equip­
ment. Drying of the product would 
be less critical and the amount of 
coating agents could be reduced. 
Formulating with solid sulfate will 
in most cases give a higher mater­
ials cost per ton. This must be bal­
anced against labor and other oper­
ating costs per ton if large recycle 
rates are used. 

'Ve have made no pilot plant 
studies on grades with this ratio 
as yet and 12-8-8 is the only one we 
have made in commercial scale 
equipment. Pilot plant studies will 
be made in the near future. 

Elmer Perrine 

M AKING these grades is rap­
idly advancing the fertilizer 



industry into chemical processing 
and away from the conventional 
methods of manufacturing fertiliz­
er. The economics, equipment de­
sign, safety and even the training 
of personnel for making some fer­
tilizer grades include much that is 
common to the chemical industry. 
These points are strongly in evi­
dence where the grades are granu­
lated and the plant is using ordi­
nary ingredients with fertilizer 
equipment rather than use the 
morte exotic products that enter 
the market. 

The final cost of a ton of high 
nitrogen fertilizer is influenced by 
many things beyond the original 
cost of the nitrogen. The combin­
ing of ammonia with superphos­
phate fixes the lowest cost nitrogen 
in fertilizer and the superphos­
phate should therefore be used at 
maximum efficiency. 

~With 100 per cent retention 
of the amount applied 20 per cent 
superphosphate should react with 
as much as 5.5 pounds of ammonia 
per unit of P Z0 5 • Triple super­
phosphate should react with as 
much as 2.5 pounds of ammonia 
per unit of P 20;. Formulation 
should therefore use the maximum 
amount of 2010 superphosphate for 
its influence on the cost of nitrogen 
as well as for the usually lower 
cost of the superphosphate. One 
pound of ammonia reacts with 3.1 
pounds of 66°Be sulfuric acid 
(93%) . The industry usually 
formulates about 7.2 pounds of am­
monia for each unit of PeOs in 
phosphoric acid. 

A pound of ammonia reacted 
with sulfuric acid produces over 
twice the B. T. U.'s of heat that is 
produced when the ammonia reacts 
with 20% superphosphate. In gran­
ulation this added heat is often 
well worth the cost of some acid 
beyond the exact needs of total 
neutralization. 

The economics of formulation 
sometimes get relegated to a sub­
ordinate place in the struggle to fit 
the ingredients into the grade with­
in the 2000 pounds limit of a ton, 
obtain maximum heat, include 
enough ammonium nitrate or urea 
or both for easy granulation, and 
meet the several fancies of sales­
men, agronomists, and the custom­
er. 

\Vithin reasonable limits for 

the granulation of fertilizer that 
ammoniating solution which con­
tains the least free ammonia for 
unit of total nitrogen will be the 
most economical. The man who 
does much formulating can simpli­
fy his work by using a table which 
shows this ammonia-to-total nitro­
gen relation. One nitrogen solu­
tion that is widely used in granu­
lation as well as in pulverized fer­
tilizer contains 10.8 pounds of am­
monia per unit of total nitrogen. 
A.nother solution, also widely used, 
contains 8.9 pounds. These factors 
call for detailed study of heats, 
weights, cost of sulfuric and phos­
phoric acid, and liquid phase in­
fluence on granulation. \Vhen all of 
the ammonia from one unit of ni­
trogen is neutralized with acid this 
can make the nitrogen from one 
solution cost more than may be 
necessary in smne cases. 

The last few units of nitrogen 
in one considered formula involved 
30 pounds more dry weight for 
each unit of nitrogen from one 
solution than from another when 
all of the ammonia was to be re­
acted with 20C;;~ superphosphate. 
The fact that the heavier result in­
cluded .6 more units of P ~O.3 is not 
the main problem in 2-1-1 and 3-
2-2 grades. 

Anhydrous ammonia used 
with sulfuric acid has its place even 
in granulation but the need for 
some additional ingredients such as 
ammonium nitrate to insure granu­
lation seems to limit this practice 
quite sharply. 

There is much more involved 
than merely the amount of acid 
used, but the problem of safety, of 
holding analysis, and of air pollu­
tion often become serious when 
great amounts of sulfuric acid are 
used directly in the fertilizer mass 
in conventional mixers. For some 
time the ingenuity of men and the 
capacities of equipment have been 
taxed by the higher 1-1-1 grades. 
The 2-1-1 and 3-2-2 grades of high 
analysis demand careful measuring 
of every step in the process. 

Sulfuric acid at the rate of 370 
pounds has been used and even 
more is anticipated for good gran­
ulation and economy in the 2-1-1 
and 3-2-2 grades. It is understand­
able that some operators may look 
at this development with jaundiced 
eyes after their experience with 

87 

much less amounts of acid in con­
ventional processes. 

A development that was gener­
ally described before the 1957 meet­
ing of the Fertilizer Industry 
Round Table favors the use of all 
of the acid being mixed with the 
appropriate amount of nitrogen 
solution in a separate operation 
prior to introduction into the mix­
er that handles the ammoniation of 
the superphosphate and the other 
normal mixing operations. 

This process isolates the acid 
and nitrogen solution action and 
permits controls that have proven 
satisfactory in operations that are 
quite routine in the chemical in­
dustry. 

DISCUSSION 
Air. Elmer C. Perrine: Man 

seems to be a pretty restless sort 
of animal. ''\foman, too. We buy 
a brand-new chrome-plated car for 
a wife and put it out on the street 
to make our neighbors envious 
and, damn it, the next morning 
she wants us to put a motor in the 
thing so she can drive it. That is 
what we are doing in the fertilizer 
industry. \Ve do a pretty good job 
of making pulverized fertilizer, and 
then we come along and want to 
up the grades or we want to solve 
all the problems of conditioning. 
So we granulate. Everybody is 
happy then. 

\Ve found that we ought to 
dry down to 3 per cent moisture, 
and that was swell. That was only 
about three years ago. That lasted 
for one year. Then we went to 
2 pel cent moisture. Now we think 
1 Y:I might do it, and many of them 
talk of going to I per cent. I have 
seen some rather serious trouble 
arising from going to Y:I or 1 per 
cent because I per cent seemed not 
to be adequate. 

The things we are doing are 
heading us into the need for better 
conditioning which looks like coat­
ing. I have seen formulas rather 
recently and a considerable ton­
nage made of a material which, 
in addition to something like 400 
pounds of ammonium nitrate in 
from a solution, had an additional 
400 pounds, pretty close to 800 
pounds of ammonium nitrate in 
that fertilizer. We see anywhere 
from 400 to 500 or 600 pounds 
of ammonium nitrate combined 
with from 25 to 50 pounds of urea 



in there that we want to get con­
ditioned. It isn't much good un­
less we achieve the thing that we 
set out to do, high analysis with 
good condition. 

Frank Nielsson showed us why 
we may have to coat. Coating alone 
will not do it all. It will not relieve 
us of doing a good job of drying 
and of cooling. 'Ve still have to 
do that before coating will be 
worth anything. 

This all leads up to a confes­
sion that I do not know much 
about coating. I think maybe the 
reason that coating has not been 
developed is a testimonial to the 
good job the industry has done in 
achieving conditions in other ways, 
drying and cooling. \:Ve have 
reached pretty much the limit of 
the ability to dry. I do not know 
how much drier you can get than 
y; of I per cent, or what good it 
would do if you did it. I think we 
<:an do a better job of cooling. 

'Vith your indulgence, I shall 
ask our good friend 10hn Hardesty 
to give a little discussion on that. 
I think perhaps he is a man who 
does know something about it. 

John, will you take over, 
please. 

Chairman Sauchelli: It is al­
ways a pleasure to have John 
Hardesty, of the United States 
Department of Agriculture, with 
us. He always has been very help­
ful. 

Mr. John O. Hardesty: I think 
this problem was nicely discussed 
last year. About all 1 can add is 
that we do have a reference to 
some work which was done in our 
laboratory a few years ago entitled, 
"Relative Effectiviness of Granule 
Coating Agents." That means coat­
ing agents for granular materials, 
of course. It appeared in Agricul­
tuml and Food Chemistry, volume 
4, page 132, in 1956. Mr. Kumagai 
did, I thought, some very nice work 
there in distributing various coat­
ing agents on granular fertilizers, 
mixed fertilizers-l 0- J 0-10 was, I 
believe, the standard mixture-that 
were very cantankerous from the 
{.~onditioning standpoint. 

In that work he found that 
the siliceous materials, Si02, cal­
cium silicate, any siliceous mate­
rials which are inert, very finely 
divided, and having a very low 
bulk density, were the types of 

materials which gave him the best 
conditioning effect on granular 
materials. That is, a good coverage 
for the granular material, a good 
coating agent, is what he was after. 
The siliceous materials seemed to 
do that job very well as long as 
they were of low bulk density and 
of very small particle size down 
to just a few microns in diameter. 

That is about all that I can 

give you, I believe, Elmer. 
Chairman Sauchelli: Thank 

you, gentlemen. 
You all got the reference. That 

was a very comprehensive study 
which was made at Beltsville by 
Kumagai and John Hardesty. If 
you do not have that article, you 
should get it and have it for ref­
erence. 

(Brief recess.) 

Question No.8-Can "Spent" Sulphuric Acid Be Used Suc­

cessfully In a Continuous Ammoniator? 

T. J. Bosman 

W E have used and are U5ing 
spent sulphuric acid at our 

Danville Plant in acidulating phos­
phate rock. vVe have never used 
it in ammoniation, so anything I 
say about this will only be an 
opinion. 

In acidulation this is far from 
an ideal product. It is hard to get 
an accurate reading on your hydro­
meter. 'Vhen you do it doesn't 
check with the chemical determina· 
tion. The differences between hy­
drometer reading and chemical 
determination vary between differ. 
ent lots so that it is hard to apply 
a correction factor. The Baume 
reading will run from 0.5 degree 
to 1.5 degrees higher than the 
chemical determination shows. The 
tars that cause this trouble also 
mess up all your equipment. \\'e 

feel this would keep you from read­
ing your instruments correctly in 
granulation. 

Another point that must be 
taken into consideration is a large 
amount of spent acid is alkylation 
acid, and will contain some deter· 
gents, which in turn may affect 
your granulation. 

Due to our acidulation 
troubles, we have felt it would be 
better to keep away from spent 
acid in our granulation process. 
This theory has been concurred in 
by people who have had experi­
ence with spent acid. Mr. Jim 
Seymour, now with Monsanto, who 
w~s previously with Illinois Farm 
Supply has had experience with 
this material, and his opinion is to 
leave it alone if virgin acid is ob­
tainable. 

Question No.9-What are the Basic Principles in Choosing 

the Correct Nitrogen Solution? 

C. E. Franklin 

T ODAY there are in excess of 
40 different ammoniating solu­

tions available to the fertilizer in­
dustry for the manufacture of mix­
ed fertilizers. As a result of these 
many solutions, most of which have 
been introduced during the past 
three years, the question is often 
asked, "How does one choose the 
proper ammoniating solution for 
his operation?" 

It should be realized that there 
are many different types of ferti­
lizers produced throughout this 
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country today. Fertilizers are pro­
duced in mixing plants with vari­
ous types of manufacturing equip­
ment; batch mixers and continuous 
ammoniators, some with drying 
and/or cooling facilities, and many 
other process variations. 

Different fertilizer manufac­
turers may use different raw ma­
terials, which may influence the 
formulations, such as one or more 
of ammonium sulphate, anhydrous 
ammonia, sulfuric acid and/or 
phosphoric add. Climatic condi-



dons vary with geographical loca­
tions and the season in which fer­
tilizer may be produced. 

As a result of these many vari­
ables in fertilizer production the 
nitrogen solution producers have 
attempted to offer the fertilizer 
mixers in their marketing area a 
choice of solutions which will best 
fit each mixer's individual needs. 

The ammoniating solutions 
available can possibly best be des­
cribed as having three sets of char­
acteristics which classify them. 
l. The first major characteristic i~ 

the type and content of the fixed 
nitrogen, which is usually in the 
form of ammonium nitrate. 
urea, or a combination of these 
two soluble salts. 

2. The second characteristic is the 
fixed to free ratio which is the 
ratio of nitrogen from salts to 
nitrogen from the free or neut­
ralizing ammonia in the solu­
tion. This ratio gives an indica­
tion of the soluble salt content 
and the free ammonia which 
must be neutralized. The fixed 
to free ratios are usually divided 
into three groups; low, medium 
and high. The low group has a 
fixed to free ratio less than 0.8 
to I. The medium group has a 
fixed to free ratio in the range 
of 0.8 to I, to I to 1, while the 
high group has a ratio greater 
than 1 to l. 

3. The third characteristic of a 
solution is its water content. 
The water content of a solution 
can range from as low as 6<jc 
in the dehydrated solution to 
18% in regular ammonium 
nitrate solutions and up to 
30.7% in the urea solutions. 

One addi tional and verv im­
portant characteristic, which in 
some cases must be considered, is 
the crystallization temperature, or 
the temperature at which the solu­
tion will sah out. This crystalliza­
tion temperature is, however, de­
pendent upon each of the "bove 
mentioned characteristics, type of 
soluble salt, ratio of soluble salts 
to ammonia content and per cent 
water in the solution. 

The first step in selecting an 
ammoniating solution, is to deter­
mine which type of ammoniating 
solution is best for your plant. The 
ammonia-ammonium nitrate solu­
tion, the ammonia-ammonium nit-

rate-urea solution, or the ammonia­
urea solution. All have their own 
individual properties. In the manu­
facture of granulated fertilizers, 
general experience indicates that 
better granulation of most fertil­
izer grades can be achieved with 
the ammonia -ammonium nitrate 
solution. This is due primarily to 
the greater solubility of ammon­
ium nitrate, thereby increasing the 
liquid phase, or the plasticity of 
the fertilizer in the ammonia tor, 
which is necessary to achieve good 
granulation. 

In the production of non­
gran ular fertilizers, which are low 
in nitrogen content and high in 
potash, as are most of the grades 
in the southeast, an ammonium 
nitrate solution containing a small 
percentage of urea, 10 to 15 weight 
per cent is used with good success. 
Twenty to forty pounds of urea in 
a ton of fertilizer will change the 
crystal structure of ammonium 
chloride crystals to give a better 
conditioned product. However, 
care should be taken not to exceed 
-1:0 pounds of urea in a ton of fer­
tilizer containing ammonium ni­
trate, as the increased concentra­
tion will cause the product to be­
come excessively hydroscopic. 

After selecting the type of sup­
plemental nitrogen desired in the 
ammoniating solution, the next 
,tep in the selection is to deter­
mine the fixed-to-free nitrogen 
ratio requirement; low, medium or 
high ratio. In this selection, con­
sideration must be given to the 
several following factors: 
1. The need for ammonia for heats 

of reaction and the neutraliza­
tion of the phosphate materials. 
This is primarily true of the 
low ni trogen grades. 

') The maximum ammonia that 
can be reacted with the phos­
phate materials if sulfuric or 
phosphoric acid is not used. 
Care must be exercised not to 
over-ammoniate the phosphate 
materials which can lead to 
phosphate reversion and/or ni­
trogen losses. 

;i. In formulations in which sul­
furic acid is used, the more am­
monia that is present, as in the 
low fixed-to-free nitrogen solu­
tions, the more sulfuric acid 
that is required to neutralize 
the excess free ammonia. This 
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increases the heat developed in 
the mixer which may be bene­
ficial in low nitrogen grades but 
can lead to operating difficulties 
in the higher nitrogen grades. 
It must be remembered that the 
increased use of sulfuric acid due 
to excess ammonia in a solution 
also increases the cost of the 
formulation. 

4. If anhydrous ammonia is used 
in the process, a high fixed-to­
free ratio is desired, i.e., a solu­
tion with the lowest possible am­
monia content so that as much 
low cost anhydrous ammonia 
can be used in the formulation 
as possible thereby reducing the 
cost of the formulation. 

5. In granulation processes the 
soluble salt required to achieve 
the proper liquid phase must 
be taken into consideration. A 
liquid phase is necessary to give 
the plasticity which is necessary 
to get good granulation. Other 
factors also influence the liquid 
phase, such as moisture and tem­
perature, however; the soluble 
salt content, whether ammon­
ium nitrate or urea, is one of 
the most critical in producing 
the correct degree of plasticity. 
The solution with a too low 
fixed-to-free ratio may result in 
too little plasticity and will re­
suI t in insufficient granulation, 
while a solution with a too high 
fixed-to-free ratio may give too 
much plasticity resulting in 
large amounts of oversized ma­
terial being formed in the am­
moniator. 

After each of the above points 
is taken into consideration, it will 
usually be found that a low nitro· 
gen fertilizer grade will require a 
solution with a low fixed-to-free 
ratio, a medium nitrogen grade 
will require a medium fixed-to­
free ratio, and the high nitrogen 
grades, a high fixed-to-free ratio. 
One exception to this generality 
is when anhydrous ammonia is 
used to supplement the nitrogen 
solution, in which case a solution 
with a high fixed to free ratio is 
the most desirable. 

The third step in the selec­
tion of a nitrogen solution is the 
water content of the solution. In 
recent years a large number of de­
hydrated solutions has been in­
troduced to the market which have 



a moisture content in the 6 to 7 per 
cent range. The dehydrated solu­
tions have definite advantage in 
the granulation of the higher nitro­
gen grade which may tend to over­
granulate in that they reduce the 
amount of recycle required to con­
trol the liquid phase in the am­
moniator. Another important fac­
tor is that fertilizer made with de­
hydrated solutions require less dry­
ing, as the fertilizer comes from 
the ammonia tor with a lower 
moisture content. The dehydrated 
or concentrated solutions also have 
the advantage in freight savings in 
that the mixer receives more nitro­
gen per freight dollar due to the 
lower water content. 

In some grades the solution 
with higher water content is de­
sired to give the required moisture 
for the proper liquid phase. Also 
this type of solution is desired in 
some batch type operations as the 
dehydrated solutions may produce 
too much heat, resulting in nitro­
gen losses, while the increased wa­
ter in the regular solutions serves 
to cool the batch as the water is 
evaporated by the heats of reaction. 

If the mixing operations are to 
be conducted in cool or cold cli­
matic conditions, consideration 
must also be given to the maxi­
mum crystallization temperature 
allowable. The crystallization tem­
peratures of the many solutions 
offered vary over a very wide range 
-from minus 50c F. to above 
plus 50°F. Many of the popu­
lar solutions have crystalization 
temperatures in the 10° to 30° 
F. range, which can be particu­
larly troublesome in cold weather 
operation and should be avoided 
during the cold seasons unless 
proper facilities for handling these 
solutions are installed. The facil­
ities required are insulated and/or 
heated solution lines and heated 
storage facilities. 

After all these factors have 
been taken into consideration, sev­
eral compromises probably will 
have to be made before selecting 
the one ammoniating solution 
which will give you the best prod­
uct at the desirable operating con­
ditions at the most economical 
formulation cost. Since it is im­
practical to use a different solu­
tion for each grade produced, the 

solution selected should 'be one 
that nearly fits the majority of the 
requirements for the majority of 
the tonnage to be produced. It 
may be that over the full year's 

operation, a fertilizer mixer may 
wish to settle on the use of two 
ammoniating solutions, 
weather solution and 
weather solution. 

a warm 
a cold 

Grant C. Marburger 

CONFUSION in ammoniating 
solutions is so common in the 

fertilizer industry today, and yet 
they are so simple. The real mean­
ing of this paradox is not appreci­
ated until it is translated into dol­
lars. Like oil and water, which will 
not mix together, good economics 
and wrongly used solutions can 
never sit side by side in anvbodv's 
plant. One to four dollar; a t~n 
for 10,000 tons production repre­
sents a figure that many of us in 
this room today would trade for 
our salaries. There are cases where 
this amounts to more than $100,-
000 for a single company, but let's 
first get into some basic principles. 

Nitrogen solutions in general 
are made up of free ammonia, am­
monium nitrate, urea and water. 
The free neutralizing ammonia is 
the constituent that reacts chem­
ically in all fertilizer production, 
combining with superphosphates 
or phosphoric acid. The ammon­
ium nitrate or urea constituents 
can be classified as fixed nitrogen. 
They are non-volatile or stable 
compounds at ordinary tempera­
tures. The amount of solution that 
can be used in the production of 
a grade of fertilizer is limited by 
the capacity of the superphosphate's 
or phosphoric acid to react with 
the free: ammonia in the solution. 
or sayi~g it another way, the free 
ammonia content of the solution 
determines the amount that can be 
used. The balance of the nitrogen 
is usually made up from sulphate 
of ammonia, a high cost material, 
or additional solution is used and 
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sulphuric acid is added to combine 
with the excess free ammonia, 
forming sulphate of ammonia in 
the mixer. 

Based on these basic facts of 
chemistry, the one most important 
characteristic in choosing a nitro­
gen solution is its free ammonia 
content, and this property becomes 
the first basis to use when selecting 
a solution. It must be expressed in 
some way as a ratio of free to fixed 
nitrogen in order to become usable 
in comparing one solution against 
another. An easy way of expressing 
this can be made in terms of am­
moniation rate. This is best illus­
trated by a slide. Figure # 1 will flrst 

TOT"' SOL7'~f("·74T 
NITRO\1UI: 41."'% / / ,UREA-O% 

AMMONIA-I')" 

AMMONIUM NITRATE 74 "". 

Figure 1 

explain the solution nomenclature 
system used throughout this discus­
sion. 

Solutions are named using the 
nomenclaure system adopted by the 
industry in September of this year 
through the efforts of the National 
Plant Food Institute. For those of 
you new to this nomenclature, the 
first number gives the total nitro­
gen content of the solution with 
the decimal point omitted. The 
figures inside the brackets give the 
percentage content of ammonia, 
ammonium nitrate and urea in the 
solution to the nearest whole num-

2 

Ammoniation Rate" 
~--.~-.-~~-. 

Fertilizer Spensol Spensol Spensol Spensol Spensol Spensol Spensol 
Ratio 414 440 448 471 490 506 530 

[19-74-0] [22-66-6] [25·69-0] [30-64-0] [34-60·0] [43-45-0] [49-36-0] 

I-I 9.2 10.0 11.2 12.8 13.9 16.8 18.5 
1-2 4.6 5.0 5.6 6.4 7.0 8.4 9.3 
1-3 3.0 3.3 3.7 4.3 4.6 5.6 6.2 
14 2.3 2.5 2.8 3.2 3.5 4.2 4.6 

• All units nitrogen from Spensoi 
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ber, in that sequence. For example, 
Solution 414 (19-74-0) has a total 
nitrogen content of 41.4 percent. 
This nitrogen is derived from a 
combination of 19 per cent am· 
monia, 74 percent ammonium ni· 
[rate and 0 percent urea. 

Figure 2 shows a table of am· 
moniation rates which has been 
compiled as an aid in choosing a 
nitrogen solution with the proper 
free to fixed nitrogen ratio for the 
grade to be manufactured. Its sole 
purpose is to provide a birdseye 
view of the free ammonia content 
comparison he tween different solu­
tions. If a \-1 ratio fertilizer is to 
be produced, it can be seen from 
the figure that Solution 414 (19-74-
0) would give a 9.2 degree of am· 
moniation, if all units were ob­
tained from solution, whereas Solu· 
tion 530 (49-36-0) would yield 
18.5. The choice would be the solu­
tion closest to the ammoniation 
rate that can be achieved, generally 
4 to 5 percent, consequently Solu­
tion 414 (19-74,-0), yielding 9.2 de­
gree of ammoniation would be 
chosen. On the other hand, if a 1-4 
ratio is to be produced, the first 
solution would allow an ammonia­
don rate of 2.3 and the latter 4.6. 

Figure 3 

Free N TOlal N 

Solution 
318[ 8-72-0] 
414 [19-74-0] 
440 [22-66-6 ] 
448 r25-69-0] 
471 [ 30-64-0] 
490 [34-60-0] 
506 [43-45-0] 
530[49-36-0] 

% 

20.6% 
37.8% 
41.1% 
45.9% 
52.4% 
57.]% 
69.3% 
76.0% 

The latter would be chosen, since 
it is closer to a 5 degree ammonia­
tion rate, unless additional factors 
yet to be considered in the selec­
tion of solution should rule it out. 

Another excellent way of com­
paring the free nitrogen content of 
solutions is illustrated in figure 3. 
First, notice the column at the left. 
The free nitrogen ratio can be ob­
served from the name alone by 
mentally comparing the ammonia 
content and the ammonium nitrate 
content. In the case of urea con­
taining solutions, the urea must be 
added to the ammonium nitrate 
.content, and this total compared to 

ammonia. The column at the right 
is a tabulation where this ratio has 
been calculated, saving the mental 
comparison. The free ammonia 

nitrogen is expressed as a percent 
of total nitrogen. The larger this 
number becomes, the higher the 
free ammonia content of the soil!· 

Spensol 440 (22-6(j-6) 
Sulfate Ammonia 
H 2S04 

Potash 
Triple 
Normal 

Spensol 490 (34-60-0) 
Sulfate Ammonia 
H~SO, 
Potash 
Triple 
Normal 

Spensol 440 (22-66-6) 
H 2S04 

Potash 
Triple 
Normal 

Spensol 490 (34-60-0) 
H 2S04 

Potash 
Triple 
Normal 

Spensol 440 (22-6G-G) 
Anhy. Ammonia 
Potash 
Triple 
Normal 
Steam 

Spensol 506 (43-45-0) 
Potash 
Triple 
Normal 
Steam 

Anhy. Ammonia 
H 2S04 

Potash 
Triple 
Normal 
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Figure 5 
12-12-12 

386 
339 
115 
400 
306 
497 

2043 

303 
414 
173 
400 
393 
300 

2013 

546 
223 
400 
213 
712 

2094 

490 
366 
400 
283 
553 

2092 

Figure 6 
5-20-20 
107 
65 

667 
614 
593 
135 

2181 

198 
667 
617 
580 
135 

2197 

5-20-20 
122 
135 
667 
676 
441 

2041 

@ .0287 $11.08 
.0205 6.96 
.0135 1.55 
-0- -0-

.029 8.87 

.009 4.47 

$32.93 

.0334 .'$10.12 

.0205 9.10 

.0135 2.34 
-0- -0-

.029 11.40 

.009 2.70 

$35.66 

.0287 $15.67 

.0135 3.01 
-0- -0-

.029 6.18 

.009 6.41 

.'$31.27 

.0334 $16.37 

.0135 4.94 
-0- -0-

.029 8.21 

.099 4.98 

$34.50 

@".0495 $3.22 
.0287 3.07 
-0- -0-

.029 17.80 

.009 5.34 
J)OI .13 

$29.56 Cheapest 

$ 6.80 
-0-
17.90 
5.21 

.13 

$30.04 <+$.48) 

$ 6.04 
1.83 
-0-
19.60 
3.97 

$31.44 (+1.88) 



tion. A graphical presentation 
shows this principle more clearly 
figure 4. The graph shows the 
nitrogen derived from ammonia in 
white and the fixed nitrogen in 
green. Anhydrous ammonia is list­
ed to show at a glance how the var­
ious solutions relate to anhydrous 
which, of course, contains only am­
monia nitrogen. 

If the plant superintendent 
wants a high free ammonia solu­
tion for a given need, say a 1-4 or 
1-3 ratio, he would select a solution 
with a high percentage free to total 
nitrogen. For a I-lor 1-2 ratio, 
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Figure 4 

where a high percentage of fixed 
nitrogen is desired, he would select 
a low number, after taking into 
consideration salting out temper­
ature. 

In this ratio method of com­
paring solutions, it is to be noted 
from the physical properties listed 
in the tables that as the percent of 
free to total nitrogen gets larger, the 
salting out temperature decreases 
and the vapor pressure increases. 
Some new developments in solu­
tions whereby the salting out tem­
perature is decreased, voids this 
general rule. 

The selection of a solution 
based on the free nitrogen content 
principle becomes important from 
an economic standpoint. The next 
few (figures 5, 6, 7) illustrate the 
effect that the correct solution 
choice can have on reducing form­
ula costs. Formulas illustrating 
grades 12-12-12 and 5-20-20 have 
been used, as most other ratios will 
fall between these two. 

lf 12-12-12 is to be produced 
with a high free ammonia solution, 
the formula cost increases because 
more sulphuric acid is required 
and more triple superphosphate 
must be used_ Since sulphuric acid 
is not a plant food, its cost is an 
added expense, and the formula 
cost rises as triple is increased since 
it is more expensive than normal 
superphosphate. The actual spread 
in cost depends entirely on de­
livered raw material prices at a 

Figure 7 

Spensol 506 (43-45-0) 
H 2S0 4 

Potash 
Triple 
Super 

Anhy. Ammonia 
Potash 
HsPO. 
Normal 

Spensol 506 (43-45-0) 
Potash 
HsPO. 
Triple 
Normal 

5-20-20 
198 
135 
667 
724 
337 

2061 

5-20-20 
122 
667 
390 
950 

2129 

198 
667 
140 
448 
685 

2138 

$6.80 
1.28 

0 
21.00 

3.20 

$32.28 ($2.72) 

$6.05 
0 

15.60 
8.55 

S30.20 (+$.64) 

$6.80 
0 

5.60 
13.00 
6.15 

$31.55 (+$1.99) 
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given location and cannot be 
guessed in advance. Only a com­
parison of the complete formulas 
will evaluate the economics under 
consideration. 

For a plant equipped to use 
anhydrous ammonia, the choice of 
solution is simple. That with the 
lowest free ammonia content would 
be chosen, if facilities are present 
to prevent salting out. When such 
facilities are not available, the low­
est free ammonia solution with a 
tolerable salting out temperature 
is the proper one. 

vVith anhydrous ammonia 
available to the plant, only one 
Spensol is needed for all grades 
manufactured. By the addition of 
ammonia, you are in effect making 
your own solution in situ. Using 
a combination of anhydrous am­
monia and the lowest free am­
monia solution that can be used 
without salting out problems for 
the climate involved, gives maxi­
mum flexibility by enabling the 
plant superintendent to tailor­
make the right combination for 
any and all of the grades he pro­
duces. Plants so equipped elimin­
ate the necessity to handle several 
solutions. The handling and use 
of anhydrous ammonia presents 
some problems, but it is being used 
successfully at many plants. It is 
a concentrated nitrogen material 
and a small error in weighing or 
measuring shows up in the prod­
uct analysis. Being a gas at ordi­
nary pressure and temperature 
makes it harder to hold in the 
reactor. In other words, more ex­
acting conditions are required to 
prevent ammonia loss. There is 
considerably more advantage to us­
ing anhydrous ammonia in a con­
tinuous ammoniating system than 
in a batch operation. Losses in 
handling and metering are also 
considerably less. 

Once the proper solution has 
been selected from an ammonia­
don rate basis, other principles 
must be considered before making 
a final selection. The fundamen­
tals are simple and can be proper­
ly evaluated if all presently known 
technology is utilized in making 
their choice. 

The salting out temperature, 
of course, must be appropriate. 
Low free ammonia solutions, such 
as those used in making 2-1 and 



I-I ratios are involved with this 
problem. Ammonia is a solvent for 
ammonium nitrate and/or urea, so 
low free ammonia means high salt­
ing OLlt temperatures. High free 
ammonia means high vapor pres­
sure and should not be used unless 
the equipment is capable. 

Recent solution changes have 
greatly improved the salting out 
problems formerly encountered 
with low free ammonia solutions. 
The addition of urea in small 
quantities, forming proper combin­
ations with ammonium nitrate, 
will reduce salting out tempera­
tures. Notice (figure 8) the drop 

.... 
[~ ,-RItE: til!;JjON'" NITROGEN 

_ 'IXEO NITROGEN 

Figure 8 

in salting oul temperature from 
64° to 35° between the first two 
solutions, both having 37.8 percent 
free nitrogen, and the same total 
nitrogen content. Or the last solu­
tion which has a small increase in 
free nitrogen, 37.8% to 41.1 and 
yet drops the salting out tempera­
ture from 64° to /70. Six per­
cent urea is the additive that has 
depressed this temperature, which 
is the reason for its presence, yet 
the amount of urea is not sufficient 
to cause the fertilizer to be more 
hygroscopic. 

The physical condition of the 
fertilizer must be considered in the 
selection of a Spensol, and the 
amount of ammonium nitrate and 
urea mayor may not cause the fer­
tilizer to have poor physical prop­
erties. There is little standardiza­
tion in the fertilizer industry inso· 
far as process equipment and oper­
ating conditions are concerned. 
Knowing just how far to go on the 
use of ammonium nitrate and!or 
urea is a matter of judgment. and 
the knowledge of the individual 
plant's set·up hi the only possible 
way to exercise good judgment. In 
granulation, many plants have dry­
ers without sufficient capacity to 
dry to a low enough moisture at the 
production rate they wish to run. 

To produce a product that is free 
from bag cake, the amount of am­
monium nitrate and/or urea that 
can be tolerated is governed by 
the moisture content of the fin­
ished product. 

The water content of the solu­
tion is important. In granulation 
the use of "dehydrated" solutions 
on high nitrogen grades is auto­
matically recommended. The low 
water solutions reduce the excess 
liquid phase encountered in these 
grades, which in turn will serve 
either to reduce recycle, if it is used 
for control, or to reduce the 
amount of sulphate of ammonia 
used in the formula. These solu­
tions offer the additional advantage 
of freight savings because of their 
greater concentration. Non granu­
lar fertilizer, produced in plant& 
without mechanical dryers, are crit­
ically dependent upon the moisture 
content of the finished product. 
Since most of the moisture intro­
duced in their production come~ 
from superphosphate and ammon­
iating solutions, the water content 
of the solution becomes important. 

In recen t years, the choice be­
tween urea and ammonium nitrate 
solutions, or combinations thereof, 
has become important in manufac­
turing non-granular fertilizers. The 
only purpose of the urea in the 
solution is to change the crystal 
habits of ammonium chloride and 
potassium nitrate in the finished 
product, to reduce bag set or bag 
cake. On the other hand, the pres­
ence of urea in combination with 
ammonium nitrate makes a more 
hygroscopic mixture than either 
ammonium nitrate or urea alone. 
Also, the urea will decompose in 
storage if the fertilizer is allowed 
to go to the pile too hot. Urea 
decomposes at temperatures above 
J 20° F, and releases free ammonia. 
The ammonia reacts with the phos­
phates causing reversion, and the 
beneficial effect of urea to reduce 
caking in non granular fertilizer is 
lost. Straight urea solutions do not 
form objectional salt crystals. but 
their high water content, plus the 
haLard of urea decomposition in 
storage, restricts the effecti\'eness of 
these solutions. 

Despite the high pressure 
equipment involved in their use, 
high ammonia solution~ can sati,,­
factorily produce good mechanical 
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condition in non granular fertil· 
izers. Sufficient heat is created by 
the free ammonia to lower the 
moisture content to a safe level, 
and a reduction in hygroscopic salt 
content is obtained. 

In general, the selection of sol­
utions for non-granular production 
is more difficult than granular. 
Operating conditions vary more 
[rom plant to plant and the curing 
factor is brought into play. The 
mixer temperature has a great bear­
ing on the physical condition of 
the finished product. The reten­
tion time in the mixer, amount of 
ammonium sulphate used, storage 
temperature, size of storage pile 
and numerous other things affect 
the quality of the product. Prod­
uct moisture content and curing 
time are the two factors more im­
portant than selection of the prop­
er solution, or the formula used. 

Very little mention of econom­
ics has been made in this discus­
sion, vet the principles described 
are all aimed in the direction of 
obtaining savings t.hrough the cor­
rect choice of ammoniating solu­
tions. 

~o discussion on this subject 
would be complete without includ­
ing the question so frequently 
asked. with great justification: Are 
so many solutions necessary? The 
answer: No. Progress in the de­
velopment of fertilizer technology 
has been gradual, just as the engi­
neering developments in automo­
bile manufacture. The auto indus­
try comes out with new models 
each veal' in which they combine 
the good features of the old 'with 
new and better features. New solu­
tions have been added to meet the 
needs of new technology in formu­
lating and processing, \\Then the 
new technology has been complete­
ly adopted, some of the old solu­
tions can be dropped from the list. 
Just as the auto industry has to 
continue making parts for old vin­
tage cars, the nitrogen industry will 
continue making solutions until 
manufacuring plants are altered to 
the latest technology. 

This point is illustrated in 
figure 9. In this figure we are look­
ing at most of the solutions pro­
duced by our company. We are 
also looking at them on the basis 
of physical properties, which have 
been graphically expressed for easy 
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the natural inclination is to take 
advantage of their properties which 
£Its in prcneutralizations in ratios 
3-2-2, 2-1-1, or X-O-X. 

Figure 9 

As far as it is known, this was 
the first time anyone has attempted 
to preneutralize urea solutions. 
The possibility of producing de­
composition products from the 
urea was considered and although 
no references could be found in 
the literature, it was suspected that 
cyanic acid or even hydrogen cyan­
ide could be produced. In our 
pilot plant experiments the toxic 
gas was produced and the symp­
toms experienced by the operators 
would indicate a cyanogen com­
pound. The symptoms included 
vertigo, headache, rushing of blood 
to head, oppression of chest, palpi­
tation 01 heart, and sensations of 
constriction of throat. Literature 
references confirm these symptoms 
as appropriate to a cyanogen com­
pound. 

companSlOn, and when viewed 
from this aspect it becomes appar· 
ent that duplications exist and 
some of them do not fill a real 
need. Notice the small deviations 
between some of the solutions. A 
specific example can be seen in 440 
(24:-70-0), 410 (22-65-0) and 4:48 
(25-69-0) ; and another in 370 (17-

67-0), 'i14 (19-H-O) and 414 (19-
66-6). These minute differences 
are not detectable in plant opera­
tion. In other words, some of them 
could be dropped which would 
further simplfy the purchasing 
agent's problems. 

Summary 

(I) The basic principles of choos­
ing nitrogen solutions: A well 
prepared table contains all the 
information that is needed to 
select the proper solution. In 
studying this table, the items 
to observe are: 

(2) 

(I) Free to total nitrogen 
ratio 

(2) Salting out temperature 
(3) Vapor pressure 
(4) ·Water content 
In addition, some calculations 
plus a knowledge of the plant's 
equipment and operating con­
ditions will resolve the hygro­
scopic salt content considera· 
tion. 
The economics in choosing ni­
trogen solutions is a matter 
of calculation using these basic 
principles. The magnitude o[ 
savings that is possible should 
not be overlooked. 

DISCUSSION 
If I may for a minute, I want 

to deviate from this subject. J think 
the last subject was the discussion 
of 3-2-2 formulation where pre­
neutralization was mentioned. It 
has been mentioned several other 
times. The use of urea containing 
solutions in a tank is to be avoided. 
There is a danger aspect involved. 
A very toxic fume, toxic to humans, 
we have found will evolve. 

I mention this for several rea­
sons. vVe are quite concerned 
about it. With the advent of low 
salting out temperature solutions 
into which a few per cent of urea 
has been placed for this purpose, 

According to John A. Werner, 
The Chemistry of Urea, "At 100°C. 
an eq uilibrium is obtained which 
is equivalent to 95.5 parts of urea 
to 4.5 parts ammonium cyanate. 
The presence of (NH,) 2S01 in­
creases the formation of NH,CNO 
(ammonium cyanate) ." 

There are undoubtedly areas 
of momentary high acidity in the 
preneutralizer which would liber­
ate BCNO (cyanic acid), a gas at 
ordinary temperature. 

Question No. 100What Are the Cost Relationships, Ton­

nage Requirements, and Equipment Needs for Mixes 

Including Those Containing Minor Elements or Other 

Additives? 

A. Henderson 

(I) Addition of minor elements (2) 
or other additives increases 
formula cost directly in pro-
portion to the amount of add· 
ed material for formulas con-
taining filler. For full forum-
lations cost is increased 
further because more con­
centrated (generally more ex­
pensive) materials are requir-
ed. In addition, the formula 
may be changed enough so 
that conditioners are requir-
eeL 
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Other important considera­
tions, some quite indirect, 
are listed as follows: 

1. Additional material hand-
ling. 

2. Additional personnel. 
3. Additional equipment. 
4. Additional storage. 
5. Additional bags. 
6. Tags, labels, etc. 
7. Reduced production rate 

(overall) . 
8. Added clean-up and COI1-

tamination. 



9. More records and inven­
wry. 

J O. Greater cooperation be­
tween sales amI manufac­
turing. 

II. Increased analytical work 
and sampling problems. 

12. Special storage and manu­
facturing precautions. 

13. Added management and 
administrative work. 

14. Plant location. 
15. Competition. 
16. Material purchasing and 

availability. 
(3) No degree of importance can 

be named for these factors 
since they will vary consider­
ably with individual plants. 
For example, a large plant 
operating at only 50% of 
capacity would obviously not 
find storage as important as 
a smaller plant operating at 
80j'o of capacity. 

(4) As long as the tonnage re­
mains only a few percent of 
total sales its e; ecL would not 
be significant and could be 
tolerated as so much nuisance 
business, so familiar to most 
fertilizer manufacturers. As 
the tonnage increases it de­
mands varying degrees of at­
tention. In Florida this sort 
of thing reaches a maximum 
and most of the tonnage is 
on a prescription or special 
basis. Not only are various 
secondary and trace elements 
added, but formulas vary 
greatly with respect to nitr<;­
gen types, organic materials, 
chlorine, etc. It is not un­
common to stock 20/40 dif­
ferent materials and bases for 
general manufacture and use 
most of the them in a single 
busy day. Since this is gen­
eral practice it is not regard­
ed as a problem, particularly 
since all manufacturers face 
the same competitive con(li­
tions. /\lso, the added cost for 
this type operation is not as 
great as many believe. This 
is true because of certain 
compensating factors, some of 
which are listed below; 

(a) Average production rate 
is not based entirelv on 
double operation. G;ades 
are made from bases 
which represent approxi-

mately 40% to 80% of 
the mixture. Bases have 
been previously manufac­
tured at normal produc­
tion rates (but are often 
two component mixtures). 
In the final step bagging 
and blending represents 
one step and straight ma­
terials represent a signi­
ficant amount (approxi­
mately 20/60r;1c) of final 
mixture. 

(b) Variety of storage is 
much greater, but total 
storage ma y not be as 
great. Obviously, variety 
storage is less efficient be, 
cause of wasted space. A 
400 ton storage space may 
be tied up with 200 tons 
of a particular material. 

(c) Seasons arc more and 
longer. Shipping may be 
done by use of two ship­
ping mills, whereas an 
equal tonnage for a plant 
in another area may re­
quire three to four ship­
ping mills. Other equip­
ment needs may be simi­
larly effected. 

(d) Regular use of so-called 
"special" materials means 
that they are no longer 
speciaL 

(5) A true overall cost would be 
difficult to ascertain, however, 
a good estimate would be 
$0.75 to 0$1.50 per ton. This 
is far less than most people 
are willing to believe and 
considering services rendered 
represents a major contribu­
tion to the customer. vVe per­
haps use a great many more 
grades than are necessary, but 
considering the total state 
tonnage, we probably furnish 
the customer with more of his 
specific needs than most other 
areas. 

(ti) Florida requires more varia­
tion than most other states 
because the variety of crops is 
grea tel', soil varies tremend­
ously (have all major soil 
types). and weather comli­
tions vary significantly. These 
are some of the reasons why 
and how special grades de­
velop. 

(7) Special or unfamiliar business 
causes a heavy burden on 
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(8) 

(9) 

(10) 

management and administra­
tive people. Material pur­
chasing and availability may 
be a serious problem. This 
involves not only proper con­
tacts and familiarity, but ac­
curate estimation of needs. 
Since material cost may be 
70 /809~ of total cost, over­
stocks of special, expensive 
materials can be disastrous. 
Sampling is a real problem. 
Mixing of 8 to 18 different 
materials and bases is an ob­
vious problem. Sampling is 
difficult, both for the manu­
facturer and regulatory 
agency. This sort of situa­
tion, in addition to placing 
an obvious burden on the 
chemical control department, 
also produces problems for 
management. Fines are cost­
I y both from a financial 
point of view and customer 
rela tionshi p. 
It is easy to see that certain 
plants ~ould not produce 
variety mixtures without hav­
ing costs sky rocket. If you 
have a fair estimate of this 
sort of business it wouldn't 
be too difficult to calculate 
your needs and costs. In all 
probability many plants can 
produce limited special mix­
tures without significant in­
creases in costs, and without 
major expenditures for equip­
ment and personnel. If your 
plant is so designed and lo­
cated that it causes major dif­
ficulties, the solution is to 
ignore the business. If the 
tonnage is great enough that 
you simply cannot pass it up, 
then it is large enough to do 
something about it. 
It seems that some manufac­
turers have put high costs on 
special mixtures. Some of 
these may be actual costs, 
others may be "nuisance cost". 
I believe that all of us would 
agree that there are times 
when somebody should pay 
for this years "indigestion", 
and perhaps next season we 
won't be troubled with it. 

DISCUSSION 
Chairman Sauchelli: That cer­

tainly is an insight into some of 
those multiple problems that the 
manufactnrer faces in Florida. I 



am familiar with some of the con­
trol problems there, and know of 
the splendid work they have done 
in Florida to solve their chemical 
control problems. They have done 
a beautiful piece of research work 

which has helped the fertilizer in­
dustry tremendously. The fine co­
operative work among the state 
university, the control officials of 
the state, and industry is a model 
for other regions. 

A Discussion of the Advantages and Disadvantages of Con­

trolling All Recycle Portions Returned to the Ammoni­

ator-Granulator. 

(1) 

(2) 

(3) 

A. Henderson 

'Ve assume that "all recycle" 
means recycle material from 
two sources: (a) material 
from air handling system (b) 
material from screening sys-
tem. 
'Ve can say that "Control" 
is the key word associated 
with any good granular sys­
tem. Further, that it is ab­
solutely essential to control 
all major factors. Some re­
gard recycle as the most im­
portant single factor. Hence 
the conclusion that it is abso­
lutely necessary to control all 
recycle. This sta tement 
sounds true, but as many 
know, it isn't. The fact is, 
that some plants do a good 
job without means of control­
ling recycle. If, however, we 
specify that a good granular 
system is a near perfect sys­
tem, then the above statement 
becomes more significant. 
I heard somebody say once 
that the efficiency of any sys-

trolling recycle should not be 
more than $2000, and prob­
ably less. All that is required 
is a hopper, some type feeder, 
one or several chutes, and 
perhaps a screw conveyor. 
The question now resolves to 
control of "all recycle," First, 
assume that the principal 
source of recycle material is 
that produced by the screen­
ing system. \Ve have a fines 
hopper and a feeder which 
delivers the material from 
fines hopper back to the am· 
moniator at a controlled rate. 
Now the only material that 
we have remaining is mate­
rial from the dust system. 
This material is more trou­
blesome to handle than regu­
lar fines, because it is hot, 
damp, and naturally has great 
tendency to cake, bridge, and 
blind screens. \Ve can intro­
duce this material directly 
into the ammonia tor as it is 
discharged from the cyclones. 
This is not controlled; how­
ever, since the material is uni· 
form and discharged at a 
reasonably constant rate it h 
not a large variable. vVe can 
deliver the material from the 
cyclones to the ammoniator 
by a screw conveyor. This i~ 

partial control and serves to 

(5) 

even out the flow. Finally, 
we can deliver the dust back 
to the screening system where 
it is screened, and becomes 
part of the regular recycle. 
This, of course, is complete 
control of all recycle. The 
problem with this last step is 
that the hot, damp, dust 
places greater load on the 
screens, has tendency to blind 
screens, and even for short 
shut-down periods causes cak­
ing and bridging in the fines 
hopper. 
It has been our experience 
that recycle material is not 
a good means of control ex­
cept to initially establish 
equilibrium conditions or to 
get on formula. Then we 
make every effort to keep 
recycle constant. This, of 
course, is controlling its rate 
of feed. ~We believe that it is 
not a good means of con trol 
hecause of the following rea­
sons: 

(1) 
(2) 

(3) 

(4) 

Material is variable. 
Reacts to changes slow­
er than H 2SO., steam, 
or HoO. 
Overloads equipment 
when used excessively. 
Changes volume rela­
tionship in Ammonia-
tor. 

(6) In conclusion, we believe 
that controlling "all recycle" 
at least to some extent is a 
most helpful factor. We feel 
that it is better to partially 
control material from the 
dust s}stem by delivering to 
the Ammoniator by screw 
conveyor, as against deliver­
ing it back to the screen sys­
tem. Rea"ol1s for this have 
been previollsly discussed. vVe 
feel that as product quality 
continues to improve, that 
controlling recycle will be­
come standard practice. 

tem is a measure of its means 
of "staying out of trouble." 
Perhaps too many of us re­
gard efficiency as a means of 
"getting" out of trouble, 
rather than "staying" out of 
trouble. For lack of a better 
reason, I believe this concept 
to be the principal advantage 
for controlling all recycle. 
Moreover, if considerable 
flexibility is required and a 
very closely sized product is 
to be made, more controls are 
necessary. 

Odor Control Through Odor Counteraction. 

(4) \Ve cannot speak for all 
plants and, therefore, we must 
confine our discussion to a 
reasonably designed plant. In 
such a plant the cost of nm-

Nicholas K. Post 

O DOR control is one phase of 
the large matter of air poIlu. 

tion in general. Air pollution has 
long been recognized as a public 
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hazard, but odors have not been 
considered specifically as a hazard: 
most probably because odors in 
themselves are not the cause of 



organic diseases, although the aver­
age man believes to the contrary. 
However, public unwillingness to 
live with bad smells-general or 
personal-has been heightened to 
a larg~ extent by advertising, in 
recent years, and industrial odors 
are increasingly being recognized as 
a very definite part of the overall 
air pollution picture. 

I would like to discuss three 
aspects of this problem in this 
paper. First-odor and its relation 
to the individual and the commu­
nity; secondly - the theory and 
principles of odor counteraction; 
and, thirdly-the application of the 
odor counteraction method. 

The psychological effect of 
odors as they affect both the imli­
vidual and the community as a 
whole are sometimes suprising. Dis­
turbances occasioned by odors that 
infringe upon health, for example, 
include low appetite for food, low­
ered water consumption, impaired 
respiration, functional nausea, in­
somnia and men tal disturbances. 

However, in dealing with 
physical health we must conclude 
that malodors are disturbing, but 
not harmful. Some odors are quite 
capable of rousing a person from 
deep sleep and resentment over 
odor. Broken sleep may perpetuate 
insomnia long after the odor wave 
has passed. 

Long continued odor exposure, 
for some persons, drives away all 
semblance of poise and restraint. 
This is understandable when we 
consider odors are credited with 
providing the shortest route to the 
subconscious mind. Otherwise calm 
persons may become mildly hysteri­
cal, capable of carrying out acts 
or making threats entirely foreign 
to their normal composed selves. 

Once the question of a smell 
or supposed smell has been aired 
in the neighborhood, a series of 
developments may occur which 
verge on the hysterical. Complaints 
have been registered claiming dam­
ag~ to household contents and gar­
ments and assertions made that 
hair falls out, dogs bark, hens re­
fuse to lay and even that automo­
biles will not start. In one case 
an epidemic of measles was claimed 
in court to be the result of odors 
coming from a processing plant. 
Somewhat parallel situations can 

develop among the workers inside 
the plant. 

The whole problem is further 
complicated by the fact that odor 
preference is a specifically subjec­
tive matter and our individual 
likes and dislikes of many odors 
may depend upon former associa­
tion of pleasant or unpleasant ex­
periences with these odors. A Na­
tional Bureau of Standards survey 
made some years back disclosed 
that individuals vary in their con­
cept of what specific odor imparts 
a desirable freshness to the air. In 
two cases a man chose the odor of 
herring and a woman chose creo­
sote. It later developed that the 
man had spent many pleasant days 
during his childhood in a seacoast 
area and the odor of herring ap­
parently brought back pleasant 
memories. He, therefore, consid­
ered this odor to be acceptable. 

In the case of the woman, her 
early childhood had been spent at 
a playground located close to a 
railroad yard in which wooden ties 
were creosoted. As in the case of 
the man, this particular odor 
brought back many pleasant mem­
ories to her and she did not con­
sider the odor of creosote objec­
tionable, but rather as being pleas­
ant. 

The human nose is the most 
senSitIve, analytical device known 
to mankind. Many odors are de­
tected in concentrations of ] to ]0 

parts per million. Some of the 
more noxious odors are perceptible 
at a dilution of I to 1 ° parts per 
billion. Again physiological and 
psychological reactions many times 
distort the perceptive impression. 

A very limited number of 
scientists have directed their at­
tention to the field of odor percep­
tion. Around the turn of the cen­
tury Hendrick Zwaardemaker, a 
Flemish scientist, discovered by use 
of a double olfactometer that two 
substances odorous singly may be 
inodorous together. 

Many pairs of odorous sub­
stances were introduced individual­
ly to either nostril to measure the 
ratio of quantities required for 
neutralization or counteraction. By 
this method all possibility of chem­
ical reaction between the two sub­
stances was removed. 

Various pairs of counteracting 
odorous substances were discovered 
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by Zwaardemaker in 1895 and 
some of these counteracting odors 
were recorded. A modern day 
parallel is the counteracting ability 
of the vapor phases of ammonia 
and ionone. When these two vapor 
phases are combined neither odor 
is evident to the layman's nose. 

H is important to note that 
the neutralization or counteraction 
of odors leaves no overriding odor, 
pleasant or unpleasant. There is 
some confusion in both the tech­
nical and popular press regarding 
the terms odor masking and ('oun­
teraction. 

Strong odors tend to mask 
weaker ones. If two odors are of 
about equal strength a blend of the 
two is perceived or possibly both 
are identified. If one is considered 
stronger than the other it alone, 
as a rule, is perceived. This is odor 
masking. 

On the other hand, certain 
pairs of odors in appropriate rela­
tive concentrations are antagonistic 
and when the two are sniffed to­

gether the intensity of each odor 
is diminished. This is odor coun­
teraction. 

The field of odor counterac­
tion, as developed today, is based 
on the significant work done by 
Zwaardemaker. The development 
of odor counteractants has been a 
pure matter of Edisonian research. 
Our own laboratory has evaluated 
some 4,000 odors and odor (:OUI1-

teracants and research continues 
daily. 

Industrial odors are complex 
groups of odors. It is unusua I to 
obtain a specific odor from an in­
dustrial process and even when this 
is done the odor may combine with 
transient odors in the surrounding 
atmosphere. For this reason indus­
trial odor counteractant formula­
tions, although designed for specific 
odor descriptions, may contain 
complex groups of odor counter­
actants. There is no widely ac­
cepted classification of odors and, 
as a matter of fact, the description 
of odors usually depends upon 
comparison. 

The Application of Odor 
Counteractants 

A great number of industrial 
plants have already installed the 
best available mechanical equip­
ment to remove particulate sub­
stances. In rnost cases, an odor 



counteraction treatment is all that 
is necessary to neutralize the re­
maining few parts per million of 
offensive odor and complete the 
job. 

The principle of odor coun­
teraction deals with the molecules 
of malodor. In the process of odor 
perception the olfactory tract is so 
located that ordinarily only gas 
reaches it. Gas, of course, includes 
vapor. The sensitive areas of the 
nose, are at the closed ends of 
channels that are readily pene­
trated only by diffusion and the 
diffusion of solid and liquid par­
ticles of more than submicroscopic 
size is almost neglible. Accordingly, 
characteristic odors are rarely, if 
ever, produced by a smoke or mist, 
however fine, of solid or liquid 
particles, except of material vola­
tile enough to be smelled when 
only the vapor comes from massive 
forms of them. 

For practical purposes an odor 
is always a gas molecularly dis­
persed in the air in sufficient con­
centration to be above the thresh­
old level of perception. For this 
precise reason odor counteractants 
are most effective when vaporized 
and combined with the air stream 
by molecular dispersion. Regardless 
of whether the stream of exhaust 
is held to the ground by air inver­
sion, is vertically dispersed, or hori­
zontally dispersed, the counter­
actant is carried with the malodor 
and is noticeably effective until the 

odor is dispersed beyond the range 
of perceptibility. 

Odor counteractants are va­
porized by atomizing the counter­
actant into the air stream by 
means of a calibrated atomizing 
nozzle. These vaporizing points are 
usually located at the ground level. 
At the plant roof top and at the 
stack tip in the vicinity of most 
odorous effluents. This provides 
vertical coverage from the bottom 
to the top of the odorous pool. 

The odor counteractants mix 
with the odorous air stream by 
molecular dispersion and air move­
ments are designed to follow the 
physical behavior pattern of the 
odorous elements. Some odorous 
elements disperse beyond the limits 
of perceptibility rapidly. Others 
are tenacious and do not disperse 
horizontally or vertically as quickly. 

Pu blic opinion is a factor in 
air pollution control. Lack of a 
public relations attitude toward 
the problem of air pollution is a 
serious matter. The fertilizer in­
dustry's relations with the general 
public are extremely important. 
An aroused public is an unreason­
able public. An unreasonable pub­
lic can cause excessive expendi­
tures. 

It is, therefore, essential that 
industry survey its position to de­
termine the most advantageous 
course of action in reference to 
odor pollution control. 

Question No. II-Is it Possible to Successfully Eliminate 

Objectional Fumes Fl10m the Continuous Ammoniator's 

Exhaust. and Are There Any Known Methods 'of Elim­

inating Ammonium Chloride. Ammonium Nitrate and 

Ammonium Sulfate Aerosols from the Exhaust Fumes 

from Dryer and Ammoniator? 

W. G. Mautner 

T HE best way to eliminate ob­
jectionable 'fumes from the 

continuous ammonia tor exhaust 
gases is to do everything necessary 
to prevent their formation in the 
first place. Minimum evolution of 
ammonium chloride, sulfate and 

nitrate aerosols during ammonia­
tion can be obtained by 

1. Keeping sulfuric acid used for 
heat or reacting with the ex­
cess ammonia to a minimum. 

2. Substitute solid ammonium 
sulfate for that made in the 

ammonia tor by sulfuric acid 
and anhydrous ammonia as it 
is usually cheaper per unit of 
nitrogen than that made in 
the ammoniator. This is espe­
cially true in 1-1-1 ratio 
grades. 

3. Use phosphoric acid to re­
place sulfuric acid in high 
analysis grades. The reaction 
between H 3 PO. and KCI is 
much slower than that be­
tween H 2S04 and KCI, hence 
less HCl is formed in the am­
moniator to combine with the 
ammonia vapors. 

4. Proper ammonia tor bed con­
ditions. Over agglomeration, 
variable feed conditions, ex­
cessive temperatures all con­
tribute to the formation of 
smoke. 

5. Keep reaction temperatures in 
the ammonia tor within rea­
sonable limits. Generally, if 
the heat developed in the 
ammoniator is such that the 
temperature of the granulated 
fertilizer discharged from the 
ammoniator exceeds 225°F, 
there will be excessive smoke 
formation. 

6. The use of steam to replace 
all or part of the sulfuric acid, 
especially in fertilizer con­
taining less than 5% nitro­
gen. 

7. Check worn or corroded 
sparger pipes and replace 
promptly. Poor distribution 
of sulfuric acid and nitrogen 
solution often causes serious 
fuming. Spargers should be 
inspected daily for corrosion 
and erosion of sparger holes. 

The fumes evolved from the 
ammonia tor and dryer exhaust 
gases, other than dust particles, are 
true smokes of a particle size in 
the range of cigarette smoke. Most 
dust collecting apparatus will not 
remove the ammonium chloride 
smoke. Experimental work con­
ducted by our company indicates 
that a high pressure drop orifice 
scrubber followed by a spray will 
eliminate 90% to 95% of the 
smoke. A pressure drop of 30 to 
35 inches of water across the orifice 
is necessary. A fan of some 150 
HP would be necessary to process 
30,000 cu. ft./min of air. 



Question No. 12 - Is There Any Experimental InJormation 

Available Where Phosphoric Acid is Sprayed on Top of 
the Bed? 

T. E. Martin 

SEVERAL users of phosphoric 
acid are spraying or dribbling 

it on top of the rolling bed in a 
TVA ammoniator. Of course, the 
advantage gained by introducing 
the acid this way is that one 
sparger pipe less is required in the 
bed, and the fewer such pipes the 
less the interference with proper 
rolling and lifting action. 

There are a number of pos­
sible disadvantages to top feed of 
the phosphoric acid in addition to 
possible greater fume evolution as 
discussed by Mr. Nielssen. One is 
the possibility of splashing, creat­
ing an accident hazard or corro­
sion hazard. This can be elimi­
nated by applying the acid close 
to the bed, and under only enough 
pressure for adequate distribution. 

than with subsurface feed. So far 
I have been unable to confirm this 
fear from experimental evidence. 

The eventual distribution of 
the phosphoric acid or its reaction 
products throughout the mixed 
goods product seems to be about 
the same for top application of 
acid as for subsurface introduction 
of this materiaL 
Question: vVhat is the maximum 

practical ammoniation rate using 
anhydrous ammonia and the sev­
eral phosphate materials? 

AnsweT: The following ammonia­
tion rates are practical and are 
widely used: 
Triple - 4#/unit APA 
20% Super - 6# funit APA 

Phosphoric acid - 7# Innit 
APA 

These are not maximum rates, in 
that these rates can usually be at­
tained without appreciable loss of 
ammonia, provided the ammonia 
is fed subsurface in suitable mixing 

equipment. They may be regarded 
as maximum practical rates, at 
least at present. The rate for phos­
phoric acid can be run up to 
7Yz# lunit APA with reasonably 
careful operation without appreci­
able ammonia loss. 

Of course, the attainment of 
maximum ammoniation rate is a 
kinetic problem, and it is known 
that much higher rates than the 
above can be attained if sufficient 
time for attainment of equilibrium 
is allowed. Practically there is a 
definite limit on the reaction time 
(or mixer holdup tonnage) allow­
able. The design, state of mainte­
nance, and operation of the mix­
ing equipment have a very im­
portant effect on the reaction 
kinetics. The physical condition 
(porosity, state of fineness, mois-
ture content) of the solid phos­
phatic materials is of great im­
portance. It is well known that 
higher temperatures increase reac­
tion rates and therefore the amount 
of ammonia absorbed. 

It is believed that the maxi· 
mum practical ammoniation rates 
will gradually be increased as ma­
terials, equipment, and operation 
are improved. 

A second possible disadvantage 
is this: Acid applied on top of 
the bed rolls down to the bottom 
of the bed quickly, and is then 
carried up the shell. Reaction of 
the acid with ammonia tends to 
be delayed and the average tem­
perature and liquid phase percent­
age are somewhat different. In­
creased shell corrosion might be ex­
pected, but practically this does not 
seem to be serious. Additional 
time 'is required to fully answer 
the corrosion question. Another 
and more serious consequence of 
the roll-down and carry-up of the 
acid along the shell of the mixer 
occurs when large quantities of 
acid are used per ton of mixed 
goods. In such a case this method 
of application offers the greatest 
chance for sufficient wetting of the 
shell so that sliding of the bed 
occurs instead of carry-up such as 
is necessary for mixer operation. 

----.------------------------

As we know, it is important 
to the action of a TVA mixer that 
the liquid phase should be dis­
continuous. As soon as the surface 
tension of the liquids present forms 
a sheet of liquid, so that the gas­
eous phase is no longer continuous, 
the mixer operation is in trouble. 
I have been concerned about the 
possibility that this is more likely 
to occur with top feed of the acid 

F. T. Nielsson 

I N 1952 at TVA, I investigated 
the effect of acid addition dur­

ing continuous ammoniation to 
tie-up more ammonia than could 
be absorbed by superphosphate 
alone_ In those tests a super­
muriate mixture was being am­
moniated with anhydrous am­
monia. Initially, phosphoric, nitric, 
and sulfuric acid were sprayed on 
the bed. This was the first time 
that we had tried the use of acids. 

Phosphoric acid caused a fair 
amount of white fume to be 
evolved_ Sulfuric acid caused dense 
white fume evolution. The use of 
nitric acid resulted in brown fume 
evolution, and no nitrate nitrogen 
was found in the product. 

A subsequent test with sulfuric 
acid being added under the bed 
indicated that fume evolution 
would be minimized. At that time 
no further work was tried with 
phosphoric and nitric acids. 

It is well known that phos-

!)!l 

phoric acid added under the bed 
almost completely eliminates the 
fume associated with the use of 
sulfuric acid. Only a plant trial 
will determine how satisfactory the 
spraying of phosphoric acid on top 
of the bed would be. 

lt may cost you only a couple 
of dollars to put a pipe through 
and get a hole and spray it. I 
don't think a plant trial would in­
volve too much work. 

DISCUSSION 
Mr. T. E. Mm-tin: Frank 

Nielsson has been short about this, 
and 1 am sure we all appreciate 
that at this time. So let me say just 
a few words in a few minutes. 

Several users of phosphoric 
acid are at present spraying or drib­
bling the acid on top of the bed 
of the TVA ammoniator. Of course, 
the advantage to be gained by in­
troducing the acid this way is that 
one sparger pipe less is required 



in the bed. Some people are get­
ting an awful mess of piping 
underneath the bed, which inter­
feres with the carrying up and roll­
ing down of the bed in a manner 
which is necessary to proper opera­
tion. 

There are a number of possi­
ble disadvantages in addition to 
the fume problem which Mr. Niels­
son mentioned. One is the foolish 
one of possible splashing of acid, 
causing a personnel hazard or a 
corrosion hazard. This can be 
minimized if you keep the pipe 
spraying the acid low enough. 

The second possible disadvant­
age is that add applied on top of 
the bed with the TVA ammonia tor 
rolls down along with the dry fer­
tilizer to the shell, and then is 
carried up along the shell, largely 
before it is ammoniated. Possibly 
on the second pass-through is when 
it is ammoniated, to a large extent 
at least. 

The reaction tends to be de­
layed then with ammonia. The 
average temperature in liquid 
phase percentage can be different 
from what you are used to if the 
acid is sprayed under the bed. In­
creased shell corrosion might be 
expected. Apparently, from what 
I have seen, there actually isn't any 
increase in shell corrosion, but time 
will tell. 

Another and more serious con­
sequence of this rolldown of the 
acid wetted fertilizer being carried 
up along the shell is that if we 
are putting in large quantities of 
acid, as in some of these high 
analysis grades these days, the fer­
tilizer in contact with the shell may 
be wet enough to be muddy and, 
instead of carrying up and roIling 
down, it may start sliding, and of 
course the TVA ammonia tor does 
not work under these conditions. 

As we know, it is important 
to the reaction of the TVA am­
moniator that the liquid phase 
should be discontinuous, that the 
solid particles wetted with liquid 
should not, by the surface tension 
of the liquid, sheet over and form 
a liquid sheet. If this happens with 
the gaseous phase, no longer a con­
tinuous phase, the mixer operation 
is in trouble. 

I had thought that putting the 
acid on top of the fertilizer bed 

might tend to cause this condition. 
Again, apparently, in actual plant 
trial it doesn't cause it any more 
than putting the acid under the 
bed. 

The eventual distribution of 

the phosphoric acid through the 
mixture or the reaction products 
of phosphoric acid to the mixture 
seems to be about the same when 
it is put on top as when you put 
it under the bed. 

Question No. 13--How Can a No or Low Nitrogen Grade Be 

Formulated Economically to Produce a High Quality 

Granular Product with a Maximum Recovery and Min­

imum Recycle? 

H. P. Bailey 

No Nitrogen Grades 

ONE of the most popular form­
ulations to produce a no Ni­

trogen granulated fertilizer was 
given to me as follows. 

To regular Super, and/or 
Triple, and Potash, add enough 
powdered Calcined Dolomitic 
Lime, chemically known as Mag­
nesium Calcium Oxides, to neutral­
ize a large part of the free acid. 
To neutralize the acid, some oper­
ators formulate by adding 1 lb of 
Oxides per unit of P 205. Others 
add 40 lbs to a 0-25-25 analysis, 35 
Ibs to 0-20-20, 30 lbs to 0-14-14, etc. 
To the mixture of Super, Triple, 
Potash and Oxides, 12% to 14% 
hot water is added, then granulate 
and dry with an exhaust temper­
ature from 250°F to 330°F to pro­
duce a fertilizer having up to 5% 
free water. 

The higher drying tempera­
ture is preferred as it tends to in­
crease productivity. The lower tem­
perature is, of course a must, when 
using the bag dust collecting sys­
tem. 

To obtain productivity and 
quality of product in the no Nitro­
gen grades, probably the most im­
portant operation is to neutralize a 
large part of the free acid. Acids 
are trouble makers. They have a 
tremendous affinity for water. Acids 
plus water tend to make a gummy. 
sticky fertilizer that may lead to 
bagging problems, bag rot and cak­
ing. 

Some operators maintain pro­
duction controls to be sure the fin­
ished fertilizer has a low acidity. 
'When this is done, they can pro­
duce a quality product having up to 
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5% free water at a high produc­
tivity. 

Other operators doing little or 
nothing about controlling acidity 
have found that it is necessary to 
aim for I (:~ free water to obtain a 
quality product. Since more free 
water is therefore removed, an ex­
tra load is put on the dryer and 
productivity is off considerably. 

According to information 
given me, production was increased 
up to 100% when the free water 
tes.ted 5% and the free acid less 
than Yz % as compared with 1% 
water and over 2% acid. 

Low Nitrogen Granulated Grades 
There are probably four im­

portant operations to produce the 
low Nitrogen granulated grades. 
No. 1 Ammoniation temperature 

should be 220°F or higher. 
No. 2 Reduce heat radiation. 
No. 3 Control the acidity of the 

finished fertilizer. 
No. 4 Reduce the free water to 

less than 3%. 
Let us discuss each one of 

these. 
Referring to Operation No. 1-

Ammoniation Temperature. To 
produce the hard, strong granule. I 
find the operators agree almost 
100% that it is necessary to a,m­
moniate at 220°F or higher. II a 
lower temperature is employed, 
there is a tendency to produce the 
soft, weak granule that may bag 
cake. Chemical heat has been 
found to be very satisfactory to de­
velop the 220 0 minimum tempera­
ture. The following simple method 
may be used to estimate the am­
moniation temperature. 

For each pound of anhydrous 



ammonia neutralized, add 1.7°F 
per ton of fertilizer. Therefore, if 
you formulate with 100 Ibs of NH3 , 

a temperature of about 170° is de­
veloped. Adding the raw material 
pile temperature which is assumed 
to be 68°, we have a total tempera­
ture of 238°F. This temperature is 
well above the minimum 220° and 
should enable you to produce the 
hard, strong granule. 

Now let us take another ex­
ample. Suppose the formulation 
calls for only 75 lbs of NH H, or, 
putting it another way, suppose 
there are good reasons for only 
formulating with 75 Ibs of NH" 
and you choose to obtain any ad­
ditional nitrogen from another 
source. This 75 Ibs of NH H, multi­
plied by the factor 1.7 develops a 
temperature of about 128°F. add­
ing the 68° pile temperature, we 
have a total of 196°, or 24° less 
than the recommended minium 
temperature. 

To develop the additional 24°. 
operators have found the Powdered 
Magnesium Calcium Oxides to be 
the best and most economical al­
kali. This material, when neu­
tralized, develops a temperature 
rise of about 1.2°F per lb per ton 
of fertilizer. Therefore, the addi­
tion of 20 lbs of Oxides develops 
about 24° plus the 1960 to make a 
total of 220°, thereby meeting the 
recommended miniumum tempera­
ture. 

Referring to Operation No. 2-
reduce heat radiation. As ex­
plained before, 100 Ibs of NH" 
should develop an ammoniation 
temperature of about 238 0

, how­
ever, many plants only develop 
about 1800 or so. On the other 
hand, plants ammoniating with the 
70 Ibs of NH" plus 20 lbs of Oxides 
often develop a temperature as 
high as 250 0 instead of 220 0 as esti­
mated before. v\Thy the difference? 
Here's a possibie explanation. 
Some operators wind sweep their 
process thereby removing consider­
able chemical heat. Wind sweep­
ing may have its place in certain 
high analysis formulations where it 
is no problem to develop high tem­
peratures and where it is necessary 
to control the chemical heat. How­
ever, in the low nitrogen grades 
where it is usually a problem to 
develop enough chemical heat, 
wind sweeping is not recommend-

ed. A few operators have realized 
this and omitted the operation, in 
fact, some are now employing a 
closed granulating process opera­
ting under 10 Ibs or more pressure 
by the use of flapper valves. This 
tends to conserve the chemical heat 
and causes an additional tempera. 
ture rise. 

Referring to Operation No.3 
-Control of Acidity. This is also 
recommended in the low nitrogen 
grades as well as in the no nitro­
gen. Again, the addition of powd­
ered Magnesium Calcium Oxides 
is recommended to reduce the 
acidity and for a simple plant con­
trol test where comparative results 
are acceptable, the use of Methyl 
Orange is satisfactory providing the 
color test indicates the pH is above 
4.3. This indicator has a pH range 
from about 3.3 to 4.3 Fertilizer 
may be tested by spotting the in­
dicator directly upon the surface 
of the sample and noting the color 
change. Fertilizer testing about 5 
pH should be all right, below this 
you may experience difficulties. 

Referring to Operation No.4 
-Reduce the Free 'Vater to Less 
than 3%. The removal of water 
halts chemical reactions and crystal­
ization, and in turn prevents bag 
caking. It follows that a low free 
water content is preferred as it 0[­

fers some insurance towards the 
production of a quality product. 
On the other hand, the removal of 
water is an item of expense and 
will tend to influence productivity. 
A large number of operators say 
they are well satisfied with less than 
3% free water providing they am­
moniate at 220°F or higher amI 

police the acidity as discussed be­
fore. 

Productivity 
To formulate a low Kitrogen 

analysis, some operators believe 
raw material cost is the "yardstick." 
And there are others who prefer to 
use more chemicals and in this way 
increase productivity. The latte~ 
will show a higher raw material 
formulating cost but a lower over­
all cost which is what counts. 

For example. Many operators 
formulate with extra Sulphuric 
Acid and Powdered Magnesium 
Calcium Oxides. The acid replaces 
part of the water as the liquid 
phase and therefore less water is to 
be driven off. This puts a smaller 
load on the dryer, also less recycle 
is reported thereby increasing pro­
ductivity. As for the Oxides, they 
neutralize some of the acid, raise 
the temperature to speed up the 
chemical reactivity and also form 
hydrated salts, again putting a 
smaller load on the dryer. Possibly 
20 Ibs of Oxides will combine with 
as much as 30 Ibs of free water. 

In a 4-16-16 analysis, some 
operators add up to 220 Ibs of 600 

Sulphuric Acid. 
In a 5-20-20, up to 300 Ibs have 

been added. 
Plants using the high Acid­

Oxides have reportedly increased 
their production up to 400%. 

I am grateful to some 600 oper­
ators, technical and research men 
from Florida to Canada who have 
assisted me in preparing this paper 
and would like to take this oppor· 
tunity to acknowledge and thank 
them very much. 

Question No. IS-Economics of Phosphoric Acid In Granu­
lation. 

Chairman Sallchelli: \Ve shall 
go to Question No. 16, "A discus­
sion of the economics of phosphoric 
acid in fertilizer formulations," 

which is something of increasing 
importance, something new. 

vVe have Carl Schumaker to 
discuss this question. 

c. P. Schumacher 

I WOULD like to start by saying 
that I believe the key to the 

economics or the economic use of 
phosphoric acid is its synergistic 
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effect with normal superphosphate. 
Phosphoric add has a synergistic 
effect with normal superphosphate. 
There is a gypsum action which 



does permit phosphoric acid to be 
ammoniated at higher than normal 
rates in the presence of normal 
superphosphate. \Vhen the units of 
p 205 from phosphoric acid are one­
half or less than the units of P 205 
from normal superphosphate, we 
find that this amount of phosphoric 
acid can be ammoniated at rates as 
high as IO.8 pounds of ammonia 
per unit of P 20". This we believe 
is the key and does promote higher 
ammoniation rates in phosphoric 
acid and superphosphate combina­
tions. 

The triangular diagram which 
our people have worked out was 
mentioned earlier, and I do have 
a slide of it here if we could have 
it projected, please. 

(Slide) This represents 100 

Thc.or ... t,<.al A ......... on .... HcI6'~ 
c ... ~ ...... rt:,{ qJ M 'l'uI Ph.>/'hA.1C.~ 
"" K-d, ot NH3 P"~ 

1A~.t o} Ii Os 

per cent triple superphosphate, 
with zero triple superphosphate be­
ing the side of the triangle away 
from me. One hundred per cent 
normal superphosphate is the low­
er left-hand corner, with zero nor­
mal superphosphate being the side 
of the triangle nearer me. The 
base of the triangle is zero phos­
phoric acid for zero P 205 from 
either phosphoric acid, diammoIl­
ium phosphate or monoammonium 
phosphate sources, with the upper 
vertex of the triangle being 100 per 
cent P205 from these sources. 

There are lines on this dia-

gram indicating ammoniation rates 
at any position within the triangu­
lar diagram. You see up here 100 
per cent P 205 from phosphoric 
acid, diammonium phosphate, or 
monoammonium phosphate. We 
find that P 205 can be ammoniated 
at a rate, if you follow this line 
up, of 7.2 pounds ammonia per 
unit of P 205' 

In order to draw a chart such 
as this, we have to consider specific 
values for ammoniation rates, and 
we have chosen a specific value for 
triple of 4 pounds of ammonia per 
unit of P 205 and 6 pounds of am­
monia on normal superphosphate. 

The actual ammoniation rates 
that you would find in normal pro­
duction may vary from this and 
can be taken into account when 

using this chart by selecting the 
point on the chart and determin­
ing the ammoniation rate. If you 
find that the rates in actual prac­
tice are lower than the ones we 
have used here, by a percentage 
factor you can reduce the expected 
ammoniation rate. 

The way this chart is used is 
to determine in any given formula­
tion the total per cent of P 205 re­
quirements obtained from each of 
the three P 205 sources. The point 
right in the middle, for instance, 
would be 33 per cent P 205 from 
normal, 33 per cent from triple, 

and 33 per cent from phosphoric 
acid. A point down at the bottom 
half·way in between normal and 
triple would have zero phosphoric 
acid in it. A point at this side 
of the chart would have zero nor­
mal superphosphate. 

I have drawn another line on 
this triangular diagram, which is 
this curved line coming up on the 
ldt-hand corner there. These are 
P 20 5 compositions which we have 
found produce workable 12·12-12 
formulations. At the bottom of the 
line we are making a 12·12-]2 with 
no phosphoric acid. If we increase 
phosphoric acid in the formulation 
to the point where it replaces all 
of the triple superphosphate, which 
puts it on this side of the diagram, 
we see that our ammoniation rate 
is increased from theoretical 5.6 up 
to 7.6. 

This we believe is the key to 
the economic use of phosphoric 
acid. You improve your ammonia­
don rate and, in improving the am­
moniation rate, you can potentially 
use more solution, you can potenti­
ally use less sulfate, you can poten­
tially eliminate the use of sulfuric 
acid which contributes nothing but 
cost to the formulation. It contri­
butes no nutrients. 

In actual practice, which is 
where I am afraid we will have 
to move the table back again, for 
the same 12-12-12 formulations I 
have plotted cost against phos­
phoric acid content. We find when 
we look at that chart that as you 
plot cost of formulation against 
phosphoric acid content, there is 
frequently a minimum. Formula­
tions are plotted on this curve at 
a constant calculated recycle using 
moisture and heat considerations. 

:'" . 

On the bottom we have 
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pounds of 75 per cent phosphor­
ic acid in the formulation. On 
the side we have the raw materials 
cost of that formulation. This is 
done for a constant recycle con­
sideration. You find the minimum 
cost for this formulation at ap­
proximately 100 pounds of 75 per 
cent phosphoric acid. 

Why is there a minimum? 1£ 
phosphoric acid is so good, why 
not replace all of the triple super­
phosphate? 

As Mr. Hignett pointed out, 
phosphoric acid does contribute 
moisture to the formulation, and 
you have to do something about 
this moisture consideration. That 
requires the addition of more dry 
material. In this particular series 
of formulations the cost has been 
decreasing as we increased the 
amount of phosphoric acid up to 
lOO pounds, because we are using 
less sulfuric acid. I have the exact 
formulations here, and I note as 
we increase phosphoric acid we are 
increasing the amount of ammon­
ium sulfate each time in very small 
increments in order to keep the 
formulation at a certain dryness, 
that is, to keep the liquid phase at 
a certain maximum. ''\Then we go 
beyond 100 pounds of phosphoric 
acid we lose control of the thing, 
and we are adding so much mois­
ture we have to add excessive 
amounts of ammonium sulfate. 

This is where the economics 
of phosphoric acid can backfire on 
you. I should point out that this 
is true of this 12-12-12 run which 
was made. It is not necessarily true 
of all 12-12-12 runs or all other 
1-1-1 runs. It is all a function of 
raw material costs which is a fac­
tor depending on where your plant 
is located and what raw materials 
<.ire available. 

The raw material costs used in 
this example are $1 per unit for 
normal superphosphate, $1.33 per 
unit for triple superphosphate, 
$1.49 a unit for phosphoric acid, 
60 cents a unit for potash, $21.20 
a ton for sulfuric acid, and $1.35 a 
unit for the nitrogen solution used. 
This is a high fixed-to-free ratio 
nitrogen solution, Solution 410, 
having ammonia 19 per cent and 
ammonium nitrate 72.5 per cent. 

\Vhen we find in some cases 
the liquid phase is increasing and 

the use of phosphoric acid has 
gotten out of hand, there are cer­
tain advantages to using dry forms 
of P ~05 which have similar am­
moniation characteristi<:s to phos­
phori<: acid. These dry forms can 
be diammonium phosphate or 
monoammonium phosphate. Al­
though here once again the eco­
nomics may be a problem, these 
materials could possibly be con­
sidered as giving good economic 
formulations depending upon your 
geographical location. 

Chairman Sauchelli: Thank 
you, CarL 

Any questions to ask Mr. 
Schumaker? 

Mr. D. DeLapp: My name is 
DeLapp, American Cyanamid Com-

pany. I would like to know if the 
curve which was presented last re­
flected a 25 per cent water content 
phosphori<: acid or an 18 per cent 
water content phosphoric acid. 

Mr. Schumaker: That was 75 
per cent acid containing 25 per 
cent water. 

Mr. DeLapp: ·Would a curve 
with wet process acid that contains 
less water continue the poundage 
of phosphoric acid out to a lower 
amount and affect the total cost 
of the formulation? Have you 
made a similar calculation? 

Afr. Schumaker: I have not, 
but it would be of interest and I 
think you might be right. You 
would not be fighting the water 
problem as much. 

Packaging Survey 
W. F. Jacobi 

The studies which we have 
made are also made by any of the 
major suppliers for the larger com­
panies. I t is a service which most 
of them perform. Actually it is in­
dustrial engineering, a study of ma­
terials handling, the problems in· 
volved, what it means to you in 
dollars and cents. 

We have with us this after­
noon a very distinguished panel of 
bag people down here: Stewart Eck­
ers of Bemis Bro. Bag Co., Travis 
P. G. Barham of St. Regis Paper 
Co., and Ed Pyle of Raymond Bag 
Co. 

Over the past year and a half 
we have madt; a lot of plant sur· 
veys. By "plant surveys" I mean 
time studies. 'We have set up stan­
dards for handling bags-for in­
stance, a hand truck, pallet loads, 
conveyors, that type of thing. We 
have tried to level it geographical­
ly in different parts of the country, 
union and non-union plants, the 
time involved, different types of 
personnel. 

vVe set up these standards and 
tables on the basis that you should 
know whether or not you have com­
petent personnel. In other words, 
it is generally a matter of opinion. 
Someone says, "Boy, I have the best 
bag hanger in the business. He can 
hang bags faster than anybody that 
you know of." Of course, he might 
put half of them on the !ioor, but 
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he can handle bags faster than 
anybody else. Or you will hear 
someone say, "I have the best sew­
er in the business. He can sew faster 
tban anybody else." But generally 
we have found that is a matter of 
opinion. No standards have been 
established as to what you should 
get per-hour per-man. It is usually 
a matter of guesswork or a matter 
of how the superintendent of the 
plant or the bagging foreman feels 
about it. 

So we endeavor to go into 
these various plants and study them 
right from the outset, their pres­
ent methods of operation, the stan­
dard times involved in doing that, 
what it costs them per ton to do 
that, and then sit down and analyze 
and figure how this can be leveled. 
out. 

Actually, we came up with a 
total savings average on these 
plants of 48 cents per ton, which is. 
not hay in these days of price-cut­
ting, unstabilized products, and so 
forth. 

These charts which I shall 
show you are projected on the basis 
of 16 companies. These 16 com­
panies were picked geographically. 
In other words, we took companies 
in the Midwest, the Southeast, and 
the Northeast. \Ve took not so 
many in the Northeast, for there 
are not too many up there. The 
Southeast differs so much from the 



Midwest in its methods of handling 
and packing that we had to bal­
ance these. 

So we took 16 companies. 
These 10 companies had 3<1 plants. 
The 34 plants were surveyed. We 
made time studies, as I explained 
before. ''''e made cost analyses. vVe 
analyzed their present operations, 
projected what could be done, and 
then waited until it was done in 
order to set this up. In other 
words, this is not theory. 'Nhat I 
want to show you now is factual. 
It has been done. \Ve could give 
you the names of the companies. 
'Ve don't intend to, because I don't 
think you would want me to give 
your confiderltial figures, and I 
know the other people wouldn't 
want me to. Actually, I can assure 
you at any time we could substan­
tiate this. 

I want to make another thing 
clear before we even start, that this 
can be done by yourselves if you 
want to spend your own money. 
This sort of thing can be (lone by 
your suppliers, is being done hy 
your suppliers, and if I were you 
I would take advantage of it, be­
cause surely if I were in business 
for myself I would get everything 
I could get for nothing, believe me. 
So these services are available. 

'Ve broke these down into two 
categories: One is your present 
metllOtl of handling, your present 
method of materials packing. 
There is an error on these charts 
which j will show you. vVe are 
talking about product savings. 
When we talk about product sav· 
ings we are talking ahout the sav­
ings that can be made in weight, 

Atlanta 
Charlotte 
Knoxville 

Available by 
Convers ion to 

Recommended Equip. 
& Bog Types on 
all Paper Bags 

;;; 9,507.75 
13,519.39 
4,246,75 

$27,373.89 

handling, and other things. In 
other words, if a man dumps 50 
pounds on the floor you are not go­
ing to get 50 pounds back when 
you pick it up. I believe it was Al 
Spillman who said the other day 
you sneak it back into the eleva­
tor. You dump 50 pounds, gentle­
men, and you are going to get only 
35 pounds hack in that elevator, 
believe me, because most of the 
Hoors have big cracks in them and 
that is where it goes. All this in­
cludes materials savings or product 
saving as far as your weights are 
concerned, as far as waste is con­
cerned, and as far as good house­
keeping is concerned. 

The other point which it in­
cludes, which, as I said before, any 
of these big hag companies can do, 
is redesign. By that I mean not 
only construction. The average 
bag salesman comes in and says, "1 
can save yOll $10 basis weight," 
which means $1.50 per thousand. 
The fact that it breaks all over the 
lot and it costs you .$2 a thousand 
to replace them is overlooked. The 
point is, it includes not only basis 
weight and construction hut rede­
sign as far as the type of paper that 
you are using. 

Somebody's great grandfather 
may have founded the firm and he 
used a yellow sheet of paper which 
he thought was beautiful and 
which was cheap at that time and 
he persists in using it. 'Vhen you 
analyze it, that yellow paper may 
be costing you two or three cents 
a fertilizer ton when it isn't even 
necessary. Or it could be hrown or 
green, or whatever it is. Good re­
design as far as the art work is con-

Summary of Annual Savings 

Available by 
Conversion to 

Recommended Equip. 
200 Pound Bags 

$·4,050.00 
2,093.60 
1,128.00 

$7,271.60 

Available by 
Material Give­
away Reduction 

53,150.00 
1,952.20 
1,200.00 

$6,302.20 

OTHER ADVANTAGES 

I. Higher equipment operating efficiency. 
2. Reduced overtime labor costs. 
3. Lower bag breakage. 
4. Added sales appeal 
5. Easier handling. 
6. Improved customer service. 
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cerned is not just for the aesthetic 
values but it actually can amount 
to dollars and cents as to what you 
can save on redesigning your art 
work to fit into a family package 
an dstiIl at the same time enable 
you to take advantage of cheaper 
materials. 

I think that is the thing that 
is most important to all of us in 
this penny business, where your 
profits amount to pennies, where 
you must save it. That was one 
phase. 

The other phase was the stud v 
of the bagging operations. I shall 
not go into what types of bagging 
operations. I think you have all 
been belabored with the variom 
people who are selling open-mouth 
packers, valve packers, and so forth. 
I am sure all of you are well ac­
quainted with that story, so I shall 
not go into that, hut there is money 
to be saved all the way along the 
line. 

Should you use hand trucks? 
Should you use conveyors? Should 
you use pallets? Each one of those 
presents a problem. There is no 
over-all answer to that. A plant 
which has lots of room can use pal­
lets, but a plant which is limited 
in its space cannot use pallets. Re­
member that a lift truck has to 
turn around. It has to maneuver. 
~What are you going to do with this 
aisle space? Or maybe it is con­
veyors. It seems wonderful that 
you just put stuff off the end of 
the packer and it goes on a convey­
or right out to the truck or the car. 
That is fine if the truck or car can 
get to the same place each time. 
But when you have five or six 

Available by 
Improved 

Material Hdlg. 

$15,413.60 

$15,413.60 

Combined 
Total 

Savings 

$16,707.75 
32,978.79 
6,574.75 

$56,261.29 



trucks lined up and two or three 
cars, you can't get them to the same 
place. So our studies indicate that 

the good old hand truck is not to 
be overlooked. A hand truck which 
can go eight high and load them 

Type 

Atlantic Plant 
75M Tons-Annual Capacity 

40 % Paper-l00 Pounds 
60% Burlap-200 Pounds 

Analysis Grade Bag Type Bag Size 

Approx. Approx. 

Percentage Tons Bagged 
Total Tonnage In Paper 

-.----. 
Pelletized 

Pulverizer 
Pulvedzer 

Capacity 

100 

100 

100 
50 

50 

Type 

Pulv. 
Pulv. 

5-10-10 SOM 180x4x33 1.0 450 
8·0-24 SOM 18.0x4x33 3 900 

10-10-10 SOM 18.0x4x33 5.0 1650 
20% Super SV 18Yzx5x34 Yz 150 

Other SV 18Yzx5x32 89.0 26,850 
~--~ 

TOTAL: 100 30,000 

Tonnage in Paper (40% x 75,000) 30,000 tons 
Tonnage in Burlap (60% x 75,000) - 45,000 tons 

---.-

TOTAL: 75,000 tons 

Charlotte Plant 
60M Tons - Annual Capacity 

60 % Paper-50 and 100 pound capacity 
40 % Burlap-200 pound capacity 

Approx. % Approximate 
Analysis Bag Bag 

Type Grade Type Size 

Pulv. 20% Super SV 18Yzx5x34 
Pulv. 0-14-14 SV 18Yzx5x34 
Pulv. 4-12-12 SV 18.0x5x34 
Pell. 6-8-6 SOM 18.0x4x33 
Pel!. 8-0-24 
Pell. 8-8-8 
Pell. 10-10-10 
Pell. 14-0-14 
Pulv. Other SV 18y;x5x32 
Pell. 5-10-10 SOM 13.0x4x26 
Pell. 10-10-10 " 
Pel!. 14-0-14 
Pulv. 2-12-12 SV 13.0x4x29 
Pulv. 6-8-6 

TOTAL: 

Tonnage in Paper (60% of 60,000) 
Tonnage in Burlap (40% of 60,000) 

TOTAL: 

Knoxville Plant 
50M Tons-Annual Capacity 

20 % Paper-l00 Pounds 
80%, Burlap-200 Pounds 

Total 
Tonnage 

3 
4 
3Yz 
I 

Yz 
2 
3 

67Y; 
2 
3 

.0 
8 
1 

100 
36,000 
24,000 

60,000 

Approximate 

tons Bagged 
in Poper 

1,080 
1,440 
1,260 

360 
180 
720 

1,080 
360 

24,300 
720 

1,080 
180 

2,880 
360 

36,000 

Percentage Approximate 

Analysis Grade 

20% Super 
Other 

Bag Type 

SV 
SV 

Bag Size 

18.0x5x34 
18.0x5x32 

TOTAL: 

Total Tons Bagged 
Tonnage 

Yz 
99Yz 

100 

in Paper 

50 
9,950 

Tonnage in 
Tonnage In 

Paper (20% - 50,000) 
Burlap (20% - 50,000) 

10,000 
10,000 
40,000 

TOTAL: 50,000 
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into a truck. eight high is not to be 
overlooked. 

Our studies indicate that 25 
per cent of the time in trucking 
is spent in waiting. In other words, 
when you have hand trucks moving 
back and forth, 25 per cent of the 
time is spent waiting while one 
truck is being loaded before the 
next one can be moved in. The 
solution to that is very simple. 

The same way with pallets. I 
have gone into plant after plant 
where the pallet is set in front of 
the off-loading conveyor and people 
are waiting while they load this 
pallet. The lift truck takes it away, 
the next pallet is not there, and 
everyone stands around and waits. 
There is no reason whv vou can't 
line up three or four r;allets on a 
roller conveyor and move them 
under so the lift truck will take 
the pallet on the end. This is cost­
ing you dollars and cents. You 
would be amazed the amount of 
money that it does cost you. 

I shall show you a few charts 
because I know I am limited on 
time, and I shall take advantage of 
getting out of here easily by throw­
ing these charts on. I want to show 
you some time studies which were 
made on hand trucks, on pallets, 
and on conveyors. 1 shall not put 
them on there long enough for you 
to study them, for two reasons. 
One, we are limited in time and, 
two, you might ask me a question 
1 couldn't answer, and I don't want 
to be embarrassed. 

Method of Conducting Survey 
To obtain and analyze the neces­
sary data for this s'urvey and to 
recommend more efficient equip­
ment and methods to effect real­
istic savings of $56,261.29, the pro­
cedure used was to: 

1. Visit the Atlantic, Charlotte, 
and Knoxville plants to ob­
tain and record data on pres­
ent: 
a) Analysis of paper sacks in­

cluding: 
I) Type bag used 
2) Weight of filled bags 
3) Filled height 
4) Stacking dimensions 
5) General appearance 

b) Bag types, sizes, construc­
tion, printing, special fea­
tures and costs. 

c) Packing equipment, meth­
ods, rates and personnel. 



d) Material handling equip­
ment, rates, methods and 
personnel. 

2. Analyze the above data and 
recommend more efficient 
methods and equipment to ef­
fect savings. This required a 
detailed breakdown of both 
present and proposed labor 
and material cost. 

3. Substantiate the revised bag 
sizes by conducting bag filling 
trials, checking: 
a) Bag dimensions and speci­

fications 
b) Filled weight and height 
c) Stacking and pallet dimen­

sions 
d) General appearance 

During filling trials particular 
ttention was paid to the less dense, 
lulverized grades (20% superphos­
Ihate, 0-14-14, and 4-12-12) and all 
_elletized grades. Due to certain 
nalyses not being packed under 
egular production conditions, all 
_rands were not checked in this 
lanner. However, where possible, 
ontents of filled bags in storage 
rere substituted. 

:lecommendations for All Plants 
. Convert all sewn valve bags to 

sewn open mouth style including 
the Sew Strong reinforcing tapes. 
Convert bag filling equipment at 
all plants to automatic high 
speed l&C open mouth filling 
scales. 
Adopt the use of wooden pallets 
and fork trucks at Charlotte. 

The total equipment cost of 
dopting this program would 
mount to $28,682.80 and would 
esult in a saving of $56,261.29. 
'he payoff period, therefore, is .58 

years, or slightly more than one­
half year. 

DISCUSSION 
Monitor iUarshall: Has any­

body any questions? vVe have a few 
minutes for a very few questions. 

Afr. W. B. Bird (Summer Fer­
tilizer Co., Baltimore): What are 
the advantages and disadvantages 
between gusset bags and tubular 
bags? 

Mr. Jacobi: Flat bags. Do you 
want to answer that, Stewart? 

Mr. Stewart Eckers (Bemis 
Bro. Bag Co.): The advantage in 
the gusset bag would be, No.1, 
that it would give you a better 
package, a better looking package; 
and, No.2, the bag itself is strong­
er because it is handled by the ends 
and the gusset reinforces it for 
handling. However, a lot of flat 
tube bags are being used. If you 
want to make a real, honest-to­
goodness comparison, you will use 
less paper in the flat tube bag than 
you will in your gusset bag. 

Does that answer it? 
Mr. Bh'd: Yes. 
Mr. Jacobi: On a flag bag or 

flat tube, if you were using a 15 by 
4, let's say, or 15 by 15 gusset bag, 
you would have 20 inches where 
you have 25 inches across the base. 
If you should convert that to a 
flat tube, you would then have a 
20-inch base, which would increase 
the cost of your sewing materials 
25 per cent or thereabouts. So if 
you figure that the average cost per 
thousand bags is about $1.25 or 
$1.30 for closing materials, if you 
take the gusset out of it, gentle­
men, you will increase that any­
thing from 20 to 25 per cent on 
your materials costs. 

Final Comments by Chairman 
I want to say something about 

le attendance at this meeting. Dr. 
farshall gave me a very nice break­
own by states, and it is an interest-
19 thing. You ought to know 
)mething about it. 

Apparently we have here to­
ay at least 274 people from the 
rea east of the Mississippi and 
orth of the line Arkansas-Tennes­
~e-North Carolina, the Northeast. 

In the Southeast, that is, from 
:ates east of Texas, Louisiana, and 

Arkansas as the western line, and 
then the boundary Tennessee and 
North Carolina, 43 people. 

The Southwest and the Pacific, 
19 people. Five from California 
this year. Three from Utah. One 
from New Mexico. Four from the 
great State of Texas. Six from 
Oklahoma. Three from Kansas. 
Two from Nebraska. 

That is an interesting showing. 
It indicates, I think, a number of 
things to us: the intense interest 
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in granulation and ammomatIOn. 
The Southeast apparently has prob­
lems which are a little different 
from the Middle West and the 
Northeast, because they do not do 
so much granulation and ammon­
iation there. Maybe that is one rea­
son that next year we should con­
centrate on some of the problems 
of the Southeast with the nongran­
ulated fertilizers, and induce more 
people from that region to attend 
our Round Table because we will 
be dealing specifically with prob­
lems which are peculiar to their 
region. 

vVe have seven visitors from 
Canada, two from The Nether­
lands, one from Cuba, one from 
Free China. I wonder if those peo­
ple are here now. I would like 
them to stand up. (Applause) 

From Cuba. (Applause) I 
think you were here last year, were 
you not? 

And our good friends from 
Canada. W'e have quite a delega­
tion here. (Applause) 

And our visitor from Taiwan, 
which apparently is doing a big 
job in fertilizer. I am familiar with 
some of their work. The fertilizer 
developments on that little island 
of Formosa are very significant. 
They are doing an excellent job. 

\Ve hope that our friends from 
overseas will continue to come. We 
know there has been a large de­
mand for the Proceedings of the 
Round Table from countries over­
seas. It shows the tremendous in­
crease in interest in fertilizer tech­
nology which is occurring all over 
the world. 

\Ve have a minute for anyone 
who has a word to say for the good 
of the Round Table. 

Mr. Wayne W. King: I have 
been asked by mutually minded 
and interested people to thank this 
committee for a teriffic job. I don't 
know how you are going to thank 
anybody for doing all that free 
work, but I will make this one little 
comment. There is a corporate in­
vestment here this week of pretty 
close to $7500 to $10,000 an hour. 
I think that is something. That is 
what is costs. 

Chairman Sauchelli: On be­
half of the Committee I want to 
thank all the men who have spent, 



I know, a great deal of time and 
energy in preparing their talks to 
present here. \Ye regret that some­
times we have had to cut them 
short on time. I know that every 
one is serious in his preparation in 
order to present to you the benefit 
of his thinking. 

lVe want to thank the whole 
membership for their fine spirit of 

cooperation. We hope that that 
will continue, because we need 
your suggestions for next year's pro­
gram. If it is to be a success, it 
must have your cooperation. You 
have those cards which were hand­
ed out to you this morning. Please 
let us have your suggestions. 

Don't depend on those cards. 
'When you get home, if you have 
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some fresh thoughts, jot them down 
and send them in to anyone of 
us on your Committee. We shall be 
glad to get them. \Ve need your 
help if we are to make the pro­
gram a success next year. 

So we will adjourn this 1958 
meeting of the Round Table. I 
believe it was a grand success. 
Thank you all. 



Index of Participants in Program 

Bailey, Herbert P. 
Chemical Engineer 
Moores Lime Company 
Springfield, Ohio 

Bonn, David E. 
Supervising Engineer 
American Air Filter Company 
Louisville, Kentucky 

Bosman, T. J. 
Federal Chemical Company 
Nashville, Tennessee 

Bridger, G. L 
Director of Ag. Chem. Research 
'V. R. Grace & Company 
'Washington Research Center 
Baltimore, Maryland 

Campbell, William F. 
Field Engineer 
Haynes Stellite Company 
Claymont, Delaware 

Castagno, Paul 
Technical Service Representative 
Spencer Chemical Company 
Merriam, Kansas 

Causey, Hubert E. 
Technical Sales Engineer 
International Minerals & Chemical Corp. 
Skokie, Illinois 

Crowder, John P., Jr. 
Group Leader-Res. & Dev. 
Virginia.Carolina Chemical Corp. 
Richmond, Virginia 

Daniel, John M., Jr. 
Sect. Leader, Fert. Proc. & Mech. Div. 
Virginia-Carolina Chemical Corp. 
Richmond, Virginia 

Daniels, Stewart D. 
Manager, Technical Service 
Monsanto Chemical Company 
St. Louis, Missouri 

Doelling, James E. 
Vice Pres.-Industrial Sales 
Bowser, Inc. 
Fort 'Wayne, Indiana 

Felch, Elroy L. 
Engineer 
American Agricultural Chemical Co. 
New York, New York 

Foote, William A. 
Sales Representative 
Dustex Corporation 
Buffalo, New York 

108 

Franklin, Charles E. 
Manager, Technical Service 
Phillips Petroleum Company 
Bartlesville, Oklahoma 

Harwood, William W. 
Ch. Chemist, Phosphate Chem. Div. 
International Minerals & Chemical Corp. 
Bartow, Florida 

Henderson, Albert E. 
'Vilson & Toomer Fertilizer Company 
Jacksonville, Florida 

Hignett, Travis P. 
Chief, Development Branch 
Tennessee Valley Authority 
\Yilson Dam, Alabama 

Hill, William L. 
Chemist 
U. S. Department of Agriculture 
Beltsville, Maryland 

Hoffman, Clair A. 
Regional Engineer 
\Yheela brator Corporation 
Philadelphia, Pennsylvania 

Jackson, AHen S. 
Vice President 
Fertilizer Equipment Sales Corp. 
Atlanta, Georgia 

Jacobi, William F. 
Package Engineering Division 
Union Bag.Camp Paper Corp. 
New York, New York 

Jessen, Jesse C. 
Group Supervisor 
Maintenance Engineering 
E. I. du Pont de Nemours & Co. 
·Wilmington, Delaware 

Jones, W. 
E. I. du Pont de Nemours & Co. 
'Vilmington, Delaware 

Jones, William E. 
Manager, Fertilizer Division 
Northwest Cooperative Mills 
St. Paul, Minnesota 

King, Wayne W. 
Assistant Vice President 
The W. S. Tyler Company 
Baltimore, Maryland 

Lang, George E., III 
Head, Engineering Dept. 
Edw. Renneburg & Sons Co. 
Baltimore, Maryland 



Leach, l. M. 
Production Manager 
Indiana Farm Bureau Coop. Assn .. Inc. 
Indianapolis, Indiana 

MacDonald, Robert A. 
Technical Service 
Potash Company of America 
Carlsbad, New Mexico 

Madigan, James E., 
President 
Fertilizer Engineering & Equipment Co., Inc. 
1\'1adison, \Visconsin 

Major, C. J. 
Technical Representative 
Spencer Chemical Company 
Atlanta, Georgia 

Marburger, Grant C. 
Technical Service Supervisor 
Spencer Chemical Company 
Kansas City, Missouri 

Marshall, H. L. 
Chief Chemist 
Olin Mathieson Chemi(:al Corp. 
Baltimore, ;\1aryland 

Martin, Thomas E. 
U. S. Industrial Chemicals Co. 
Champaign, Illinois 

Mautner, William G. 
Fertilizer Research Director 
Baugh & Sons Company 
Baltimore, Maryland 

Nielsson, Francis T. 
Production Coordinator 
International Minerals & Chemical Corp. 
Old Orchard Road 
Skokie, Illinois 

Perrine, Elmer C. 
Technical Service RepresentatiH; 
Nitrogen Division 
Allied Chemical Corporation 
New York, New York 

Post, Nicholas K. 
Manager, Industrial Applications 
Airkem, Inc. 
New York, New York 

Prosser, Joseph L. 
Manager, Service & Construction 
The A. J. Sackett & Sons Company 
Baltimore 24, Maryland 

Retzke, F. A. 
Smith Agricultural Chemical Company 
Columbus, Ohio 

Reynolds, J. E., Jr. 
Oper. Mgr., Mixed Fertilizer Div. 
Davison Chemical Company 
Baltimore, Ylaryland 

109 

Robinson, Robert E. 
Atlanta Utility Works 
East Point, Georgia 

Sachsel, George F. 
Asst. Chief, Chern. Eng. Research 
Battelle Memorial Institute 
Columbus, Ohio 

Sackett, Walter J. 
Vice President 
The A. J. Sackett & Sons Company 
Baltimore, Maryland 

Sauchelli, Vincent 
National Plant Food Institute 
Washington, D. C. 

Schaffnit, W. E. 
Stedman Foundry & Machine Co. 
Philadelphia, Pennsylvania 

Schmalz, T. R. 
F. S. Royster Guano Company 
Norfolk, Virginia 

Schumacher, Carl P. 
Technical Service Supervisor 
Monsanto Chemical Company 
St. Louis, Missouri 

Sharp, Joe C. 
Manager, Technical Service 
Agricultural Chemicals 
Spencer Chemical Company 
Kansas City, Missouri 

Shelby, Sam E. 
Vice President 
Federal Chemical Company 
Louisville, Kentucky 

Smith, Rodger C. 
Head, Fertilizer Research 
Eastern States Farmers' Exchange 
West Springfield, Massachusetts 

Spillman, Albert 
General Yfanager 
Fertilizer Mfg. Cooperative, Inc. 
Baltimore, Maryland 

Strauss, William I. 
Chemical Industry Sales 
Foxboro Company 
Foxboro. Massachusetts 

Tatum, H. Barnett 
Technical Service Representative 
U. S. Phosphoric Products 
Indianapolis, Indiana 

Tucker, Hubert H. 
Sohio Chemical Company 
Lima, Ohio 



Notes 



Notes 



Notes 




