












































































































10, No.8, 50,1, 91, 93, 95, 97 
(1955). 

Hardesty, J. 0., and Kumagai, 
Rikio. Factors Influencing the Effi, 

ciency of Fertilizer Conditioners. 
Agr. Chemicals 7, No.2, 38,9, 115, 
117, 119: Ibid. No.3, H, 125, 129 
(1952). 

What Experience Has Anyone With a Dust 
Collector for Hygroscopic Materials? With 

Bags Plugging up With Dampish Dust? 

louis F. Cizek 

O NE of the by'products of the 
entrance of granulation proc, 

esses into the mixed fertilizer in' 
dustry is the dust control problem. 
Any of the methods used involves the 
drying and cooling of the fertilizer. 
The use of rotary type dryers and 
coolers are universally agreed to be 
the most satisfactory, considering the 
amount of heat and moisture required 
to be transferred in relation to value 
of the product mixed fertilizer. 

During the past 8 years of ex' 
perience with granulation, our organi, 
z;ation, and I am sure this experience 
is similar to other, has found it neces' 
sary to adjust its thinking as to the 
moisture and temperature levels most 
suitable to granulation under given 
conditions and the temperature and 
moisture of the product necessary. 
The effect is increasing volumes of air 
and moisture to be handled. With the 
use of existing equipment in a plant, 
the effect is to exceed the capacity 
of dust collectors and to reduce the 
efficiency of certain collectors because 
of the presence of moisture. 

In an effort to cope with this 
problem, Eastern States has recently 
completed installation at the Cam' 
bridge, Massachusetts, plant of two 
dust filters in conjunction with two 
classifiers, for the air exhausted from 
the drier. Manufactured by the Kelco 

Cooperative of Baltimore, similar 
equipment has been used on our ship­
ping units for several years. 

The equipment for filtering the 
ex,drier air consists of two identical 
units which operate alternately. Each 
unit consists of 84 orion cloth tubes 
6!t.4" in diameter and 80" long. The 
air enters the bags at the top and 
is exhausted through the cloth with 
use of fan of 12,000 c.m.f. capacity. 
With the use of a gate mechanism 
located at the fan inlet, the flow of 
air is alternated between the two 
units. Shaking mechanisms are in­
stalled to clean the tubes during the 
period that air is not being exhausted 
through the given unit, this accom, 
plished with a timing device. 

To avoid the condensation of 
moisture on tubes and metal, the 
entire filtering unit for the drier air 
is housed in a masonry constructed 
room equipped with a hot air furnace. 
The purpose of the room and furnace 
is to insure that the exhaust air is 
maintained at a temperature above 
its dew point. Thermocouples located 
in the masonry room control the fur­
nace operation. 

Our experience with this par' 
ticular equipment during the few 
weeks of operation to date are as 
follows: 

What Are Some of the Proven Scrubber Systems to 
Control Effluents from Getting into the Atmosphere? 

Can Fumes Be Controlled Without Expensive 
Scrubbers? 

J. E. Rissman 

Scrubbers are employed by the 
fertilizer industry for two main pur, 
poses: 

1. The prevention of atmos' 
pheric pollution by effluent 
dusts and noxious vapors. 
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2. Recovery of valuable ma­
terials from effluent gas 
streams. 

Both the pollutants and the ma­
terials to be recovered can be in 
either gaseous or solid forms. 

In actual practice, these purposes 
are frequently combined. Thus a 
scrubber may be used for preventing 
atmospheric pollution by the recovery 
of dust which is returned to the 
process. Another example is the re' 
covery of fluorine for sale as water 
treating or glazing compounds. 

The most important constituents 
recovered from fertilizer plant effluent 
streams include: 

1. Fluorine compounds evolved 
from the acidulation of phos­
phate rock. 

2. Phosphate rock dust from 
grinding or mixing opera' 
tions. 

The most common types of scrub, 
bers used in the fertilizer industry 
are discussed briefly as follows: 

1. Cyclones 
Cyclones may be of either the wet 
or dry type. Dry cyclones are used 
to collect larger solid particles and 
wet cyclones are used to increase 
the efficiency of collection of small 
solid particles or to collect soluble 
vapors. In either the principle is 
that of spinning out the dense 
particles by centrifugal force. The 
usual device consists of a clyndrical 
vessel with a tangential gas inlet. 
The gas spins around in the 
cylinder and passes out the top. 
The solid or liquid particles are 
thrown to the vessel wall and fall 
to the bottom of the separator 
where they are removed. 

2. Spray Scrubbers 
Spray scrubbers consist of many 
forms of chambers were a gas 
is brought into contact with a 
sprayed liquid. A spray scrubber 
may be as simple as an arrange' 
ment of shower nm:zles in the top 
of a stack. While spray scrubbers 
are relatively simple and inexpen­
sive their application is limited 
by low efficiency. 

3 . Venturi Scrubbers 
The venturi scrubber consists of a 
venturi section and a separator. 
The scrubbing liquid is sprayed 
into the throat of the venturi 
where the gas reaches its highest 
velocity. This high velocity gas 
stream striking the liquid causes 



the droplets to break up and im­
pinges the dust and fume particles 
onto the liquid. The gas is further 
cleaned as it expands and moisture 
condenses on the fine particles of 
dust. The gas then passes into a 
separator, such as a cyclone or 
chamber, where the liquid drop' 
lets and wetted dust particles are 
removed. Venturis are often ap' 
plied as multiple units either in 
series or parallel or both. 

4. Inertial Scrubbers 
In.ertial scrubbers work on the 
principle of directing the dust 
laden gas stream toward a liquid 
film in such a manner that the 
inertia of the dust will carry it 
into the liquid whereas the gas 
stream is diverted in another direc, 
tion. This principle is employed 
by placing baffles inside a chamber 
and applying a continuous liquid 
wash over the baffles. 

5. Pac1{ed Towers 
Packed towers are designed to 
spread the collecting liquid over 
a large surface area and to impede 
the flow of gas as little as possible. 
Their principle application is in 

the removal of soluble vapors 
rather than the removal of solid 
particles which tend to plug the 
device. 

6. Me,chanical Filters 

Mechanical filte.rs, such as panel 
and bag filters, are sometimes used 
in special cases but are not widely 
used by the fertilizer industry be­
cause of space, cost and mainten' 
ance requirements. 

Many commercially available 
scrubbers combine two or more of 
the principles described in the 
foregoing. 

The criteria for selecting a scrub­
ber include: 

1. The amount and nature of 
the impurities contained In 

the gas to be scrubbed. 
2. Permissible limits of these 

impurities in the effluent 
stream. 

3. The quantity of gas to be 
treated. 

4. The temperature and pres' 
sure of the gas stream. 

S" • The corrosive nature of the 
materials involved. 

Limitations of Sampling and Analytical Procedures; 
are Present Methods of Analysis Satisfactory for 

Granulated Fertilizers? 

J. R. Archer 

There is a definite need in today's 
modern fertilizer granulation plant for 
improved sampling techniques and 
instruments, and for rapid Methods 

of Analysis which will provide inner' 
process control and assure product 
quality. 

In 1954 the Chemical Control 
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Committee of N. F. A., sent out a 
questionnaire to members of the ferti, 
lizer Industry in which the following 
question was asked: 

"Do you consider the use of 
high analysis of granular 
fertilizers as increasing con' 
t1'ol problemsr' 

Ninety,five (95) per cent of the 
members replying to this question 
stated that high analysis and granular 
fertiliZers increased problems of 
Sampling and Analysis. 

This question was asked: 

"What percentage of erra.tic 
analysis dlo you attribute 
to improper sampling and 
sample preparation?" 

Eighty,seven (87) per cent of 
the members replying to this question 
stated that improper sampling and 
sample preparation attributed to 
e.rratic analyses. 

It appears that a great majority 
of the Fertilizer Industry are can' 
cerned about the problem of sampling, 
and that there is a need for develop, 
ment work on sampling techniques 
and instruments. 

No doubt, the laboratories re' 
porting on the monthly Magruder 
check sample use the official methods 
of the A. O. A C., yet, it is not un' 
common to find the analysis of one 
laboratory varying from the average 
by as much as 1 %. Perhaps, the 
Methods of Analysis should be in 
"cook book" form where the various 
techniques are described in more 
detail. 
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Discuss Ammoniation in Regular Formulations, the 
Chemical Effects of other Compounds, and the 

Heats of Reaction 

per ton of fertilizer product without 
CaS04 present, this 196 lbs. would 
hold 51 lbs. of ammonia or about 7.2 
Ibs. ammonia per unit P20 5 (51 Ibs. 
ammonia per 142 Ibs. P20 S)' If suf' 
heient calcium sulfate were present, 
the ammonia holding capacity of the 
acid would be increased to 9.6 or 14.4 
Ibs. of ammonia per unit of P 205 de' 
pending upon whether ammoniation 
was continued to di, or tricalcium 
phosphates. Assuming ammoniation if> 
carried only to dicalcium phosphate 
in the product which is 9.6 lbs. NHa/ 
unit P 205, the increased ammonia 
holding capacity is 9.6 minus 7.2 

J. O. Hardesty 

Ammonia neutralizes the acid 
constituents of superphosphate includ, 
ing any additional acid that may be 
present. The only compounds that 
interfere with this neutralization re' 
action are basic materials such as 
lime and quick'acting liming agents 
which serve to reduce the amount of 
neutralizing ammonia that can be 
absorbed. Considerable detailed in for' 
mation on this subject appears in the 
literature (5,9, 13, 16,20) related to 
ammoniation technique, the reactions 
involved, and the heat developed. 

5. Hardesty, J. O. Agglomeration-A 
Chemical Engineering Tool for 

Granulating Mixed Fertiliz;ers. Chern. 
Engr. Progress 51, 291,5 (1955). 

9. Hardesty, J. O. and Ross, W. H. 
Heat Developed in the Ammoniation 
of Superphosphates with Anhydrous 
Ammonia. Ind. Eng. Chern. 29, 
128HO (1937). 

13. Keenen, F. G. Reactions Occuring 
During Ammoniation of Superphos' 
phates. Ind. Eng. Chem. 22, 1378 
(1930) . 

16. Kumagai, Rikio, Rapp, H. F., and 
Hardesty, J. O. Physical Factors In' 
fluencing Ammonia Absorption by 
Superphosphates. Agr. Food Chem. 
2, 25,30 (195"4). 

20. White, L. M., Hardesty, J. 0., and 
Ross, W. H. Ammoniation of Double 
Superphosphate. Ind. E'ng. Chem. 27, 
562,7 (1935). 

2.4 Ibs. per unit of P 20 S or 17 Ibs. 
ammonia per ton. If this 17 Ibs. of 
ammonia were absorbed in sulfuric 
acid, about 50 lbs. of the acid would 
be needed. 

L. Hein 

The second part of this question 
concerns heats of reaction during am' 
moniation. Time will not permit more 
than a superfluous discussion. You are 
referred to published information 
in the Article "Heat Developed In 
the Ammoniation of Superphosphates 
with Anhydrous Ammonia" by Har' 
desty and Ross. The article can be 
found in Industrial Engineering 
Chemistry, 29, page 1283, November, 
1937. In general, the heats evolved 
per pound of liquid ammonia in the 
ammoniation of the usual fertilizer in' 
gredients are: 

Ammoniation of ingredients in 
mixed fertilizers results in the 
neutralization of acid constituents. 
These constituents may be calcium 
phosphate from ordinary or triple 
superphosphate, sulfuric, or phos' 
phoric acids. The role of calcium suI, 
fate has been discussed in the litera' 
ture. In the reaction of ammonia, 
calcium sulfate and calcium or am' 
monium phosphate, the calcium from 
calcium sulfate enters the phosphate 
molecule to increase its calcium con' 
tent. For example, monocalcium phos' 
phate in these reactions is changed to 
di'or tricalcium phosphate with the 
accompanying formation of mono' 
ammonium phosphate or ammonium 
sulfate. The over'all effect is an in' 
crease in ammonia holding capacity 
of the mixture. 

The calcium sulfate content of 
ordinary sup~rphosphate is approxi' 
mately twice that utiliz.ed in reactions 
of ammonia with mono calcium phos' 
phate in the superphosphate. This ex, 
cess is therefor available for reactions 
of additional ammonia with other 
phosphates such as triple super 
phosrhate or phosphoric acid. For 
example, without phosphate: 2 H 3PO. 
+ 3 NH3 -l> NH.H2 PO. + (NH.) 2 

HP04 • With calcium phosphate: 2 H:; 
po. 2 CaSO. 4 NH3 -l> 2 
CaHPO. + 2 (NH.h SO •. 

Or should tricalcium phosphate 
be formed, 6 moles of ammonia 
would be held,twice as much as with, 
out calcium sulphate present. Similar 
effects are obtained with the mono' 
calcium phosphate in triple superphos' 
phate. 

Let us assume that 196 lbs. of 
100% H3PO. are used in a formula 

Material Degree ammoniation Heat released per lb. NHs liquid 

Ordinary Superphosphate 
Triple Superphosphate 
H SP04 

6# NHs/unit P20 5 

4# NHs/unit P20 5 

MAP* 

1425 
1635 
1900 
1750 
2850 

H SP04 DAP** 
H2S04 Ammonium Sulfate 

* MAP monoammonium phosphate 
**DAP = diammonium phosphate 

Sinee the data in the above table 
applies to the ingredients alone, it is 
not strictly applicable for detailed 
calculations for mixtures. However, 
it does show that absorption of a 
pound of ammonia in sulfuric acid 

releases almost twice as much heat as 
its aL.~orption in superphosphate or 
phosphoric add. The low moisture in 
66 Bp.' sulfuric acid also resu1ts ill 
increased temperatures of the ferti' 
lizer mix. 

The Successful Use of Five (5) Units of Nitrogen 
From Anhydrous Ammonia in a 5'20-20 Grade 

J. E. Reynolds, Jr. 

The successful use of five (5) 
units of nitrogen from anhydrous am' 
monia is accomplished through the 
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features of submerged superphosphate 
ammoniation at many distribution 
points in close contact with the rr' 



quired amount of sulphuric and/or 
phosphoric acid. The basic needs to 
economically use large amounts of 
anhydrous ammonia are; (1) a steady 
flow of liquid anhydrous ammonia, 
(2) preparation of an aqua ammonia 
solution in the distribution manifold, 
and (3) submerged introduction of 
the aqua ammonia to achieve the 
greatest ammonia absorption and heat 
of reaction possible. 

To assure a uniform flow of 
formulated liquid anhydrous am­
monia, a pump is most generally pro­
vided. It is most desirable to ex­
perience a cOl1dition of ammonia 
vaporization ahead of flow control 
operated flowmeter. This indicates a 
mixture of liquid and vapor of an 
unknown amount. The ability to use 
large amounts of anhydrous ammonia 
is dependent on a minimum amount 
of fluctuations and maintaining a con­
stam rate of reaction. Sufficient pres­
sure is also maintained at the mixer 
manifold to retain a large percentage 
of the ammonia as a liquid. 

The measured anhydrous am­
monia is combined with the water in 
the distnbution manifold. This prac· 
tice is accomplished to achieve a cer­
tain amount of heat to accelerate the 
chemical reation between the ammonia 
and the superphosphate materials, and 
to discourage the vaporization of am· 
monia after it leaves the distribution 
pipe. The carrying and combining 
qualities of the ammonia are enhanced 
by this practice. 

The actual practice of submerged 
introduction of the ammonia at many 
different points is probably the most 
important requirement. The distribu­
tion pipes enter the side or the bottom 
of the mixer, but in all cases these 
pipes are below the mixer shafts. The 
depth of material in the mixer covers 
the majority of the paddles to elimi­
nate ammonia vapors from following 
the paddles through the surface. An 
instantaneous reaction is desirable, hut 
a violent blowing reaction is und.esira­
hIe. Previous work has shown that 
certain temperatures are desirable for 
granulation, and likewise, certain tem­
peratures are desirable for ammonia 
absorption. The positive mixing of 
the warm water-anhydrous ammonia 
mixture with sulphuric acid and 
superphosphates at many locations 
utilil:es the potential heat to the great­
est advantage. 

Although this discussion is pri­
marily related to the use of five units 

of anhydrous ammonia in 5-20-20, this 
practice can also be duplicated in other 
grades. The operating and control 
techniques must be carefully super­
vised, however, when five (5) units 
of anhydrous ammonia are formu-

lated. The formulas using five (5) 
units of anhydrous ammonia are 
limited to certain p.roven plants. 
v.:hereas the use of four (4) units of 
anhydrous ammonia is wide spread 
throughout our organi:.:ation. 

Ray Sorensen 

My answer to thi~ question is 
yes. We have successfully used nve 
units of nitrogen from anhydrous 
ammonia in most analyses containing 
five units of nitrogen. With our pres­
ent equipment we feel that we lose 
approximately Ys unit of nitrogen, 
consequently we over formulate by 
this amount. We have been using 
about 200 pounds of 66 C Baume acid 
per ton of fertilizer. However, we 
have changed our method of intro-

ducing acid and ammonia slightly 
and feel that we might ~ able to cut 
the acid down to as low as 160 
pounds per ton. The products con­
taining five units nitrogen from am­
monia, made in our process, comes 
out in excellent condition and can be 
shipped as soon as it is reasonably 
cool. We have had practically no 
trouble with this type of material in 
bagged storage. It rarely sets up in 
the pile. 

Heavy Nitrogen Losses Are Reported From 
Processed 1-1-1 Ratio Mixed Fertilizers, Particularly 

Granulated. Reactions May Continue in the Pile 
in the Case of High Nitrate High Chloride Ratios. 

Has Anyone Tried Adding an Inhibitor to 
Reduce or Stop Such Reactions? 

T. P. Hignett 

Nitrogen losses during processing 
are discussed on pages 67-72. The 
pr,esent discussion will be related to 
losses that may occur in the storage 
pile in the case of high-nitrate - high­
chloride mixed fertilizers. Inci­
dentally, we do not believe that losses 
occurring in the storage pile are at 
all common. 

Fertilizers of high nitrate and 
chloride content made by usual form­
ulations will decompose, losing nitro­
gen at high temperatures. The de­
composition starts at 380 0 F. The 
heat of reaction then causes the tem­
perature to rise further to perhaps 
700 0 F. 

For instance, in one test made by 
TVA, one end of a bag of 14-14-14 
was heated with a blowtorch until 
fumes appeared. The flame was then 
removed. The material continued to 
smolder, giving off brown fumes as 
the reaction slowly ate its way 
through the bag of material. After 
about 4 hours the reaction had eaten 
its way through the entire bag. The 
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residue remal11lng had lost 99 per 
cent of its nitrogen and 20 per cent 
of its chlorine. 

The reaction could not be 
stopped by drenching the bag with 
water. It could only be stopped by 
raking the material out of the bag 
and drenching all of it with water. 

Similar materials of high nitrate 
content that did not contain chlorine 
were tested. When heated with a 
blowtorch, fumes appeared, but when 
the blowtorch was removed, the re­
action ceased. 

Dry nongranular mixtures of 
ammonium nitrate and potassium 
chloride with or without superphos' 
phate were subject to self-propagat­
ing decomposition when heated. As 
little as 3 per cent chlorine was suffi, 
cient to sensitize the reaction. Potas­
sium sulfate did not sel'lsitize the riC' 
action. 

Either monoammonium or di­
ammonium phosphate inhibited the re­
action. Mixtures that had high ni-



trate and chlorine contents were not 
sensitive wh~n they contained enough 
ammonium phosphate to equal 60 per 
cent of the weight of their am­
monium nitrate content. There is 
some evidence that ammonium sul­
fate inhibits the reaction, but no 
quantitative data are available. No 
other inhibitors have been identified 
insofar as we know, although not 
much work has heen done along this 
line. 

Acidic mixtures containing Of­

ganic matter and nitrates are subject 
to spontaneous heating and consequent 
nitrogen loss, according to USDA 
studies (Ind. Eng. Chern. 38, 1298-
1303, 1946). 

To summarize, fertiliz.ers of high 

nitrate and chlorine CO.ltents are sen­
sitive to self-propagating decomposi­
tion when heated to about 3800 F. 
Even a small lump of material reach­
ing the pile at this temperature may 
cause the reaction to spread through­
out the pile. Heating by external 
means of a small portion of the pile 
will start the reaction; this heating 
may be caused by contact with steam 
pipes, welding operations, dynamit­
ing, or other accidental causes. Mix­
tures that do not contain chlorine are 
not sensitive. Ammonium phosphates 
inhibit the reaction if present in suffi­
cient quantity. ThQrough cooling be­
fore pile storage and guarding against 
accidental heating may be the best 
m.eans of preventing the reaction. 

Is There Danger of a Breakdown of Ammonium 
Nitrate in High-Nitrogen Fertilizers? Is Nitrous 

Oxide Formed at 200° C? 

T. P. Hignett 

Decomposition of ammonium 
nitrate is quite rapid at 380° F. 
(193 0 C.) and may be appreciable at 
lower temperatures. When chlorides 
arc present, the decomposition of 
ammonium nitrate yields brown 
fumes which may be one of the oxides 
of nitrogen or nitrosyl chloride or 
both. It is not known whether ni­
trous oxide is formed (nitrous oxide 

is a colorless gas). Brown fumes are 
not usually observed when ferti1i~er 
c:ontaining ammonium nitrate but no 
chlorine is overheated. White fumes 
are often seen when fertiliz.ers are 
heated to about 3000 F. These fumes 
arc believed to be vaporiz;ed am­
monium nitrate. 

(For further discussion, see 
pages 74-76.) 

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

Dale Kieffer 

Sometimes we experience what is 
interpreted to be a high nitrogen loss 
on 1 -1 -1 ratios when a.ctually the loss 
may be no more in proportion than 
on 1-2-2, and other ratios. The nitro­
gen content in 1 -I-I ra ti08 is usually 
double~or substantially higher-than 
in other mixed fertilizers, thus the loss 
may be more apparent than real. 

The real losses tha t occur prob­
ably are due to efforts on the part of 
the formulators to get too much of 
the total nitrogen from anhydrous 
ammonia and solutions, which re­
quires more than the average amount 
of sulphuric acid in order to neutral­
l::.e the ammonia. A mixture of sul­
phuric acid, muriate of potash and 
ammonia solutions can, and invariably 
will, produce smoke and fumes (;on-

taining nitric oxide. ammonium chlor­
ide and ammonia in sufficient quan­
tity to represent a substantial per­
centage of the total nitrogen added. 

If the mixture is overheated in 
the ammonia tor and the dryer and 
carried immediately to the pile with­
out cooling, decomposition might con­
tinue in the pile, contributing further 
to nitrogen losses. At times, this 
could reach dangerous proportions. 

I do not believe nitrogen losses 
can be attributed to the pile reactions 
which may take place between chlor­
ides and nitrate. It is true that 
ammonium nitrate and potassium 
chloride when mixed together tend to 
produce ammonium chloride and po­
tassium nitrate. When there is an 
excess of ammonium nitrate the re-

action seems to be more unstable, but 
when there is a slight excess of potas­
sium chloride the mixture is likely to 
be quite stable, less hygroscopic, and 
not as subject to bag-set. None of 
these reactions will produce loss of 
nitrogen but, almost certainly, will 
cause a loss of good will. 

E. C. Perrine 

The loss of nitrogen that is most 
frequently encountered and which 
accounts for much loss in the industry 
is failure in combining the free am' 
monia with the superphosphates and 
to some extent with the added acids 
in the formulae. 

Th.e unintended actions of some 
chemicals in the formulae result in 
some nitrogen loss. 

High heats of drying in some 
granulation plants are possibly causing 
losses. 

Screening of fines from granu, 
lated grades can influence analysis if 
they are not returned to process. 

Improper handling of ammoni­
ating solutions can reduce their nitro­
gen content. One of these actions is 
the excessive venting of tanks during 
transfer of volatile solutions. An­
othe.r would be the use of a solution 
that had partially salted out in stor' 
age or in tank cars. 

It is true that many plants are 
retaining essentially 100% of the am· 
monia input at rates of 6.5 pounds 
per unit of P205 in 20% superphos­
phate and 3.5 pounds, for triple super' 
phosphate. This requires equipment 
that is designed for the job and also 
requires considerable skill in opera­
tion. Some plants are operated as 
though the desire for the benefit of 
high rates of ammoniation is all that 
is required and they merely pour the 
nitrogen solution into the mixer with­
out any recognition of the needs of 
equipment or techniques. 

Beyond 3 pounds of ammonia 
per unit of P 20 S superphosphate con­
siderable ammonia is usually lost to 
the atmosphere unless equipment and 
techniques are suitable for the re­
quirements that are quite specific for 
high rates of ammoniation. Even 
with the best of equipment it seems 
impractical to hold more than 8 
pounds of ammonia per unit of P 205 

superphosphate and this requires an 
input of 9.0 pounds, involving a cal­
culated loss. Inputs as high as 12 



pounds have generally failed to in' 
crease the retention much beyond 8.0 
pounds. Much nitrogen is lost through 
this technique and not all operators 
are fully aware of the reasons. 

Deterioration of equipment and 
the creeping tendencies of plant oper' 
ation account for much loss of nitro­
gen. Where most of the ammonia is 
to be reacted with superphosphates it 
is the general practice to add 3.0 
pounds of 66 ° Be sulfuric acid for 
each pound of ammonia that is in ex­
cess of that ammonia which is ex­
pected to be reached with the super­
phosphate. 

Where formulation demands the 
maximum ammonia take-up from the 
superphosphates, unless both the acid 
and ammoniating solutions are added 
in such a mann.er that each pound of 
ammonia has its chance to react with 
its alloted 3 pounds of sulfuric acid 
the conditions are present for loss of 
nitrogen from two sources. One loss 
is from unreacted ammonia that 
escapes to the atmosphere. The second 
loss could well be through ammonium 
chloride escaping to the atmosphere. 
This condition partially answers 
question on page 57. 

Agglomeration before all of the 
ammoniating solutions have been add, 
ed reduces or completely stops further 
ammonia take'up about as though the 
particle size of the superphosphate had 
been suddenly increased. The influence 
of particle size has been dealt with 
under questions on pages 6, 8, 17, 34. 

Changing to another solution has cor' 
rected this condition, which may help 
to explain the reason for the number 
of nitrogen solutions being used for 
granulation. There have also been 
cases of unwanted granulation in pul­
verized fertili2;er manufacturing which 
caused problems in ammonia take'up. 

Venting of storage or measuring 
tanks in handling volatile ammoniat­
ing media has reduced the nitrogen 
content in some cases. 

Good operations in most granu' 
lating plants hold the products in the 
dryer to no more than 250 to 275° 
F. and these are reached for a very 
short time in the dryer. As indicated 
in other discussions in this m~eting 
such temperatures are acceptable 
operations. Some of the nitrogen salts 
are possibly broken down in the much 
higher heats of some dryers that may 
be operating at higher temperatures. 
This is usually done to offset some 
other factor which might better be 
corrected directly. In one case a sam' 
pIe of about 25' pounds taken from 
the dryer exit had an average tempera, 
ture of 350° F. Some particles had 
to change. Such temperatures are far 
in excess of normal operations and 
usually bring penalties of poor granu, 
lation and reduced tonnage per hour 
until the conditions that invite exces' 
sive temperature are corrected. Air 
pollution is often a result of excessive 
heats and other attempts to force a 
granulation plant beyond some of its 
limitations. 

Why is SO Much Trouble Experienced 
with the Nitrogen Content of high Analysis 1-1-1 

ratio Fertilizers such as 12-12-12, 
14-14-14? 

Dale Kieffer 

It is a fairly well established fact 
that a combination of sulphuric acid, 
potassium chloride, ammonia and am­
monium nitrate in a fertilizer ammon' 
iator can, and does, under most fer' 
tili::;er plant conditions, produce rather 
heavy smoke and fumes that are very 
difficult to scrub-and are usually lost 
through the stack. Apparently, the 
most important losses are in the form 
of N02, ammonium chloride, and 
ammonia. Most of us know that un­
der the right conditions the high 
analysis 1,1,1 ratios containing large 

amounts of sulphuric acid, ammonium 
nitrate, and potassium chloride gener' 
ate enough heat in the ammoniator to 
caUSe a rather serious decomposition 
of the ammonium nitrate. This is 
more likely to happen when the 
formula contains phosphoric acid, but 
can-and has happened-when the 
phosphate was all obtained from 
triple superphosphate. 

An acid environment in mixtures 
containing large amounts of am, 
monium nitrate is the most important 
factor causing decomposition. Per' 
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ha ps, some of the trouble that has 
been experienced in this connection 
is due to the fact that the acid and 
ammonia f~eds get out of balance­
with an insufficient amount of am' 
monia for temporary periods being 
fed to neutrali2;e the acid. It is very 
important that the operation be con' 
trolled so that the acid feed never 
runs ahead of the ammonia feed. Some 
help may be obtained from the addi' 
tion of a small amount of burned 
Dolomite, or an equivalent neutraliz, 
ing agent, which will aid in keeping 
the pH of the mixture up. The rate 
at which the decomposition of am' 
monium nitrates will take place will 
be slowed up if there is some neutral, 
izing salt in the mixture. 

In the formulas containing larger 
amounts of sulphate such as calcium 
sulphate and sulphate of ammonia, 
nitrogen losses are not as great as in 
the higher analysis grades where the 
phosphates must all be obtained from 
acid or triple superphosphate-and 
the nitrogen from ammonium nitrate. 

G. F. Sachsel 

Any dogmatic answers to this 
question might bring a raucous "Vass 
you dere Charlie" from the audience. 
Since I have never lived inside an 
ammoniator or granulator, I propose 
to merely suggest what seems to be 
some likely causes of trouble. 

The research of Rader and others 
have shown that ammonium nitrate 
and potash will react to form potas' 
sium nitrate and ammonium chloride. 
The handbooks tell us that ammonium 
chloride decomposes at 35'0 C (662° 
F.). How does any part of the fer' 
tilizer run get that hot? Sulfuric acid 
may do this in two ways: (1) re' 
action with anhydrous ammonia, and 
(2) dilution with water. The second 
effect by itself would not heat the 
mix very far but the ammonia re' 
action could produce high tempera' 
tures locally. 

It almost seems as if we were in 
a bind here: if we don't hit excess 
anhydrous with sulfuric, it will flash 
off and we lose nitrogen; if we do hit 
it with sulfuric, we lose ammonium 
chloride; if we don't use that much 
anhydrous, the goods will cake like 
mud because of the high ammonium 
nitrate content. 

A couple of months ago, aUra' 



man solution might have looked like 
part of the answer. The data of Lehr 
and others presented at the last ACS 
meeting suggested that urea can cause 
as much caking as ammonium nitrate. 
Throwing the potash in last would be 
a possibility but it requires revamping 
the process or equipment. It may also 
create new problems, such as lack of 
uniformity in the goods, particularly 
if granulation is practiced. Good 
liquid distribution and solids mixng 
should prevent much of ths local 
overheating. A longer ammoniator 
may help in this way. 

DISCUSSION 

G. F. Sachsel: I believe a lot 
of this has probably been discussed be­
fore because this is really tied in with 
the problems of the reaction of nitro­
gen materials with other components 
of fertilizer mix. A mixture with 
a little higher than one per cent 
moisture has been satisfactory, and 
even as high as two per cent on 
12,12-12 may be satisfactory if a 
good coating agent is used on the 
granule. Generally speaking, though, 
those grades, one per cent allows some 
margin of safety and is quite satis­
factory. Now as we go a little higher 
in analysis, it may be necessary to re' 
duce the moisture content. For in' 
stance in 14,14, 14 we think the mois, 
ture content should be down around 
one,half of one per cent. In most 
formulations that we have tried for 
15,15,15, we've found that it's aI, 
most impossible to dry it far enough 
so it will not cake without a coating 
agent. So as we go to the higher 
analysis, it becomes more and more 
necessary, more and more advisable 
to use a coating agent. On some of the 
low nitrogen but high analysis mix­
tures such as 7,28,28 it may be satis' 
factory at one per cent moisture with, 
out a coating agent. Our evidence 
indicates that there is very little differ, 
ence between the caking properties 
of high analysis grades depending on 
whether urea or ammonium nitrate 
is present or whether there is a small 
amount of the urea in a mixture with 
ammonium nitrate. A part of this 
question concerns the particle size of 
the raw materials. We have answers 
to some specific questions in that re­
spect. We find that the use of granu­
lar potash as compared with the use 
of fine potash in making granular 
fertili::;ers has not affected the caking 
properties of the fertilizer when both 

are granulated to the same extent. 
When fine potash is used, granulation 
is wmetimes poor. We have found 
cases where due to poor granulation 
and the presence of unincorporated 
fine potash in the product, caking has 
been increased. The mechanism of 
caking in that case has a crystal growth 
between the potassium chloride fine 
which has not been incorporated and 
adjacent particle contammg am' 
monium nitrate bridging across with 
ammonium chloride or potassium ni, 
trate crystals. Potassium nitrate, in­
cidentally, seems to be a stronger 
bonding crystal than the ammonium 
chloride. 

As to standardization of the final 
granule size, we know, of course, that 
caking is less severe in granular fer' 
tilizer than it is in nongranular when 
both are of the same composition and 
same moisture content. I don't think 
that standardization of particle size 
of granular fertilizer is the answer. 
It's not within the range usually en' 
compassed by granular fertilizer; that 
is, whether it is five to twenty mesh or 
whether it's six to sixteen mesh or 
whether it's eight to twenty'eight 
mesh, I don't think that makes very 
much difference. It may make a little 
difference, but it's rather a minor 
effect as compared with the major ef, 
fects. Now, of course, the presence 
of nnes if screening is not complete 
or not as perfect as it should be, the 
presence of nnes in the product will 
certainly increase caking, and not 
always the hygroscopicity of the nnes. 
either. There has been wme evidence 
that case hardening of granules is 
helpful, but case hardening is a prop­
erty that I don't know how to measure 
and so we haven't any specinc data 
on it. I think the use of a coating 
may deserve more attention than it 
has been given, especially since there 
are some that are very effective in 
extremely small amounts, even one 
per cent or less, and there are some 
that are quite cheap. I think it may 
be good insurance and in some cases 
may cost only a few cents per ton 
to apply a coating agent to granular 
fertilizers, and the effects are cer' 
tainly rather pronounced. 

So to summarize the effect of 
very many factors that affect caking 
of granular fertilizers, probably mois' 
ture content is the most important. 
The common high nitrogen grades, 
such as 12, 12, 12, should be dried to 
about one per cent moisture or less. 
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Low nitrogen grades to about three 
per cent moisture or less. Of course, 
it never does it any harm to dry it 
further than that if you can. The 
use of coating agents I think should 
receive a little more attention. Thank 
you. 

Mr. Spillman: Would Mr. 
Hignett please comment a little fur­
ther on that one item he skipped 
over, the temperature at bagging time. 
Where we get varying degrees of 
temperature between bagging temper' 
ature during the day and possibly a 
drop in temperature over the night 
in freezing weather. Many times with 
granular fertilizer it becomes very 
packed in the bag, but with a rising 
temperature it will come back to per­
fect condition. And some of the sales, 
men, not very highly technically 
trained, have said, oh, well, that's 
just a case of freezing; it will be all 
right when it warms up. Actually, 
I think the initial phase of some of 
the chemicals in formula are largely 
to blame for that. In other words, 
the solubility of those soluble salts is 
very extensive and I think they have 
a great effect on that. Would you 
comment on that further, please? 

Mr. Hignett: I can't give 
you any authoritative data. Of course, 
you're quite right, as the temperature 
drops the soluble salts crystallize out 
and cause caking and that is the 
cause of unusual caking when the 
bagging temperature is high. Now 
how high you can get away with all 
depends on what product you're deal­
ing with and other factors. I haven't 
seen much effect on high bagging 
temperature when the temperature is 
140 0 F. or less, but on the other 
hand my experiences may not be as 
broad as yours. 

Mr. Spillman: Mr. Nielsson. 
Mr. 'N.ielsson: I just want to 

ask a question on these moistures. 
Are you talking air flow method, des' 
iccator for twenty,four hours or 
100° C. oven moisture? It's quite im' 
portant because most of the industry 
or a lot of them are using 100° C. 
moisture. The air flow method, in 
our experience with it, shows that 
two per cent by total moisture with 
the oven method would be about one 
and a half by air flow method. One 
thing that is rough then is if you 
tell the boys to use one moisture con' 
tent and if the labs are using govern, 
ment literature they say another mois­
ture content is supposed to be all 



right. If the different moisture meth, 
ods don't give the same answer, we're 
not talking about the same moisture 
conditions. 

Mr. Hignett: I am under the 
impression that most of the sam' 

pies run by our laboratories are run 
by the desiccator method. I know 
that some years we ran air flow 
method on some materials, but I don't 
think we did on the general run of 
conventional fertilizers. 

What Are the Factors Which Influence 
the Ammoniation Characteristics of 

Superphosphate? 

J. O. Hardesty 

Experimental data, confirmed by 
plant practice, indicate the following 
conditions for best ammoniation: 

(a) Both ordinary and triple 
superphosphates should consist of fine, 
soft, porous particles rather than 
coarse, hard, dense particles. 

(b) The ammoniation rate for 
ordinary superphosphates should not 
exceed 6 pounds of neutralizing am­
monia per unit of P 20 5 ; triple super­
phosphate, 4 pounds per unit of P 205' 

(c) The initial moisture content 
of the superphosphates, either ordi­
nary or triple, should not be less 
than 3%. 

(d) The superphosphates should 
contain as small a proportion of coarse 
particles (+20 mesh) as practicable. 

(e) The reaction temperature 
for ordinary superphosphate is not 
important but for maximum absorp­
tion of ammonia by triple superpho­
phate it should be near 212 0 F. 

(f) The reaction time should be 
not less than 3 minutes. 

(g) Cooling of the product at 
the end of the processing stage is 
essential. 

Further details are given in the 
following reference: Kumagai, Rikio, 
RaPF, H. F. and Hardesty, J. O. 
Physical Factors Influencing Am­
monia Absorption by Superphos­
phates. Agr. Food Chem. 2, 25-30 
(1954). 

The data in this reference show 
that granulated superphosphates are 
not suitable for ammoniation. 

T. P. Hignett 

The factors that influence the 
ammoniation characteristics of super­
phosphates have been studied by 
Kumagai, Rapp, and Hardesty (J. 
Agr. Food Chem. 2,25-30, 1954). In 
the absence of granulation and when 
using anhydrous ammonia, the am­
monia absorption increased as the 
particle size of the superphosphate was 
decreased from 5' to 80 mesh, in' 
creased as the moisture content of 
the superphosplrtate was increased 
from 1 to 9 per cent, and was more 
rapid with porous than dense super­
phosphate. 

When using ammoniating solu, 
tions, the moisture content of the 
superphosphate may be less important. 
If the total moisture content of the 
mix reaches the point at which the mix 
becomes muddy, ammonia absorption 
my be poor. 

When ammoniation ;lnrt p'raml' 

lation are carried out simultaneously, 
the initial particle size of the super­
phosphate is relatively unimportant 
since the ammonia is absorbed in 
granules that form during ammonia­
tion. It is important to prevent over, 
granulation since ammonia absorption 
in oversiz;e granules is poor, 

Also, when ammoniation and 
granulation occur simultaneously, the 
initial moi5ture content of the super' 
phosphate is not particularly import' 
ant since water is usually added if 
necessary to obtain good granulation. 
In making high-nitrogen grades, dry 
superphosphate may yield better re' 
suits. If the superphosphate is too 
wet, it may be difficult to prevent 
overgranulation and consequent am­
monia loss. 

Porosity of the superphosphate 
strongly affects ammoniation absorp' 
tion either in the presence or absence 
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of granulation. It is probably the 
most important physical property that 
affects ammoniation. 

Overacidulation in the prOOuc' 
tion of superphosphates increases its 
ammonia holding capacity. This is 
not likely to be an important variable 
in the range of acidulation usually 
encountered in practice. 

Elmer C. Perrine 

Four properties of superphos' 
phate that influence its ammoniation 
to some degree are particle siz;e which 
is discussed in detail on pages 63, 
66, free acid content, water, and 
porosity affecting the area exposed. 

The equipment and the use of 
equipment have more influence on 
ammoniation than do the character­
istics of the superphosphates them­
selves. Of the characteristics of super' 
phosphate which do materially influ' 
ence ammoniation, that of particle 
siz;e is probably the most important. 

Under plant conditions particle 
size alone can cause as much as 40o/c 
of the weight of a superphosphate to 
absorb only half as much ammonia 
per pound as that portion that i5 
above 50 mesh. 

Under plant conditions ammonia 
readily penetrates to the center of 
superphosphate particles that are no 
larger than around 40 mesh and that 
a.t larger than 30 mesh there is a rapid 
falling off in ammonia take,up. 

When agglomeration of all in­
gredients has begun before all of the 
ammonia has been added, the re' 
suit is similar to increasing the par' 
ticle size of the superphosphate alone. 
It maybe even more severe as some 
superphosphate is doubtless imbedded 
so deeply in the pellet as to be quite 
beyond the reach of ammonia. Eco' 
nomics and the great advantage of 
high ammoniation rates in granulated 
as well as in most pulveriz;ed fertilizer 
have stimulated usages in plants that 
have shown many of the early sup' 
posed factors to have little influence 
on ammoniation. 

The influence of free acid on am­
moniation in most commercial super' 
phosphates can be calculated to a 
nicety. One grade of 20% super' 
phosphate will absorb only about 0.6 
pound more of ammonia per unit of 
superphosphate because of it;; higher 
acid content compared with one of a 



low acid .content. (This is a factor 
of about 10%) 

The amount of water in super' 
phosphate itself or total water in the 
mixture has little direct influence, but 
indirectly the influence of water is 
sometimes quite great. At high rates 
of ammoniation water at 170 0 F. 
will hold very little ammonia. Where 
the water may permit premature gran' 
ulation or agglomeration, as men­
tioned earlier, it does influence am' 
moniation but this is not necessarily a 
property of the superphosphate itself. 

Triple superphosphates have 
shown an ability to absorb from 50 
to 60% as much ammonia per unit 
of P20;; as does 20% super, or from 
.;- to possibly 4.0 pounds of ammonia. 

The long,held rate of 3 pounds 
of ammonia in 20% superphosphate 
was low because of equipment and 
techniques and not because of prop' 

erties of superphosphates. Rates of 
ammoniation were more than doubled 
when simple changes were made to 
permit uniform mixing of the am' 
moniating medium as it entered the 
mass and also provided for reacting 
the ammonia gas that is generated as 
the temperature of the mass increases 
from the heat of the reaction. By a 
willingness to lose some ammonia 
through excess application without the 
use of acid and with equipment and 
techniques that hold essentially 100% 
of an input of 6.;- pounds of ammonia 
per unit of P20 5 in 20% superphos' 
phate some operators are holding as 
much as 8.0 ponds of ammonia when 
9.0 pounds are applied. Beyond these 
rates of application the loss of am' 
monia is nearly 100% for any addi' 
tional applied. Comparable data for 
this excess ammoniation for triple 
super is not available. 

What Are Advantages and Disadvantages of 
Concentrated Low Water Content Ammoniating 

Solutions in Manufacturing Non-Granular 
Fertilizers, Ditto, Granula:r? 

Joe C. Sharp 

In non'granular fertilizers, mois' 
ture is one of the principal causes of 
bag cake. If the moisture content is 
low enough in the :finished product, 
large amounts of salts like ammonium 
nitrate or urea may be tolerated. 
Using concentrated solutions is one 
means of keeping the moisture can' 
tent low in the finished product. Low 
moisture content also helps to control 
reversion. If the moisture content in 
the finished product is below 5 %, 
reversion is usually not a problem. 

In granulating high nitrogen 
grades, concentrated ammoniating so' 

lutions reduces the amount of recycle 
required to control liquid phase in 
the reactor. It also reduces the drying 
problem in such grades. The only 
advantage of concentrated solutions 
on low nitrogen grades is freight 
saving. 

On the disadvantage side, be, 
cause of higher vapor pressure more 
care must be exercised in transferring 
from tank car to storage to avoid 
nitrogen loss. The same applies to 
filling measuring tanks when the batch 
process is used. 

B. E. Adams 

Advantages~~Permits more units 
of nitrogen from solution without in' 
creasing the water content per ton of 
fertilizer. More nitrogen can be 
shipped per tank car. 

Disadvantages Higher vapor 

pressure which requires better hand, 
ling to prevent additional loss. 

The above answers apply both 
to granular and non-granular fer· 
tilizer. 

Effect of Triple Superphosphate Granular or 
Pellet Size on Ammoniation 

D. Chapman 

Yes, triple superphosphate of 
different particle sizes does have indi' 

vidual characteristics during ammoni, 
ation. We have laboratory tests 
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under study on the subject; however, 
the completion unfortunately is still 
to be reached, and we have no new 
and conclusive information to release 
at this date. 

I turn to work done by Messrs. 
Kumagai, Rapp and Hardesty for an 
answer to this question. They point 
out that moisture, density, hardness 
and length of ammoniation, as well as 
particle size, have a direct effect upon 
the absorption rate of triple &uper' 
phosphate. For this work, a labora~ 
tory rotary ammonia tor was used with 
a period of four minutes allowed for 
ammoniation and mixing. This is 
considered equivalent to the 3 min' 
utes ammoniation time prevalent in 
the industry. 

Two types of triple superphos' 
phate were tested for absorption vari' 
ation in relation to particle size, "Type 
A being composed chiefly of soft por' 
ous particles, while Type B triple­
superphosphate was a mere granular 
product composed chiefly of hard, 
dense particles." Comparative results 
of the two types were as follows: 

Screen 
Fraction 

-- 80 mesh .............. . 
30 mesh 

6,10 mesh 

Percent Absorption 
'Type A 'Type B 

100% 
92% 
85'% 

100% 
81% 
49% 

The curve formed by the results on 
Type A parallel the absorption of 
ordinary superphosphate. Type B 
shows complete absorption at -80 
mesh while the 6, 10 mesh of Type B 
only shows 49% absorption as com' 
pared to 85'% of Type A of the same 
size. "Type B has higher free acid 
and available and water,soluble phos' 
phorus pentoxide contents than Type 
A, and on this consideration alone, 
should have greater amJi[lonia absorb, 
ing capacity." However, "Type B has 
greater apparent density and granular 
hardness and a more encrusted par­
ticle than Type A. Apparently, many 
ammoniation difficulties eneountered 
in commercial practice are attributable 
to a high portion of dense, hard en~ 
crusted granules in the superphos, 
phates." 

Reference: Physical Factors In' 
fluencing Ammonia Absorption by 
Superphosphates, J. of Agricultural 
t:!:J' Food Chemistry, Vol. II, January 
6, 1954. 



Comparisons of Urea vs. Ammonium Nitrate 
Solutions in Granulation 

Theodore R. Schmalz 

At the outset, some qualifications 
regarding the following discussion 
should be made. The observations 
presented are based on operating ex' 
perience with a couple of hundred 
thousand tons of granulated goods 
made with ammonium nitrate solu, 
tions and a ,couple of hundred made 
with urea solutions. In addition, some 
of the comparisons are based as much 
on empirical evaluations as on scien­
tific type data. 

A natural starting point would 
be a comparison of the solutions them' 
selves. Urea solutions generally have a 
slightly higher ratio of free to total 
nitrogen. In most grades, this fact 
would probably not be significant. 
However, in 1,1,1 and in some cases 
1,2,2 grades, ammoniation rates as' 
sume increased importance. Another 
point of consideration is the salting 
out temperature. Urea solutions gen, 
erally have higher freezing points 
than nitrate solutions. These two con­
siderations may not be of great im, 
portance, but an advantage in flexi, 
bility of formulation lies with the 
nitrate solutions. 

On the other hand, urea solu­
tions are not as corrosive as nitrate 
solutions. Another factor in favor of 
urea solutions is the safety factor. One 
urea solution producer is advertising 
a nre proofing quality, in that carbon 
dioxide liberated from ammonium car' 
bamate during ammoniation blankets 
the ammoniator. In any case am' 
monium nitrate is more hazardous gen­
erally than urea. 

Solutions containing urea were 
used to make several grades of granu, 
lar goods at two of our factories. One 
of the units is a batch operation; the 

other a continuous operation. The 
same general tendencies were evident 
in both operations. 

Goods made with urea solutions 
tended to be finer than those made 
with nitrate solutions. Initial granu, 
lation in the ammoniator appeared 
to be as good if not better than 
when nitrate solutions are used, but 
breakdown of particles was occurring 
in subsequent handling, Another in' 
dication of particle softness was re­
ported in an informal manner when 
our chemist noted that, in preparation 
of samples, grinding was much easier 
on urea made goods than on nitrate 
made goods. 

Higher temperatures and ill' 
creased fuel consumption to obtain 
comparable product moistures was 
noted when urea solutions were used. 
This effect was probably due to the 
increased water consumption and the 
additional fines recycle load in the 
system. 

Bag storage tests indicated that 
less bag set was experienced in the 
materials that had been made with 
urea solutions where product moisture 
was 2 to 3 %. Goods made with nitrate 
solutions showed as good condition at 
1 % moisture as the urea made goods. 

Based on the experience which 
we have had, it appears that any 
advantages which can be derived by 
using urea solutions for production of 
granular goods are appreciably offset 
by the results obtained using nitrate 
solutions. This statement takes no 
account of agronomic considerations 
and is based only on plant operating 
conditions and physical characteristics 
of the products. 

What Data Are Available to Show How and Why 
Different Types of Ammoniating Solutions Work 

Better in Granulating Different Ratios? 

A. V. Slack 

There are now 35 or more differ, 
ent types of ammoniating solutions 
available to fertilizer producers. They 
differ mainly in the following ways: 

1. Free ammonia content, ranging 
from 16.6 to 36.8 per cent. This can 
also be expressed as ratio of free 
ammonia nitrogen to fixed nitrogen, 
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which ranges from 058 to 2.0. These 
values are for what might be called 
standard solutions. A few recently 
introduced solutions are outside the 
range given. 

2. Type and content of supple' 
mental nitrogen source, either am' 
monium nitrate, urea, or ammonium 
carbonate. 

3. Water content, ranging from 
5'.8 to 38.6 per cent. 

The variations of these factors 
among the various solutions have an 
effect on granulating efficiency of vari, 
ous grades. The free ammonia con' 
tent has an especially important effect 
in granulation of high,analysis g.rades 
of the 1 : 1 N: P 20; type. These require 
use of an acid to neutralize ammonia 
beyond that which the superphosphate 
can take up. If a solution with a high 
ratio of free ammonia to fixed nitrogen 
is used, more acid will be required 
and the higher resulting plasticity may 
give difficulty with overagglomeration. 
For example, in TVA tests on 15,15,0, 
129 pounds of sulfuric acid was ade­
quate to prevent excessive ammonia 
loss when an 0.83 ratio solution 
(21.7% NH3 ; 65.0% NH4NOs) was 
used. When this was replaced with a 
solution of 1.1 ratio (26.0% NH3 ; 

55.5% NH4 NOs), the acid require' 
ment was increased to 191 pounds and 
more cooling air was required to pre' 
vent overagglomeration. 

Presumably the standard com' 
mercial solution of lowest free am' 
monia:hxed nitrogen ratio (058; 
16.6% NHs and 66.8% NH4NOs) 
would have given even better results 
than the 0.83 type used in these tests. 
This would have required only about 
100 pounds acid to neutralize excess 
ammonia. Some of the granulation 
plants are using the 058 ratio solu­
tion and thereby reducing the amount 
of acid required; however, the major­
ity appear to be using solutions with 
an intermediate ratio. One reason for 
this is the relatively high salting-out 
temperature of the low ammonia solu­
tions, which requires insulation of 
tanks to prevent crystallization during 
cold weather. 

Reduction of the free ammonia: 
fixed nitrogen ratio can be extended 
to Use of a solution of such low am­
monia content that no add is required 
at all. Such a solution (0.26 ratio; 
8.0% NHa and 72% NH4NOs) has 
been made available recently. A very 
fl!w producers have used this in gran' 



ulating high-nitrogen grades without 
acid; results were reported to be satis­
factory. The solution has a low nitro­
gen content (32%) and very high 
salting-out point (SF F.), drawbacks 
which are unacceptable to many pro, 
ducers. 

For grades of lower N :P20 5 

ratio, such as the 1:2 and 1:4 type, 
the situation is reversed and a higher 
proportion of ammonia to fixed nitro' 
gen is appropriate. The 1:2 N :P20 S 

type can be granulated without acid 
but it is desirable in most cases to 
use as much ammonia as the super­
phosphate will take up so as to get 
maximum reaction heat. Solutions of 
intermediate ammonia: fixed nitrogen 
ratio (0.S3 and 1.1) are usually re' 
quired for this. 

For the 1:4 N :P20 S grades, most 
producers &upply nitrogen as ammonia 
and use acid with it to furnish re' 
action heat. Some get along without 
acid by using the maximum allowable 
degree of superphosphate ammoni, 
ation in order to develop reaction heat 
and----in some cases-by using steam. 
In TVA tests with 5,20,20, good 
granulation was obtained without acid 
by using a combination of ammonia 
and ammoniating solution to give a 
high overall ammonia: fixed nitrogen 
ratio. (Supplying all the nitrogen as 
ammonia would have given over am' 
moniation.) For the optimum degree 
of ammoniation~-considered to be 3.8 
and ;-.8 pounds per unit of P 205 in 
concentrated and ordinary superphos' 
phates, respectively, in TVA work­
the ammonia: fixed nitrogen ratio for 5'-
20,20 is about 2.2. None of the stand, 
ard ammonia'ammonium nitrate solu' 
tions has this high a ratio; however, 
a 2.2 (42.6% NHg and 45% NH4 , 

NOs) and a 3.1 (49% NHa and 36% 
NH4 NOs) have been introduced re' 
cently. 

Rather than stock different solu, 
tions for different grades, some pro' 
ducers stock only one~preferably of 
low ammonia content-and use an' 
hydrous ammonia with it when neces' 
sary. Although storage and handling 
facilities for anhydrous ammonia are 
somewhat expensive, the solution, 
ammonia combination is the most eco­
nomical in respect to raw material 
cost. For those who prefer to mini, 
mize investment by using only one 
liquid source of nitrogen a solution of 
intermediate ammonia,fixed nitrogen 
ratio appears to be the best selection. 

Substitution of urea for ammoni, 
um nitrate affects granulation char' 
acteristics. One difference is that the 
urea type has a higher average water 
content, which promotes overgranula' 
tion in high'nitrogen grades and 
makes more drying necessary in all 
grades. However, TVA tests showed 
slightly better granulations with urea 
solutions. 

Substitution of only part of the 
ammonium nitrate with urea has some 
advantages. The water content is re' 
duced and the salting,out temperature 
is considerably lowered. As noted 
previously, one difficulty in using a 
low'ammonia solution for high'nitro­
gen grades is the high salting'out tem, 
perature of the usual ammonia'am' 
monium nitrate solution. Partial sub­
stitution with urea reduces this to a 
safe level. 

The presence of carbamate pro' 
duced a lower temperature in the 
ammoniator in TVA work, presuma, 
bly because of heat absorbed by de' 
composition of the carbamate. This 
made granulation of low'nitrogen 
grades more difficult but was advan' 
tageous in making high'nitrogen prod, 
uct. However, the high free ammonia 
content of these solutions requires a 
relatively large amount of acid. 

The water content of solutions is 
especially important with formulations 
which tend to overgranulate. Standard 
solutions of reduced water content 
have been introduced in the past year 
or so, and these are helpful in such 
formulations by reducing the amount 
of liquid phase. 

E. C. Perrine 

With all phases of granulation 
operating at greatest efficiency differ, 
ent ratios in finished product will 
often call for different ammoniating 
solutions. 

Heat in the earliest stages of 
granulation is a very important factor 
and the heat from the reactions in am' 
moniation is derived at the earliest 
stage that is desirable. This heat is a 
free by'product from the use of a 
low-cost ingredient. When the maxi, 
mum potential of ammonia take'up 
is reached it is then advisable to obtain 
as much of the additional nitrogen 
from another low cost source. This 
usually involves the nitrogen salts that 
are contained for convenience and 
coot in the nitrogen solutions along 
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with the ammonia. Judicious choice 
of the nitrogen solution may influence 
the ratio of triple superphosphate to 
normal superphosphate and any added 
add. This influence on costs and on 
granulation itself may be even g.reater 
than the savings in the cost of nitro' 
gen which savings are often appreci' 
able. 

Whether the operator of a granu­
lating plant ever heard of the words 
he is almost a slave to "liquid phase." 
The plasticity or condition that dis, 
poses the mass to g.ranulation is 
achieved through the relation of heat, 
moisture and character and amount 
of ingredients. The nitrogen bearing 
salts of the ammoniating solution are 
very important factors. 

If the desired plasticity, liquid 
phase, or predisposition to granulate 
can be achieved by greater heat in 
the mixer and less water it is usual 
to produce more tons of granulated 
fertilizer per day through a system. 
Less fuel is used also. 

To obtain granulation at an eco' 
nomical rate it becomes necessary at 
some point to decide whether the heat 
of reaction from any increase in am' 
monia is to be more desired than 
the influence of more or different am' 
monia salts. Additional heat early 
in the process results f.rom using more 
sulfuric acid than the most economi, 
cal reactions would call for. This is 
true because a pound of ammonia 
reacted with sulfuric acid develops 
about double the amount of B.T.U:s 
of heat that are obtained from the 
pound of ammonia reacted with nor­
mal superphosphate. When the mass 
exceeds 190°F. so much heat is dis, 
sipated in the evaporation of moisture 
that efforts to exceed 200°F. become 
costly in time or in ingredients. 

As valuable as heat is in the 
mass in the mixes it may become so 
costly at high levels that the function 
of more heat as a factor in the liquid 
phase maybe served more economi, 
cally by other factors. 

One nitrogen solution with given 
other ingredients and formulae may 
result in a plasticity that promotes 
granulation in the mixer before that 
action is desirable. Another solution 
may correct this. 

J. O. Hardesty 

The type of an ammoniating 
solution ordinarily denotes the kind 



of soluble salts used in making the 
solution, For example, a urea' 
ammonia solution contains urea and 
ammonia in water. Other types are 
ammonium nitrate'ammonia, and 
urea'ammonium nitrate-ammonia so­
lutions, 

The term "type" as used in this 
question is interpreted to mean "am' 
moniating solutions of varying compo' 
sition with respect to contents of 
soluble salts, neutralizing ammonia, 
and water," 

Very little data are available in 
the permanent literatuure on the sub, 
ject, 

The first consideration in the se' 
~ection of an ammoniating solution is 
the ability of the solution to supply 
neutralizing ammonia in sufficient 
quantity to give adequate ammonia' 
tion of the superphosphate present, 
without introducing an overage of 
nitrogen or water in the mixture, 

Thus, mixed fertilizer with a low 
N/P~O;; ratio requires a solution high 
in ammonia content and low in solu' 
ble salt content, 

Another consideration is the ad, 
ditional ammonia required to neutral, 
ize any sulfuric acid that may be 
added to produce the heat required 
in granulation, Solutions of varying 
composition are provided by the solu' 
tion producers to suit the individual 
requirements of the mixed fertilizer 
manufacturer, Varying the content 
of soluble salt or moisture, with re­
spect to the unit amount of ammonia 
present in the solution, often provides 
an economical way of adjusting the 
volume of solution phase to that re­
quired for agglomeration of a given 
grade of fertilizer. The temperatur, 
and the volume of solution phase. 
however, can be adjusted within cer­
tain limits by the addition of dry 
recycle fines, steam or both, 

different screen sizes, is plotted for 
three different types of triple super' 
phosphate, While the different types 
of triple superphosphate were am­
moniat,ed to different degrees, the ef, 
fect of particle size on each type is 
nearly identicaL The material smaller 
than 80 mesh shows approximately 4() 
percent increase in ammoniation ab­
sorption over the 6,10 mesh particle~ 
in each case. 

What Are the Ammoniation Characteristics of 
Phosphates of Different Particle Sizes? 

In regard to the effect of particle 
size on the ammoniatioll of single 
superphosphate, I would like to re' 
view the work published by Mr, John 
Hardesty and co'workers of the U ,S, 
Department of Agriculture, The ef­
fect of the particle size of superphos­
phate was determined by fractionat­
ing the superphosphate into different 
particle sizes and ammoniating each 
fraction separately, In this case each 
fraction was ammoniated with 6 
pounds of ammonia per unit of avail­
able P 20 S , The results shown on 
Curve 1, Fig. 2, ammonia absorbed 
per unit of P ,05 plotted against 
particle size fractions, indicates that 
only the 80 mesh fraction of the 
ordinary superphosphate absorbed all 
the ammonia reacted, The other frac­
tions showed a decrease in ammonia 
absorption per unit of P ~Oc, with in­
creasing mesh size, 

C. E. Franklin 

P ARTICLE siz.e is a major factor 
in the ammoniating qualities of 

phosphate materials, 
While much information and 

-data are available on the physical fac' 
tors influencing the ammomatlon 
properties of single superphosphate, 
little information is available on the 
effect of the physical factors on the 
ammoniation of triple superphosphate, 
To fill this gap, Phillips Fertilizer 
Research Section undertook a study 
of the ammoniation of triple super­
phosphate, Random samples of vari­
ous manufacturers' triple superphos­
phate were obtained and ammoniated 
under various test conditions to de­
termine the effect of various factors, 
one of which was the effect of particle 
sIze, 

To briefly review the procedure 
used, the ammoniation of various size 
fractions with a constant moisture 
content was conducted in a small 
steel ammoniating drum 14 inches in 
diameter which was rotated at a speed 
of approximately 30 RPM, Anhy' 
drous ammonia was introduced 
through a v..-inch steel tube. The 
ammonia was added over a two' 

:minute period and the ammoniated 

product was tumbled further for two 
minutes, It was then aired and cooled 
for 24 hours and then analyzed, In 
the study on the effect of particle size 
011 ammoniation a slight excess of 
ammonia was always added to insure 
a maximum amount of ammonia 
present. 

Fig, 1 shows the results of the 
study on effect of particle size on 
ammoniation of triple superphosphate, 
The ammoniation rate, pounds of am­
monia per unit of P ~05' obtained at 

Curve 2, Fig, 2, a composite 
sample, ammoniated with all particle 
siz;es present, shows that ammonia ii' 
preferentially absorbed by the small' 
er particles when all size fractions are 
present during ammoniation, After 
ammoniatiol1 with 6 pounds of am­
monia per unit of P,05, the actual 
degree of ammomatlOll was 6,5 
pounds per unit for the minus 80 
mesh particles and 3 A pounds per 
unit for the 4 to 6 mesh particles, 
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Discuss the Loss of Nitrogen Occurring in Different 
Processes, That Is, How it May Vary and Whether 

or Not the Loss Occurs During the Processing 
Stages or as a Fume off the Dryer 

c. E. Franklin 

T HE normal p. roduct temperatures 
upon leaving an ammoniator usu­

ally range from 170° to 220°F. How­
ever, these temperatures often do not 
reflect the maximum temperatures 
which are occurring in the area of 
the reactions between acid and am­
monia. In this local area where exo­
thermic reactions take place, localized 
temperatures often exist which are 
much higher than the average ferti­
li::.er temperature at the ammoniator 
discharge. It is in this area of lo­
calized high temperatures that ther­
mal decomposition and sublimation of 
the fertilizer material take place. 

In an effort to try to obtain a 
better understanding of nitrogen losses 
due to thermal decomposition and 
sublimation in the ammoniator, our 
Fertili2;er Research Section has con­
ducted laboratory tests to determine 
the effect of temperatures in the 
reaction zone on these types of losses. 

In carrying out these tests on a 
12,12-12 fertilizer in which the tem' 
perature was taken to be representa­
tive of the reaction zone and analyz­
lng the off gases for ammonia, chlo­
rides. and nitrogen oxides, it was 
found that with temperatures in the 

range of 320°F. and below the losses 
were less than two pounds per ton 
of nitrogen mostly in the form of 
free ammnia. At temperatures in the 
range of 350°F. the ammonium 
chloride losses were approximately 
five pounds per ton plus an addi­
tional three pounds of free ammonia 
per ton. When the temperature in 
the reaction zone was 370"1"., dense 
white fumes were evolved from the 
fertiliz;er and analysis indicated a loss 
of 48 pounds of ammonium chlQride 
per ton while free ammonia losses 
remained at approximately three 
pounds per ton. 

At a reaction temperature be­
tween 370°F. and 390°F., there was 
a rapid, almost spontaneous decompo­
sition of the fertilizer. In addition 
to ammonium chloride losses which 
amounted to 60 pounds per ton, mass 
spectrometric analysis of the gases 
evolved during the decomposition in­
dicated that the losses also contained 
nitrogen oxides which brown fumes 
usually characterize. 

Similar tests conducted with a 
10-20-10 fertili2;er gave very similar 
results. 

There are, of .course, several 
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methods by which you can minImIZe 
these losses. One of the most im­
portant is to distribute the liquid 
material evenly throughout the length 
of the ammoniator through sparging 
equipment so as not to have large 
amounts of liquids which may react 
at anyone place in the fertili2;er 
mixer. Periodically check and replace 
any sparging pipes where corrosion 
may have enlarged any liquid outlets 
which may let large slugs of liquids 
out at anyone point. Keep a good 
deep moving bed of dry materials 
moving by the sparger pipes which 
can rapidly dilute and disperse the 
area of localized high temperatures. 
The dry materials moving through the 
reaction zone serve as a cooling 
medium. A large percentage of the 
sublimed ammonium chloride may re­
crystalliz;e as it moves up through 
the fertilizer bed. In one laboratory 
test we found that by increasing the 
bed depth only Yz inch, the ammon­
ium chloride losses were eliminated. 

If nitrogen losses are a serious 
factor after taking the above items 
into consideration, you may be using 
too high a ratae of liquid reactants 
for your equipment. 

An example of how different 
quantities of nitrogen solution .can 
effect the nitrogen losses due to 
thermal decomposition and sublima­
tion: A 10-1 0-10 fertilizer produced 
in our laboratory batch ammoniator 
from 6 units of solutions had an aver­
age ammoruator discharge temperature 
of 190 0 F.and the nitrogen losses 
were equivalent to 4 pounds per ton. 
Changing the formulation from 6 to 
7 units of solution raised the dis­
charge temperature to 222 OF., and the 
nitrogen losses were 19 pounds per 
ton. Going to 8 units of solution 
increased the average bed temperature 
to 240°F. and the nitrogen losses to 
24 pounds per ton. 

Most nitrogen losses occur as 
fumes from the ammoniator; how­
ever, at excessive high fertilizer tem­
peratures in the dryer, it is possible 
to experience nitrogen loss in the 
dryer. At fertili2;er temperatures of 
210°F. and below in the dryer, no 
nitrogen losses are detectable. At fer­
tili2;er temperatures in the range of 
220 to 250°F., the losses may range 
from one to five pounds of nitrogen 
per ton of fertilizer. At temperatures 
aoove 250°F., the losses increase 
rapidly with temperature. 



T. P. Hignett 

Nitrogen losses are often a seri, 
ous problem in the production of 
high'nitrogen grades. To obtain in' 
formation on the prevalence of nitro­
gen losses, published reports from a 
few states showing analyses made by 
the state chemists were examined. 
No attempt was made to make a 
complete survey. The reports showed 
that, in Wisconsin, Indiana, and 
Kentucky, more than half of the sam' 
pIes of 10,10,10 and 12,12,12 were 
deficient in nitrogen to an extent that 
exceeded the tolerance allowed by the 
state laws. In Missouri, 40 per cent 
of these grades were deficient in nitro' 
gen. Probably similar situations exist 
in other states. 

The reports show that some 
plants had a much higher batting 
average than others, but there was no 
dear indication that the type of 
process used affected nitrogen re' 
covery. 

Possible points of nitrogen loss 
are (1) from the ammoniator, (2) 
from the dryer, and (3) from the 
storage pile. Nitrogen losses from the 
storage pile are discussed on pages 
)'8, )'9. The present discussion will 
deal with losses from the ammoniator 
and dryer. These are believed to be 
the most important sources of loss. 

Nitrogen losse:s from the am' 
moniator may result from one o.r 
more of the following causes: (1) 
unabsorbed ammonia, (2) fume can' 
sisting principally of ammonium 
chloride, and (3) decomposition of 
ammonia nitrate or urea. 

Unabsorbed ammonia is believed 
to be the principal source of nitrogen 
loss. Poor ammonia absorption may 
be caused by overgranula:tion, poor 
distribution of ammonia or acid, over, 
loading or underdesign of the am' 
moruator, or excessive degree of am' 
moniation. 

Overgranu1ation is probably a 
frequent cause of ammonia loss when 
granulation and ammoniation occur in 
the same piece of equipment. Am' 
mania cannot penetrate rapidly into 
the center of a plus 6'mesh lump. 
Data from pilot'plant runs on 12,12, 
12 show that the ammonia loss was 
usually high when the product leaving 
the ammoniator contained more than 
)'0 per cent plus 6'mesh particles. Un' 
der some conditions as much as 10 
per cent of the free ammonia or pos' 
sibly 5 per cent of the total nitrogen 

may be lost even at moderate degrees 
of ammoniation. 

The cure for ammonia loss due to 
overgranulation obviously is better 
control of granulation by whatever 
means is available. 

Distribution of ammonia and 
acid is very important. Mr. Perrine 
has given some excellent suggestions 
on ammonia distributors in various 
types of ammoniators in previous 
Round Table meetings. 

In pilot'plant experiments, short­
ening the ammonia distributor from 
30 to 12 inches increased ammonia 
and fume loss. On the other hand, in' 
stalling two sets of the longer am' 
mania and acid distributors in parallel 
gave very low losses even at unusually 
high degrees of ammoniation. The 
longer distributors also helped prevent 
overgranulation, and this factor may 
be a cause of the improved ammonia 
recovery. The position, arrangement, 
design, and orientation of the am' 
monia and acid distributors may affect 
fume and ammonia loss. Enlargement 
of holes in the acid distributor due to 
corrosion is a frequent cause of high 
losses. 

Retention time in the ammon!' 
ator in the range of 1.6 to 8 minutes 
did not appear to be an important 
factor. Presumably the effect of re' 
tention time was obscured by more im, 
portant factors. 

High ammonia losses may occur 
due to excessive degrees of ammonia' 
tion. It is not uncommon practice to 
use a high degree of ammoniation with 
the expectation of losing a certain per' 
centage. This practice may be eco' 
nomical and satisfactory when the loss 
can be predicted accurately and com­
pensated by increased supply of am' 
moniating solution. Standard degrees 
of ammoniation used in TVA's pilot, 
plant work were 3.8, )'.8, and 7.2 
pounds of free ammonia per unit of 
P20 S from triple superphospha:te, or­
dinary superphosphate, and phos' 
phoric acid, respectively. These de' 
grees of ammoniation were such that 
ammonia losses were expected to be 
less than 3 per cent of the free am' 
monia input if granulation was reason­
ably well controlled. It was noted 
that considerably higher degrees of 
ammoniation could be used without 
excessive loss under some conditions. 
However, excessive losses sometimes 
occurred even when the degree of am' 
moniation was below the standard val, 
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ues if overgranulation or other diffi, 
culties interfered with a smooth roll, 
ing action of the bed. 

There is a natural tendency to as' 
sume that, if the ammonia loss is high, 
it can be lowered by adding more acid. 
However, increasing the acid rate may 
increase the amount of overgranula' 
tion and thereby increase the ammonia 
loss. 

There is a natural tendency to 
assume that, if the ammonia loss is 
high, it can be lowered by adding 
more acid. However, increasing the 
acid rate may increase the amount of 
overgranulation and thereby increase 
the ammonia loss. 

Many continuous ammoniators 
produce a white fume which is com' 
posed mainly of ammonium chloride. 
This constitutes a loss of nitrogen. 
Because of its striking appearance:, the 
fume is sometimes suspected of being 
the main source of nitrogen loss. How, 
ever, the available data indicate that 
the percentage of nitrogen lost as 
fume is considerably smaller than that 
lost as free ammonia. Even heavy 
fuming has been found to account for 
less than 1 per cent of the total 
nitrogen. 

The causes of fuming are similar to 
the causes of poor ammonia absorp' 
tion, namely, overgranulation and too 
concentrated distribution of acid and 
ammonia. The cures are better control 
of granulation and more uniform dis, 
tribution or greater length of dis, 
tributors. 

Decomposition of ammonium ni­
trate undoubtedly occurs at times in 
the ammoniator as evidenced by ap' 
pearance of brown fumes. However, 
it is believed that decomposition of 
ammonium nitrate is seldom an im' 
portant cause of nitrogen loss. The 
conditions that cause decomposition 
are so extreme that they are unlikely 
to be tolerated very long. 

Urea decomposition is unlikely to 
be appreciable under conditions norm' 
ally encountered in ammoniators. 

Nitrogen losses from the dryer 
may be large under some conditions. 
The losses may be caused by vaporiza' 
tion of ammonia salts such as am' 
monium chloride, decomposition of di, 
ammonium phosphate which may be 
formed at high degrees of ammonia' 
tion, or decomposition of urea. 

Nitrogen losses during drying of 
mixed fertilizers were studied by 
Bridger and Burzlaff (J. Agr. Chern. 2 
1170,3, 19)'4). Appreciable losses 



were found to occur with some mix, 
tures when the temperature of the ma' 
terial in the dryer was as low as 200 0 

F. Any nitrogen loo.ses occurring 
from ordinary formulations at 200 0 F. 
are probably due to diammonium 
phosphate decomposition. About 
180 0 F. is considered to be a maximum 
safe temperature for drying diam' 
monium phosphate. Overheating of 
the product is much more likely to 
occur in countercurrent dryers than 
in cocurrent ones. 

Losses due to fume caused by 
vaporiz,ation of ammonia salts may 
become appreciable when the product 
temperature reaches about 280 0 F. 
Urea decomposition may be rapid at 
this temperature also. Some dryers 
may be operated at temperatures in 
this range. 

In TV A pilot'plant operation in 
which the temperature of the material 
leaving the dryer ranged from 1800 

to 220° F., there was no appreciable 
loss of nitrogen from the dryer. In 
some plants in which the dryer is 
fired with an open flame in direct can' 
tact with the fertiliz,er granules, there 
may be appreciable nitrogen loss. 

There are so many variations in 
equipment, process, and formulation 
that any general statement regarding 
nitrogen losses is likely to have many 
exceptions. With this qualification, 
we would express an opinion that the 
largest nitrogen loss is unabsorbed am, 
monia and that fume from the ammon' 
iator or dryer is secondary. 

We wish to take this opportunity 
to suggest that experiments be carried 
out in large'scale plants to decrease 
nitrogen loss by improved control of 
granulation and by improved am' 
monia and acid distribution. The 
latter might be accomplished by pro' 
viding longer acid and ammonia dis, 
tributors where this is feasible Or by 
providing parallel distributors when 
the longer ones are not feasible. In 
many plants the acid distributor is not 
as long as the ammonia distributor so 
it would be relatively easy to lengthen 
it. This might be beneficial in improv' 
ing nitrogen recovery and decreasing 
fuming. 

Elmer C. Perri ne 

There are probably cases where 
nitrogen has been lost from granulated 
fertiliz,er while it was stored. But the 
relative simplicity of the formulation 

which is desired for obtaning granula' 
tion combined with the economy and 
other reasons for bringing all actions 
to completion ahead of storage would 
seem to preclude much loss of nitro' 
gen during storage, particularly since 
good practice assumes that the finished 
product be dry and cool for storage. 

Where nnes are screened from 
the process and used elsewhere it is 
understandable why the remaining 
product could be off'grade if, as is 
sometimes the case, the particle size is 
related to the analysis. 

G. l. Bridger 

DISCUSSION 

The above two questions will be 
discussed together since they are both 
concerned with the same problem, 
namely, the introduction of nitrogen 
compounds into mixed fertilizers with, 
out loss. 

Under certain conditions nitro' 
gen may be lost in mixed ferti\iz,er 
production in the ammoniation step, 
the drying step, and possibly the stor' 
age period. These will be discussed 
separately. 

Ammoniation Step 
In the ammoniation step the 

problem is to get as much free am' 
mania as possible combined with the 
superphosphates used in the formula­
tion without excessive loss of nitrogen 
or excessive P 20, reversion, since any 
free ammonia not absorbed by super­
phosphates requires addition of sul­
furic or phosphoric acid for its neutral, 
ization. The free ammonia may be 
added as anhydrous ammonia or as a 
constituent of a nitrogen solution. 

The factors controlling absorp' 
tion of am:monia are the chemical and 
physical properties of the superphos' 
phates used, the ammoniation rate, the 
time and temperature provided for the 
chemical reactions, and the distribu, 
tion and mixing system fo,r providing 
intimate contact between anhydrous 
ammonia, nitrogen solution, acid and 
solid ingredients. 

Properties of Superphosphates. 
Physical properties of both normal 
and triple superphosphates are gener' 
ally more important than chemical 
properties with respect to their am' 
moniation characteristics. Superphos' 
phates consist principally of monocal, 
cium phosphate monohydrate with a 
small proportion of free phosphoric 
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acid and a considerable proportion of 
calcium sulfate in the case of normal 
superphosphate. The properties of 
superphosphates that are most im' 
portant are particle siz,e, moisture con' 
tent and porosity. 

In studies by Kumagai, Rapp and 
Hardesty (Ag. ~ Food Chem. 2, 25 
(1954) at United States Department 
of Agriculture and by Waters, 
Arnold, and Payne and co'workers at 
Allied Chemical &1 Dye Corporation 
(Ag. ~ Food Chem. 3, 218 (1955), 
it was shown that only the minus 80 
mesh fraction of both normal and 
triple superphosphate absorbed am' 
monia completely when the usual am' 
moniation rates were used (4 lbs. of 
NH3 per unit of available Pz0 5 for 
triple superphosphates and 6 lbs. of 
NH3 per unit of available P 20 5 for 
normal superphosphate). As the par' 
ticle siz,e increased from 80 mesh to 4 
mesh, the percentage absorption de' 
creased to about 60% for normal 
superphosphate and 80% for triple 
superphosphate. In plant operation it 
is of course impractical to screen 
superphosphates to minus 80 mesh be, 
fore use, but these results point to the 
desirability of keeping the particle size 
as small as practical with the equip, 
ment at hand. 

The moisture content of normal 
or triple superphosphate should be at 
least 6% for good ammonia absorp' 
tion. The above workers showed that 
superphosphates that will absorb 95 % 
of the ammonia at 6% moisture will 
absorb only 90% at 4% moisture and 
80% at 2% moisture. 

The porosity of the superphos' 
phate is a most important property but 
there is no quantitative way in which 
its effect can be measured except an 
actual ammoniation test. I am refer' 
ring p.rimarily to the microcrystalline 
porosity rather than the space between 
individual particles of superphosphate. 
Superphosphates may differ consider' 
ably in porosity depending on their 
method of manufacture. Some arti, 
ficially dried superphosphates are less 
porous than storage cured products. 

Ammoniation Rate. Ammonia' 
tion rate, or the ratio of ammonia to 
the available P 20, content of the 
superphosphate, is one of the most im' 
portant factors in ammonia absorp­
tion. If too much ammonia is used, 
much of it is simply not absorbed and 
goes up the stack, and furthermore re' 
version of the available P 20, to an 
insoluble form may take place. Widely 



accepted ammoniation rates in the in­
dustry are 4 Ibs. of NHa per unit of 
available P20 S for triple superphos' 
phate and 6 lbs. of NHs per unit of 
available P20 5 for normal superphos­
phate. With these rates at least 95% 
recovery of the ammonia can be ex' 
pected if aU conditions are favorable. 

'rime of Reaction. Sufficient time 
must be provided for the free am­
monia to contact the superphosphate 
and be absorbed throughout the mass. 
More time must be provided for high 
.ammoniation rates than for low am· 
moniation rates. At the commonly 
used rates mentioned above, a re­
action time of about three minutes is 
necessary. This will depend somewhat 
Dn the type of equipment in which the 
reaction takes place and whether am· 
moniation is done batchwise or con­
tinuously. 

'r emperature of Reaction. Re' 
action temperature is not as important 
as some of the other factors and has 
relatively little influence on absorption 
of ammonia by normal superphosphate 
over a temperature range of 122,190° 
F. Higher temperatures favor am· 
monia absorption by triple superphos­
phate over a range of 149.216 0 F. 
Usually temperature cannot be coO' 
trolled as well as other factors since it 
is influenced by climatic conditions 
and varies from one formulation to 
another. 

Distribution and Mixing System. 
It is very important that the anhy· 
drous ammonia, nitrogen solution and 
acid be added as uniformly as possible 
throughout the bed of materials in the 
mixer and that the mixing be as good 
as possible. The means to accomplish 
this are varied depending upon the 
equipment used and whether the sys­
tem is batch or continuous. It is obvi­
ous that without good distribution 
there will be a tendency for over­
ammoniation and consequent loss of 
ammonia in localized areas, and 
under-ammoniation in other areas. 
Furthermore poor distribution contrib, 
utes to over·granulation and lump 
formation because of excessive mois' 
ture and temperature in localized 
areas. A more serious consequence of 
poor distribution is formation of am' 
monium chloride fume due to localized 
excess of acid; this attacks potassium 
chloride forming hydrogen chloride 
vapor, which forms ammonium chlor· 
ide fume upon reaction with am­
monia vapor. 

Drying Step 

After ammonia has been absorbed 
more or less efficiently in the mixing 
step further nitrogen loss is possible 
in the drying step if conditions are 
not properly controlled. The most im­
portant factors contributing to nitro' 
gen loss here are temperature, time, 
and ammoniation rate. These factors 
were studied by Bridger and Burzlaff 
at Iowa State College (Ag. f3' Food 
Chem. 2, (1954». 

'Temperat,ure. The most important 
factor governing nitrogen loss in the 
dryer is temperature to which the 
product is heated. Nitrogen com­
pounds are relatively unstable at mod, 
erate temperatures; for example, di· 
ammonium phosphate begins to lose 
appreciable amounts of nitrogen at 
about 200 0 F. Other nitrogen com' 
pounds are more stable but all have an 
appreciable vapor pressure of am· 
monia at temperatures which may be 
encountered in fertili:::er processes. 

In the studies at Iowa State Col­
lege it was found that appreciable 
nitrogen losses occurred in some cases 
at product temperatures as low as 
1 ')00 F. Nit.rogen losses as high as 
20% were found to occur at product 
temperatures in the range of 250·300° 
F. and with inlet air temperatures in 
the range of 400-600° F. These high 
losses were for fertilizers made from 
ammoniation of normal superphos· 
phate at a rate of ;.4 lbs. of ammonia 
per unit of available P,05 and with 
a dryer retention time of about twenty 
minutes. 

The loss of nitrogen caused by 
overheating can be easily demon· 
strated in the laboratory by heating 
samples of fertiliz;er to various tern, 
pe.ratures. Depending on their com' 
position, fume evolution will generally 
be observed in the temperature range 
300 to 500 0 F. 

'Time. The nitrogen loss increases 
gradually with increasing dryer reten­
tion time so that conditions should be 
such as to achieve the desired degree 
of drying in the minimum time pos­
sible. 

Rate of Ammoniation, Nitrogen 
loss on drying increases as the rate of 
ammoniation is increased, since di­
ammonium phosphate is more easily 
decomposed than monoammonium 
phosphate. If therefore ammoniation 
is high enough to form diammonium 
phosphate, nitrogen losses on drying 
are more likely. 
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Stor;age Step 
Nitrogen loss in storage of mixed 

fertiliz;ers does not occur except under 
very unusual conditions. In high· 
nitrogen grades, it is possible that de­
composition of nitrogen compounds 
may occur if localized overheating is 
permitted, in which case the decom' 
position may spread and a serious fire 
result. If alkaline materials such as 
lime are mixed with the fertili:::er, lib­
eration of ammonia will take place. 

B. E. Adams 

Losses of nitrogen during process· 
ing, the stages of processing, will be 
considered in the mixer, granulator, 
drier and cooler. 

Mixer. The presence of am' 
monium nitrate and acid together may 
cause the ammonium nitrate to break 
down, but large losses are expected to 
be ammonia. 

Granulator. No loss is expected. 
Drier. Losses are a possiblity 

when flame is applied direct to the par' 
ticle causing overheating. This can be 
corrected by proper control of the 
flame and air flow to avoid over local­
ized heating. The product tempera' 
ture should be checked where losses 
are expected in the drier. 

Cooler. No loss is expected. 

J. O. Hardesty 

Nitrogen loss during the p.roduc· 
tion of mixed fertilizers is caused by 
(a) adding neutrali:::ing ammonia in 
greater quantity or at a faster rate 
than it can be absorbed (b) adding 
sulfuric in such manner that it reacts 
with potassium chloride before it can 
be neutralized by ammonia, the result 
being the formation of hydrochloric 
acid and its neutralization with am' 
monia to form ammonium .chloride 
which is partially liberated from the 
mixture at high temperatures. 

To the writer's knowledge, it has 
not been definitely established that 
nitrogen is lost under normal storage 
conditions. Considerable research 
wo.rk is in progress regarding this 
question. Excessive heat in the stor· 
age pile may cause nitrogen 10ss.2, 7 

2. Davis. R. O. E., and Hardesty. J. O. Or­
ganic Material and Ammonium Nitrate in 
Fertilizer Mixtures. Ind. Eng. Chem. 37. 
59-63 (1945). 

7. Hardesty, J. 0 .. and Davis, R. O. E. Spon­
taneous Development of Heat in Mixed 
Fertilizerg. Ind. En{l. Chern. 38, 1298-1808 
(1946) . 



DISCUSSION ON PREVIOUS 

QUESTION AND ANSWERS 

Fran~ N.ielsson: I personally be­
lieve that your analyses are off. 
You haven't put the nitrogen in 
Or if you put it in, it went sOme 
place. (laughter) It isn't as funny as 
it sounds. By that, I mean, we're hav­
ing a lot of work going on by our 
trade association, testing for nitrogen 
loss. Is it leaking out in a pile, is it 
leaking out in a bag, is it leaking out 
by the time it gets to the farmer? My 
persoml opinion is that if it's in when 
it leaves your cooler, it's going to be 
in from there on out. And if some­
body out in the field isn't finding it, 
it was never there when it reached the 
storage pile. This is due to a variety 
of reasons: Some are formulating 
techniques; some are the fact that 
people don't realize that continuous 
feeders are wonderful except that 
they require calibration; and some are 
that your salesmen come in and say, 
"if you don't give me fifty tons of this 
grade I'm going to lose a thousand­
ton customer." So against your better 
judgment you may give him fifty tons. 
With the system most of us have, even 
if we take a reasonable recycle of 
twenty-five per cent, when you make 
only fifty tons of material, you're not 
going to make analysis unless you 
really over-formulate to play sah. 
The preceding are largely cliches to 
all the old timers in the field; that is, 
anyone that's been at it more than six 
months. But let's take these cliches, 
repeat them, and go over some of the 
points; maybe you'll agree with them, 
maybe you won't. 

Now, the word gravimetric 
means that it's a weighing-type feeder. 
And yet for some unknown reason 
these weighing-type feeders don't 
strictly weigh per se; that is, depend­
ing upon what you're putting through 
them, your calibration point will vary. 

Now, if we take an Omega feed­
er, about which I am most familiar, 
you have a little arm, connected to the 
weight beam that swings between two 
mercury switches located either side 
of the :::;era point. If the weight beam 
goes up or down too much your sigm.l 
light lights and the bell rings, showing 
an unbalance. So the operator feels 
that as long as the bells don't ring, 
and the lights don't light, he's doing 
fine. But actually every once in a 
while, as the Omega people warn you, 
the weight beam may ride continua!!:' 

above or below :::;ero without hittin~ 
the alarrm switch. 

And although the bells don't 
ring, and the lights don't light, you're 
still off grade because you're running 
continuously one or two ounces over. 
Then, let's say you've been u5ing a 
pre-based material in making 5-20-20 
and you switch over to 4-16-16 base, 
the zero point of the scale changes, 
but not enough to actuate the switches. 
Again, you won't notice that you're 
off grade but you are off grade because 
to stay on grade the weigh beam has 
to move above and below zero, not 
just ride on one side of zero. The 
feeder people have provided what 
they call a little tuning device. This 
is regulated until the weigh beam be­
gins to swing around dead center. 
When the weigh beam swings around 
dead center, then the feeder is doing 
pretty much what it's supposed to do. 
But, as long as it's swinging either 
below center or above center, you're 
off two or three ounces per foot of 
belt, and that adds up over a day's 
run. A lot of people just try to cal­
culate feeder factors. In my own 
company, as I go out and talk to the 
field, I find some hellacious factors 
for feeders. To me the simplest way 
to find out what a feeder will do is 
to have it feed a weighed amount of 
material and time it. If you're sup­
posed to be feeding a thousand pounds 
an hour, you put in a thousand 
pounds and see if it takes an hour 
to feed it out. If it doesn't, I don't 
care what the factors are, something 
is wrong. That is something that 
would seem very, very, primitive, and 
yet it's surprising how many engineers 
who design plants don't make pro­
vision for you to come off an elevator, 
or off the end of your belt or wher­
ever you're feed drops before you get 
into the ammoniator so you can put a 
buggy or a cart of some kind, and 
actually time how much is coming out 
in a given period of time. If a plant 
doesn't have a means of weighing 
feeder input or discharge, they're just 
fooling themselves. They can use all 
the factors they want, and they can 
put on dead weights and what not, 
but they won't know what they're 
doing until they can actually say that 
"one pound per minute is what I'm 
getting." Now I think that's the big­
gest reason why continuous feeders 
are off, because they aren't calibrated. 
And after calibrating once you get 
this odd behaviour I mentioned be­
fore: If you switch from a formula 
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that calls for 'iOO lb. per hour of 
triple and you change to ordinary 
super, and don't recalibrate, the feeder 
probably isn't going to put out the 
five hundred pounds per hour that it 
was set for. The weigh beam will 
balance slightly off :::;ero and you're 
going to be off. So you have to cali­
brate for every material that you use. 
You have to calibrate for every base 
that you use. You have to recalibrate 
every two or three days. You have 
to check chemical analyses as a check 
on the feeders. 

Now, for the matter of rota­
meters; again I'm assuming that most 
people are using Fischer Porter's. 
Those people have written a great big 
book on how to compensate for every­
thing. So if you really get in trouble, 
go and read their book. They have a 
section on fluorators. Once you begin 
to understand it slowly you can make 
your own calculations. In most cases 
with solution as the specific gravity, 
changes for one solution, it doesn't 
make too much difference, but if you. 
go to anhydrous ammonia, that hap­
pens to be a compressible fluid; as the 
pressure varies, the density varies, and 
it varies quite a lot. It can go from 
0.52 to 0.62, which is a sixteen per 
cent variation over normal, between 
the time you begin unloading a car 
and the time you empty. If you don't 
account for that change in density, 
your analyses are,nt going to come out 
right. The anhydrous manufacturer 
can supply you with density data. 

Now, more and more of us are 
beginning to use phosphoric acid. 
Again you have to write to the manu­
facturer for a viscosity curve; that is, 
how does the viscosity of his acid vary 
Nith temperature. Now, by viscosity, 
we mean the thickening condition that 
occurs with decreasing temperatures. 
As the temperature drops, acid gets 
thicker. For instance, using phosphoric 
furnace acid, the actual flow at 25 0 F., 
with the same float setting at the low 
end of the scale: That is, on the rota' 
meter, the tube is tapered and the 
float is closer to the walls at the low 
end of the scale. If you're running in 
this range, as the acid gets thicker, the 
float is dragged instead of pushed. 
That is, it may be showing 100 lb. per 
hour when actually the flow is ninety 
(90) pounds per hour. The Fischer­
Porter book tells you how to make 
those calculations roughly. In our 
case we give the operators a chart 
showing the actual flow compared 
with the flow shown by the meter for 



various temperatures. I'm sure that 
the acid people, or the rotameter 
people will be happy to make those 
calculations for you, if you can't fig, 
ure out what the devil they're talking 
about. 

Now, another thing that I believe 
sometimes affects what you do, or 
what the results are, is that you may 
not be using the right solution for 
the kind of product you want to 
make. We've had a lot of discussion 
today about solutions. My personal 
observations are that urea solutions 
generally make small granules, am' 
monium nitrate solutions make large 
granules; and the urana type, (urea 
ammonium nitrate solutions) make 
granules in between. If you use all 
anhydrous and sulfuric acid you get 
large'looking granules. Now, if you're 
si~ing very closely down in the small 
particle si~e range, you're just cutting 
your own throat if you're using solu' 
tions that make big granules, because 
when you make big granules, you 
make most of your product by grind, 
ing; and your product is going to show 
it because it's going to be a rough, 
looking product that has been formed 
by crushing. You can go out in the 
pile and tell whether a man has been 
making round granules in rotating 
equipment or whether he's generating 
granules in the cage'mill or hammer' 
milL If you're going to make small 
pellets, get the solution that will give 
you small pellets. If you're going to 
make big pellets; if your salesman 
thinks that you ought to have minus 
five plus six, go to a solution that will 
give you those. Certain solutions in 
certain formulae want to granulate 
in certain ranges. 

Then, we get over into operating 
technique, and this depends on indi' 
vidual plants. If you're your own 
boss, like Mr. Sorenson, you can go 
out and do anything you want within 
limits. But at most places, you have 
to sell your ideas to people in the 
plants. You're doing this by letter or 
by telephone; you don't have as close 
control as you'd like to. So the 
troubles of the multi'plant company 
may not exist for the one plant com' 
pany. Many of the old timers, realize 
that sulphuric acid is almost like glue. 
Put enough in and you can make 
almost anything granulate. But, you 
may get some funny results. You pick 
up a bag and the bottom drops out 
(too much acid). (laughter) Let's say 
the boy in the office has made a 

mistake on a formula. It won't quite 
granulate. But the operator will say, 
"well, heck, it won't granulate. I 
still have to make my tonnage." And 
he will increase his sulphuric acid 
above that shown in the formula. If 
he doesn't have a recorder, you in 
the office think he's doing what you 
told him to do so you can't under, 
stand the big shortage in sulphuric 
acid. The operators don't seem to 
reali~ that adding sulphuric acid is 
just like adding sand from the analyti' 
cal standpoint. If you add a hundred 
pounds of sulphuric acid too much, 
you've added, on a dry basis, nine per' 
cent diluent and your analysis is go' 
ing to come down. So when you start 
asking questions, go out in the plant 
and make sure that the operator is 
doing what you told him to do. It is 
surprising when you go out in work 
clothes and just talk to the operCl.tor 
on the side. He doesn't know who 
you are the first couple of times, and 
you'll be surprised at what you find. 
The important thing to tell them that 
in an emergency we don't care what 
they do as long as they tell us what 
was done. If a formula requires a 
hundred pounds more of acid, tell us 
and we will reformulate. I believe 
the addition of recorders will clear up 
many discrepancies. 

Then the last item is this matter 
of recycle, and that again depends 
somewhat upon the kind of plant you 
have. I think everyone will agree, that 
the recycle and the product have dif­
ferent analysis. Using fine potash, the 
recycle will be high in P205' So until 
you come on stream, what you're 
making is either low in potash or 
P 205, depending on raw materials. 
When you get through with your run, 
you have recycle left in the system 
and during the last part of the run 
you granulate that recycle, and that 
will be either high or low in P 205 or 
potash, depending upon your formula. 
Now, if you're going to make only 
fifty tons or so of a grade, the first 
part is off 'grade, the last part is off, 
grade; the middle is O.K. So as you 

go through a fifty ton pile, you may 
start out with a 5,21,18 and end up 
with a 5,18,21. And nobody ever 
finds a 5,20,20. And its' just due to 
this business of recycle. Another 
thing happens when recycle gets out 
of hand. A pug mixer will granulate 
recycle easily while a TVA am­
moniator will not. Once the system 
gets out of step with recycle, the op' 
erators will stop feeding base material, 
and just add water to granulate that 
recycle. Then there may be fifteen, 
twenty or thirty tons of good'looking 
material, but it's completely off grade, 
that is a 5,18,21. They start up again 
and go though this process where 
they're making a 5,21,18 while the 
recycle is building up. It gets out of 
hand and they stop feeding base, and 
they granulate the recycle. The pile 
then is 5,21,18, ,,18-21, and back and 
forth. You can't tell the production 
manager why the state found the 
wrong analysis. As far as you could 
tell the average samples were o.K. 
But the fertilizer actually went into 
the pile in layers. And if it is made 
in layers of varying analyses, it 
usually comes out that way. 

Question 1. Are Coating Agents 
in Granulation Beneficial? When 
and How Should They Be in­
troduced in the Process? 

J. O. Hardesty 
Data are presented 15, 19 showing 

the beneficial effects of coating agents 
on fertili~ers having a tendency to 
cake. Coating agents are added from 
a continuous volumetric feeder, im' 
mediately after cooling or immediately 
before bagging, at the rate of 20 to 
60 pounds per ton of fertilizer in a 
rotating cylinder in the absence of an 
air current. Unattached coating agent 
is removed by a screen at the outlet 
end of the cylinder and recycled in 
the process. 

15. Kumagai. Rikio, and Hardesty. J. O. Rela­
tive Effectiveness of Granule Coating 
Agents. AgT. Food Chem. 4, 132-5 (1956). 

Ill. Rapp. H. F .• and Hardesty, J. O. Granu­
lation of Mixed Fertilizers in Experimental 
Equipment and Determination of Storage 
and Drilling Characteristics of the Prod­
ucts. AgT. Food Chem. 6, 426-33 (1957). 

What Is the Best Weight of Ammonia Per Unit of 
P205 in Ammoniating Phosphoric Acid Derived 

From Either the Wet Process or Furnace? 
T. P. Hignett 

When phosphoric acid is the only 
source of P 20 0 , the maximum degree 
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of ammoniation that was attained in 
the TV A pilot plant without exccs' 



sive ammonia loss was about 7.2 
pounds per unit. This degree was 
attained with either electric furnace 
or wet'process acid. Loss of more 
than 3 per cent of the free ammonia 
was considered to be excessive. A 
degree of ammoniation of 7.2 pounds 
per unit corresponds to conversion 
of about half of the phosphoric acid 
to diammonium phosphate and the 
remainder to mono ammonium phos' 
phate. 

In information containing both 
ordinary superphosphate and phos' 
phodc acid, somewhat higher degrees 
of ammoniation can be attained under 
favorable conditions than the sum 
of the standard rates for the two 
materials. This is because the calcium 
sulfate that is present in the super' 
phosphate enters into the reaction. 
Pilot'plant tests were made by TVA 
in which 8,16-16 was made from a 
formulation containing 10 units of 
P20S from ordinary superphosphate 
and 6 units from phosphoric acid. 
Good ammonia recovery was obtained 
at over-all degrees of ammoniation up 
to and including 7." pounds of free 
ammonia per unit of P 205' If the 
usual degree of ammoniation of 6 
pounds per unit is attributed to the 
superphosphate, then 10 pounds per 
unit must be attributed to the phos­
phoric acid to reach the over-all value 
of 7.5. 

The over-all reaction whereby 
phosphoric acid in the presence of 
calcium sulfate may absorb 10 or more 
pounds of free ammonia per unit of 
P 20 5 may be written as follows: 

3CaS04 4HgP04 + 
9NH3 = 3 (NH4)2S04 

NH4H zP04 ( NH4) 2 

HP04 Ca3 (P04 )Z 

The reaction involving formation 
of ammonium sulfate is not as rapid 
as the direct reaction of phosphoric 
acid and ammonia; some plants may 
have difficulty in attaining the higher 
degree of ammoniation. 

When formulations containing 
large amounts of phosphoric acid are 
used in continuous ammoniators, the 
acid distributor should be designed to 
match or slightly precede the am­
monia distribution. If the acid distri­
bution lags behind the ammonia at 
any point in the ammoniator, in­
creased ammonia losses may occur. 

T. J. Bosman 

When we first started using phos' 
phoric acid at our Danville plant, we 
were fortunate in having a repre­
sentative of the Girdler Corporation 
present. He told us that in their 
Votator studies, they had found an 
ammoniation rate that gave the 
equivalent of "0 mono-ammonium 
phosphate and "0 di'ammonium phos­
phate would maintain its liquid phase 
better at our ammonia tor tempera­
tures 190°F to 240°F, thus letting 
the ammonia tor discharge more freely. 

The stoichiometric quantity of 
free ammonia (NHa) needed to form 
these compounds in a 1: 1 ratio is 
7.2 lbs. per unit (20#) Pz0 5 • Start' 
ing on this basis we figured our am­
moniation rate slightly higher at 7.4 
lbs. free ammonia (NHs) per unit 
P~05. This was done to compensate 
for some slight ammonia losses from 
the ammonia tor. We have found this 
ratio to work very satisfactory. 

At times when we have varied 
from this ratio we have run illto 
trouble. This applies to variations 
in either direction. You first notice 
that the mix is not moving through 
the ammoniator as freely as it should. 
On closer observation you will notice 

a build-up on your spargers and their 
supporting brackets. Should you catch 
it in time the chances are you can 
rod this build-up off without stopping 
your ammomatlOn. Should you be 
very far off on your 1: 1 ratio the 
build'up becomes so hard and gain'i 
so fast you cannot catch up with it. 
Then you will have to stop all rna' 
terials flow until this build-up can 
be broken loose. If you do not do 
this, it will choke down the am­
moniator. This material has the ap­
pearance of a hard, dry, mass with 
a very rough surface. The pieces are 
very hard to break and the fracture 
looks like a very dense structure of 
compressed granules. 

This condition is much more 
noticable with furnace acid than it 
is with wet process acid. The solid 
impurities in the wet process acid 
tend to a little more plasticity. With 
furnace acid you will have to use 
water or steam quicker than you 
would with the wet process acid. We 
have found variations from the 7.4 
lbs. rate will cause you to use more 
water, or more water and steam re­
gardless of type acid, therefore to us 
it is the rate to use. 

Why is SO Much Trouble Experienced 
With the Nitrogen Content of 

High Analysis 1-1-1 Ratio 
Fertilizers 02-12-12. 

14. 14. 14)? 

Elmer C. Perrine 

The loss of nitrogen that is most 
frequently encountered and which ac­
counts for much loss in the industry 
is failure to combine the free ammonia 
with the superphosphates and to some 
extent with the added acids in the 
formulae. 

Largely through faulty equip­
ment or operating techniques the un­
intended actions of some chemicals in 
the formulae result in some nitrogen 
loss. 

High heats of drying in some 
granulation plants are possibly caus, 
ing losses. 

Screening of fines from granu­
lated grades can influence analysis if 
they are not returned to process. 
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Improper handling of ammoniat' 
ing solutions can reduce their nitrogen 
content. One of these actions is the 
excessive venting of storage and 
measuring tanks during transfer of 
volatile solutions. Another would be 
the use of a solution that had partially 
salted out in storage or in tank cars .. 
The influence of these two factors is 
not very great in the average plant 
but in isolated cases have been severe. 

It is true that many plants are· 
retaining essentially 100% of the am­
monia input at rates of 65 pounds per 
unit of P 20 5 in 20% superphosphate 
and 35 pounds, for triple superphos­
phate. This requires equipment that is' 
designed for the job and also requires; 



considerable skill in operation. Some 
plants are operated as though the de­
sire for the benefits of high rates of 
ammoniation is all that is required and 
they merely pour the nitrogen solution 
into the mixer without any recognition 
of the needs of equipment or tech­
niques. 

Beyond :; pounds of ammonia per 
unit of 20% superphosphate consider, 
able ammonia is usually lost to the 
atmosphere unless equipment and 
techniques are suitable for the require­
ments that are quite specific for high 
rates of ammoniation. Even with the 
best .of equipment it seems impractical 
to hold more than 8 pounds of am­
monia per unit of 209( superphos­
phate and this requires an input of 
9.0 pounds, involving a calculated loss. 
Inputs as high as 12 pounds have 
generally failed to increase th~ reten­
tion much beyond 8.0 pounds. Much 
nitrogen is lost through this technique 
and not all operators are fully aware 
of the reasons. 

Deterioration of equipment and 
the creeping tendencies of plant opera­
tion account for much loss of nitro­
gen. Where most of the ammonia is 
to be reacted with superphosphates it 
is the general practice to add 3.0 
pounds of 66° sulfuric acid for each 
pound of ammonia that is in excess 
of that ammonia which is expected to 
be reacted with the superphosphate. 

Where formulation demands the 
maximum ammonia take-up from the 
superphosphates, unless both the acid 
and ammoniating solutions are added 
in such a manner that each pound of 

ammonia has its chance to react with 
its alloted 3 pounds of sulfuric acid 
the conditions are present for loss 
of nitrogen from two sources. One 
loss caused by improper use of acids 
is from the unreacted ammonia that 
escapes to the atmosphere. The sec' 
ond loss may be through ammonium 
chloride escaping to the atmosphere. 

Agglomeration before all of the 
ammomatmg solutions have been 
added reduces or completely stops 
further ammonia take-up about as 
though the particle size of the sup~r­
phosphate had been suddenly in' 
creased. Changing to another solution 
has corrected this condition, which 
may help to explain the reason for the 
number of nitrogen solutions being 
used for granulation. There have also 
been cases of unwanted granulation in 
pulverized fertilizer manufacturing 
which caused a problem in ammonia 
take-up. 

Good operations in most granu­
lating plants hold the products in the 
dryer to no more than 250 0 to 275 Q F 
and these are reached for a very short 
time in the dryer. As indicated in 
other discussions in this meeting such 
temperatures are acceptable to many 
operators. Some of the nitrogen salts 
are possibly broken down in the dryer;: 
that may be operating at higher tem­
peratures. Excessive heats are often 
resorted to in order to offset some 
other factor which might better be 
corrected directly. Air pollution is 
often a result of excessive heats and 
other attempts to force a granulation 
plant beyond some of its limitations. 

Does Heat Produce a Mechanical Breakdown 
and the Occasional Sublimation During Drying of 

Concentrated Ammonium Nitrate Solutions? 

C. E. Franklin 

The question speaks of drying 
concentrated ammonium nitrate solu­
tions. If it has reference to the drying 
of ammonium nitrate, the answer is 
"No," providing the drying is carried 
-out within reasonable temperature 
limits. 

If the question refers to the dry­
ing of mixed fertilizers using increased 
quantities of nitrogen solutions con­
taining ammonium nitrate, we notice 
no tendency for a greater mechanical 
breakdown in the dryer, that is, the 

pellet or fertilizer granule crumbling. 
On the contrary, with increased 
quantities of solutions, the pellets ap­
pear more firm and have a greater 
resistance to crumbling than do 
granules which have a lower soluble 
salt content and are agglomerated by 
the addition of water. 

The chemical breakdown or sub­
limation during drying operations 
is influenced primarily by the ferti­
lizer temperature in the dryer and, 
too, the fer til i z e r formulation. 

Laboratory tests on the drying of high 
nitrogen mixed fertilizers indicate that 
there are no nitrogen losses if the 
fertilizer temperatures in the dryer do 
not exceed 210°F. At fertilizer tem­
peratures in the range of 210° to 
250°F the losses are small-one to five 
pounds of nitrogen per ton. Above 
2 )O°F the losses increase rapidly with 
temperature. 

We have only a limited amount 
of data on nitrogen losses from drying 
operations and have not as yet been 
able to prepare a correlation between 
nitrogen losses and composition of the 
fertilizer. 

B. E. Adams 

Yes, this is possible when we have 
a major drop in temperature between 
the mixer and drier resulting in a 
lowering of the liquid phase below 
that required for granulation. If ma­
terial has hot points you may have 
sublimation. 

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

Richard G. Powell 

Let us begin by examining a few 
pertinent facts and some history cow 
cerning ammonium nitrate. Am­
monium nitrate, as indicated in the 
literature, in pure form melts at about 
226.3°F (169.6°C)3. While there is 
some disagreement in the literature as 
to the temperature at which decom­
position may begin, the g~neral range 
may be considered to be around 347° -
392°F (175° , 200°CV At tem­
peratures of about 500 0 
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(26()O - 350°C), the decomposition 
may be self-sustaining". Since the 
decomposition of ammonium nitrate 
is a series of chemical reactions, it is 
difficult to isolate any given reacti.on. 
Generally, there are considered to be 
about seven reactions though some 
sources for this information have con­
solidated them to three major re' 
actions. All begin with the de­
composition to ammonia and nitric 
acid followed very closely by the pro­
duction of nitrous oxide (N20) as 
well as nitrogen (No). M. Berthelot 
and H. L. Saunders4 in separate in­
vestigations c-onducted about 50 years 
apart, came in close agreement when 
they observed that "Towards 392°F 
(200°C) it (ammonium nitrate) sepa' 



rates in a sufficiently definit;:: manner 
into nitrogen monoxide and water 
without, however, there being a fixed 
temperature at which this destruction 
take;:, pJac,e.'·1 Saunders further noted 
in his work on the Decomposition of 
Ammonium Nitrate by Heat that, 
-'Pure dry ammonium nitrate decom­
poses only slowly at 392 of (200°C) 
and ju:"t melting at 336°F (l69°C) 
and then dissociating into nitric acid 
and ammonia and begins to evolve a 
gas containing 98 percent of nitrous 
oxide. '-4 The other two percent was 
found to be practically all nitrogen 
(N2)' Thus, it would appear that 
with pure dry ammonium nitrate, the 
temperatures needed for decomposi­
tion are above :l5'O°F (176.6°C) and 
at about 392°F (200"C) we may 
evolve nitrous oxide (N20). We 
should point out, however, that as 
with all chemical reactions, there is 
an extended range of temperature and 
pressure (the only two int,ensive fac­
tors to be considered in this analysis) 
over which the reaction takes place. 
The reaction may occur only to an 
infinitesimal extent at low t,empera­
tures, but it is analytically thermo­
dynamically demonstrable. With such 
a low temperature reaction with re­
spect to time, the kinetics may dictate 
an extremely long time (approaching 
infinity) for the reactants to be con­
sumed or converted to products, pro­
vided such products are swept away 
from the presence of the reactants. At 
the opposite extreme is a temperature 
so high that the reaction at a given 
pressure proceeds with violent 
rapidity. Such extremes are important, 
but in the present study we are con­
sidering the conditions which prevail 
in commercial apparatus. The tem' 
perature, pressures and kinetics 
catalyst:; are of a significant order, 
..:reating conditions that may cause the 
rate of reaction and the magnitude of 
conversion to be of importance. 

Thus, important to us also, is the 
effect of temperature when we do not 
have pure ammonium nitrat~ alone. 
but in the presence of various salts 
amI acids that exist in our fertilizer 
mixtures. H. Tramm and H. Velde 
in their work On the Spontaneous 
Decompositions of A m m 0 n i u m 
Nitrate, found that, "When free of 
..:hloridcs, ammonium nitrate may be 
held at 347°P (175°C) for a long 
time without decomposition, but that 
relatively small quantities of chlorides 
and free acid may cause decomposi' 

tion at temperatures as low as 284°F 
(140°C)."" This decomposition as 
indicated, would rapidly proceed to 
the evolution of nitrous oxide (N ,,0). 

Now that w,e have the tempera­
ture ranges in mind at which this 
decomposition and possible subsequent 
formation of l1ltrous oxide may occur, 
let us examine the possible tempera­
ture conditions existing in th~ am­
mcniator. brst of all, as you can ap­
preciate, the reactions that are taking 
place at anyone moment in the am­
mcniator are hard to predict. It is 
equally ditticult to predict accurately, 
tl1e temperatures existing in the am­
moniator at the time of our maximum 
heat of reaction. Generally speaking, 
unless acid is being used, the tempera' 
ture conditions which would promote 
decompOSItion of the ammonium 
nitrate are not readily attainable. 
Once we begin to neutralize a portion 
of the ammonia present with acid, 
however, considerable heat is evolved 
in addition to that which is normally 
encountered from the reaction ot the 
ammonia and the normal or triple 
superphosphate. Assuming an average 
specilic heat, based on our normal 
operating temperatures, of approxi­
mately .:1.6 for fertilizer materials, .6; 
for solutions, and .4 for ammonium 
nitrate and also assuming a conserva­
tive heat of reaction of 2200 BTU per 
pound of ammonia from solution 
when reacted with 66° Baume' sul­
furic acid and 1000 BTU per pound 
of ammonia from soi-ution when re­
acted with normal or triple superphos­
phate, certain adiabatic equilibrium 
temperatures may be predicted. Cow 
sidering an isolated point in the mixer 
at a given moment when the solution, 
acid and phosphatic material are be­
ing mixed, an estimation of the heat 
ot reaction may be calculated. When 
this heat is applied to the various con­
stituents present, individually or as a 
group, and over a range of initial 
temperatures for the constituents 
starting at 70 o P, adiabatic tempera­
ture conditions of from :lloe , 450°F 
(155 - 233°C) may be predicted. 
The more usual condition, that of dis­
sipating the heat into the majority 
of the moving mass of fertilizer as 
opposed to consideration of isolated 
pockets where only solution and acid 
would be present, would indicate 
abiabatic temperatures in the immedi­
ate range of 374 0 

, 392 c P (190° -
200°) _ Therefore, assuming that pure 
ammomum nitrate begins to decom-
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pose at temperatures approaching 
392°F (200 C C), and ammonium ni­
trille in the presence of chlorides or 
free acid may begin to decompose 
signifr.:antly at temperatures above 
284°F (l40°C), it would indicate 
that under adiabatic conditions am­
monium nitrate could decompose in 
the ammoniator and further that the 
decomposition products could be pri­
marily nitrous oxide. 

Fortunately, the mass of solid5 
present, the evaporation of water, the 
agitation of the material and the move, 
ment of air in the case of the con­
tinuous ammoniator, all help to dis­
sipate these heats of reactioll very 
rapidly. Also, the dilution of the am' 
monium nitrate and reaction of the 
ammonium nitrate with potash, aids 
the prevention of its decomposition. 
That these abiabatic conditions do not 
exist long enough generally, to cause 
decomposition of the ammonium 
nitrate with potash, aids the preven­
tion of its decomposition. That these 
adiabatic conditions do not exist long 
enough generally, to cause decomposi­
tion of the ammonium nitrate, is 
partially borne out by pdoduction rec­
ords which seldom indicate tempera­
tures in the ammoniator much above 
200 0 _ 250°F (93 0 - 139°C). There' 
fore, while it is possible to obtain 
the temperatures in the ammonia tor 
that would cause ammonium nitrate 
to breakdown, under normal operating 
conditions, these temperatures are not 
reached or held long enough to cause 
significant decomposition. Primarily, 
the latter is due to the fact that true 
adiaba tic conditions do not prevail 
and the heat is dissipated to the sur­
roundings. 

I believe many of you ha ve 
seen the decomposition of ammonium 
nitrate taking place. usually accom' 
panied by the issuance of gray-white 
vapors, which are partially finely 
divided ammonium nitrate resulting 
from the recombination of cooled, dis­
sociated ammonia and nitric acid, and 
partially ammonium chloride, and 
then the formation of reddish brown 
vapors of nitrous oxide. In my ex' 
perience, this has occurred when the 
fertilizer became too plastic in the am' 
moniator and the bed of material was 
not tumbling or being agitated in the 
normal manner. To point out an ex­
ample of this, I would like to refer 
briefly to an experience of Swift and 
Company, which was quoted very 
widely recently in industry magazines. 



Swift and Company experienced, 
while producing 12-12-12 using nitro­
gen solution, anhydrous ammonia, and 
66° Baume' sulfuric acid, an un­
scheduled shutdown requiring their 
dumping the material from the mixer 
into a separate pile. The pile began 
to evolve dense, white fumes and gave 
evidence of spontaneous reacting, and 
a check indicated the pile had gene­
rated a temperature of over 5'OO°F. 
In subsequent laboratory tests, they 
found that fertilizer salts promote the 
rapid breakdown of ammonium 
nitrate when heated to 420°F. 
Further, when the mixture contained 
about 6% or more of ammonium 
nitrate and was heated to 450°F, the 
breakdown became extremely rapid 
and self-sustaining. This would occur 
as indicated by the temperature con­
dition we mentioned previously. Their 
recommendation for eliminating same 
was, of course, avoidance of large, 
hot lumps, a careful balance of the 
acids, solution, and anhydrous am­
monia entering the mixer, and we add 
to this, the avoidance, as much as 
possible, of a static condition in the 
bed of material and an over-plastic 
condition. 

We now come to consideration 
of the effect of heat during drying. 
The dryer inlet air is usually in the 
range of 300° - 500°F (147° -
260°C). The product temperature of 
the material in the dryer is generally 
in the range of 150° - 175°F (65.5°-
79,4°C). As we pointed out earlier, 
the presence of chloride salts depresses 
the melting and decomposition points 
of ammonium nitrate. If we consider 
the decomposition temperature lower­
ed to 284°F (140°C), it does not 
appear likely that any breakdown 
would occur unless localized heating 

existed due to a poor pattern of the 
falling material or prolonged contact 
with inlet dryer air or with direct 
flame. Breakdown can be obtained, as 
we all know, if material entering the 
dryer is above normal temperature 
for material leaving the ammoniator, 
this being about 200°F (93.3°C) and 
inlet air temperature or direct flame 
is too high correspondingly. If a 
breakdown did occur, subsequent de­
composition and loss of nitrogen 
would be expected. That though, does 
not generally happen if dryer con­
ditions are normaL This is partially 
substantiated by the work done at 
Iowa State College under the direc­
tion of Dr. G. L. Bridger.2 In their 
study of nitrogen loss in drying am­
moniated superphosphate and mixed 
fertiliz;er, they conducted various tests 
at a constant inlet air temperature 
of 500°F (260°C). Their work 
showed that when the free acid was 
neutraliz;ed, the loss from ammonium 
nitrate was negligible. Using am­
monium nitrate alone with superphos­
phate, the ammonium nitrate broke 
down readily in the dryer due to its 
decomposition by the free acid of the 
superphosphate. However, when am­
moniating solution was used, losses 
were negligible under proper dryer 
conditions and whatever losses were 
experienced were "due primarily to 
compounds formed from free am­
monia." The losses were also negligi­
ble when ammonium nitrate was the 
sole source of nitrogen when potash 
was included. The potash also helped 
prevent the decomposition of the am­
monium nitrate by the free acid of 
the superphosphate even though 
chloride salts depress the ammonium 
nitrate decomposition temperature. 
Since most of the work done at Iowa 

76 

State College included product tem­
peratures of 200°F (93.3°C) and 
higher, with the nitrogen losses re­
maining negligible for the most part 
unless the product temperature 
reached 250 0 ,290°F (121.1° -
143.3°), we may reasonably con­
clude that the ammonium nitrate does 
not under normal operating condi­
tions, break down in the dryer. 

Insofar as sublimation is COll' 

cerned, it is rather doubtful that any 
sublimation would occur. While pure 
ammonium nitrate may partially 
sublime above 212 ° F., the low de­
composition temperature of am­
monium nitrate in the pres.ence of 
chloride salts or free acid and the 
very low partial pressure of the de­
composition product would seem to 
indicate that sublimation would be 
superseded by decomposition. 
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What is Considered Adequate Instrumentation 
for Satisfactory Plant Control? 

Walter J. Sackett, Sr. 

My opinions relative to this ques­
tion are based on the continu­

ous granulation of mixed fertiliz.ers. 
Basic instrumentation, in my opinion, 
consists of: 

A. Instruments required to meas­
ure andlor record the flows of 
liquids and solids to the am­
moniator. 

B. The instruments required to 
control the dryer. 

A. ~-While an elaborate system of 
instrumentation can be used in a con­
tinuous process for the production of 
granular mixed goods, such an ar­
rangement can become so complex 
that its cost cannot be justified. 
Rather than take the time necessary 
to dwell on a detailed description as 
to what the ultimate in instrumenta­
tion would consist of, I shall limit 
my thoughts to the practical aspects 
of instrumentation based on our own 
experience. 

So far as the instruments re­
quired to measure andlor record the 
flows of liquids and solids to the am­
moniator are concerned, it is impera­
tive that adequate means be pro­
vided for accurately controlling and 
indicating the flows. For this purpose. 
rota meters are the most widely ac­
cepted means of accomplishing such 
control of the liquids. Our experi­
ence has shown that these meters 
should preferably, aithough not neces­
sarily, be supplied with recording 
and totali:;ing devices. It strikes us 
that the extra money spent for such 
recording and totali:;ing devices is a 
wise investment in that it permits a 
day-to-day record to be kept of each 
operating period. In this way, should 
some problem of analysis or operat­
ing condition develop, the records 
made by said recording devices on 
previous runs of the same grade can 
be used to good advantage. 

The continuous scale used to 
weigh the pre-mixed solids to the 
process should, likewise, be equipped 
with some method of determining the 
rate of flow being weighed by said 
unit. It is our opinion that tie-in 
devices, which attempt to correlate 
the flows of liquids with permitted 
fluctuations in the flow of the solid 

materials, are necessary and, as a 
matter of fact, can cause serious 
operating and maintenance problems. 
We have found it best to set all ma­
terials, both liquid and dry, to some 
pre-determined rate of flow and main­
t,dn them at that point. 

B.-~So far as the instrumentation 
of dryer control is concerned, we feel 
that it is necessary to employ accurate 
control instruments in the form of a 
Potentiometer to automatically regu­
late the temperature of the inlet gases 
and that this automatic equipment 
obtain its signal from a control unit 
set up to measure either the tempera­
ture of the exit gas or of the ma­
terial in process as it leaves the dryer. 
This instrument is, perhaps, the most 
important control in the process. Its 
cost will be returned within a rela­
tively short period of time by fuel 
savings alone. 

Other dryer instrumentation in· 
dudes such items as high tempera­
ture safety devices which prevent 
overheating of the combustion cham­
ber and approved flame safety units 
which should be installed to afford 
safe operation of the burner equip­
ment to satisfy insurance require­
ments. It is sometimes advisable, de­
pending upon the si:;e of the opera­
tion and the complexity of the formu­
lation, to install a multi pen type 
recording instrument to record tem­
perature at, perhaps, four to five 
places throughout the system. How­
ever, we feel that this type equip­
ment can normally only be justified 
on the larger granulating units. 

It must he understood that the 
opinions expressed in my discussion 
relative to dryer instrumentation 
actually revolve around the attempt 
to approximate material-in-process 
moistures through dryer tempera­
tures. 

I should like to say that we feel 
there is a definite need for one ad­
ditional type of control instrument 
which, to our knowledge, is not avail­
able in any p,erformance-proved unit. 
The unit we refer to would have the 
ability of continuously recording 
moistures of the material as it leaves 
the dryer. 
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R. Webber 

The question should be broken 
down into two parts; namely, (1) 
batch ammoniation for production of 
either nongranular or granular fer­
tiliz.ers, and (2) continuous opera­
tions for the production again of 
either granular or nongranular mate­
rials. The initial consideration in 
batch systems for the production of 
nongranular fer til her production, by 
far the biggest single consideration 
is the accurate weighing and liquid 
metering systems for the proportion­
ing of raw materials. Weighing sys­
tems may consist of a scale mounted 
weight hopper or a floor mounted 
scale over which the raw material 
passes into the process. Liquid me­
tering can be accomplished by a sys­
tem of scale mounted measuring tanks 
either operated manually or auto­
matically while your metric measur­
ing tanks are a third and less fre­
quently found system. Positive dis­
placement type meters with provisions 
for automatic shut-off after delivery 
of a pre-set amount of liquid. Any 
combination of the above have been 
used successfully in the industry. The 
volumetric method is used for meter­
ing solutions, a calibration chart using 
water as a calibering fluid can be used 
in conjunction with published physi­
cal constants of the various nitrogen 
solutions to maintain desired accu­
racy. If an automatic shut-off meter 
is employed or an automatic scale 
tank, the error inherent in human 
judgment required for any type of 
manual operation is minimi:;ed. The 
positive displacement type of meter 
is also an excellent device for in­
ventory control purposes because of 
its built·in totaliZing feature. There 
are plants, the B part of the batch 
processing methods in which granu­
lar fertili:;ers are produced batch-wise 
normally by batch ammoniation fol­
lowed by continuous granulation. 
drying and cooling. Generally in this 
type of operation the weighing, liquid 
metering, and batch ammoniation ap­
paratus associated with nongranuiar 
fertilizer production is utilized in 
conjunction with some means of 
smoothing out surges to feed con­
tinuous drying, cooling, and classifi­
cation equipment. Two and some­
times three additional liquid raw 
materials are used; namely, sulfuric 
acid, phosphoric acid. and water. The 
same remarks listed earlier in liquid 



metering apply to these three ma' 
terials. The even larger number of 
liquid materials makes the choice of 
positive displacement instruments 
even more attractive from the control 
viewpoint provided that these ma­
terials are reasonably free of sludge. 
If spent or by'product sulfuric acid 
or wet process phosphoric acid is used 
in formulations, periodic cleaning of 
a volumetric type measuring boot or 
positive displacement type meter is 
recommended to insure sustained 
metering accuracy. 

Next we get into completely 
continuous systems both for produc' 
tion of nongranular and granular 
fertilizers as carried out in various 
sections of this country. Continuous 
nongranular plants, again, the signifi­
cant instrumentation problems are 
associated with solids weighing and 
metering, liquids weighing and meter' 
ing, and in temperature control 
These cover the three general areas. 
Solids weighing devices may include 
a time-sequence batch weigh and mix 
system followed by some means of 
ironing out fluctuations in continuous 
feed system, or may be of the gravi, 
metric weigh belt feeder type. Liquid 
metering devices include the variable 
area flow meter with its lower tem­
perature limitations which were dis­
cussed previously, and just to re­
count the various methods available 
to meter viscous liquids, these are: 
Metering pumps, positive displace' 
ment meters which can be equipped 
with tachometers to give a measure 
of instantaneous rate as well as total, 
lzmg feature; round edge orince 
meters which do exhibit some degree 
of immunity to viscosity changes; and 
the magnetic flow meters which have 
recently been introduced both by the 
Foxboro Company and the Fischer­
Porter Company. In time sequence 
batch systems a search hopper equip' 
ped with variable speed belt is com­
monly used. An approved but more 
expensive method of continuously 
metering solids uses one or more 
gravimetric weigh belt feeders. Un­
der such a system pre-mixed rock 
solids are fed continuously by single 
weigh belt feeder or solid raw ma­
terials are fed individually using a 
series of feeders feeding material 
onto a single belt. Either system is 
considered adequate provided that 
routine calibration checks are made. 
In the time-sequence system as well 
as the weigh,belt method, some inde, 

pendent means of check-weighing the 
total stream being delivered to the 
ammoniator is considered essential to 
good control of grade analysis. No 
straight volumetric feed system is ade' 
quate for a continuous ammoniation 
system where various grades are made 
at varying production rates. 

The most common method em' 
ployed for metering liquid materials 
in the industry is the variable type 
flow meter with either manual or 
automatic control. Nitrogen solutions, 
anhydrous ammonia, sulphuric, phos­
phoric, and water can be metered 
and/or controlled accurately with 
this device in the majority of cases, 
and in most cases this is the most 
economical approach as has been dis­
cussed previously. The question of 
manual vs. automatic control must 
be resolved on an individual basis, 
and I think the intent of the second 
part of this question as to how much 
instrumentation can be justified, the 
answer is well-known. Strictly, what 
is required to produce a quality 
product at adequate production rates 
and minimum costs. I think that no 
generaliZation can be made here 
without consideration of the individ­
ual plant sire and peculiar prob, 
lems. I believe the subject of meter' 
ing viscous liquids has been covered 
adequately, so I will skip that and 
get on to the production of granular 
fertilizers on a continuous basis. Es' 
sentially the same system is used ex­
cept that agglomeration is promoted 
and a drying and cooling problem is 
presented. The minimUm instru­
mentation for carrying out the drying 
operation would consist of a flame 
protective device and temperature 
limit cut-off to eliminate the possi­
bility of explosion from accumulation 
of fuel and air and to protect the 
equipment from excessively high tem­
peratures. In addition, a device to 
indicate temperature of the input 
gases and temperature of the exit 
gases from the drying operation is 
considered essentiaL 

At the other end of the scale 
almost completely automatic control 
01 the drying and cooling operations 
may be realized if production capacity 
and production costs will justify it. 
And rather than cover this subject, 
I would refer you to the several ex­
cellent discussions that were given 
in the 1956 Fertilirer Round Table. 
Mr. Foltz; of General American 
Transportation and Mr. Leister on 
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Fundamentals of the Renneburg 
Company in Baltimore, plus the other 
speakers who have been on the pro' 
gram today. Certainly an industry 
can justify much more additional in' 
strumentation than is currently ap­
plied if considerations of post-grade 
control are considered. 

Dr. Sauchelli: Thank you, 
Mr. Webber. Any questions for Mr. 
Webber? I'm sure it's a subject 
that's of very direct concern to the 
industry at this time and it is going 
to be increasingly so. 

DISCUSSION 

MT. Perrine: In an inter' 
lock system whereby the acid and 
nitrogen solution is automatically cut 
off in a continuous system when the 
dry materials fail, I find too few of 
those going in and when they do go 
in and get out of order it is a simple 
matter to just turn them off. Do you 
run into that? 

Mr. Webber: Very definitely, 
Mr. Perrine. We have recently in­
stalled pilot plant equipment and this 
was one of the features. We've in' 
terlocked the solids weigh,belt feeder 
with l:he automatic control valves for 
feeding aqueous solution and acid to 
preclude emptying these two trails 
together and initiating nitrate de­
c:omposition. 

Q.uestion: Another situation 
parallel to that where all the opera' 
tions may be good as far as the in­
put is concerned, but in the continu­
ous granulator, ammoniator, you may 
ha ve the material just slide up and 
hack without mixing and ammonium 
nitrate solution and the acid we pour 
in there underneath the bed in es­
sence would be poured directiy into 
each other. Is there any interlock 
system that might prevent that? 

Mr. Webber: Off hand I can 
think of none at this time. I believe 
that a cheap five dollar ammeter pUt 
in the ammoniator drive circuit is an 
excellent investment. I think a device 
of this type will clearly indicate mal­
function in the ammoniator as reflect­
ed by fluctuating power load on the 
drive. 

Dr. Sauchelli: A question here. 
Mr. Slack. 

Mr. Slac~: I believe you said 
that you thought the time-sequence 
method was satisfactory. Is there 
enough advantage to other methods 
to install them? 



Mr. Webber: I think, Mr. 
Sbck, that economics dictate the 
choice in many plants that are con­
verting over initially can do so at a 
minimum cost by adapting equipment 
that tht:y have. They're already set 
up with scales; they're already set 
up usually with a batch mixer. 

Mr. Slac~: That's what I 
mean. If they already have that 
equipment, is there any point to using 
any other than the time-sequence set­
up? 

Mr. Webber: I think most 
manufacturers have answered that 
by adopting the time-sequence system. 

New plant installations, I think, 
would have to--the economics would 
rest on a detailed approximation of 
the two systems side by side. As you 
say, most people who are making 
the conversion from nongranulation 
to granulation have quite readily 
adapted this time-sequence method. 
Again, there is no substitute for a 
scale mounted bucket Qr a grome and 
a stopwatch to check the accuracy of 
solid weigh-belt feeders or variable 
belt feeders, either the time-sequence 
method system or the gravimetric 
weigh-belt system. Certainly both 
techniques payoff. 

Practical Methods for Checking Solution and Acid 
Flowmeters to Determine Actual Versus 

Indicated Rates of Flow. 

A. Behler 

11 T one time or another, a good 
£l.. many of you attending this 
Round Table have experienced the 
situation which caused you to ques­
tion the calibration or accuracy of 
metering equipment handling the 
liquid fertilizer ingredients in your 
mixed goods plant. Perhaps it was 
low nitrogen analysis on a certain 
grade or discrepancy in tank car 
weights over integrator readings after 
a particular car was empty; in any 
event, you immediately pointed a 
finger of accusation at the flowmeter, 
because, perhaps, it was the one item 
in your system with which you were 
the least familiar. 

It is my privilege to discuss with 
you some of the means of checking 
the calibration and alignment of 
liquid flowmeter equipment after it 
has been placed in operation and to 
answer any questions you may enter­
tain in this regard. 

In checking any device, it is 
mandatory that one understand the 
basic principle under which it oper­
ates, so for a brief moment, I would 
like to review some of the basic fea­
tures of flowmeter equipment pres­
ently used in most continuous mix 
goods plants. The Variable Area 
or Rotometer consists of a tapered 
cor.rosion resistant metering tube into 
which a free float is introduced, the 
assembly being mounted vertically. 
Liquid is introduced into the bottom 
of the vube at the velocity of a mov-

ing stream causing the float to assume 
position in the tube proportional to 
instantaneous flow rate. The capacity 
of any meter being a function of tube 
taper and weight of the float. Meter 
tubes or armored meters are preferred 
for nitrogen solution anhydrous am­
monia and acid ~cause of their safe­
proof construction. The black box 
above the meter contains a pneumatic 
transmitter which is actuated through 
a permanent magnetic coupling and 
provides a 3 to 15' lbs. air output to 
a remote controller-I say a remote 
controller deliberately, for in most 
of our plants the flow transmitter 
must necessarily be mounted in 
an atmosphere of corrosive fumes 
and in a location subjected to vibra­
tion. The controller, on the other 
hand, does not have to be mounted 
in the pipe line, can be located in 
a separate control room where the 
atmosphere may be kept clean and 
vibration entirely absent. A dia­
phragm actuated control valve is 
throttled continuously by the con­
troller to maintain the rate of flow 
at a preselected value. 

In checking the calibration of a 
flow control system, it is mandatory 
that the steps follow a sequence 
starting with the primary metering 
device then progressing through the 
rest of the loop. By the use of 
proper valving and a suitable con­
tainer you can conveniently intro-
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duce plant water ahead of the flow 
transmitters and collect same into a 
5' 5' gallon or larger drum fed by a 
flexible connection downstream from 
the meter. Through a hand valve 
set the rate of flow at approximately 
20% of maximum and hold there 
while accurately timing the run to 
fill the container. Repeat for 5'0% 
and 80% of full scale. The volume 
over time will give gallons per minute 
as well as pounds per hour of water 
equivalent to each of these settings. 
These should agree with the equiva­
lent water capacity to the flowmeter 
within plus or minus 2%. If they 
do not, stop right here and check 
to see if there is any mechanical 
damage or corrosion to the float or 
metering tube. The meter manufac­
turer will gladly supply you with 
the proper float weight and key di­
mensions. With the assurance that the 
basic calibration is correct, the out­
put air pressure of the pneumatic 
transmitter should be checked for 
various flow rates by observing the 
output pressure gage and flow indi­
cating scale on the transmitter. A 
U-tube manomete.r is recommended 
for measuring this air pressure if 
highly accurate readings are de­
sired. The indication of flow on the 
remote recorder should agree with 
the primary flow transmitter, and if 
this is not the case proper adjust­
ments for 0 shift and linearity should 
be made in accordance with the meter 
instruction book. Other details con­
cerning the air system and controller 
adjustments are contained in these 
same instruction books. A simple 
check should be made on the in­
tegrator at 20, 50 and 80% of flow 
rate by checking integrator readings 
over flow rates and timed for a 
period long enough to assure that 
any erring time would not affect 
the test by more than one percent. 

It is suggested that one man in 
each plant be placed in charge of 
the instruments whether he ,be from 
maintenance or from production de­
partment. The metering equipment 
manufacturers provide free schooling 
for these men in the proper opera­
tion of servicing of specific instru­
ments installed in your plants. A 
service contract with the metering 
company will insure annual o.r semi­
annual checkup with proper main­
tenance made by an expert on these 
instruments at a reasonable cost. 

In the northern part of this 



country and other regions where acid 
temperatures may fall 30° F. and 
below increased viscosities of both 
sulphuric and strong phosphoric acid 
will necessitate the application of 
temperature correction to flowmeter 
settings in order to obtain accurate 
dosage from predictability data. Our 
company will supply a family of 
curves at nominal cost by plotting 
scale readings vs actual flow rates 
in PPH for the range of temperature 
over which the meter is to be operated. 
It is absolutely necessary that this 
be done since for example the 20°F. 
on typical ) ,000 PPH sulfuric acid 

meter would result in errors of 
approximately 15 % without this cor' 
rection. 

Obstructionless flowmeters of the 
magnetic type are currently coming 
into production and will be used 
particularly for wet process phos­
phoric acid. They are considerably 
more expensive than the variable area 
meters for this service, but we feel 
that the featuure of viscosity im­
munity justifies this extra cost. A 
reprint of a recent ISA Journal, 
"How to Select Flowmeters," is avail­
able for those interested in this sub, 
ject. 

How Can Acids Be Metered When the Temperature 
Is Below Freezing, or When the Liquids 

Are Quite Viscous? 

Elmer C. Perrine 

C(?ME rota~eters or flowr~tors used 
U m contmuous operatlons are 
capable of accurate performance 
through a considerable range of vis­
cosity. Also a meter can be chosen 
to handle quite viscous materials but 
would be unsuitable for metering like 
quantities at greatly reduced viscosi­
ties. Perhaps two meters would cover 
the range of viscosity and would be 
the better answer in the final analy-
sis. 

Since viscosity can be controlled 

by heating and the volume of acid 
by heating and if the volume of acid 
should be a fairly simple matter to 
warm the acid ahead of the meter 
in the piping to ranges of viscosity 
within the ability of the meter. 

This may be a more simple and 
satisfactory answer than the choice 
of changing to a metering pump 
which may be designed for immunity 
from the influences of varying vis­
cosity. 

J. E. Seymour 

The successful metering of phos­
phoric acid or sulfuric acid during 
freeZing weather is dependent upon 
the selection of the proper metering 
equipment if the temperature of the 
acid in question is less than 40°F. 
or at acid viscosities above approxi­
mately 40 centipoise. 

Relatively clean phosphoric acid 
or sulfuric acid solutions have been 
successfully metered during freez.ing 
weather with positive displacement 
meters, positive displacement pumps 
and magnetic type flowmeters. 

Although variable area flow­
meters do an excellent job of meter­
Lng clean solutions of phosphoric acid 
)r sulfuric acid above a temperature 
)f approximately 40 0 P., tempera­
ures below 40°F. (with the accom-

panying rapid rise in viscosity of 
these solutions) result in inaccurate 
metering unless the meter is recali, 
bra ted at each viscosity of acid solu­
tion (for each temperature) and at 
each flow rate desired. This is par­
ticularly unfortunate in that the ma­
jority of metering devices in use by 
the fertilizer industry are of this type. 
The most logical solution to using 
variable area flowmeters to meter 
phosphoric acid and sulfuric acid 
during freezing weather is to main­
tain the acid temperature above ap­
proximately 40°F. The foregoing 
statements applicable to the variable 
area flowmeter are also true for the 
round edge orfice meter. 

Inasmuch as positive displace­
ment meters, positive displacement 
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pumps and magnetic type flowmeters 
effectively meter relatively clean 
phosphoric acid or sulfuric acid solu­
tions independently of viscosity, other 
factors such as total equipment cost, 
maintenance time and cost, flexibility, 
accuracy, service and ease of calibra' 
tion should dictate the specific choice 
of equipment. 

Mr. James Mallec1{: We have a 
little information on measuring of 
these acids in cold weather. Our 
operation is located about twenty 
miles west of Salt Lake City, Utah. 
Our winter temperatures have gone 
as low as 15 0 below zero, and summer 
temperatures are as high as 110°F. 
This is a dry area so it isn't the 
humidity we notice, it is the tempera­
ture. I won't be as enthusiastic, I 
think, as the gentlemen were about 
the Foxboro. We have been using a 
Mega Rotodip liquid feeder for both 
sulphuric and phosphoric acids. The 
temperature of sulphuric acid runs 
from about 20 0 P. to about 90° or 
95'° over a year's weather changes. I 
have a few figures on the apparent 
accuracy of one feeder used on suI, 
phuric acid during a six-month period 
compared to storage tank tonnage 
measurements. These figures are 
based on an average per month's de' 
livery. In July, the actual delivery 
was one per cent higher than the 
tank measurement. August, it was 
one-tenth of a per cent higher. Sep­
tember, one-tenth of a per cent high. 
October, the feeder totals were the 
same as the tank outage. November 
was a little cold this particular year 
and we went to .9 of a per cent lower 
than the tank. December, it was .3 
of a per cent lower. We assume these 
differences are due to viscosity changes 
because this being a dipper wheel, ill' 
strument viscosity would tend to re­
duce the actual delivery per rotation 
of the wheel. Apparently this more 
than offsets the density changes. Un­
fortunately we have no such seasonal 
comparisons on feeders used on green 
phosphoric acid for a variety of 
reasons. The tankage is not con­
trolled so closely. However, the dip, 
per wheels will develop some scale, 
particularly on the lower strength 
green phosphoric. These will intro­
duce errors greater than the ones 
I have discussed on sulphuric. Vis­
cosity changes no doubt do affect the 
delivery. This can be compensated 
for in setting the control points. 



What Is the Extent of Fumes and Fires in the 
Industry? What Dangers Are Involved 

and How to Avoid Them. 

be accepted as a satety suggestion 
there are few fires and fumes when 
all of the ingredients are being used 
at their high efficiency. It would be 
interesting to determine what the cost 
in lost nitrogen and unnecessarily high 
acid consumption would be in the 
month preceding a fire in the mixer 
or the meeting of the town board to 
discuss the air polution from the local 
fertilizer plant. It could easily be a 
dollar a'ton of fertilizer and could 
also be two dollars. 

Elmer C. Perrine 

G ENERALIZATION about fires 
could be as dangerous as fires 

themselves, but many of them that 
occur during the mixing process do 
so while operating conditions are quite 
inefficient, particularly in granulating 
operations. 

The greatest hazards from fires 
and fumes as well as the costs from 
lost nitrogen and inefficient use of 
acids stem from allowing acids to can' 
tact some other ingredients in the 
mixer in concentration very greatly in 
excess of the over'all ratio of these 
products in the formula. 

The subject is so important and 
the consequences can be so serious 
that short simple answers seem out of 
place. Fortunately a good measure of 
control has resulted when all opera­
tions were conducted as though all 
ingredients were very high priced and 
any serious deviation of established 
good practices would yield a product 
that could not be sold. That sounds 
like a simple answer and not all of 
the reasons may be known. 

It is true that among the several 
products that are being used in high 
analysis granulated fertilizer some of 
them if used exclusively with each 
other would require equipment and 
techniques that differ considerably 
from the equipment now used in ferti­
lizer manufacture. The best protec­
tion seems to come from the diluting 
effect of the other ingredients which 
far outweigh the ones in question. 

The uniform distribution of all 
ingredients particularly as they are 
being added is a means of avoiding 
local heavy concentration of any of 
the materials. This includes even any 
added water and .certainly includes 
any acids and ammoniating solution. 

Means whereby the acid is neu­
tralized promptly with the first part 
of the ammoniating medium are to 
be advised. Correctly performed there 
can be little free acid to act on any 
material after only a small portion of 
any large amount of nitrogen solu­
tion is applied. Creeping practices 
and corrosion or abrasion that slowly 
change good operations can create 
hazards in a plant that may hav.e been 
quite safe when originally startecl. 

Frequent detailed inspection is very 
necessary and, of course, a knowledge 
of what is required of equipment and 
techniques. 

Although this statement must not 

How Does One Handle Nitrogen Solutions 
Having High Freezing Points? 

Elmer C. Perrine 

S OME part of the millions of dol­
lars which the nitrogen pro­

ducers have devoted to rolling stock 
has been in the interest of delivering 
those products to the customer which 
best suit his needs. The insulations 
of tank cars make it possible to deliver 
solutions at temperatures that are 
satisfactory in many cases of normal 
operations. In extreme cases, a change 
to another solution may be indicated. 

One recent study of the formu­
lating practice in a granulating plant 
revealed that the total savings in all 
plant foods by using solution X 
amounted to about two dollars per ton 
of fertilizer over the current formula 
using solution Y. 

The economy of using Solution X 
was faced with the need for insulating 
the nitrogen solution pipe line due to 
the high salting out point or with 
using the solution only in suitable 
weather. At 100 tons of fertilizer 
granulated per 8 hour shift this in­
volves a possible economy of $200 
pet shift. However, insula.tion alone 
is not enough in some caseS. 

It EO happens that those manage­
ments that are interested in the nitro' 
gen solution that happens to have a 
high salting out point are often using 
it at rates that will empty a tank 
car in two and often in one day there~ 

by minimizing the influence of high 
salting out points. 

When operations can be sched­
uled to use the solution directly into 
process shortly after arrival through 
insulated piping the operator greatly 
increases his choice of nitrogen solu­
tions and can operate all year round 
with that solution which has proven 
most suitable from its merits indepen­
dent of its salting out temperature~or 
in most cases its vapor pressure. 

Solutions that are saturated at 
relatively high temperatures should 
not be permitted to remain static for 
very long in the pipe lines. To avoid 
the very disturbing feature of a solu­
tion slowly filling the pipe line during 
shutdown periods it has been a very 
satisfactory practice to empty the pipe 
lines and disconnect the tank car. 

Where volume, irregularity of 
delivery or availability of track space 
may be serious problems then insulat­
ing and even heating and insulating 
the storage tank may be in order. Not 
only will insulation open the way to 
the use of nitrogen solutions of high 
salting out temperature but will also 
contribute to peace of mind in the use 
of higher pressure solution. 

The storage and metering of these 
latter solutions also create some prob­
lems of heat transfer that are miti­
gated by insulation. 

Has Anyone Used a Foxboro Magnetic Meter 
for Metering Viscous Fluids? 

W. I. Strauss 

T HE Foxboro Magnetic Flow 
Meter is successfully applied to 

the fertiliz;er field. Over 50 such 
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meters are already in service in this 
field alone. Most common is the 
measurement of phosphoric acid. 



However, applications with sulfuric 
acid and phosphate slurries are also 
numerous. 

In the manufacture of wet 
process phosphoric acid, for example, 
the measurement of the phosphoric 
acid is handled routinely by the mag­
netic flow meter, resulting in increased 
yield through better process balanc­
ing. Concentrated sulfuric acid and 
phosphate slurry are measured and 
controlled using the Foxboro Magnetic 
Flow Meter as the primary device. 
Crystal siz;e can be better controlled 
through a combination of proper flow 
measurement and laboratory analysis. 
This leads to a minimum of filtration 
problems. Previously, measurement of 
these viscous materials (concentrated 
sulfuric acid and phosphoric acid), 
corrosive fluids (phosphoric acid and 
sulfuric acid of various concentra­
tions) and slurries (phosphate slur­
ries) were both a maintenance and 
measurement problem. Orifice plates 
of special design and metal were re' 
quired, or the expensive venturi tubes 
were used. High maintenance seal 
systems and complex purge systems 
were employed. 

As in the flow measurements for 
the wet process system, phosphoric 
acid by the furnace process has a 
common measurement problem. The 
phosphoric acid is approximately the 
same concentration as the wet process 
acid; therefore, the viscosity problem 
is the same. As the ambient tempera­
ture approaches :'>2°F., the viscosity 
changes rapidly. This would cause a 
significant error of flow measurement 
using conventional type flow meters. 

The application of the magnetic 
flow meter for phosphoric acid flows 
affords accuracies to ± 1 full scale 
with maintenance problems kept at a 
minimum. There are no seals or purges 
required. The meter measures volume 
rate of flow directly, such as gallons 
per minute, therefore turbulence or 
changes in viscosity have no effect on 
the instrument from an application or 
measurement viewpoint. 

The principle of operation of this 
meter is not new. It is based on Fara­
day's well-known law of electromag­
netic induction; the voltage induced 
in a conductor of a given length mov­
ing through a magnetic field is pro­
portional to the velocity of the con­
ductor. The voltage is generated in a 
plane which is mutually perpendicular 
to both the velocity of the conductor 
and the magnetic field. 

A uniform magnetic field is in­
duced through a portion of the flow 
tube (which is essentially a piece of 
pipe) by a coil outside the tube. The 
flowing liquid itself is the conductor 
moving through the magnetic field. 
Consider a cross-section through a 
cylindrical column of liquid which is 
a flat disc. As the flat disc is moved 
through the magnetic field, a voltage is 
developed. If a pair of electrodes is 
inserted in the tube wall in the proper 
relation to the magnetic field, this 
voltage can be measured. Length of 
the conductor becomes the distance 
from one electrode to the other; that 
is, the flow tube diameter. 

The meter actually adds incre­
mental velocities across the tube from 
one electrode to the other. It can be 
seen that turbulence or variation in 
flow profile due to flow rate or vis­
cosity does not affect accuracy since 
the generated voltage is proportional 
to velocity. This permits installation 
of the flow meter adjacent to control 
values or pipe elbows. This can not 
be done with conventional flow 
measurement devices if reasonable ac­
curacies are required. 

If air bubbles or other material 
are entrained in the liquid, the meter 
will read the volume rate of flow of 
the total mixture. It is only neces­
sary to have the tube completely filled 
with a homogeneous mixture of all 
times. 

The basic requirement for the 
flowing fluid is that the fluid have a 
minimum conductance of approxi­
mately 200 micromhos in line sizes to 
6" and 5 a mho in larger line sizes. 

Various lining materials can be 
furnished to meet corrosive conditions. 
Neoprene, Kel,F and Teflon materials 
and glass are standard liners. Many 
types of electrode materials are also 
available for the same reason. Type 
316 stainless steel, platinum, Hastelloy 
C Alloy, nickel, Monel Alloy and 
tantalum have be,en used. The maxi­
mum operating temperature is pres­
ently 365°F., but experiments are 
under way to increase this~possibly 
as high as 600°F. 

The flow transmitter signal is re­
corded by a Foxboro Magnetic Flow 
Dynalog Instrument, calibrated in 
units of flow. operating temperature 
is presently 365 Fahrenheit, but ex­
periments are under way to increase 
this possibly as high as 600" Fahren­
heit. The flow transmitter signal is 
recorded by a Foxboro magnetic flow 

83 

dynalog instrument calibrated in units 
of flow. 

DISCUSSION 

Mr. A. Spillman: Thank you, 
Mr. Strauss. Mr. Strauss, what are 
the costs of the Foxboro meter? Do 
they range in cost as to size? 

Mr. Strauss: Yes, for a straight 
recording instrument, the dynalog, 
the recorder itself, is the same re­
gardless of the size of the meter­
ing tube and that's $800. And 
we have the metering tube available 
in sizes from one-half inch which costs 
$75'0 approximately with the standard 
lining materials up to-we furnish 
them up to six feet. This is no reason 
why we can't go any higher than 
six feet. 

Mr. Spillman: In other words, 
are you saying if we bought a 
Foxboro meter to measure, say, 4,000 
pounds an hour we could buy one and 
install it for $750. 

Mr. Strauss: No. The re' 
corder costs $800 and on top of the 
$800 you have to add the cost of 
the transmitter which ranges fromi 
$7;0 in a half-inch sil;e on up. The 
average installation in the fertilizer 
industry, I think the common size is 
one' inch and two-lnch size, is approxi, 
mately $1800 to $2000. The sil;e of 
the transmitter incidentally, it doesn't 
make any difference how large the 
flow is. There is a minimum require­
ment in accordance with the sizes. For 
example, in a half,inch size, three gal­
lons per minute is the minimum full­
scale value, but if you could push a 
ridiculous amount of fluid through 
there up to 1,000 gallons, this would 
have no effect on a meter, a meter can 
read anything on upwards. There is 
a minimum requirement per size for 
maximum value. 

Question: Can this meter be 
used as an indicating meter only? 

Mr. Strams: Yes, it can be 
used as an indicating meter. However, 
the price of the indicator is the same 
as the recorder. 

Mr. Spillman: Is Tom Mar­
tin in the room? I was woaderina 
Tom, if you would give us some ~i 
your experience with the Foxboro 
meter. I understand you have several 
installed. We would appreciate any 
comments on it. 

Mr. T. E. Martin: I sound 
like a Foxboro salesman which I am 
not, on this particular subject. Six or 
eight months ago I thought of this Fox-



bora meter as almost a toy, or some­
thing which was at the developmental 
stage. I am convinced now that it 
isn't. I hate to sound so enthusiastic 
about anything as I am about this 
machine. Phosphoric acid is something 
that '8 hard to meter accurately, at 
least continuously. That's where you 
can meter it very accurately very 
easily. Continuous metering of any 
type of phosphoric acid is very hard 
because of the fact that when the 
temperature changes the viscosity 
changes, and the stutt is viscous 
enough, not that it doesn't flow, I;mt 
it's viscous enough so that almost any 
of the common types of instruments 
that are used for continuously meter­
ing acid have to be set at a ditterent 
setting to get the flow you want de­
pending on the temperature and de­
pendir.g on the viscosity, and the 
corrections you have to make for dif­
ferent temperatures are huge. For 
example, if it's 100° Fahrenheit sum­
mer temperatures, you require a set­
ting of, say, 25' on a rotameter, which 
has been used for phosphoric acid, for 
a certain flow. At a winter tempera­
ture of 20° Fahrenheit you probably 
have to approximately double the set­
ing. You have to set the rotameter at 
5'0 to get exactly the same flow for fur­
nace acid, that's 75' per cent furnace 
acid. For wet process acid you may 
have to multiply by something ap­
proaching four instead of doubling. 
And this would be fine if these fac' 
tors by which you want to multiply 
the setting were accurately known but 
they're not and they vary from rota­
meter to rotameter. There is a varia' 
tion in the accuracy of an orifice 
meter, similarly, and every meter 
we've looked at has some trouble other 
than a positive displacement meter. 
Some of these are being used rather 
satisfactorily. The trouble with posi­
tive displacement meters is that they 
will wear out if there are any solids 
in your acid and as is well known, 
there are tiny amounts, at the very 
best, of solids in any wet process 
phosphoric acid. 

These meters have been in use, 
these Foxboro meters, in some of the 
triple plants in Florida for several 
years, and I understand from my 
friends down there that these things 
are very, very accurate, they're very 
rugged, they don't seem to require a 
great deal of maintenance. Now over 
the last six or eight months increasing 
number up to five or six that I know 

of personally of these instruments are 
in use in mixed fertilizer plants for 
metering phosphoric acid into con' 
tinuous ammoniators. With the ex' 
ception of one instance which I be' 
live is minor, the reception of these­
which is a minor defect which I think 
will be corrected fairly promptly­
these instruments have been received 
with enthusiasm by the people operat­
ing them. Now this meter measures 
volume flow as Mr. Strauss told you, 
and, of course, we're interested in 
measuring a certain number of pounds 
into every ton of fertilizer, a weight 
flow. So if there is a great deal of 
variation in the density of the acid, 
then there will be a variation in ac' 
curacy of this instrument. Luckily 
the density of phosphoric acid varies 
only very slightly with temperature. 
The correction is .307 per degree 
Fahrenheit to a density which is 1.70 
at 60° F. for wet process acid. It's 
a little less for furance acid. 

The only reservation I have had 
in recent months about this Foxboro 
magnetic flow meter is the possibility 
that one might go out of order in the 
height of the fertilizer season and 
this thing is an electronic instrument 
full of vacuum tubes and everything. 
I certainly can't fix one. Mr. Strauss 
can, I guess, but I imagine not very 
many other people in this room can. 
I suppose you have to call a Fox, 
boro man in. Mr. Strauss tells me, 
under some prodding, that he can 
pretty well guarantee very fast re­
pairs on these things, and he also 
tells me that he hasn't had much oc' 
casion to demonstrate how fast he 
can repair these machines because, he 
says, they don't give much trouble. 
In installing these things it's impor' 
tant, I think, to keep them in as dean 
an atmosphere as possible, keep them 
out of dusty atmospheres if possible. 
There are two parts to this instru, 
ment: one is the transmitter which 
goes in the pipeline, the other is an 

instrument that hangs on a panel 
board or a well, or something. The 
instruments should certainly be kept 
out of a dusty atmosphere if at all 
possible, although it's in a dust,tight 
case. But you're going to open that 
case to change charts and for other 
reasons. The instrument itself, the 
dynalog instrument should be kept 
away from excessive vibration which 
is present in most fertilizer plants. It 
should be put in a location where 
there is as little vibration as possible. 

As I say, I am very enthusiastic 
about this instrument. I think it's the 
way to measure phosphoric acid ac, 
curately continuously. 

Mr. Spillma.n: Thank you, 
Tom, we certainly appreciate those 
very fine comments. I have one ques, 
tion for Mr. Strauss. Do you carry 
these meters in stock? How much 
time between the order date and de­
livery date? 

Mr. Strauss: We would like 
to carry them in stock, but up to now 
we haven't been able to get the back­
log up to the point where we could. 
The delivery varies according to the 
size, but as far as the size for the 
fertilizer field is concerned, it runs 
approximately ten to twelve weeks. 

I would like to make one further 
comment on what Tom said about the 
density changing. We have sold in' 
stallations, not in the fertilizer field 
but in other fields, the chemical in' 
dustry to be specific, using a com­
bination of an Omart cell which is 
a gamma measuring device for density 
and the magnetic flow meter, and we 
multiply the density figure from the 
Omart cell times the flow and we 
can actually give a flow rate in pounds 
per hour, a mass flow in other words. 

Mr. Spillma.n: It looks like, 
Mr. Strauss, your company better 
get busy, put some more people on 
or more machinery or ... you're 
going to get some orders. 

How Does One Handle Anhydrous Ammonia and 
Pressure Solutions in Flow-Rate? 

Theodore R. Schmalz 

A DISCUSSION of the metering 
of high vapor pressure liquids 

with rotometers must include a dis, 
cussion of the methods of pumping 
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and piping used in handling them, 
since satisfactory metering is depend· 
ent upon these liquids reaching the 
rotometer in the proper condition. 



The important aspect to keep 
1n mind is pressure. The working 
pressure of the liquid must be kept 
well above the vapor pressure to in# 
sure against vapor bubbles forming 
in the handling system. This working 
pressure should also be constant since 
pressure fluctuation will cause flow 
fluctuation. 

There are, of course, several 
methods of imparting a differential 
pressure to these liquids. An air com# 
pressor can be used in some cases 
to apply pressure to a storage tank 
or a tank car. Where air cannot be 
used because of hazardous air' 
ammonia mixtures, an ammonia com­
pressor can be used. A small heated 
ammonia tank for rapid vaporization 
of ammonia to apply pressure to a 
larger storage tank or a tank car can 
be used, and of course a mechanical 
pump is a standard method of moving 
liquids. 

In any case, the pressure attained 
must meet the requirements as previ# 
ousiy stated, i.e., to be high enough 
and constant. 

In order to stay within the .five 
minute time limit, the balance of this 
discussion will be devoted to a descrip# 
tion of the methods used at our 1n# 
dianapolis factory for handling am# 
monia solutions and anhydrous am# 
mania, where we have had a modicum 
of success with this phase of our 
operation. 

We have two 20,000 gallon 
aluminum storage tanks for solution 
storage. Tank cars are unloaded into 
these tanks by air pressure. Solution 
is pumped to the operation from 
these storage tanks in 2 inch "tainless 
steel pipe by means of a Wilfley 
Model .oAF" chemical pump, of stain# 
less steel construction. In my esti# 
mation, this pump is unequaled in 
maintenance free, dependable opera' 
tion. Impellor design is such that no 
packing is necessary and the mechani' 
cal seal is designed to seal only when 
the pump is not operating. We have 
had this pump operate for nearly a 
year on a 3 shift a day, 5' day week, 
with lubrication being the only main' 
tenance. 

A recycle line, from the pump 
discharge to the storage tank from 
which the liquid is being pumped, 
15 equipped with a smooth acting, 
'pring loaded differential pressure re' 
ief valve to insure steady pressure at 
:he rotometer. Vapor locking and 
Jossible line or pump fracture is also 

eliminated by this means since flow 
of solution is maintained through the 
pump even though use of the solution 
is interrupted. 

At this point it is worth mention# 
ing that the pump suction piping 
should be as short as possible and sized 
to maintain a minimum pressure drop 
from the storage tank to pump. 
Vaporization of solution in the suction 
lines would render ineffective any# 
thing else that might be done to ob# 
tain good flow. 

A Fisher-Porter, metal tube, 
flowrator is used to meter the solu# 
tion, and a Fisher Governor, dia' 
phragm operated, control valve con­
trols flow. 

A control valve, whether it be 
manual or automatic, should be placed 
dowwstream from the rotometer, since 
the pressure drop across this valve is 
usually sufficient to cause vaporization 
at this point. After metering, how# 
ever, this is not a serious detriment 
to the operation. 

In the case of anhydrous am# 
monia, we have a system supplied by 
the Applied Engineering Company, 
of Orangeburg, S. C. 

An intermediate pump tank of 
approximately 1000 gallon capacity is 
equipped with liquid level float 
switches. These float switches activate 
a small capacity ammonia compressor 
and a solonoid valve located in the 
liquid line from the tank car to the 
pump tank. When the pump tank 
reaches low level the small compres# 
sor is turned on and the liquid lines 
solonoid valve is opened. The com­
pressor takes vapor from the vapor 
space in the storage tank and dis­
charges to the vapor space in the tank 
.:ar. The slight differential pressure 
attained in this way is sufficient to 

move liquid into the pump tank from 
the tank car. When the high level 
is reached in the pump tank the com­
pressor is cut off and the solonoid 
valve closed. 

The pump that is used to move 
liquid anhydrous ammonia to process 
is a turbine type manufactured by 
Corkens, Inc., Oklahoma City, Okla­
homa. The same comments as to pump 
suction lines and recycle lines 
previously mentioned apply here. 

A good differential pressure re­
lief valve with the additional built in 
feature of ability to devaporize the 
pump lines is also supplied by Cor­
kens, Inc. 

An additional feature in the 
piping which has proven beneficial is 
it heat exchanger. The simple arrange­
ment which we employ is constructed 
of a jacket fabricated from extra­
heavy, 8 inch, black iron pipe, ap# 
proximately 10 feet long. Three passes 
of 1:4 inch extra#heavy, black iron 
pipe are made inside this jacket. The 
heat exchanger is placed in the lines 
in close proximity to the meter. Liquid 
anhydrous ammonia comes from the 
pump, through the 1:4 inch line and 
then to the meter. A manually op# 
era ted control valve is located down' 
stream from the meter. The anhydrous 
ammonia expanding through this 
regulating valve goes to the jacket of 
the heat exchanger where it cools the 
incoming liquid. Again vaporization 
is not detrimental after metering. A 
Fischer#Porter metal tube Flowrator is 
used here also for metering. 

As previously stated there are 
several ways of imparting the energy 
necessary for handling these liquids 
but adherence to the general princi# 
pIes outlined are necessary for success' 
ful metering. 

Joe C. Sharp 

I am interpreting the wording of 
this question as having reference to 
continuous flow. Both anhydrous am# 
monia and pressure solutions can be 
handled in conventional flow meters. 
They may be either pumped or pres­
sured to the meter. 

Solutions are most commonly 
moved by air pressure from the stor# 
age tanks or tank car; air is applied 
to the tank at a sufficiently high pres# 
sure to effect transfer through the sys' 
tern. When using different solutions 
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through the same flow meter, a cor' 
rection factor must be applied to the 
meter to compensate for the variations 
in specific gravity or accuracy will 
be penalized. This can be done mathe' 
matically, or factor tags can be 
secured for the meter. Since a varia' 
tion in the specific gravity of an­
hydrous ammonia occurs with tem# 
perature, correction factors should 
also be applied when extreme accuracy 
is desired. 

Air pressure cannot be used with 



anhydrous ammonia becau6e of the 
hazard involved in obtaining an ex­
plosive air-ammonia mixture. Pres­
sure to transfer ammonia is created 
with heat. When more than that 
supplied by ambient temperatures is 
necessary, it may be obtained by the 
use of a compressor or an auxiliary 
heater utilizing an electrical heating 
element or steam coil. Pumping 
anhydrous can be accomplished when 

the storage tank has a bottom dis­
charge outlet. 

In metering anhydrous ammonia, 
a simple heat exchanger cooling the 
upstream side will help prevent bub­
bling in the meter. The control valve 
must be downstream from the meter 
for both anhydrous ammonia and am­
moniating solutions, or the drop in 
pressure through the valve will cause 
bubbling. 

What Are Some of the Proven Scrubber Systems 
for Controlling Effluents from Getting into the 

Atmosphere? Can Fumes Be Collected 
Without Expensive Scrubbers? 

G. F. Sachsel 

THIS question again cannot be 
answered in a straight-forward 

way. I put down here that what this 
country needs is Socony-Mobile econo­
my run for scrubbers. That's kind 
of a flippant way of saying that it's 
difficult to set up standards for scrub­
bers that will allow a clear-cut choice 
for each problem. Of course, ideally 
everybody wants a low investment, a 
low operating cost, and the best pos­
sible performance including--at least 
sometimes-the recovery of what goes 
out the stack in a usable form, at 
least the solids that go out. Such re­
covery is only occasionally ac­
complished with scrubbers. There are 
other dust collecting methods that give 

you a better chance of getting your 
solids back out. Some of the general 
characteristics of scrubbers and the 
charts showing some fume particle 
sizes and the performance range of 
scrubbers and other gas cleaning 
equipment are shown in Figure 1 
which in essence represents data that 
have been presented in a variety of 
places including particulariy the 
Handbook on Air Pollution by Mc­
Cabe and others. 

The top half of this chart shows 
the characteristics of some fumes and 
the bottom half shows approximate 
operating ranges of various kinds of 
collection equipment, including scrub­
bers and other collectors. The bottom 

scale, if you can see this, on its lower 
side has particle size in microns, metric 
unit, and on the upper side of this 
same line is a Tyler screen mesh. 
Now the microns start out on the left 
hand side at 1,000; right in the middle 
go to 1.0 micron; and way over 
on the right hand side goes to .001 
of a micron. In that range between 
.01 and .001, you will see only one 
item listed and that's diameters of gas 
molecules over here. This is the point 
at which you quit. Nobody has found 
a dust collector that will catch gas 
molecules as far as I know. The Tyler 
screen mesh that goes with this is 
shown on the top section of this 
bottom line and the first number you 
can see on the left is a number 35. 
:", mesh and its' between 100 and 
1,000 microns, a little more than half 
way to the left of that interval. So 
take a rough guess, I don't know the 
exact number in most handbooks, this 
would be equivalent to, oh, something 
like six or seven hundred microns 
there. One standard number that may 
be easy to remember is 325 mesh. 
That corresponds to 44 microns. Most 
sieve analyses go just about that far: 
that is, you can tell what is 44 microns. 
or less. After that you have to use 
different ways of finding (Jut what the 
particle size is. You may notice that in­
dustrial aerosols as they're called here 
-that's a fancy name for fumes-­
range all over the map. Ground lime­
stone is listed, for instance, in the 
range of, oh, about 20 or 25 microns 
to sizes that get up to the 900 micron. 
You have some minus 325 mesh and 
you go up in particle size about 3) 
mesh. In that range, of course, 
pulverized coal and stoker fly ash and 
some foundry dusts and cement dusts 
are listed there. You don't have too 
much trouble, ordinary gravity settl­
ing chambers and the like will bring 
a lot of your material down. Things 
get a little more complicated when 
you get down below 10 microns where 
you are pretty well in the sub-sieve 
range. Reading from the top to thQ 
bottom, this thing shows sulphuri\) 
acid missed, sulphur trioxide missed. 
which goes over down below ana 
micron, pigments which travel any 
where from ten on down to a tenth 
of a micron, and a good bit of th .. 
pulverized coal fly ash which goe 
down below ten microns and tho 
smallest that's listed here is about on~ 
Foundry dust can go down to on 
micron, and a variety of alkali fume 



may start at about eight microns and 
go on down all the way to a tenth. 
Metallurgical dusts similarly will go 
down beyond one micron. Now metal, 
lurgical fumes which are, among other 
things, such things as metallic oxide 
particles actually are only partially in 
this range and go way on down to a 
hundredth of a micron. Things like 
2;inc oxide fumes and magnesium oxide 
smoke and carbon black as well as 
rosin smoke which you find over 
toward the right hand side there~I 
read from bottom to top-run all the 
way down to a hundredth of a micron, 
and the largest of these particles are 
listed to be somewhere between a 
tenth and one micron. It is in this 
range, I think, that the scrubber finds 
a good bit of application. When you 
go to the bottom of this chart you 
will find that starting from the top, 
settling chambers are considered to be 
good until about a little under 100 
microns or 200 mesh. Gas washers of 
various kinds will go on from 1,000 
microns, which is in the 20,odd mesh 
or higher si2;e range, on down into 
the one to ten micron range where we 
are in sub, sieve again. Centrifugal 
dust separators are shown to be pretty 
good down to ten microns and then 
you notice a dotted section there 
which indicates that some special de' 
signs will collect smaller particles. The 
type of thing we have here are the 
small diameter multiple cyclor.es, etc. 
Then We have special gas washers and 
I'll have a few comments on some of 
those. They do cover from about the 
100 to 200 mesh range and go on 
down to a tenth of a micron with 
occasional cases where you can collect 
fairly well down to a hundredth of a 
micron. Bag house filters cover a 
similar range. Sonic agglomerators, 
which are not particularly economical 
at the latest writing as far as I know, 
are indicated approximately covering 
a smaller range. I think the reason 
the whole bar is started there is be' 
cause at the time these charts were 
made up, which was probably about 
five or six years ago, there weren't 
too many performance data available 
to really evaluate that. Electrostatic 
precipitators, as you can see, are 
probably the best thing there is when 
you get to real small particle 5i2;e5. 
They start at the ten micron sub, 
;ieve 5i2;e and good performance is 
ndicated all the way down a hund­
-edth of a micron and maybe a little 
)it beyond. As a matter of fact, the 

way this chart reads, it looks like they 
would catch just a smidgen of gas 
particles if the gas has a large enough 
molecular weight. I don't know 
whether anybody's ever checked for 
that. 

All scrubbers depend on contact' 
ing the gas str.eam that carries the 
solids with water. They differ in the 
way they convey the gas stream, what 
kind of accelerations they give to the 
gas stream and the particles in it, and 
the way the water is introduced. 
Again, I largely relied on the Hand, 
book of Air Pollution by McCabe and 
similar references to give a really 
quickie survey on what kinds there 
are, and I'll just go through this 
briefly because I think Bob Sibley has 
some data on this. Water is the most 
common liquid used. Things like oils 
and caustics are used at times. Wet' 
ting agents may be used at times to 
improve contacting, They do accentu, 
ate frothing, increase in tremen some­
times. As a matter of fact the people 
who collaborated in air pollution 
handbook were a little bit skeptical 
about wetting agents. The simplest 
way was some kind of a tower, an 
empty one as a matter of fact, with, 
out packing anything into which a 
spray of liquid while the gas passes 
simply in opposition to the falling 
drops of liquid, These things can be 
used as coolers and primary cleaners 
for blast furance gas and the like. 
They are satisfactory for moving 
coarse dust if high efficiencies are not 
required. Then there are scrubbers 
that use the cyclonic motion and the 
centrifugal acceleration you can give 
to a particle which tends to fling it out 
toward the wall and combine this with 
a water spray going in the same gen' 
eral direction. Probably not the only 
one, but one example that a number 
of you are probably familiar with is 
the Pease-A.nthony cyclone spray 
scrubber. The figures I have here for 
cost probably have to be revised. I'm 
using an index, but around 52. For 
mild steel construction this type of 
unit ran from about $1. 50 per cfm (cu, 
bic foot per minute) of gas handled 
for the 500 cubic foot per minute 
capacity range down to $.40 per cfm 
for units larger than 25,000 cfm. Cor' 
responding figures for stainless steel 
at that time were $2.25 and $.80. 
You almost doubled your costs there. 

Another device is a so'called 
venturi scrubber - again a Pease­
Anthony version as well as other 
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exhibits of that. In this case scrubbing 
liquid is introduced at low pressure at 
the throat of a venturi which is a 
n02;2;le, a convergent divergent nozzle. 
If anybody's looked at pictures of 
rockets recently as you probably have, 
you see them there all the time. And 
the gas goes through at pretty good 
velocities, 200 to 500 feet per second. 
The Handbook indicated at the time 
that initial cost for mild steel ranged 
from about $2.00 per cubic foot per 
minute in the lower range of around 
500 cfm, to $.50 in larger units in the 
range of 25,000 cfm. You can see 
the venturi scrubber generally looks 
a little more expensive than the cy­
done scrubber. 

There are a number of deflector 
washers that use deflector plates to 
capture and also help disperse spray 
droplets. In general this type in which 
there is no real atomization is designed 
for removing particles larger than the 
one to five micron range. 

I might just briefly indicate a 
couple of experiences that we've had. 
These have indicated that the Pease' 
Anthony type or other types of ven­
turis and with some modifications 
the cyclonic scrubbers will seem to 
do a good job on acidulation fumes. 
Ordinary spray towers and impinge­
ment scrubbers, where you let the 
air hit the water surface and run 
under a baffle or something of that 
type, seem to be less effective. Joe 
Reynolds here last year reported a 
rather special case where they were 
trying to catch some ammonium chlo' 
ride out of their Trenton process-~ 
pugmill, I believe-and he indicated 
that a rather simple scrubbing device 
which really approached a spray 
tower type of a unit, a closed chamber, 
seemed to catch the stuff. The one 
difference here was that they did use 
very high pressure water. This is 
something that has been debated a lot. 
Our air pollution people at Battelle 
feel that if you have a choice, it is 
usually cheaper to put a lot of energy 
into the water than to put it in the 
air stream; that is, take high water 
and low gas pressure drop. If water 
won't wet the fume particles, wetting 
agents can be tried, but another fluid 
such as an oil may actually be better. 
This is a rough one because you im' 
mediately face losses of your scrub, 
bing liquid and there's a question of 
how far you can go with it. 

There is a relatively new scrubber 
that's been described recently and is 



supposed to be quite effective which 
relies on a foam chamber principle. 
It has a downward flow of air into a 
foam chamber and uses a screen in the 
air screen probably primarily to get 
some turbulence in that air stream. 
There are some ha2;ards connected 
with it. If the foam should collapse, 
the pressure drop would be quite 
significant because you will get quite 
a volume of liquid. There is also a 
little bit of question how large the 
foam .chamber has to be to get effec­
tive gas liquid contact since the 
bubbles in this foam tend to be large 
compared with the droplets of a high 
pressure butter spray. 

Mr. R. Sibley: Mr. Chairman, 
gentlemen, the preceding speaker has 
just about taken both phases of my 
talk, so I'll just have to give excerpts 
from part of it which might be 
pertinent. The question has been 
divided into two parts. First, what 
are some of the proven scrubber sys­
tems to control etIluents from getting 
into the atmosphere? And the second 
part is, can fumes be collected without 
expensive scrubbers? 

Scrubbers are employed by the 
fertiliZ;er industry for two main pur­
poses: One, the prevention of atmos­
pheric pollution by effluent dusts, 
noxious vapors; and, two, recovery of 
valuable materials from etIluent gas 
streams. In actual practice these pur­
poses are frequently combined. Thus, 
a scrubber may be used for preventing 
atmospheric pollution by the recovery 
of dust which is returned to the 
process. The most important consti­
tuents recovered by scrubbers from 
ferti1i2;er plant etIluent gas streams 
are: One, Buorine compounds evolved 
from acidulation of phosphate rock. 
Two, ammonia from ammoniation and 
neutrali2;ation operations. And, three, 
product dusts from drying and cooling 
operations. The most common types 
of scrubbers used in the fertilizer in­
d'ustry have been discussed briefly­
I might name them again and perhaps 
elaborate on one or two. The centri, 
fugal types have been discussed. Spray 
scrubbers have been touched upon. 
These consist of many forms of 
chambers where gas is brought into 
contact with a spray liquid. Venturi 
type scrubbers. The inertial scrubber. 
The inertial scrubber works on the 
principle of directing the gas-Iaden­
the dust,laden gas stream toward 
liquid film in such a manner that the 

inertia of the dust particle is carried 
into the liquid, whereas the gas stream 
is diverted in another direction. This 
impingement principle is employed in 
a number of ways. For example, by 
placing baffles inside of chambers and 
applying a continuous wash over the 
baffles, or by passing gasses up 
through a flooded perforated sieve­
type tower tray having impingement 
plates Over the openings, or by forcing 
gases through a flow constriction 
downward at high velocities into a 
water reservoir. Pack towers. Pack 
towers are designed to spread the col­
lecting liquid over a large surface area 
and to impede the flow of gas as 
little as possible. The principal appli­
cation is in removal of soluble vapors 
rather than the removal of solid parti, 
cles which tend to flood this device. 

The second part of the question: 
can fumes be collected without expen­
sive scrubbers? The general answer to 
this general question is, no. Specifical­
ly, it has been mentioned that scrubber 
costs vary from 25c to up over $150 
p~r dm. To those of us in business 
in the Los Angeles basin, having to 
conform with strict air pollution regu­
lation laws, spending the money to 
install a scrubber may mean whether 
you are going to continue in business 
or not. This condition is going to be­
come more common across the nation. 
Actually the installation of a scrubber 
in many ways can pay for itself. In 
pay-off periods for your initial capital 
investment may be as short as several 
months. Normally it runs from one to 
three years. Attractive savings can be 
had for the increase in yield, recovery 
of raw materials, by-products, or 
finished materials. 

DISCUSSION 

Mr. Sa.chsel: This is in the nature 
of a warning which our air pollution 
people at Battelle give everybody from 
bitter experience. It's quite a job to 
find out what the particle si2;e of your 
effluent is; that is, how big or small 
the stuff is because the business of 
sampling it and having in your sample' 
a particle si2;e range that YOll c-m 
measure that actually represents 
what's in that gas stream is quite 
tricky because many sampling meth­
ods cause some agglomeration to take 
place before you get a chance to look 
at the sample and you can fool your­
self in thinking you've got nothing 
below ten microns in your dust and 
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therefore a certain collector will work 
like a charm only to find out when 
you put it in that you've still got 20 
per cent of the stuff coming out and 
the only conclusion you can come to 
is that you've really got minus ten 
micron stuff in there and you just 
didn't catch it when you sampled it 
or you didn't recogni2;e it. So, and 
this is the hard part because it's not 
a very straightforward or cheap 
proposition to get a really reliable 
measurement on what you've got in 
your gas steam. Things like cascade 
impactors which are becoming in­
creasingly available. I think there are 
some commercial models out. Proba­
bly one of the relatively speaking, 
simpler ways of getting a reasonably 
good particle size distribution, you've 
still got to watch your gas stream with 
moistures in it, you've got to prevent 
its condensation, particularly if your 
scrubber is not designed to condense 
it in the right places because it may 
fool you about particle siz;e and it may 
cause agglomeration even in a impac­
tor type unit where you actually sepa­
rate particle si2;e fractions in various 
compartments and therefore avC'id the 
tricky business of getting the stuff 
onto a slide, for instance, which would 
be the microscopic way, and continu­
ing and thereby trying to determine 
what your particle si2;e range is. That 
is, make sure you know that because 
if you don't you might be very un­
pleas:u.ltly surprised. 

Mr. Spillman: Th,e next question 
is what experience has anyone with a 
dust collector for hygroscopic ma­
terials? With bags plugging up with 
dampish dusts? This question will be 
answered by Mr. Cizek of Eastern 
States Cooperative. 

Mr. Rodger Smith: We are very 
sorry that it hasn't been possible for 
Lou Cizek, Manager of the Cam..' 
bridge plant, to attend this meeting. 
He didn't consider it possible for him 
to attend for the reason that the par' 
ticular unit to be described was de­
layed in its installation and only cam 
into production last week Thursda) 
and he is very much concerned wit 
getting the new equipment into ful 
operation and this week getting 
second shift organi2;ed at the plan 
Since we have virtually no experienc 
with the unit, I'll only describe i 
rather briefly. 

The particular unit comes unde, 
the classification just shown on th. 



slide by the representative of Battelle 
of bag house filters. Very simply the 
installation consists of the air from 
the dryer-that's the one the question 
refers to here-from the dryer being 
exhausted and exhausted through a 
settling chamber and an enclosure 
consisting of two parts or two sides, 
each side of which contains 84 orlon 
bags in a vertical position six and a 
half inches in diameter, 80 inches long. 
And the air flow is downward through 
these orlon tubes and is exhausted 
through the walls of the cloth tubes. 
It is in two parts in order that ac' 
cording to a time cycle, the air can be 
directed from one side and the bags 
on that side go through a shaking cycle 
to remove the dust which has col, 
lected there. According to the data 
on this slide which you've just seen, 
this type of mechanism should collect 
the dust in the range of about 60 
microns down to a tenth of a micron. 
It is for the purpose of collecting 
dust and not fumes. This whole unit 
of the settling chamber plus the hous, 
ing for the orlan bags is contained in 
a heated room, heated with a furance 
for the purpose of maintaining the 
temperature, the X drier air above the 
dew point until after it has passed 
through the cloth bags and out of the 
whole unit and exhausted to the stack. 
Obviously that is for the purpose of 
avoiding the moisture in the air get' 
ting down to the dew point until 
after it passes on beyond this unit 
where, of course, it could cause very 
serious and rapid plug up of the whole 
mechanism. We're exhausting through 
the unit above 12,000 cubic feet of 
air. Although we have virtually no 
experience with it, I'm sorry to say, 
we have every confidence that it will 
work. 

Let me comment just further on 
this whole problem. I think what I 
have to say here is entirely in agree' 
ment with what the two gentlemen 
who have just talked much more 
extensively on this subject had to say. 
We regard installation of equipment 
of this sort as something which you 
do when there is public pressure or 
for other reasons you consider it neces­
sary to do a very complete job of re­
moval of dust. If you do not have 
that situation where you are possibly 
confronted with a shutdown, I be­
lieve it is much more practical to 
attempt to avoid the problem up to 
some reasonable degree by applying 
just basic principles, many of which 

or most of which have been described 
in the last couple of days here. In 
other words, if we can use ammonia' 
tors, speaking in terms of continuous 
ammoniators, which are of sufficient 
size and particularly sufficient diameter 
to give depth of bed and they are sur 
ficient size in the pipes, as far as your 
pipes are constructed, so that there 
is good distribution of the acid in the 
solution, we're going to reduce a 
great deal of the fumes and particular­
ly the more undesirable nitrous oxide 
fumes at that point. A large part of 
the problem can be avoided right 
there. And then an equally important 
factor is the proper relationship be­
tween the size and particularly the 
diameter of dryers and coolers in re' 
lation to the amount of air which is 
found necessary to accomplish drying 
or cooling or removal of moisture and 
heat from the dryers and coolers. 1 
think there is a lot of work which indi­
cates and it goes way back to that 
first work done by Dr. Keenen of 
Du Pont, if we can have dryers and 
coolers of sufficient diameter so that 
the velocity of air in a dryer or cooler 
does not exceed approximately 300 
feet per minute, the pick,up of ma­
terial is not going to be excessive and 
we're not going to be cor.fronted with 
the serious problem of dust particles 
being exhausted out into the atmos­
phere. That is entirely within reason 
to meet that situation. For example, 
with a six-foot diameter shell, you can 
stay within 300 feet per minute and 
handle about 8500 cubic feet of air. 
And if it's an 8-foot diameter shell, 
it is possible to go up to about 1 J ,000 
cubic feet of air and still be in the 
range of 300 feet per minute. Taking 
those basic precautions of adequate 
size of continuous ammoniator and 
sufficient depth and dose supervision 
of the pipes and installing dryers and 
coolers, in most plants and many 
locations you can avoid much more 
costly installations of some of this 
filtering or other equipment. I think 
we can afford to make quite an ex­
penditure for perhaps new installation 
of driers and coolers in order to avoid 
the problem at the beginning rather 
than trying to correct it after we have 
cleared the problem and, of course, 
we will at the same time be doing a 
better job of drying and cooling at 
the same time. 

Mr. Spillman: Mr. Sibley, would 
you be kind enough to give us the 
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commercial names of some of the 
proven scrubbers. 

Mr. Sibley: This can be a little 
ticklish because I'm bound to leave 
some of them out. I hope I don't 
offend anybody. It will be strictly un­
intentional and due to ignorance. The 
boyle scrubber has been mentioned 
fhr the DOff-Oliver process. Centri­
{Ugal types. The Pease-Anthony or 
p,i\ cyclonic scrubbers are mentioned 
made by Chemica. Whiting Company 
make the Hydroclone or Type S. 
There are a number of scrubbers that 
can be called the multi,wash type 
scrubber offered by Ducon, Schneibly, 
and Pangborn. These have seen 
actual service and appear to be quite 
satisfactory. Chudicurting make a 
line of educators and equipment for 
spray chambers. The venturi type 
scrubber, Pease-Anthony here again 
make a venturi scrubber. Johnson­
Marsh make a type of venturi. The 
inertial scrubbers include one made by 
the Joy Manufacturing Company just 
recently come out called the Joy 
Microdine which has just applied in 
the fertilizer industry with unknown 
results at the present time to me. The 
American Air Filter puts out the 
Rotoclone Type N which is a fine 
inertial scrubber. Also, the National 
Dust Company have a hygrofilter. 
Mechanical type has been missed. This 
involves mechanically driven rotor 
wheel which can be combined in a fan 
for impinging particles on water 
sprayed bleeds. The American Air 
Filter Rotoclone Type W is of this. 
type and it's quite popular. Ducon 
and Schneibly are incorporating this 
principle in their spray fans and are 
combining them with their centrifugal 
type scrubbers. 

Mr. SpiLlma.n: Thank you, Mr~ 
Sibley. Are there any other questions? 
We're sure sure to have some ques­
tions on this because it's a very im­
portant thing. A good many of us 
would be granulating today at certain 
of our plants but until we are posi­
tively sure that we can build a plant 
and not have to shut down, we just 
can't go ahead. As far as I know now, 
I don't think we have a scrubber that 
is doing the job 100 per cent as some 
people want it to do. Any further 
questions? 



Advances in the Liquid Fertilizer Field and 
Davison's Liquid Fertilizer Plant 

at Wakarusa, Indiana 
J. E. Reynolds, Jr. 

BEFORE the status of liquid ferti­
lizer projects can be determined, 

a review of the achievements of the 
past three (3) years should be made. 
The liquid fertiliz;er operations have 
advanced from insufficiently tried 
principles based on stereotyped tech, 
niques to proven methods based on 
experience and a better understanding 
of the chemicals being mixed. Several 
improved systems for manufacturing 
liquid fertilizers are available using 
batch or continuous methods. Facili­
ties for cooling the liquid mixed ferti' 
lizers are most often incorporated in 
the design of a plant. Instrumentation 
has also entered the demands of the 
liquid fertilizer producer. 

Simultaneously with the advance 
for more effective means to produce 
liquid fertiliz;ers, achievements were 
being made in the methods for storing 
and distributing this product. The 
liquid fertilizer plant has been able 
to increase its sales volume and terri­
tory beyond the normal 30-mile radius 
through the installation of liquid bulk 
tank storage in the fringe area. Ar' 
rangements for custom application 
and convenient terms for leasing 
transport and application equipment 
encourages the Q.'<e of liquid fertilizer 
without requesting the dealer to pur, 
chase the equipment. 

Liquid fertilizer formulation 
practices have become more flexible 
through the use of combinations of 
anhydrous ammonia or aqua ammonia, 
urea'ammonia solutions, and urea­
ammonium nitrate solutions. Research 
to permit the use of wet process phos' 
phoric acid and higher strengths of 
phosphoric acid is continuing. Some 
manufacturers are using a partially 
purified wet process phosphoric acid 
to achieve formula savings. The entry 
of superphosphoric acid into the 
liquid fertilizer field will enable the 
production of higher analyses ferti' 
liz;ers which can more nearly compete 
in total plant food content with solid 
mixed fertilizers. 

Of specific interest to Davison 
has been its liquid fertilizer plant 
at Wakarusa, Indiana. This plant 
was constructed the Spring of 1956 
primarily for market research into 

the potentials of liquid fertilizers and 
the methods of distribution. (1) The 
Wakarusa plant provides for the pro' 
duction and storage of aqua ammonia 
and neutral complete liquid fertilizers, 
as well as storage for bagged and bulk 
dry fertilizers. The main building 
houses the dual reactors and acces­
sories for producing neutral complete 
liquid fertilizers, and storage for the 
dry raw materials and bagged dry 
fertiliz;er 

(2) Dry granulated fertilizer is 
stored in thirty (30) ton capacity 
bulk hoppers which are filled by a 
conveyor through the top, and 
emptied through the bottom. A small 
portable conveyor elevates the granu­
lated fertilizer from the hoppers into 
bulk trucks. Ali liquid storage tanks 
and the converter-cooler are located 
outside the building. 

(3) Aqua ammonia is prepared 
by combining anhydrous ammonia and 
water in a "converter." The aqua 
ammonia is continuously pumped to 
outside storage tanks for later sale or 
mixing, or to applicating and trans' 
po.rt tanks for direct applicatio.n. The 
converter is designed to mix and 
water-cool aqu,L ammonia, and to be 
used interchangeably for cooling 
neutral liquid fertilizers. 

(4) Neutral complete liquid 
fertilizers are formulated using aqua 
ammonia, phosphoric acid, urea, and 
muriate of potash. Grades such as 
5-ICJ.l0, 8-8-8, 8-24-0, and 14,7-7 
are produced at the rate of 15 tons 
per hour. The actual mixing of these 
grades is accomplished by reacting 
balanced proportions of aqua am' 
monia and phosphoric acid under no.n­
co.rrosive conditions controlled by a 
pH instrument. The liquid fertilizer 
being formulated is continuously 
cooled by pumping the liquid through 
the converter. 

The sales area serviced by the 
Wakarusa plant is confined to. a radius 
of 50 miles with mo.st of the sales in 
the 30-mile zone. 

(5) Liquid fertiliz;er transport and 
applicating equipment is leased to the 
dealer to encourage the use of liquid 
fertilizer without requesting them to 
purchase the equipment. The equip' 
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ment available for leasing includes dis, 
tribution tanks for mounting on 
trucks, nurse tanks mounted on trailer 
frames, and application equipment 
complete with booms and injector 
facilities. 

The usage of liquid fertilizer 
should increase during the next three 
or four years for the following 
reasons: 

1. The increasing number of liquid 
fertilizer plants make for convenient 
delivery and servj.ce. Localized sales 
effort in our trade area accentuates 
the interest in promoting liquid ferti­
lizer. 

2. Liquid fertilizer is easily 
handled as pumps substitute fo.r hand 
labor. 

Of course, there are problems 
which must be corrected to permit 
further expansion. Foremost in these 
problems is the need for overcoming 
the limitations of producing liquid 
fertilizer grades which contain fewer 
units of plant food than is possible 
in granulated dry fertilizer. This limi, 
tation is caused by the crystallization 
of higher analyses liquid fertilizers. 
Habits and traditions of using dry 
ferti1iz;ers also. influence the farmers' 
consideratio.n in accepting this new 
product. 

DISCUSSION 

Mr. Slack.: What are the major 
technical and economic features of 
liquid fertilizers vs. granulated of 
the same analysis? At least thaat's the 
version of the question I have here. 
Well, this has been covered in publi' 
cations and I'm sure most of you are 
familiar with these major factors. The 
primary one, the reason so many peD-

are in the field, of course, is that 
investment is much lower. I think 
most of the liquid plants are probably 
run unde.r $50,000 or not much more 
than that. I just wanted to cover 
the granulation plant cost, to make 
20 to.ns an hour is a sort of a 
moot question. People have different 
ideas as to what a granulation plant 
will cost, but most will agree it is con­
siderably more than that. The main 
economic drawback to the liquid mix, 
of course, is that you can't use ordi­
nary superphosphate. Having to use 
phosphoric acid as the source of the 
P 20 5 is expensive, but the manu' 
facturing cost is lower, just how much 
lower is another question difficult to 
evaluate. I've seen cost estimates 
showing the overall cost lower, and 



I've seen others that showed it to be 
higher, that is comparing the liquids 
to the solid and granulated type. So 
you can pick whatever answer you 
like best. However, there is the practi­
cal matter, the selling price of the two 
types seems to be about the same, as 
near as I have been able to obtain in­
formation on it. Two of the factors 
difficult to evaluate as Mr. Reynolds 
covered~at least he covered one of 
them~is convenience of use, the 
actual saving probably and applica­
tion on the farm once you are 
equipped to distribute the liquid. And 
there is the complete water solubility 
for the liquid fertilizer which is a11' 
other moot question in the industry. 
Finally, the last question is what is the 
present status of the complete liquid 
fertilizer industry and is there a defi­
nite trend toward increasing produc­
tion and consumption? I'm sure the 
4uestion that they had in mind was 
the usual one as to what is the future 
of liquid fertilizers and are they go­
ing to replace solids and all that. 
Well, each of us has his own 
crystal ball amI r guess one is as 
good as another. It would be nice 
for someone to tell us just what is 
the present status of the new trend in 
the field, but I can't do it and I don't 
think anyone else can. All we can do 
is consider what the growth has been 
and decide what future trend it might 
indicate. In 1955 the 11 umber of plants 
as best could he estimated was n. 
The rcc::nt count we made as of 
1957 was 165. So we Inve doubled 
the number of plants in two years. 
Of course. those of you who know 
this inuustry, sometimes it is difficult 
to decide whether to call an instal­
lation a plant or not, so those are 
pretty rough figures. Production from 
these plants. I don't have any for 
1955: for 1953 and 1954, the De­
partment of Agriculture estimated 
27,000 tons which isn't very much. 
The present estimate for this year is 
on the order of 250,000 tons. Again, 
that's more of a guess than anything 
else. If it is approaching an accuracy, 
however, that is a ten-fold increase in 
three or four years. So percentage­
wise that is impressive. However,-I 
mean, percentage of growth~but per­
centage of production of liquid as 
compared to solids it is still very 
small, not more than a drop in the 
bucket compared to total production 
in this country. 

Dr. Sauchelli: Do you have any 
idea where they are concentrated? 

Mr. Slac~: In the Middle West 
and the West Coast, of course, where 
the industry started. 

Dr. SaucheW: Do you have any 
questions you want to ask Mr. Slack? 

Mr. Gordon: Mr. Slack, in the 
use of metallic ions as crystallizing 
point depressant, are they in the form 
of dissolved metallic salts or in the 
form of dispersed colloidal suspension? 

Mr. Slac~: They are dissolved. 
We used the salts but we didn't use 
enough to exceed the solubility. I 
imagine there are a minimum, of 
course, present in most fertiliz;er rna-

terials and this is not the phosphate 
rock directly. We found if you take 
wet acid and ammoniate it and filter 
off the precipitate, the resulting am' 
monium phosphate solution is much 
more difficult to crystallize than if 
you started with furnace acid. That's 
familiar, I am sure, to most people 
here. 

~uestion: That of one per 
cent chromium was the metal but in 
the form of sulphate? 

Mr. Slac~: This was the oxide, 
I believe. 

~uestion: Chromium oxide .1 of 
one per cent in the liquid fertilher. 

Mr. S!ac~: Yes. 

What Suitable Drepressants Are Known That COUld 
Be Used to Lower the Freezing or Salting­

Out Point of Liquid Fertilizers? 

A. V. Slack 

T HE problem of depressing the 
salting-out temperature of liquid 

f ertiliz;ers can be approached from 
either the thermodynamic or kinetic 
standpoint. For the former, an ad, 
ditive is used which alters the solu­
bility relationships in the system in­
volved and produces a permanent 
depression in salting-out temperature. 
Usually a relatively large amount of 
the additive is used. For example, if 
about half the orthophosphoric acid 
normally used is replaced with pyro, 
phosphoric acid the crystalliz;ation 
temperature is lowered considerably. 

For the kinetic approach, depen­
dence is placed on delaying crystalliza­
tion rather than permanently prevent­
ing it. In some cases, however, the 
delay may be so long as to be con­
sidered permanent for practical pur­
poses. The mechanism involved is 
either a thickening of the solution to 
slow down diffusion of ions to crystal 
surfaces or a blocking of crystal sup 
faces to retard crystal growth. 

At TVA we have tested various 
additives such as hydrophilic colloids 
(agar, dextrin, cornstarch, etc.), sur­
factants, dyes, and metallic ions. All 
of these have been reported to retard 
crystal growth under some circum' 
stances. The metallic ions were found 
to be the most effective, with chrom­
ium, iron, and aluminum the best of 
those tested. Small amounts of these 
caused a delay in crntalliz;ation for 
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several days in solutions stored at 
temperatures as much as 27° F. below 
their normal crystalliz;ation tempera­
ture. 

Two drawbacks to use of such 
additives were found in TVA work. 
One is that although fair results were 
obtained with solutions from which 
ammonium phosphate crystallizes, 
much poorer results were obtained 
when a potash salt was the crystalliz­
ing phase. The other is that de­
pendability of the effect was poor, i.e., 
duplicate samples gave widely varying 
results as to the length of time that 
crystallization was delayed. 

A depressant was placed on the 
market some months ago. The pro­
ducer claims that it will reduce the 
salting-out temperature of 10-10-10 to 
0° F., which is a depression of 50 U to 
60° F. \Ve have no information on 
its composition or effectiveness. 

(2) \Vhat are the major tech­
nical and economic features of liquid 
fertilizers versus granulated of the 
same analyses? 

One of the major economic fac­
tors in comparing liquid mixed ferti­
lizers with the granulated solid type 
is the investment required to get into 
business. A complete liquid mixed 
fertilizer plant can be built for less 
than $50,000, while a granulation 
plant of the same capacity probably 
would cost $250,000 or more. 

The main economic drawback to 



liquid mixes is that ordinary super­
phosphate cannot be used. Producers 
of granular fertili~r can be used rela­
tively large amounts of this relatively 
low priced phosphate sources and 
thereby gain in advantage in raw ma­
terial cost. However, manufacturing 
cost is lower for the liquids because 
of lower manpower and maintenance 
requirements. Depreciation charges 
are also lower and a lower markup 
per unit of production is necessary to 
obtain a reasonable return on invest­
ment. These two factors-raw ma­
terial cost and manufacturing cost­
appear to about cancel each other out, 
so that selling price for liquids is 
usually close to that for solids. 

Two of the factors involved in 
the comparison are difficult to evalu­
ate. The phosphate in liquid ferti­
lizers is completely water soluble 
whereas in most granulated fertilizers 
it is not. The higher solubility for 
the liquid may be an advantage in 
some situations but in others it is not 
particularly advantageous. The liquid 

mixes are also more convenient to use 
and require less labor for application 
on the farm. Neither of these ad­
vantages is very amenable to cost 
evaluation. 

(3) What is the present status 
of the complete liquid fertilizer in­
dustry, and is there a definite trend 
toward increasing production and 
consumption? 

There are at present approxi· 
mately 165 plants making liquid 
mixed fertilizer in this country. Cur­
rent production is estimated roughly 
at 250,000 tons per year. In com­
parison total production of mixed 
fertilizers over the country is about 
15 million tons. Thus the liquid mixes 
have not as yet attained a place of 
any significance. However, continuing 
growth is evident. There were only 
72 plants in 195'5 as compared to 165' 
now and new ones are reported fre' 
quently. Production in 1953-54 was 
reported to be about 27,000 tons as 
compared to the current estimated 
figure of 250,000 tons. 

Advantages and Disadvantages of TVA 
Cone Mixer. 

Allen S. Jackson 

W HEN any cone mixer is in­
stalled, whether it is put on 

an existing den or on a completely 
new den, the normal problems of rock 
handling and measuring and liquid 
control will appear. These usually 
present very small problems that are 
easily solved. 

Early cone designs would allow 
only a very narrow rate of operating 
range, usually in the neighborhood of 
from flooding rate to a rate of feed 
of 5 % less than flooding. Any reduc­
tion of rate beyond that would not 
give proper mixing. Modern cones, 
however, have good mixing with op­
erating ranges from flooding to ap­
proximately 50% of flooding. 

The use of strong acids present 
a problem in operating the cone. Heat 
of dilution raises the temperature high 
enough in the cone to cause large 
quantities of steam to be evolved. 
While this steam could certainly be 
controlled with proper fume hoods, 
the operators visibility in the cone is 
greatly reduced. Uniform results are 
not as easy to obtain with 93% or 
98% acid as it is with 78% acid. 

The life of the cone liner is quite 
variable. We normally expect a liner 
made of 10 gauge mild steel to last 
between 20,000 to 40,000 tons when 
used on a box or continuous den. On 
Sturtevant type dens, we expect the 
mild steel liner to last 5,000 to 10,000 
tons. Starting and stopping the cone 
is much more damaging to it than 
operating. In order to improve the 
start'stop life of a cone liner, we are 
experimenting with liners that have 
been Teflon lined, lead lined, coated 
with various Epoxy compounds, liners 
that are made entirely with reinforced 
plastics and various rubber coatings 
for steel cones. We are hoping to find 
a cone coating that will allow us to 
reach a 100,000 ton life for the liner 
under all conditions. 

When a given quantity of acid, 
water and phosphate rock are mixed 
together, no matter what means of 
mixing are used substantially, the same 
end product as far as analysis goes, 
will result. The cone gives some ad· 
vantages over pan type mixing in that 
mixing techniques will always be the 
same. The time going through the 
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cone is al ways the same. In cones an 
of the gasses are involved from the 
resulting mix in the den, none in the 
cone. The gasses percolating through 
the hardening bed of supe.r tends to 
make it a very light, honey'combed 
mass. Because of the short retention 
time in the cone, the mix going to 
the den is very fluid. Dens must be 
kept tight to contain the super. Ap' 
parently because of lack of stirring. 
the mix gives a feature to the finished 
super that is both good and bad. Super 
made in cones tends to have a very fine 
particle structure. Each individual 
particle of rock appears to retain its 
own identity. The resulting super be­
cause of its small particle size, is very 
easy to ammoniate. The small particle 
size, however, can make the super 
rather dusty to handle, which can be 
a nuisance in handling of it in both 
the mill, and if not granulated, in 
the field. 

The main advantage of a cone 
super mill is that the mixing ma' 
chinery is easier to maintain and has 
a much lower initial cost than any 
other conventional means of making 
super. Normal replacement of worn 
parts of the mixing unit, weighing and 
feed equipment, is estimated to be 
about 1 ¢ to 2¢ per ton. 

F. T. Nielsson 

1. Advantages. To realize fully the 
advantages of a cone mixer, the 
cone should be engineered by 
someone who has a record of ex, 
perience with cone mixers, like 
the FESCO group of Atlanta. 
The cone mixer has the following 
advantages in comparison with 
any other type of mixer: 
(a) Less initial equipment jnvest, 

ment. 
(b) A lower investment for 

structural supports and 111' 

stallation. 
(c) No operating power for 

mixing. 
(d) Exceptionally low mainten· 

ance. 
(e) N a moving parts. 
(f) Small space requirements. 
In common with other types of 
continuous mixers, the cone has 
the following advantages over a 
batch mixer: 
(g) Less personnel required for 

operation. 



(h) Fume recovery is better 
using the exhaust system de­
signed for a given tonnage 
batch system. 

(i) Acid can be diluted over a 
substantial range within the 
mixer. However, 66° Be 
acid should not be diluted 
within the mixer as some 
operators have found out 
to their sorrow. 

Drawbac~s. Some of the draw­
backs are those associated with 
any continuous mixer. These are: 
(a) Feeder calibrations must be 

made accurately and checked 
periodically. 

(b) The entire ground rock sys­
tem must be engineered to 
prevent flooding. 

(c) Some spent acids may be 
difficult to meter properly 
on a continuous basis. 

Some drawbacks are inherent with 
the cone, and the seriousness of 
these drawbacks depends upon the 
type of den used with the mixer. 
(d) The cone is not amenable to 

provide variation in rock­
acid proportions. 

(e) The cone requires a fluid dis­
charge and mixing is hin­
dered as net acid concentra­
tion is increased. 

(f) Maintenance is a function 
of stop and start operation 
because of acid drip from the 
nozzles. Less maintenance 
per ton is required when the 
cone is used with box or con­
tinuous dens than when it is 
used with Sturtevant dens. 

(g) The cone is so simple that 
apparently anyone should 
be able to build his own 
cone. However, there are 
certain noz;z;le sizes and cone 
dimensions that must be used 
over a given range of ton­
nage if good results are to be 
obtained. The ability of 
amateur to build their own 
cones is a drawback if their 
unsatisfactory results cast 
doubt as to the efficiency of 
the cone mixer in generaL 

I 'D like to just summarize. We've 
tried to indicate the advantages and 

disadvantages of a TV A cone mixer 
by comparing it as a piece of con­
tinuous equipment against other con­
tinuous equipment and also by com­
paring it as a piece of continuous 

equipment against batch equipment so 
that when you compare the cone 
mixer in comparison with any other 
type of super-mixer, it appears that 
it has less initial equipment invest­
ment because the thing isn't very 
heavy, you have less equipment for 
structural supports and installation. 
You've got the pump acid to assist 
them anyway, this cone mixer has no 
moving parts so you have no operat­
ing power. You have exceptionally 
low maintenance. You've got no mov­
ing parts, you don't have much space. 
And actually those of you who have 
been to TVA and have seen a cone 
mixer-I guess it's pretty old hat 
now, but I know years ago when peo­
ple used to come down there when 
I used to work there it was the biggest 
surprise to take a man up on the floor 
and show him this little cone, on triple 
especially, and the stuff went in and 
the stuff went out and the man just 
stood there and it was just like a 
tuba; I mean, it came in here and it 
went out there and people couldn't 
believe it until they saw it. So it is 
simple and on triple not too much 
trouble. With super, now, the big 
thing I do believe, though, is that 
if you are interested in the cone 
mixer, although I'm mentioning the 
advantages and disadvantages here, 
that you ought to get one from some­
body who has built one. Allen Jack­
son's outfit has put in a lot of cone 
mixers and they know what they're 
doing. A lot of other people have 
tried to put in cone mixers and you 
can get hurt awfully quickly. 

In common with other continuous 
mixers, I mean any continuous mixer 
of which the cone is an example, has 
some advantages over a batch mixer 
and these are that there is less per­
sonnel required for- operation, the 
fume recovery is going to be better. 
If you have a fume recovery system 
for a 20 ton an hour for a batch opera­
tion where you're working alternately, 
you know that you've got to handle 
about 40-ton per hour peak whereas 
if it's a 20-ton per hour system, you're 
Just handling 20 tons per hour. 

In any continuous mixer you can 
dilute acid over a fairly wide range. 
The only thing that you can't do is 
you cannot dilute 66° acid into a 
cone directly. Some people have tried 
it and two things happen. First, the 
heat of reaction or heat of solution, 
is so great that you get a pretty violent 
reaction when you're pouring in water 
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through some noz;z;les and 66 0 acid 
through other nozzles. The other thing 
is that due to the heat formed and 
also probably due to the fact that 66° 
acid isn't diluted all the way before 
it mixes with the rock you get a 
superphosphate that has practically 
no conversion. 

Now, the drawbacks of the cone 
mixer. Some of the drawbacks are 
the kind that you have with any con­
tinuous operation. One of them, of 
course, is that you've got to calibrate 
your feeder and if you're in can' 
tinuous operation with ammoniators 
you know you have continuous feeder 
trouble. You're apt to get into the 
same kind of trouble with any type 
of continuous system. The other 
thing is that a continuous rock feeding 
system is something that has to be 
really engineered, and again some of 
this is old hat to a lot of people, but 
until you've seen rock dust flood into 
a continuous operation, you just don't 
know what trouble is, because if it 
starts flooding you might as well go 
home and caU somebody else and 
start all over again and start engi­
neering from the beginning. And 
then also some spent acids may be 
quite difficult to meter properly on a 
continuous basis. Now those are 
troubles that any continuous system 
will have. The cone mixer has some 
inherent disadvantages of its own and 
the seriousness of the disadvantage de­
pends on what kind of bin you're 
using. The cone initially was designed 
for triple super. With sulphuric acid 
you're neutralizing two hydrogen 
ions. With phosphoric acid you're 
neutralizing only one hydrogen ion. 
Therefore you use twice as much phos­
phoric acid on a pound basis as you 
do sulphuric acid. Therefore you have 
twice as much liquid when you make 
triple as you do when you make super, 
something people don't realize, and 
because you have twice as much liquid 
you have a much more fluid mix and 
this cone mixer having no moving 
parts in it, just depending on spin of 
a fluid, if it's fairly fluid you get a 
lot of spin. Now as you go to sul­
phuric acid and your fluidity de­
creases, it stops, slows down, and 
you're in trouble. I mean, you just 
can't mix mud by itself, you just 
can't spin enough. So that's the big 
trouble with the cone mixer, that if 
you think that some day you're going 
to be in an operation where you're 
going to try the effect of 60 Baume 



acid all by itself, you had better take 
it easy before you start thinking about 
that in connection with a cone mixer 
because you can take any rock grind 
and any acid concentration and you 
can blend it physically, mechanically, 
but here you're depending upon 
fluidity and We do know that as you 
cut down the concentration of acid 
you're going to decrease the fluidity 
and when you do that you're going 
to be in trouble in a cone mixer. 
Also, because you have to have a 
fluid concentration, you can't run 
quite the acid concentration that you 
can in a batch mixer. Then also 
there's maintenance, you get acid drip 
from the n02;zle, so the more times you 
stop and start this acid drip eats on 
your cone a little bit. If you have a 
bin that takes only eight hours to 
fill you're stopping and starting once 
in eight hours. If you have a Sturte­
vant bin and filling it every hour or so, 
why, you have more acid dripping 
and you have a little more mainten­
ance. 

The big trouble with the cone 
mixer-this is just a personal observa­
tion-is that it's so simple that ap­
parently anybody ought to be able to 
build his own mixer. The trouble is 
that people go ahead and build their 
own mixer and don't realize that there 
is a little bit of theory involved in it. 
Not too much, but a little bit, and 
they build the mixer and it doesn't 
work and they think it is no good. 
That's why I said back in the begin­
ning you ought to talk to somebody 
who has put in some mixers because 
I know an actual example of how that 
can occur. I used to be down in Ala' 
bama and some big consulting com­
pany came down and wanted to know 
all about the TVA cone mixer. So 
I took them out and showed them and 
explained a little bit of theory and 
the next thing I knew I was hired by 
a private company and I happened to 
be in a triple plant that this con' 
sultant had built. And I was put on 
a train and told to go down to Florida 
and see what was wrong with this 
triple operation since it wouldn't 
work. The cone mixer wouldn't mix. 
And I looked at the blueprints on 
the train and I couldn't figure out 
anything wrong, and I got down there 
and the big trouble was that this man 
had seen a 40,ton an hour cone, took 
the whole thing down there and put it 
in an operation which was running at 
20 tons an hour. The important thing 

he didn't realiz;e is that the acid has 
to wet the inside of the cone. If 
the acid dribbles and the rock hits 
the cone you don't get a mixture. 
You have to have an acid swirl, the 
rock falls in the middle of the swirl, 
comes out, and you have a mixing 
section there. At TV A they had ¥s 
inch noz.:;les; he put in ¥s inch 
no"zles. All I had to do was to 
tell him to put in Ys inch nozzles 
and it worked. As I say, there are 
some simple things like that. It looks 
so simple that you think, anybody can 
do it. But before you go ahead think 
about it. I've heard of some other 
people who tried to copy cones. Oh, 
there is no need of our getting in 
an engineer designer for this, they 
say, there is nothing to this. Well, 
it's a little bit more complicated than 
that, and you've got to know what 
you're doing. 

A. S. Jack,son: I would like to 
show you one of the design changes 
that we made on a cone to increase 
the range of operation. When we first 
started using cone mixers three years 
ago we found that we could operate 
from the rate that the cone would 
begin flooding to somewhere between 
three and ten per cent less than the 
flooding rate. After that the rock 
dust began to show up in the bin, 
mixing was very incomplete and com' 
pletely inadequate. When we started 
working with continuous bins, people 
particularly with these lightweight 
bins would let their cutters wear out; 
they then must slow down the opera­
tion of the bin to continue to run, 
they begin to have trouble then with 
high insoluble, high free acid--just 
really inadequate mixing. If the 
velocity of the liquids or the swirl 
of the cone mixer were proportional 
to the distance away from the center 
of the cone, the shape of the swirl 
would be a parabola or something like 
that. If there were nothing to slow 
down the swirl the shape of the swirl 
would be a hyperbola. Actually the 
shape of the swirl or the mix in the 
cone is somewhere in between. The 
center of the cone discharge is never 
filled by the solid liquids. It may be 
filled by a little foaming right in the 
surface. Well, as you slow down the 
rate of running on this type of cone, 
you're dropping the level of your 
swirl, you open up a larger hole to 
pass the rock through. The change 
that we made was rather obvious and 
extremely simple. We set the footed 
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elbow down so as to make the rock 
or the liquid take the curve. It caught 
all of the rock coming through the 
cone and gave it one more twist. The 
ranges of the cone now is wider, if 
you make one for 40 tons per hour, 
it will operate very effectively down 
to 20 tons per hour. When we were 
using straight bottoms, if we were 
operating at 40 tons per hour, it 
might operate as low as 38 or 37 
bllt not lower. As Frank Nielsson 
said, when you are running can' 
tinuously a mild steel cone will fool 
you on the length of time that it 
will last. The original cones we made 
were made of 16-gauge black iron, 
purely for trial. After the shape was 
determined we we.re going to stain­
less or Hastelloy or some other ma' 
terial. We had comments from the 
very best people, people familiar with 
phosphate much more so than we 
were, that this cone would last any­
where from thirty minutes to two or 
three days. Well, it ran about 6,000 
tons. So the next cones we made we 
stayed with mild steel about ten,gauge. 
We got life on those cones of up to 
40,000 and 50,000 tons on a mild steel 
ten,gauge cone. Now this is using 60° 
acid. It will not last that long with 
strong acid. When we started putting 
cones on existing bins such as the 
Sturtevant we ran into trouble with 
the dripping of the acid as Frank 
told you, and the deterioration of the 
cones between batches. We found 
that the cone that should last 30,000 
or 40,000 tons now would last five 
thousand tons. Well, that ceases to 
be very economical because the cone 
liner of mild steel costs $70 or $80. 
We started experimenting first with 
various paints, various coatings. We 
started out I believe it was a poly, 
vinyl paint. That lasted maybe thirty 
minutes. We tried sprayed teflon. We 
tried the teflon films that were bonded 
to steel. The teflon films would last 
fine but we couldn't keep it bonded, 
and for this bonding we had a pro' 
fessional coating company do it. We 
did not try to do it ourselves. We have 
tried all plastic cones. They are rein' 
forced with glass fiber and various 

. types of plastic. They are in between 
-they do better than steel on Sturte' 
vant bins. They do not do as well 
as mild steel on continuous bins. We 
have a cone now in Use that is mild 
steel that is coated with an epoxiresin. 
It is on a Sturtevant bin. We ex' 
pect the results of that one to be 



somewhat between a little better than 
mild steel would normally last and 
not as good as mild steel would last 
on a continuous bin. There are lead 
cones being made. One of our cus­
tomers has made the prettiest lead 
cone I have ever seen. I expect the 
lead cone will give the best result. 
I do not know; it is just being tried. 
We are still experimenting with other 
compounds. Some of the rubber com­
panies are coating them for us with 
various rubbers, and we don't know 
yet. I would like to speculate just 
a second on the use of cones on con­
tinuous bins. I have seen several 
bins that were normal pugmill bins 
or pan mixer bins that have been 
converted to cones (makes diagram 
on blackboard). Assuming that is a 
normal Broadfield type of bin in 
which the pugmill generally dis­
charges very close to the rear. We 
feel-we have not tried it, now, but 
we feel that the cone mixer should 
be placed nearly half-way up the 
bin, so that it will form its own pile 
running to the rear on the surface and 
then coming forward in the pile. The 
idea of this arrangement is simply 
to delay this very, very fluid mix as 

it hits the bed with the cones right 
on the back with the pile being 
formed abruptly. These seals must 
be kept very tight to make it really 
satisfactory. We believe this will 
relieve it a little bit. But then we 
introduce one more problem. How 
do you start the thing. The wet 
super is extremely liquid as it is and 
will just come right off the end. In 
the second step we propose to incline 
the bin just a little bit to help start 
it. It will not help running, it will 
just help start it. Bins even with 
the cone on the back now are often 
started by building a dam of cubic 
super in it. But it's a lot of trouble 
and we would like to avoid it. 

Mr. Spillman: I would like 
to make one comment about the lead 
cone. We have one. We've used 
it about six weeks. We took it out 
a week ago. This was on a Sturtevant 
bin, therefore, intermittent operation. 

Dr. Sauchelli: What was the 
material? 

Mr. Spillman: Lead. 

Mr. Jackson: Hard lead or soft 
lead? 

Mr. Spillman: Hard lead. 

Mr. Jackson: We have had sev­
eral people's suggestions in talking 
about lead goods. They suggested 
soft lead with a minimum of animo 
will be the best lead. On Sturtevant 
type bins, I'm sure that's true. If 
it is a very high steady production 
unit then erosion may become a fac­
tor, the lead may be too soft, but r 
don't know. It probably would have 
to be varied with particular lead. 

.l?{uestion: On this cone that you 
put on your Broadfield bin-in other 
words you just put the elbow to the 
back and set the cone alongside of 
that Curve from the back? 

Mr. Jackson: The direction of 
the elbow, as far as the ejection of the 
liquid is concerned, makes no differ­
ence. It comes right straight back. 
We've looked at it inside the bin for 
8 j seconds and we can see it. But 
how far down I don't know. A long 
bin up to a third of the way; a 5hort 
bin maybe half the way. But I feel 
that it should be inclined to faciti­
cate the starting, even though it is 
an existing bin, you can still build a 
dam. They are awfully hard things 
to keep from leaking if you don't 
do something like that. 
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