
























































mixer as it is generated. Any suc' 
cessful high rate ammoniating sys­
tem surely does generate gas. The 
unsuccessful ones release it to the 
atmosphere before it can be reacted. 

There are two factors which make 
it necessary to add ammonia at rates 
above 4 or ') pounds progressively 
more and more slowly. One: since 
the mass of the material into which 
the ammonia is injected is getting 
hotter and hotter, a higher portion 
of the ammonia is being transform­
ed into gas. The reaction of gas 
with the dry super is slow. Two: 
the reaction of any form of ammonia 
with &uperphosphate is apparently 
slower as the reactions reach the 
upper practical limits. 

Cascading superphosphate 
through the confines of a machine 
in the manner as is done in the 
rotary mixer is a very fine means of 
scrubbing ammonia out of the atmos­
phere, whether that atmosphere con­
tains 1% or 99% ammonia. Even 
the more efficient of the present mod· 
ern systems do not give wholly uni­
form contact between the super 
particles and the ammonia while the 
ammonia is in the liquid stage. The 
USe of gas, unintentional and trouble­
some as it is, does permit evening 
up the irregular or spotty work of 
the liquid. Gas seems to be the most 
feasible method of getting uniform 
exposure. 

P,rovisions For Reacting Ammonia Gas 

W ITH the liquid stage account­
ed for, we can now turn our 

attention to the problems of scrub­
bing the ammonia gas from the at­
mosphere inside the mixer. The 
mixer, it must be remembered, is 
essentially an open or at best a non­
pressure machine. Conditions are 
such that there is a vaporizing action 
in one sense, and there can be an 
equal scrubbing action if operations 
are geared to it. The problem is to 
limit the production of gas to the 
ability of the cascading superphos­
phate to rick up the gas. This takes 
time. And there is time for this ac­
tiO<1. Some mixers are under partial 
suction from a ventilating system, 
others from the dryers connected by 
closed chutes. Under these condi-

tions, the suction will pull the am­
monia gas off before it has had time 
to react fully. Losses have been de­
tected at more than half a unit of 
nitrogen, to say nothing of air pollu­
tion. 

There is time for a good job of 
ammoniation if we force the system 
at its top speed during the early part 
of the cycle when the ammonia take­
up is in fact very rapid. Beyond 6. J 
pounds any further take-up is so slow 
that it may be uneconomicaL 

See chart "Total Time in Sec­

There is too much tendency to 
rob the ammoniating cycle of much 
of its valuable time by improper use 
of time. The foreman is thinking of 
only the most obvious point in the 
mixing cycle when he summarily cuts 
down on the ammoniating time by 
forcing all of the ammonia into the 
mixer at a uniform rate. Some opera' 
tors will continue to mix the mass 
for as much as a minute after the 
ammonia has been dumped uncere­
moniously into the mixer. Most of 
the gas is forced out of the mixer 
as fast as it is made and it can never 
be recalled no matter how long the 
mixer is subsequently run. It takes 
something more elaborate to get nitro­
gen out of the free air. 

Only half of the time that is 
absolutely wasted in this after­
mixing is necessary to accommodate 
the gas as it is being generated. It 
is acceptable practice to start dis­
charging the mixer immediately after 
all of the ammonia has been added, 
if it has been added correctly. The 
goods are being mixed in the mean' 
time. Good practice requires no more 
than )' 0 or 60 seconds total elapsed 
time for mixing and ammoniating as 
these operations are simultaneous. 

At 6.5 pound rates the first 
four pounds of ammonia per unit 
of (20%) superphosphate can be 
taken up at the average rate of one 
pound in ,. seconds. The last half 
pound is likely taken up at a rate 
of a pound in 20 seconds, or only 
one fourth as fast. 

Continuous Ammoniation 

T HE TV A type of continuous 
ammoniator is a marvelous ma-

chine. It is a great boon to granu­
lation, where its characteristics are 
rendering great service in a branch 
of the fertilizer industry that has 
long needed such a device. Practi· 
cally every phase of granulation can 
be performed better continuously than 
batchwise. There has always been 
the serious problem of converting 
from perfectly good batch ammonia­
tian to the logical continuous steps 
of granulating, drying, and cooling. 

It can be reasoned that the 
TV A type of ammoniator functions 
at as high a rate of ammoniation as 
the rotary without regards to the 
foregoing principles, particularly as 
concerns the handling of gas. It is 
clear that a very effective accumula­
ti'Ve ammoniation is achieved and 
that quite a long pipe is required to 
provide both intimacy and time of 
contact. The requirements of the 
distributor pipe in the TVA am­
moniator are sharply defined. This 
is demonstrated by the poor results 
that are obtained from some of the 
locally contrived pipes. Changes in 
the excellent original design brought 
about by corrosion or abrasion will 
destroy the original ammoniation pat­
tern. Several fine papers have been 
presented to the industry by persons 
who developed the TVA ammoniator, 
and by those who have put it to the 
crucial tests of practical use. It is 
in tribute to them that we dwell 
briefly on this machine and not in 
any failure to recognize its great 
worth. They are doing excellent 
work in ammoniation as well as in 
granulation. Most of the failures in 
the TVA ammoniators that have 
come to our attention stem from 
the same causes that produce failures 
in many good devices, that is the 
men who operate and maintain 
them. 

Excessive Application of Ammonia 

W HERE local conditio;)s per­
mit, there has grown up a 

new concept of ammoniation. It 
may be called "excessive ammonia­
tion" or, where the operator under­
stands what is transpiring, as most 
of them now do, it can be termed 
"calculated loss." 

In equi'pment that can be oper­
ated to yield essentially 100% reten-
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tion of 65 pounds of ammonia input 
per unit of 20% superphosphate, it 
is possible to hold as much as 8 pounds 
when 9 pounds are applied. This in' 
wIves a loss of one pound of am­
monia. It means that 8 pounds is 
about all of the ammonia that it is 
practical to hold without the aid of 
acid. The addition of 10, 11 or even 
12 pounds fails to give any more 
than 8.0 pounds retention. How 
much ammonia is taken up as gas In 
this scheme? 

Acid-Its Use and Mis-Use 

M OST of the mixers, including 
the TVA continuous, are 

capable of retaining 100% of an 
ammonia input of 6.0 to 65 pounds 
of ammonia. Finely divided triple 
superphosphate is reckoned at about 
half this rate while the large par­
ticle sizes in some triples limit the 
take-up still further. Any assist from 
acid before the full potential of the 
superphosphate is satisfied is like a 
healthy man using a crutch. Beyond 
the point of 100% retention in thc 
super, sulfuric acid is used at the 
rate of about 3 pounds of acid for 
each one pound of ammonia, unless 
there is some valid reason for using 
more acid for additional heat in 
granulation. It is too easy to con­
trol fumes by using acid. Formulae 
that can justify no more than 40 
pounds of acid are observed to de­
generate through poor maintenance 
of equipment to such a degree that 

three times as much acid is being 
used. 

These theories and practices may 
be discounted heavily by some since 
the methods have permitted us to 
reach only two thirds of the way 
to complete ammoniation and have 
been stalemated on this plateau for 
6 or 7 years. Nevertheless, accept-

ance of these principles doubled the 
rates of ammo111atlOn overnight. 
Somebody will eventually discover 
more potent medicine and break 
through this barrier of 6.5' pounds. 

Until then, these simple princi­
ples are leading to the use of a very 
good amount of ammonia in many 
plants.** 

Driers and Coolers 

in Making Fertilizer 

I
N the fertilizer industry, the dryer 

and cooler, which is of the great­
est interest because of capacity, sim' 
plicity, compactness and low first 
cost, as well as general economy in 
operation, is the rotary direct fired 
cocurrent dryer and the countercur­
rent rotary cooler. 

Because of the heat sensitivity 
of most fertilizers the temperatures 
to w.bich they can be subjected, in a 
dry state, are rather low. This limits 
the temperature of the drying air, 
which can be used in a countercurrent 
dryer, and thereby the heat which a 
certain amount of air can carry. It 
follows that for a certain dryer 
volumE:, fan size and dust :ollector 
size, the capacity of a counter cur­
rent dryer is much lower than in a 
cocurrent dryer uf comparative size, 
since in a cocurrent dryer a much 
higher temperature can be used with­
out damaging the wet fertilizer, enter­
ing at the same end as the hot air. 
While a film of moisture encases each 
particle, the actual material tempera' 
ture stays at around 200 degrees, or 
near the wet bulb temperature, even 
if the temperature of the air is over 
1000 degrees. 

There may be certain cases, 
where plasticity in the wet state 
makes high temperature objection­
able. Such materials may call for 
different "kind of a heat treatment. 

_How"ver they are then the exception 
to the rule. 

The reasons for a selection of a 
countercurrent cooler, over a coeur­
rent one, are basically the <;ame, in 
that a certain amount of air will ab, 
sorb more heat when flowing through 
such a cooler since there is no limita­
tion to how much the material may 
be cooled. On the other hand, the ob­
ject is to arrive at the lowest possible 
material temperature at the discharge 
end. The only objection to a counter 
current cooler is dusting at the feed 
end, but this problem can he solved. 
Mr. Halldorssol1 rzviewed the effects 
of "tilting" the drier or cooler, dia­
meter siz.e, material-air contact time, 
etc. He said that there is a limit to 
both the diameter and the degree of 
tilting. Because of road and railway 
regulations it is difficult to ship larger 
diameter than 11 to 12 feet. With 
excessive uphill tilting the material 
tends to back out of the inlet end or 
stay too long in the first hot part of 
the dryer. Both these considerations 
have been accounted for in the first 
Fertiliz.er Dehydro-Mat dryer install­
ed some moths ago in Joplin, Iowa. 

Mr. Halldorsson, who is the in­
ventor and has obtained a U.S.A. 
patent on this new type of rotary 
dryer, licensed to Edw. Renneburg &' 
Sons Co., Baltimore, described the 
functioning of this dryer, which has 
created considerable interest in indus­
trial circles and between engineers 
and received wide publicity. 

When discussing dryer capacities 



Mr. Halldorsson described how form­
ulas in the Chemical Engineer' Hand­
boo~ would come up with a Volu­
metric Heat Transfer Coefficient of 
around 4 to 5 in several cases he had 
checked, where actual experience in 
the industry would show a figure oj 
15', or three times as much capacity 
for both coolers amI dryers. 

With the first Dehydro-Mat 
dryer operating in the Fertilizer In­
dustry, coefficient from 25' to 30 and 
even :I,. have been been obtained. The 
coefficient will of course vary for dif­
ferent particle sizes and materials. 

In the past, almost without ex­
ception, dryers and coolers of this 
type have been mounted in an in­
clined positIon intended to help 
move the material towards the dis­
charge end ... and in concurrent 
units this movement corresponds to 

both the force of the air flow and 
gravity. In a counter current unit, 
however, this tilting was logical in 
order to overcome air resistance. It 
is not necessarily logical for the con­
current unit. 

On the contrary, when trying 
to obtain the greatest possible dry­
ing capacity of a certain dryer or 
dryer volume, where the inlet air 
temperature has already reached a 
maximum, the limits are reached 
when the air flow has become so 
great that it takes the material too 
rapidly through the dryer, resulting 
in a too short drying time, and a 
wet material being discharged. 

One way to overcome this diffi­
culty is to increase the length of 
the unit, thereby increasing the time 
of contact. This, hO\Never, is un­
economical, since increased air ve­
locities increase the material veloci­
ties at an accelerating rate. Another 
means of increasing dryer capacity 
is to increase the dryer diameter, 
which is an economical and space 
saving method. The third possibility 
is to adapt a horizontal position, or 
even a backwards or uphill degree 
of tilting, making the material drop 
backwards into the air stream, 
thereby increasing the drying time. 

Through the reaH~tion of the 
importance of the effect of the air 
velocity upon the material move-

ment, this dryer is designed with 
cross sections of different diameters. 
In an ideal dryer, the material should 
move fast through the hot inlet 
zone, where surface m~isture is 
quickly evaporated, the inlet zone is 
therefore narrow, with a small cross 
sectional area. The air velocity 
therefore is very high at this point 
and moves the material with a cow 
siderable force. After the material 
leaves this hot section of the dryer, 
it enters a section with gradually 
decreasing temperatures, where it 
needs to stay for considerable time 
in order to dry through. Therefore, 
this section has a large diameter am.! 
cross sectional area, with low air 
velocities and low material velocity. 
Thus the material stays in long 
enough to be completely dried. It 
is finally discharged through a nap 

row section. Tires and g~ar can 
be mounted on the narrow sections, 
and breaching can be limited in size 
and cost. 

Finally, the whole unit is mount­
eo ,horizontal or in an uphill posi­
tion. 

With a 34 foot long Dehydro, 
Mat throughout, capacities of as 
mueh as 70 tons are reported with 
a steady average production of 40 
tons base material per hour, 24 
hours a day. 

In discussing coolers Mr. Hall­
dorsson mentioned that for every pep 
cent of moisture evaporated, based 
on material weight, a temperature 
drop of approximately 30° could be 
expected. Finally he described a new 
type of fertilizer cooler which he has 
designed, and which is expected to 
be non-dusting. While it is a counter 
current unit, it has a co-current inlet 
end. Patents are in process of bein!.( 
applied for. He also described a 
possible combination Dryer-Cooler, 
where the cocurrent principle is 
adapted to the dryer end, and the 
counter current principle to the coo/­
er end, ideal for both processes. 

The first of these new type cool, 
ers is now being built for the Davison 
Curtis Bay Plant, who are also in­
stalling a Dehydro-Mat dryer. An­
other Dehydro-Mat is starting up in 
Perry, Iowa. In Texas, three Dehy-

dro-Mats are being started on am­
monium nitrate. 

When discussing dryer specifica­
tions Mr. Halldorsson suggested that 
it would be practical always to refer 
to actual dryer capacities in terms of 
throughput, including recycle, rather 
than in terms of hase material. 

MORE ON DRIERS 

Continuous granulation-amman­
iation at two Virginia-Carolina plants 
was described by E. Leister, Edw. 
Renneburg & Sons Co., Baltimore, 
who outlined the combination opera­
tion, giving details on each unit. "A 
wide range of flexibility can be built 
into a continuous combination unit," 
reported Mr. Leister, as he listed the 
following advantages: 

a. Any retention time can be had 
for the varying grades of ma­
terial, by the use of retaining 
rings or the variable inclination 
feature. 

h. Speed of rotation can be in­
creased easily, or decreased by 
the use of variable speed drive, 
or by changing a V-belt sheave. 

c. Bed depth can be controlled, 
which can have a great effect 
on the loss of ammonia. 

d. The unit is designed to permit 
use of any of the following: an­
hydrous ammonia, nitrogen sol, 
utions, sulfuric acid, phosphoric 
acid, steam, hot or cold water, 
compressed air, fresh air. 

The ammoniator-granulator was 
described as a cylindrical shell 7' in 
diameter and 14' long. This, accord, 
ing to Mr. Leister, is the &iZe required 
for 20 ton per hour capacity in most 
grades of fertilizer. "Base" materials 
and fines are fed into the first, or am­
moniating-section. Acid is fed into 
the second half of the ammoniating 
section. From here the material spills 
into the granulation section. Granu­
lation can be increased or assisted 
when hot or cold water (in a fine 



misty spray) is added to the rolling 
material in the granulation section. 

Mr. Leister gave complete details 
of the Renneburg ammoniator-granu­
lator, listing operation data and tech­
nique. He reported sc'veral features 
of the unit which allowed for better 
granulation and more complete am­
moniatioD. One practice he suggested 
to the production group was: screen­
ing the product before cooling . 
then cooling only the finished prod­
uct. "This," he said, "offers the ad­
vantage of recycling hot' fines, and a 
system in which the product will be 
cooled to a lower temperature." The 
practice also offers the possibility of 
eliminating the cooler dust collector. 
"The big advantage would be to a 
fertilizer manufacturer who has a 
small cooler, and wants to produce 
granular fertili:;er at a capacity above 
that of the coler. He can save the 

cost of a cooler, if his cooler is not 
rel/uired to do the unnecessary job 
of cooling the fines and oversize." 

Mr. Leister reported that con­
siderable success has been obtained 
with the use of a vertical disintegrator 
to produce a more uniform particle 
size by impact mixing. The disinte­
grator, he said, is able to delump the 
mix, and impact mix the various in­
gredients, and yet produce a minimum 
of fines ... thus a uniform product is 
obtained, which should result in bet­

ter ammoniation, and possibly better 

drying action. 

A continuous combination am' 

moniator-granulator, said Mr. Leister, 

permits thc nitrogen to be introduced 

into the materials at a slow rate, thus 

a hig.h total ammoniation can be 

reached with relatively little loss of 

nitrogen and fumes. 

A Fertilizer Graining Agent 
11'1 M. 'W. <Jltoma,J. 

THE production and properties 
of a natural colloidal kaolinitic 

kaolin were reviewed by M. W. 
Thomas, Thos. Alabama Kaolin Co., 
who told his audience that the prod­
uct has been found a useful and 
economical agent in pelletiz;ing, or 
as a graining agent in the production 
of fertilizer or as a diluent in 
i nsecticide5. The material in crude 
form, said Mr. Thomas, is very 
pure, contammg a small percentage 
of iron . . . less than 1 percent, and 
averaging approximately Yz percent. 
It is low in alkalies, soda, and lime, 
and contains no mica. 

The chemical analysis of kaolin 
shows it to be ,)9.6% a pure kaolin­
ite . . . and the x-ray pattern gives 
a true kaolinite pattern. Properties are 
as follows: 

bulk density (lbs./cu. ft.) 
loose: about 20 lbs. 
packed: about 41 lbs. 

porosity: 130% 
specific surface: cm2-22,700 
specific gravity: 2.62 
particle type: crYBtal rectangular plates 

and crystal aggregates 
limiting particle size: .01 to 50 microns 
absorption of moisture from air when 

exposed in open vessel at averag~ 
room temperature with "Tako" dried 

to absolute zero: 
24 Ius., 9/10 % 
7 days, 1 % 

The kaolin is mined by selecti've 
methods and transported to a pro/ 
cessing plant, where the crude ore is 
air-dried, passed through mills and 
grinding equipment which transform 
the fine material to a product with a 
flat rectangular surface. This form of 
the product is reported to be particu­
la.rly suitable to blending in the in­
secticide field, and to pelletizing in 
the manufacture of fertilizer. The 
finished product generally has a free 
moisture content of .7 to .8%. 

In discussing its storage prop­
erties, and moisture content, Mr. 
Thomas reported that in a test case, 
"Tako" (tradename for kaolin pro' 
cessed by Thos Alabama) staLed for 
a period of one year showed no 
change in flowing properties . . . had 
not caked or packed. The moi5ture 
content increased only slightly, from 
.7% to 1 %. He reviewed also the 
production methods of mining and 
processing "Taka" for distribution, 
and presented data on physical prop­
erties and particle size. 

COMMENTS ON SCREENS 
'WaIfHB ~UuJ 

THE ROLE OF POTASH 
edwin ~apu4ta 

In connection with particle size, 
Wayne King, W. S. Tyler Co., 
Baltimore, presented some factual in­
formation on the effective use of 
screens in production of fertilizers. 
With the increasing interest in 
granulation . . . and granular ferti­
lizers, produLtion men at the Round 
Table presented several questions to 
Mr. King on determining product 
size, and optimum angles of screen 
installation. 

Edwin C. Kapusta, U. S. Potash 
Co., New York, presented some 
ideas on the role of potash salts in 
the ammoniation and granulation of 
mixed fertiliz.ers. "Although dating 
hack in origin many years," said Mr. 
Kapusta, "the greatest progress in the 
development and application of 
granulation processes has been made 
in the past few years. The popularity 
of granulation is evident by the 
large number of plant conversions 
and construLtion of new units cur­
rently taking place in the industry. 
It is estimated," he continued, "that 
over 100 mixed fertilizer plants either 
have installed or are installing some 
form of granulation equipment. 
Manufacture of granular mixed 
fertilizers may approximate up to 15 
percent of the total domestic pro­
duction of mixtures in the coming 
f ertili zer yea!:." 




