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DIMENSIONS OF AMMONIATORS
Slide 4

length to diameter ratios of 1.5 or
2 to 1 are the most popular.

The reported speed of the
ammoniators also varied widely,
ranging from 4 to 16 r.p.m. How-
ever, the average was about 309
of the critical speed. The critical
speed is that at which material
would be carried around the drum
by centrifugal force. It is calculated
by dividing 76.5 by the /diameter
of the drum. Thirty per cent of
the critical speed is about 914
rp.am. for a 6-foot-diameter drum
and about 8 r. p.m. for an 8-foot
drum.

Most ammoniators contain re-
taining rings equal in height to 15
to 309, of the diameter judging
from the replies to the survey.

Stationary scrapers are most
frequently used for cleaning the
shell of ammoniators although me-
chanical knockers are often used.
A few contain moving scrapers.

The majority of plants—about
809, in fact—do not have separate
granulators. In most of these plants
from 25 to 509, of the length of
the ammoniator is used for granu-
lation. Very few use more than
809, or less than 509, of the
length for ammoniation.

The survey showed that the
majority of operators have adopted
the simple drilled pipe design for
distributing ammonia or ammoni-
ating solution. The next slide

Slide §
Type of Ammonia or Solution
Sparger Used

R . % of Those Reported
Drilled Pipe 60

Block 11
Slotted Lip 9
Various Others 20

shows the preference in sparger
design. Sixty per cent use the
drilled pipe; 119, use a block

sparger; and 99, use the slotted-lip
type that was the original TVA
design. The remainder use a vari-
ety of types that were hard to
classify.

The best material of construc-
tion for the acid sparger has long
been a “bone of contention” in
ammoniator design. It was difficult
to separate acid spargers from am-
monia spargers in the survey data,
but the next slide shows our best

Slide 6
Material of Construction of
Acid Sparger

Average

% of Those Reported Life, Mos.
Mild Steel 49 v
Hastelloy C 39 22
Stainless Steel 15 11

estimate of the practice. Of the
three materials used, mild steel or
black iron is the most frequently
encountered; the average life re-
ported was about 2 weeks. Hastel-
loy C runs a close second but of
course has a much longer life—the
average was 22 months —and sev-
eral ‘“indefinite’s” were reported.
Stainless steel was used in only
159, of the plants and had an
average life of 11 months.

The capacity of the ammonia-
tors varied quite widely. The re-
ported average production rate was
from 8 to 32 tons per hour. There
was a significant correlation of the
capacity with the volume of the
ammoniation section. This correla-
tion is shown on the next slide.
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Each point shown on the graph
represents the average of about ten
replies to the questionnaire. There
was a considerable amount of scat-
ter in the individual data points.
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The “X” point at the lower left
represents our pilot plant.

We tried correlating the capa-
city with various other parameters
that included rotational speed,
total volume, length to diameter
ratio, or other factors, but found
no other valid correlations. This
is not to say that they do not exist
— in all probability they do — but
the data from the survey were not
precise or inclusive enough to show
them. It would take a much more
detailed questionnaire to obtain
the information needed for work of
this type. I wish that the data at
hand had been more useful in this
respect.

Control of Granulation

As most of you know, the main
problems in control of granulation
in the continuous ammoniation
process are inducing the low-nitro-
gen grades to granulate and pre-
venting the high-nitrogen grader
for overgranulating. Several ques-
tions were included in the survey
to determine how these problems
are most often solved in large-scale
plants. The results are shown in
the next slide.

Slide 8
Method of Control of Granulation

High .N Grades:
Limit Solution Rate 61

High Recycle Rate 56

Air 8
Other 11
Low N Grades:
Water Addition 78
Granular Potash 74
Excess Acid 57
Steam 23
Other 8

In the high-nitrogen grades, as
illustrated by those of the 1-1-1
ratio, the most popular method of
control of granulation, as you
might expect, is limiting the
amount of ammoniating solution in
the formulation and increasing the
amount of nitrogen from a solid
source. Sixty-one per cent of the
plants use this method. A close
second is the use of a high recycle
ratio to control granulation — used
by 569 of those reporting. A few—
89 —use air for control.

Incidentally, the percentages
shown add up to more than 100
because some respondents reported



using more than one of the meth-
ods. However, 659 reported using
only one. Twenty-five per cent use
two, and all of those who reported
using air for control use at least
one of the other methods as well.

The addition of water is the
most popular means of promoting
granulation of 1-4-4 grade, al-
though granular potash is used for
this purpose almost as widely.
Somewhat more than half of the
plants use excess acid in the formu-
lation to induce these grades to
granulate. About one-quarter are
equipped to add steam as an aide
to granulation. Practically all of
the respondents report using not
only one, but two or three of these
methods. Some use all four shown.

Auxiliary Equipment

Turning to auxiliary equip-
ment used in the plants, 149, of
those reported use preneutralizers.
As might be expected, most of
those having preneutralizers re-
ported high-nitrogen grades of 12
units or more at the top of their
lists. Most of these did not report
limiting the solution rate to con-
trol granulation, so it appears that
the preneutralizers are doing at
least a part of the job for which
they are intended.

Fume scrubbers are installed
on the exhaust stacks of about half
of the ammoniators, according to
the survey.

The dryer sizes reported rang-
ed from 4 to 10-15 feet in diameter
and 20 to 70 feet in length. How-
ever, 759 were between 6 and 8
feet in diameter and about 35 to
55 feet in length. Although some
of the dryers seemed small for the
reported capacity, very few listed
poor drying as a major problem.
Slightly less than 109 of the plants
operate with no dryers at all. Co-
current dryers outnumbered the
countercurrent type 3 to 1.

My next slide shows the extent

Slide 9
Extent of Drying

M . % of Those Reported
oisture, %

1 or Less 58 16
1.5 to 2.0 36 64
2.5 to 3.0 6 15
>3.0 0 5
Ratio 1:1:1 1:4:4

to which products are dried. The
majority of operators (609) dry
the 1-1-1 grades to 1% moisture or
less and the 1-4-4 grades to 1.5 to
2.0% moisture. I was somewhat
surprised to find that in 409% of
the plants the 1-1-1 grade products
contain between 1.5 and 39, mois-
ture — also, that only 189, of the
respondents use conditioner on
their products.

Coolers reported ranged from
4 to 9 feet in diameter and 12 to
60 feet in length. However, about
two thirds were 6 to 8 feet in dia-
meter and 30 to 45 feet in length.
Inadequate cooling was not listed
among the major problems of very
many operators, although a few
with the smaller coolers did men-
tion cooling problems.

We find also that the screen
area provided in granulation plants
varies widely, ranging from as little
as 24 square feet to about 100.
The average of those reported was
about 50 square feet. The next
slide shows the mesh size on which

Slide 10
Screen Mesh Size

Size, Mesh % of Those Reported
6x16 30
6 x 20 10
7 x 14 10
6x 14 8
15 Other
Combinations 42

the products are screened. As you
see, 6 by 16 mesh has become the
most popular size, accounting for
309 of those reported. Next are
6 by 20 and 7 by 14 mesh, with
109 each; and 6 by 14 was report-
ed by 89. No less than 15 other
combinations ranging from 7 by
12 to 5 by 28 mesh were reported
by the remaining 429%.

Turning to the more subjec-
tive part of the survey, we asked
whether nitrogen loss was consider-
ed a serious problem and if so,
what was believed to be the main
cause of the loss. Exactly half of
those who replied to this question
reported that nitrogen loss was not
a serious problem. Most of those
who did report that nitrogen loss
is a serious problem consider am-
monia or fume loss the main cause.
About 259, mentioned losses dur-
ing drying. Unfortunately, we
could not relate the incident of
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nitrogen loss with other data ob-
tained from the questionnaires, as
we had hoped to do when we pro-
posed this question.

When asked how they would
change their ammoniators if they
were installing new ones, 659, of
the respondents replied they would
make them longer; 5% said they
would make them larger in dia-
meter; and 7% would increase
both the length and diameter.
Fifteen per cent would make no
change at all and 8% would use
an entirely different type.

The last question of the survey
was concerned with dificulties in
operating the equipment. The re-
spondents were asked to describe
their main difficulty. Some of the
answers, which I will run through
quickly, should be of particular
interest to equipment manufactur-
ers.

Two problems were mention-
ed much more often than any
others. The foremost of these was
maintenance of equipment; this
was followed by difficulty in control
of the process, or more specifically,
control of granulation.

The problem of training per-
sonnel to operate the equipment
properly was listed next often, and
in some cases quite emphatically—
this was emphasized in Croplife’s
report of this survey. Then came
difficulty in maintaining analysis,
followed by nonuniformity of raw
materials — a subject to be discuss-
ed in detail later this afternoon.

Drying and cooling problems
were mentioned next often, follow-
ed by fume control, metering,
screening, and plugging of cyclones,
in that order.

Seven respondents did not
answer this question. I don’t know
whether this means they have no
problems, or that they found them
too numerous to single out the
main one. Two fortunate people
did declare, however, that they
have no important problems!

In conclusion, I should like to
thank Croplife magazine for per-
mitting me to use the data given
inthis report and to thank the
plant personnel — many of whom
are in this audience — for taking
time to complete and return the
questionnaire.

Certainly, the survey revealed
much interesting information that



would be difficult to obtain in any
other manner. I hope it will give
some of you some ideas for improv-
ing your operation. Without ques-
tion it shows that there is little
standardization in equipment and
operating practice in continuous
ammoniation plants. It also shows
~by the number and detail of the
responses — a commendable desire
of the members of the industry to

share information with one an-
other.

MobpEraTOR REYNOLDS: Thank
you, Al

Let’s have some questions. I'm
sure this most interesting report
has prompted some questions.

We will move along to give
you a chance to think up some
questions and maybe we’ll come
back to them later.

We do have some announce-
ments here.

We'll move along to our next
speaker.

The industry trend toward
high analysis is continuing. With
initial granulation six to seven
years ago, one of the strong points
for granulation was the reduction
of caking tendencies. More con-
centrated plant food most often
means the use of more hygrascopic
raw materials. We are now back
to the need for review of condition-
ing and anti-caking agents.

We are most fortunate today
to have as our speaker Mr. John
Hardesty, Senior Chemist for the
U. S. Department of Agriculture,
who will bring us up to date and
speak on fertilizer conditioning,
current progress and problems.

Fertilizer Conditioning — Current Progress and
Problems

John O. Hardesty

ONDITIONING of mixed fer-
C tilizers for the purpose of de-
creasing their caking tendencies is
a continuing problem of the fertil-
izer industry owing to the wide
range of physical and chemical
conditions under which fertilizers
are made, stored, and transported.
Earlier studies of the mechanism
of caking (7,11) have shown that
caking is the result of crystal knit-
ting and that crystal knitting can
be largely controlled by limiting
the proportion of highly soluble
salts in the mixture, drying and
cooling the product before storage,
and by storing the product in such
a manner as to avoid high mechan-
ical pressure in bulk- and bag-stor-
age piles (5,6,11).

Another procedure for inhibit-
ing caking, especially of granular
products, is to control the mois-
ture-temperature relationships dur-
ing processing so that, with ade-
quate mixing, virtual completion
of chemical reactions that occur be-
tween the components can be ac
complished in the retention time
provided. The effects of processing
with different types of ammoniat-
ing solutions on the physical condi-
tion of mixtures were discussed at
the 1959 meeting of the Fertilizer
Industry Round Table (4).

Granulation makes possible

the satisfactory use of many high-
analysis mixtures that otherwise
could not be used because of poor
physical condition. However, the
alleviation of caking through en-
largement of the particle size by
granulation has been partially off-
set in recent years by the introduc-
tion of high-analysis fertilizers con-
taining exceedingly large propor-
tions of highly soluble salts. At-
tempts to improve the physical
condition of such products have
led to the use of powdered coating
agents. It should be emphasized,
however, that conditioning agents
become of practical value only
after suitable formulation and pro-

cessing techniques have been used
to prevent severe caking of the
product. Mixtures with a moderate
caking tendency yield to condition-
ing agents (5). The use of condi-
tioners in such mixtures can make
the difference between products
that are non-drillable and those
that are entirely free-flowing. A
consideration of the properties of
the conditioner and of the fertilizer
is essential to the efficient and suc-
cessful use of conditioners. The
present discussion deals with the
relative particle size and density
of both the powdered coating agent
and the fertilizer, the experimental
use of some relatively new types
of conditioning agents, and a re-
cent development in the technique
for determining the caking tend-
ency of fertilizer.

Powdered Coating Agents

It has been demonstrated (6)
that the conditioning effect of fine-
ly-divided coating agents, such as
siliceous powders, diatomaceous
earth, and clays, is closely related
to particle size and density. For
the sake of simplicity in estimating
the amount of conditioner requir-
ed to coat a fertilizer, it is con-
venient to assume particle spheric-
ity and equivalent density of the
fertilizer and conditioner, and to
ignore errors arising irom dealing
with curved surfaces. The approxi-
mate percentage of conditioner re-
quired to cover a unit mass of fer-
tilizer then may be calculated from
average values for the diameters of
the respective particles.

Accordingly, a particle of con-
ditioner on the surface of a fertil-
izer particle may be represented
(Figure 1) by the area of a circle

Figure 1. Surface Area Relationships
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(=12 superimposed on the surface
area ol a sphere (xd?*), where r.
is the radius of the particle of con-
ditioner and d. is the diameter of
the fertilizer particle. The approxi-
mate number of particles of condi-
tioner average 10 microns in dia-
meter (de = 10, 1. = 5) required
to cover the surface of a single
particle of 8- to 10-mesh fertilizer
averaging 2000 microns in diameter
(d:=2000) is therefore 7d?% /12—
4,000,000/25, or 160,000. The num-
ber of particles of conditioner hav-
ing a diameter of 10 microns and a
total volume equivalent to that of
a particle of 8- to 10-mesh fertilizer
having a diameter of 2000 microns
may be represented by the ratio of
the cubes of their respective dia-
meters, d% /d*.—8,000,000,000 /1000,
or 8,000,000. Thus 160,000/8,000,-
000,=.02, or 29 of the conditioner
is required to cover the fertilizer
particle.

Figure 2 shows the approxi-
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Figure 2. Conditioner Required vs.
Particle Size of Conditioner

mate percentage of conditioner of
varying particle size required to
cover a unit mass of 8- to 10-mesh
fertilizer. The illustration shows
that, for each 10-micron increase
in average diameter of the condi-
tioner, the quantity required to
cover the fertilizer with a mono-
layer coating, increases by 2 per-
cent, or 40 pounds per ton of
fertilizer.

Figure 3 illustrates the effect
of the particle size of the fertilizer
on the proportion of conditioner
required to give adequate coating
and conditioning of the product.
The requirement for conditioner
having an average diameter of 10
microns is 4 percent when the
average particle size of the ferti-
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Figure 3. Conditioner Required vs. Par-
ticle Size of Fertilizer

lizer is 14 to 20 mesh and about
16 percent when it is 48 to 65
mesh.

Table I illustrates the effect of

Table I. Effect of Density on the
Proportion of conditioner
Required to Coat 8- to
10-mesh Fertilizer

Proportion of conditioner
required
Ratio, conditioner density/
fertilizer density

Average
particle diam.
of conditioner

1/1 1/2 1/6

Microns - - - - . percent - - - - -
56 11 5.6 1.87
50 10 5.0 1.67
40 8 4.0 1.33
30 6 3.0 1.00
20 4 2.0 0.67
10 2 1.0 0.33
5 1 0.5 0.17

particle density of the conditioner
on the proportion required to coat
a unit mass of 8- to 10-mesh ferti-
lizer. The proportion required de-
creases in direct proportion to the
decrease in density because a de-
crease in density gives a correspond-
ing increase in the number of
particles per unit mass of condi-
tioner.

Oil Coating Agents

van den Berg and Hallie of
The Dutch State Mines in The
Netherlands have developed a
process (12) of prilling calcium
nitrate by congealing, or crystal-
lizing, the prilled droplets in a col-
umn of mineral oil. The prills are
centrifuged and bagged immediate-
ly. The procedure gives a product
having less than 0.5-percent of oil
coating uniformly distributed at
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the surface of the particle. The
product is reported to have good
physical condition as compared
with unconditioned calcium ni-
trate. Such a procedure provides
intimate contact of fertilizer and
conditioner, which is not readily
obtained with the use of powdered
solid conditioners, or even with the
spraying of liquid conditioners on
the fertilizer.

Fatty Amine Chemicals

The importance of uniform
distribution on the separating- or
coating agent at the surface of the
fertilizer particle is exemplified in
the excellent conditioning effect
of fatty amine chemicals when they
are used as flotation agents in the
manufacture of potassium chloride.
The conditioning value of fatty
amine-type chemicals, having the
general formula of R-CH,-NH,, has
been recently demonstrated in labo-
ratory experiments and plant-scale
tests with crystalline salts and gran-
ular mixed fertilizers (2) which
were sprayed with as little as 0.05
percent of the conditioning agent.
The chief problem in the use of
these chemicals, as in the case of
powdered conditioners, is that of
obtaining uniform distribution of
the conditioner at the surface of
the fertilizer particle. The pro-
cedures of spraying and dusting
appear to require greater attention
to techniques for obtaining uni-
form distribution of the condi-
tioner than do those which give
prolonged intimate contact of the
conditioner and fertilizer, such as
the flotation of potassium chloride
with fatty amine chemicals or the
prilling of calcium nitrate in oil.

Water-Repellant and Impermeable
Coatings

Vinyl acetate, waxes, resins,
paraffin, and polyethylene coatings
have been applied experimentally
on the surface of the fertilizer par-
ticle for the purpose of controlling
the release of nutrients to the grow-
ing plant (8, 9). Coatings of this
type should improve the physical
condition of the fertilizer but, here
again, a major problem is one of
obtaining uniform distribution of
the coating. Much more research
is needed on the methods of coat-
ing and the use of the coated prod-
ucts before the process can be con-
sidered commercially feasible.



Caking Tests

Large-scale bag-storage tests in
the factory consume considerable
time and large quantities of test
material. They are difficult to con-
trol because of the large number
of variables involved. Results ol
tests on the same test material will
vary with the climatic conditions
under which the tests are made.
On the other hand, laboratory cak-
ing tests are more rapid and re-
quire only a small amount of test
sample. Variables such as moisture
content, temperature, and mechani-
cal pressure on the sample can be
controlled. The test results can be
correlated with those obtained un-
der varying storage conditions in
commercial practice.

The laboratory procedure for
determining caking tendency nor-
mally involves storing the test sam-
ple for a given period of time
under controlled conditions of
temperature, moisture content, and
mechanical pressure, followed by
crushing-strength tests on the re-
sulting fortilizer cake. Typical
methods are those of Adams and
Ross (1), and Davies, Ditcham, and
Greaves (3) as modified for granu-
lar fertilizers, first by Whynes and
Dee (13), and more recently by
Nunn (10).

In the latest technique of
Nunn, the pressure is applied by
compressed air to the outside of a
thin Neoprene sleeve containing
the sample of fertilizer. Equipment
for preparing the test specimen is
shown in Figure 4. The procedure
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Figure 4. Equipment for Forming the
Specimen Courtesy, Fisons Fertilizers
Ltd., (10).

for forming the completed speci-
men (G) is briefly as follows: place
two of the rubber rings (4) in
proper position on the cylinder
(F); stretch the Neoprene sleeve
(C) on the inner wall of cylinder
(F), turning the ends of the sleeve
back over the outer wall; place the

assembly on the base (D), rolling
the end of the sleeve and rubber
rings down over the base; pour
the required amount of test fer-
tilizer in the assembly and place
the disc (B) in position to cover
the fertilizer; unroll the top of the
sleeve and remove the cylinder;
voll the remaining rubber rings
and top end of the sleeve into po-
sition on the disc, using the hinged
cylinder (E) to position the disc.
The base (D) is vented to the at-
mosphere so that when pressure is
applied to the outside of the elastic
container the sample inside is un-
der atmospheric pressure and the
applied pressure will be transmit-
ted from granule to granule
through the mass as in a bag of
fertilizer. The base vent is con-

nected to a copper manifold ac-
commodating 10 samples in a glass
pressure chamber operating at 6
p.s.i. and 35° C.

(Figure 5). Two

Figure 5. Pressure Chamber and Mani-
fold Courtesy. Fisons Fertilizers Ltd. (10)

connections are provided at the
front of the cylinder, one lor in-
troducing compressed air and the
other for connecting the manilold
to the atmosphere.

Present facilities for these tests
(Figure 6) at Fisons Levington Re-

Figure 6. Arrangement of Pressure
Chambers in Frame Courtesy, Fissons
Fertilizers Ltd., (10).
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search Station in England consist
of 112 chambers, which enables
tests on 224 samples in replicates
of 5 to be carried out at a given
time. Storage of the samples in the
pressure chambers may range from
I week to 6 months.

The ratio of length to diameter
of the fertilizer cake is 2:1. The
crushing-strength test of the cake
is applied without removing the
Neoprene sleeve. The crushing-
strength values of 5 replicates are
reported to be within + 13 per-
cent of the mean value. Fertilizer
is considered to possess free-flowing
characteristics if the crushing
strength after 6 months at 35° C.
and 6 p.s.i. does not exceed 10 p.s.i.

The tests will furnish an im-
pressive backlog of experience and
data that should prove invaluable
in the production of free flowing
fertilizer. This comprehensive work
serves to indicate the vast impor-
tance that the fertilizer industry
places on the physical condition of
its products.

Summary

Conditioning of mixed ferti-
lizers for the purpose of decreasing
their caking tendencies is a continu-
ing problem of the fertilizer indus-
try owing to the wide range ol
physical and chemical conditions
under which fertilizers are made,
stored, and transported.

The alleviation of caking is
discussed with respect to formula-
tion and processing techniques,
particle size and density of coating
agents, and the use of some rela-
tively new types of conditioners,
such as fatty-amine chemicals,
resins, waxes, and oils. Recent de-
velopments in the laboratory tech-
nique for determining the caking
tendency of fertilizer are reviewed.

Conditioning agents become of
practical value in the production
of free flowing [ertilizers only after
suitable formulation and process-
ing technigques have been used to
prevent severe caking of the
product.
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MobEeraTOR REYNOLDS: Thank
you very much, Mr. Hardesty.

We have time for some ques-
tions. Who will be the first?

While you're thinking of some
questions here, 1 believe Mr. Har-
desty does have a question. We
referred earlier to the questionnaire
and you are all familiar with it,
which we sent out last spring. We
did receive approximately 175 re-
plies. One of those happened to
have been directed to Mr. Hardesty
and he will answer that at this
time.

MR. Joun HARDEsTY: I received
this question from the Committee
as follows:

“What are the controlling fac-
tors of XOX grades while produc-
ing to prevent pile set and also
bag set, primarily 14-0-14 and 20-
0-20?”

The answer to this question
must necessarily be something like
that which the fellow got when
he went to the medical center to
see what was wrong with him and
they gave him a good diagnostic
examination, came back and the
doctor scratched his head for a
long time and finally he said,
“Have you ever had this before?r”
The fellow said, I sure have.” The
doctor said, “Well, I'm sorry to
inform you, you have it again.”

(Laughter.)

The next logical medical
question would be: how much do
I owe you? In medical terms it
would be $365.00.

My directive on this question
says to answer it in a hurry, a very
short answer, please. The shortest
answer that I could give would
be to say that there is no con-
trolling factor during production
that will prevent pile set and bag
set because normal set in a ferti-
lizer is not unusual and does not
do any particular damage.

Mr. Chairman, 1 don’t want to
leave it that way. These mixtures
are severe cakers and I assume that
is what the questioner meant when
he said bag set. Some 80,000 tons
of 14-0-14 and 15-0-15 are pro-
duced annually in the U.S. and
it is usually entirely satisfactory
in condition. The slurry granula-
tion process is used and the con-
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trolling factors of this process are
temperature, density and pH of the
slurry along with the mechanical
details of the process.

A slurry of ammonium nitrate,
KCl and dolomite is dried at the
surface of undersized product gran-
ules until the successive dried coat-
ings have built the product up to
a size that will pass over the prod-
uct screen, and I believe that that
will be discussed by Ben Smith
later this afternoon; that is, one
of those processes will be.

Basic retention time in the
process, to allow chemical reactions
to occur in drying and cooling are
also very important. That's as
much as I can help with 40-0-14
and 20-0-20. There is not sufficient
room in the granule for adequate
dolomite to cushion the effect of
these highly soluble salts. While
some 12,000 tons of it are produced
annually, it is subject to severe cak-
ing and I know of no economical
way to get around it.

As far as physical condition is
concerned, it seems to me that
there is a ceiling on high analysis,
there is a limit as to how far we
can go with the amount of highly
soluble, hygroscopic salts in the
mixture.

MobperaTorR REYNOLDS: Thank
you very much, Mr. Hardesty.

Does anyone have any ques-
tions?

Mr. WiLLiam NEwsoMm Jr. (In-
ternational Mineral Chemical Cor-
poration) : I have a question for
Mr. Phillips. | would like to know
his opinion of the proper proced-
ure under which an ammoniator-
granulator should be operable?

Mr. A. B. PuiLLips (TVA):
Bill, [ think that we woud say 30
per cent of the critical speed for
one that has a sparger under the
bed or 35 if you get by with it
This work on feed that was done
by A. T. Brook, Fisons, Limited,
Developments in granulation tech-
niques, Fertilizer Society, London.
Proceedings #47, November 27,
1957, indicated that for a drum
without a sparger in it, 50 per cent
of the critical speed was about
optimum. But with spargers in the
drum, it would be very difficult to
reach that speed because of the
drag caused by the spargers.

A drum that had a very rug-
ged mechanism could run higher



than, say, 30 per cent of the critical
speed, but probably not many of
the continuous ammoniators are
rugged enough to go up much
higher than that.

MobpEraTOR REYNOLDS: I saw
another hand back there for a ques-
tion.

A MEeMmsBeR: I'd like to address
this to Mr. Hardesty. On the aver-
age particle size of conditioners, is
that determined on the basis of
surface area or on the basis of the
distribution curve of those condi-
tioners?

MRr. Harpesty: I think you
could base it on the distribution
curve; that is, for instance, if you
are starting out — if I understand
you correctly, you start out with a
‘97 per cent on 20 microns, and 65
per cent on 10 microns and so
forth on down the line; I think
it could be based on, we’d better
say, the weighted average of the
percentages of those materials pres-
ent. I think that that would be
logical to assume.

SaMeE MEMBER: I would like to
ask Mr. Hardesty, on these bombs,
are they putting air pressure on
there or putting on the weight, or
can you say why they use that?

MR. HarpesTy: 1 believe the
improvement that they claim is
that you have the pressure distri-
buted from granule to granule
within this neoprene sleeve, the
same as you do in a bag of fertil-
izer when you are stacking them
and have pressure on the bottom
bags. I think that’s the idea behind
it, and then it gets away from any
stress or pressure at the surface of
a cylinder like this.

I believe it is an improvement.
I think it is an improvement over
the old method of just putting the
sample in a bomb and then putting
hydraulic pressure on it or mechan-
ical pressure on it.

SaME MEMBER: Along the same
line, I would like to ask Mr. Hard-
-esty, what strength do you use
after application?

MR. HARDESTY: I guess they
use air pressure, but either air
pressure or hydraulic pressure, as
long as you have an accurate in-
strument that will give you the
pressure at which the cake breaks
is perfectly satisfactory.

MoberaTOR REYNOLDS: Would
the persons asking the questions

go to the mike? I believe the mem-
bers can’t hear and also we do need
identification for the record.

Any more questions?

As you can recognize, 1 think
the question and answer session is
really one of the backbones of our
group. I think one of our members
used to refer to it as doing a little
“fussin”. That’s what we'd like to
have.

Theres one question in my
mind for Mr. Hardaesty.

We were discussing the addi-
tion of conditioners. Has there
been any recent work performed
concerning how effective the condi-
tioners are when they are added as
the product is manufactured, or
say within a few days or say at the
time of shipment

MR. HarpesTy: I didn’t get
that.

MOpERATOR REYNoOLDS: In
other words, 1f, for example, you
add your conditioner to tne parti-
cles as they go off tne belt into
storage, is there any difterence be-
tween tne degree ot caking or con-
aitioning emiciency you get tiiere as
compared to adaing the condition-
er at the ume ol shipment after
storager

MR. HarpEesTy: I think several
people have found that if you add
the conditioner just before it is
shipped that you get some better
results with conditioning. 1 think
it all depends upon the fertilizer.
I you have a fertilizer that is fairly
damp at the surface and you are
trying to condition it with a pow-
der and you throw the powder in
and it all lands on one place, of
course, you are going to have some
of it fairly well conditioned and
the rest of it isn’t conditioned at
all, and if that goes on, it can give
you some serious trouble. Whereas,
if the fertilizer is fairly dry and the
conditioner gets scattered through
the mass, then you get some fairly
good conditioning and it's more
apt to be in that sort of condition
just before you ship than it is be-
fore it goes into the storage pile.

MoberaTorR REYNOLDS: Ralph.

Mgr. Rarpa W. Hucnrs (Farm
Bureau Cooperative Association,
Columbus, O.) : What of the tem-
perature factor in the building?

MRr. Harpesty: It is not too
great inasmuch as it affects the
moisture of the surface particles.
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You've got a cooling particle and
it has a tendency to pick up mois-
ture during its cooling, why, then
the temperature indirectly affects
it, I think, but I think it’s a mois-
ture proposition because it’s the
particle that determines how much
conditioner is picked up.

Of course, we know that tem-
perature affects caking a great deal
in the storage pile. I don’t think
that’s what you referred to. As
your bags in the storage pile cool
down you get considerable caking.

Does that answer your ques-
tion?

MRr. HucHEs: Yes, sir.

MobpERATOR REYNOLDS: We
have time for about one more
question.

MR. Joun S. DeEnnis (United
Clay Mines Corporation, Trenton,
N. J.): 1 have one other question
on this, Mr. Hardesty. Do you feel
a conditioner with an affinity for
the granule is a desirable approach
rather than a conditioner which
has an affinity for its own base
materials?

Mr. HARDESTY: A conditioner,
that is something on the condi-
tioner to make it stick to the fer-
tilizer. Is that what you mean?

MR. DENNIS: Yes.

Mr. Harpesty: Of course,
there you are up against the same
problem of what kind of condition
is your fertilizer in, in the first
place? You can make fertilizer so
that you don’t need anything to
make a conditioner stick to it; it
sticks to it too fast, too much. As
I said a while ago, you can get a
fertilizer that’s damp enough after
it is produced to soak up all of
your conditioning powder and
then you have part of it coated
and the rest of it isn’t coated. It
is the same way with these mater-
ials which you put on the powder
to make it stick. If you have just
the right conditions it will make it
stick, yes.

MobErRATOR REYNOLDS: I saw
another person up over here.

MR. JouNn W. Packig, Chemi-
cal Advisor (Standard ©Oil Com-
pany, N. J.): I have another ques-
tion for Mr. Hardesty. Has any
work been done on an accelerated
test to perform strength tests in a
shorter time and get some type of
correlation with the actual long



term pressure stability of the ma-
terial?

MRr. HArDEsTY: Yes, Dr. Nunn
in his paper says that they can
correlate these tests with bag stor-
age tests very well, and we have
done some of that in our labora-
tory in the past and you can de-
velop a way of getting good corre-
lation, but one thing there is that
you have to have a man working
with it all the time. If you have
different people working on the
caking process, you're liable to go
way off the beam and I think we
could do a lot more corroborative
work in making these tests to see
just how accurate they are.

Dr. Nunn claims that he has
accuracy within plus or minus 13
per cent. I believe in a paper
some years back we claimed that
we had an accuracy of plus or
minus 10 per cent. I don’t know
just how those two things would
stack up if you put them along
side by side. I think that this paper
of Dr. Nunn’s will give a greater
accuracy than just putting the ma-
terial in a caking bomb and put-
ting pressure on it.

Did that answer your ques-
tion?

MR. Packik: I was a little bit
concerned about the long time, six
months. I'm speaking of acceler-
ated tests where you might test
under certain conditions for, say,
a period of one week.

MRr. HARDESTY: Our past ex-
perience has been that one week
has been long enough to give you
a good cake that can be replicated,
can be reproduced; one week un-
der pressure at a given tempera-
ture will give you a cake that can
be reproduced time after time and
give you very good indications.

I think this method of Dr.
Nunn's can be brought down to
that. They have made these six
month tests and this is what they
get. I think that if they do it for
a week, they’ll find out that they
can correlate them there, too, be-
cause il you can correlate them at
one place, you certainly can do it
at another.

MoberaTOR REYNOLDS: I think
we’ll move along to our next sub-
ject. We really appreciate the fine
papers that these two gentlemen,
Mr. Phillips and Mr. Hardesty,

have given us. We really appreci-
ate your helping us out on these
two subjects. Applaus:

Will the speakers on the Stan-
dardization Panel come forward.

At the 1960 Round Table
Program we had a very lively dis-
cussion here on the problems re-
lating to non-uniformity of raw
materials. This, as you recall, was
one of the highlights of that parti-
cular meeting. It is not the intent
of the Round Table to promote
standardization of raw materials or
products; our purpose is to ex-
change ideas and information and
be of service primarily to our in-
dustry. However, from the discus-
sion of last year, the magnitude
of the mutual problem of non-
uniformity is quite apparent.

This year we hope to bring

you a progress report. We realize
that work has been accomplished
during the past 12 months, and
even prior to that. We wanted to
gather four people here whom we
believe can do a very good job in
bringing us up to date on what has
transpired since last year’s meeting.

We will call on these persons
individually, and will hold off on
the questioning until we finish
with the fourth person.

We have broken down this
subject between Nitrogen, Phos-
phates, Potash and The Users’
Panel Representatives. The first
person, who will speak on the sub-
ject of Nitrogen in standardization
and uniformity, will be Mr. John
C. Frederick, Tech. Service Rep-
resentative, Sohio Chemical Com-
pany, Lima, Ohio.

Standardization and Uniformity of Nitrogen
Solutions

J. C. Frederick and S. Grant

Since the subject of this por-
tion of the Round Table program
is uniformity and standardization
of nitrogen solutions from the pro-
ducers viewpoint, it might be in
order to first trace some of the
progress that has been made as far
as uniformity and standardization
is concerned. Then, later we will
present some thoughts for your
consideration as to further stan-
dardization which might be desir-
able. This new area for considera-
tion has to do with the so called
“salt out points” of solutions. Be-
fore discussing this “salting out”
topic let us first review the progress
that has been made in uniformity.

Standardization of Nomenclature

Prior to 1958 various systems
were used to designate the am-
moniating solutions used by the
mixed fertilizer industry. At this
time there were approximately 50
solutions listed as being available
to the fertilizer trade in addition
to anhydrous and aqua ammonia
of various concentrations. There
were almost as many systems for
naming these solutions as there
were nitrogen producers. Table
Number 1 will show a popular
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ammoniating solution having a
44.09 nitrogen content, and the
various names given this same solu-
tion back around 1957.

Table 1
A-6.4 G IA AM IX 2M 44 2X1 144

The symbols on this table all in-
dicate the same solution having a
44.09, nitrogen content.

The above nomenclature is
certainly confusing to say the least.
Even if every producer were calling
the above solution, let us say Solu-
tion Z, the chemical composition
of that solution would not be clear.
Various combinations of ammonia,
ammonium nitrate and urea are
possible and still the total nitrogen
content of 44.09, maintained.

In 1958 the mixed fertilizer
industry and the nitrogen produc-
ers working through the National
Plant Food Institute adopted a
coding system that the majority of
nitrogen producers followed. The
system adopted at that time is as
follows:

Table 2
Brand Name
440 (24 — 70 — 0 )
N (NH3—A.N.—Urea)



The percentages in the bracket
are rounded off to the nearest
whole number and are always in
the order indicated. The decimal
point is dropped in the total nitro-
gen and the above 44.09, nitrogen
solution becomes 440.

To illustrate how the above
nomenclature avoids confusion, let
us look at another 44.09 nitrogen
with a different composition.

Table 3
Brand Name 440 (22-66-6)

Here the total nitrogen is
again 44.09, but the ammonia and
ammonium nitrate content are dif-
ferent than before. In addition,
urea has been added. At a glance
one can see that the total nitrogen
is 44.09, the ammonia content is
229, ammonium nitrate 669% and
urea 69. The water content of
course would be 100 minus the
total of the three ingredients, or
6%.

Standardization of Analytical
Procedures

Other progress has been made
in standardization of analytical
procedures for materials and com-
plete mix goods. A committee or-
ganized under the auspices of the
National Plant Food Institute was
instrumental in developing and
Publishing a manual of standard
analytical procedures for the in-
dustry. So you see some progress
has been made in the uniformity
and standardization of nitrogen
solutions.

Standardization of Physical
Properties of Solutions

As a further step in this direc-
tion quite possibly the physical
properties of the nitrogen solutions
should be considered. The specific
gravity and vapor pressure are cer-
tainly uniform in that all produc-
ers by and large use the same
methods to establish and terms to
designate these properties.

Most producers show the
vapor pressure at 104° F., while
some show the vapor pressure at
lower temperatures. This 104° F,,
was chosen in order to provide a
margin of safety to the consumer
for the planning and design of his
facilities for handling various solu-

tions. The 104° F. is certainly safe
since most solutions are loaded at
temperatures well below this fig-
ure. Quite possibly as a further
help to the mixed fertilizer indus-
try, the temperature where a parti-
cular solution has O psig vapor
pressure might also be indicated.

As mentioned in our opening
remarks, there is certainly one
other area where standardization
should be considered. This other
area being the so called “salt out”
temperature of nitrogen solutions.
Other terms are given to his prop-
erty by various nitrogen producers.
The most popular names used are
as follows:

Table 4
Freezing Point
Salting Out Temperature
Crystallization Temperature
Saturation Temperature

Quite possibly there are other
terms used to designate this same
property by some producers. What
may be more confusing to the mix-
ed fertilizer industry than these
four designations, is just what
these four terms indicate.

There is no official established
established method for the deter-
mination of this property, be it
called salt out point, saturation
point, icing point, or what have
you.

One plant superintendent I
know of calls it the “rod out”
point. Meaning that if the solu-
tion temperature gets below this
point, there is the possibility he
may have to “rod out” the supply
lines from his storage tank to his
ammoniator.

On the next table we will at-
tempt to show the phenomena pro-
duced when an ammoniating solu-
tion is cooled. Let us assume a hy-
pothetical ammoniation solution
which is completely soluble at 50°

Table 5

°r
50

LO firsX crystal appears

last cy¥fstal disappears

30
20
rXrod ou
10
0
=10 Time

0 abecdefghijkln

F. Then we cool that solution at a
predetermined rate.

On the above table shown, the
X is where the first crystal was
visually observed. As the solution
is further cooled, more salts drop
out of solution until eventually the
mass is solid. This solid point (r),
or rod out point varies from solu-
tion to solution depending on the
chemical composition of that solu-
tion, rate of cooling, vibrations, im-
purities, and so forth.

If the cooling medium is re-
moved and the solution is allowed
to warm back up, the salts slowly
go back into solution until at
point (Y) the last crystal disap-
pears. This last point (Y) is al-
ways higher than point (x) and is
the point above which no crystals
are present. This is the lowest ab-
solutely safe temperature at which
no crystals will form.

The point (X) is a measure
of the degree of supersaturation
that this particular solution exhib-
its. The degree of supersaturation
will vary with solutions, rate of
cooling and other factors in the
laboratory or plant. In storage
tanks or in supply lines, small
amounts of impurities might act
as a seeding agent and reduce the
degree of supersaturation.

In order to handle these solu-
tions with any degree of certainty
you must know what is meant by
the varying terms used by the dif-
ferent mnitrogen producers and
what is denoted by these terms. As
an example let us look at a 440
(22-66-6) nitrogen solution, and
the reported temperatures from
various producers.

Table 6
Company A 12° F.
Company B _____. 14° F.
Company C ______ b F.
Company D ____ —17° F.
Company F 19° F.
Company G .. 8° F.

As you can note, this same solution
has a reported range of —17° F. to
+19° F,, or a 36° F. spread. Also,
various terms are used to denote
these temperatures. These points
will vary on the cooling curve pre-
viously shown depending on the
laboratory procedures used, or the
exact significance of the point.

If the laboratory procedures
to determine this physical property



were standardized then you the
consumer would certainly be able
to plan your solutions handling
with a greater degree of assurance
that the “roding out” point would
not be reached. A common term
to denote this property might also
be in order.

You will note that at no point
on the cooling curve previously
discussed did I use the term ‘“‘salt-
ing out,” and this is by far the
most commonly used term.

For the sake of uniformity we
might all work together through
some organization such as the
Chemical Control Committee to ar-
rive at a standard procedure for
the “roding out” point and a stand-
ard term to describe this.

Phosphate Report

MobpERATOR REYNOLDs: Thank
you, John.

Our next speaker on this panel
will discuss the subject of Phos-
phates, Mr. Edward F. Carnell of
W. R. Grace & Company, Davison
Division.

MR. CARNELL: Thank you, Joe.
Members of the Round Table: To
sum up last year’s events in the
P,O; Section, after the users panel
finished telling the producers some
of the main points of concern in
using raw materials of irregular
composition. The raw materials
panel tried to explain some of the
whys and wherefores of raw ma-
terial production and to give an
indication of what is done now or
what has been done to try to main-
tain as much uniformity as possible
without putting the cost of your
product so far out of reason that
the additional controls would not
be justified.

It has been interesting to note
some of the remarks of the users
who are also producing super-
phosphate compared to those who
are not. Some of the mixed goods
folks who make superphosphate in
their own plants understand this
problem of controlling natural
variables in raw materials with a
minimum of processing.

Also, last year we put together
a tabulation of published informa-
tion, specifications mostly from pro-
ducer’s data sheets. These data on
which remarks were made by both
the users and producers panel re-
vealed that a wide variety of cate-
gories have been used for reporting

specifications, some of which are
actually meaningless and have been
carried forward over the years just
out of force of habit or accepted
misuse,

Terms such as run-of-pile,
moisture with no indication ot the
method used to determine it and
screen size with no indication of
the type of screen that was used.

1ne supplier's actions in fol-
lowing some ot these suggestions or
investigating them have — that is,
those made at the Round Table
last year—obviously and necessarily
have been on an individual basis.

Some ot the specific sugges-
tions that have been made to date
were under general suggestions:
diop tue term run-of-pile tor tne
use of pulverized triple and single
superpnospuate. Another one that
was not satisfactory last year was
the speed with which shipper’s
analysis were forwarded to users.
The recommendation on that was
to try to get the analysis to the
user within two days.

Under the heading of chemical
it was to give the method of deter-
mination of moisture when mois-
ture is given. To report free acid
as H,PO, and give the method
used to determine it.

Under the heading of screen
analysis: use Tyler screen size and
report at least the 10, 20, 35, 65
and 100 mesh fractions.

A request for reporting uni-
formly.

In addition to these, sugges-
tions have been made for control
ol the APA on run-of-pile to a 5
per cent, plus or minus, and to
control particie size as follows: in
standard grades, 5 per cent plus
10, 95 per cent plus 100, and both
of those would have a tolerance
of plus or minus 5 per cent. In
granular, 10 per cent plus 6, 95
plus 20, each again with plus or
minus 5 per cent tolerance. Coarse,
10 per cent plus 10, 95 per cent
plus 35, with a plus or minus 5
per cent.

We think that all these sug-
gestions for standardization, par-
ticularly for standardization of re-
porting, are valid and worth while.
We feel we should give at least the
information called for in these
recommendations.

As for controlling the product
with the chemical and screen tol-
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erances suggested, I think our po-
sition is unchanged as we expressed
it last year; we consider these levels
good goals and I think probably
the others will join me in saying
this, that we will continue to strive
to have 100 per cent of our prod-
ucts fall within them.

If any of the other suppliers
of phosphates have any comments
to add to this, I would appreciate
it.

Thank you.

(Applause.)

Potash Report

MoberaTOR REYNOLDS: Thank
you, Ed.

Be thinking up your questions,
because we are going to have a lit-
tle time here after we get through
with the next two speakers for
questions.

The third member on this
panel will discuss the subject re-
lating to Potash is Dr. Ed Kapusta,
Potash Company of America.

Dr. E. C. Karusta (Technical
Sales Director, Potash Company of
America) : Thank you, Joe.

It is always a pleasure to ap-
pear on the program here. Last
year at this meeting, as you know,
representatives of the potash indus-
try and our counterparts in the
nitrogen and phosphate industries
had the privilege of describing
some of our products to you, also
the privilege of discussing some of
the problems associated with the
manufacture and shipment of the
raw materials which we supply.
More importantly, we were af-
forded the opportunity of learning
more about your plant problems
as related to raw materials use and
an opportunity of learning more
about the types of raw materials
which you felt were necessary for
use, or best suited for use in your
operations.

I am certain that my friends
in the potash industry will agree
with me in stating that this ex-
change of thoughts was very inter-
esting, very informative and we
hope mutually profitable.

The technology of mixed fer-
tilizers involved rapid and complex
changes in recent years. With these
advances came production prob-
lems, problems shared in alike by
both mixed fertilizer producers
and their raw materials suppliers.
Some, but certainly not all of these



problems, have been related to
some degree to the characteristics
of the raw materials used.

In several instances needs de-
veloped for new or different types
of raw materials.

Certainly I think the potash
producers and the producers of
other fertilizer raw materials have
recognized and reacted to the
changing needs of mixed fertilizer
producers.

As has been indicated to you
on numerous previous occasions,
these suppliers are most anxious
to provide you with the quantity
and quality of products which you
desire, working within the limita-
tions of their production capabili-
ties.

As noted at the Round Table
session last year, it is technically
possible to produce fertilizer ma-
terials of any desired degree of
purity or particle size; however, it
has not always proved to be eco-
nomically feasible to make such
products from the viewpoint of
both the producer and the con-
sumer.

Although a divergence of opin-
ions has existed as to the types of
raw materials deemed to be most
desirable for specific processes, raw
materials producers have moved
toward more definite product goals
based on the generally indicated
product preferences expressed by
most of you at the Round Table
Meeting.

Last vear’s sessions of the
Round Table proved to be most
helpful in this respect.

Now regarding the fact that
further improvements may be
calied for, we feel that considerable
progress have been made by sup-
pliers in their attempts to furnish
the types of materials, products and
services essential to optimum plant
operation.

I would like to very briefly
comment on some of the progress
which has been made within the
last year.

At the meeting last year it
was pointed out that considerable
confusion existed in potash prod-
uct nomenclature, as a result of
the variety of product names and
trade designations used by potash
producers. We believe that this
problem has been largely resolved
through the efforts of a Potash

Industry Committee appointed by
the National Plant Food Institute
to establish a standard system of
nomenclature for the muriate of
potash products.

The recommendations of this
group have been implemented and
are well known to you. Muriate of
potash products are now denoted
as standard, coarse or granular, in-
dicating the smallest, intermediate
and largest particle size products.

Standardization of product
nomenclature has eliminated much
of the confusion which had existed
in ordering and shipping of these
products, and has worked to the
advantage of both the supplier and
the consumer.

As you know, earlier this year
members of the users panel sug-
gested ranges of particle sizes for
solid raw materials. As Ed Carnell
pointed out, essentially these sug-
gested particle sizes call for a
standard product between 10 and
100 mesh, a coarse product between
10 and 35 mesh, a granular prod-
uct between 6 and 20 mesh. To the
best of my knowledge the majority,
if not all, of the domestic potash
producers either now supply or are
planning to supply products which
fall within these suggested particle
size ranges.

Considerable progress has been
made and is being made to provide
you with the types of materials
which you want and need.

Product quality control in the
potash industry has assumed a pos-
sition of paramount importance
with the imposition of these more
stringent product specifications.
However, as is the case with all
human endeavor, individual ship-
ments may occasionally arrive at
your plant which may not measure
up to your expectations. Should
this bhappen, please let your sup-
plier know. He is as anxious as
you are to rectify these slipups. I
feel certain that you haven’t been
too reticent in the past, to let us
know, but please continue to do so.

Producers have made consid-
erable capital investments in im-
proved handling and spinning
equipment, and other facets of in-
plant chemical control, in an at-
tempt to eliminate or reduce day
to day variations in product qual-
ity; shipments of a given product
for an individual producer will in
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most cases show only modest vari-
ations in analysis.

One of the speakers at our
1960 Round Table estimated that
part-of-pile variation in potash
analysis from the particular plant
were in the order of about two
tenths of a percent K,O from the
average of several years production.
Now, of course, somewhat larger
variations may exist between prod-
ucts supplied by different produc-
ers, depending on the method of
production employed, the grade
and type of ore processed and a
host of other variables.

These variations are quite
typical of those that you encounter
in the mineral extraction indus-
tries.

Prompt and complete knowl-
edge of the chemical analysis of
individual shipments of potash and
other raw materials is, of course,
essential to proper mixed fertilizer
formulation and process control.

Raw material suppliers are
aware of the necessity for this in-
formation and make every effort
to provide it as rapidly as possible.

Shipping notices listing chem-
ical analysis and other related in-
formation are generally in the
hands of the customer well in ad-
vance of the arrival of the car of
material. In some cases, there is a
possibility that this information
may not be promptly relayed to
the proper production staff mem-
ber.

Now, I assume that these situ-
ations, where they exist, can be
easily remedied by working within
your company.

In conclusion, production and
shipment of desired types of prod-
ucts of uniform and consistent
quality is the desire and goal of all
raw material suppliers. Consider-
able progress has been made to-
ward this end as illustrated by
some of the examples which I have
cited. It is my personal belief that
standardization of raw materials
may not be economically feasible
nor even desirable in many cases
from the point of view of the sup-
plier or the consumer.

In our competitive society,
suppliers of fertilizer raw materials,
as well as other segments of our
business community, vie for the
favor of the customer. Progress



results from this competition. All
other things being equal, the
supplier who is able to supply
consistently the type of product
desired by the customer will un-
doubtedly be rewarded for his ef-
forts. Product improvements result
from this competition to the bene-
fic of both the supplier and user.

Thank you.

(Applause.)

Mob=raTOR REYNOLDs: Thank
you, Ed.

Our next speaker on this
panel will be from the Users

Group, Mr. Rodger C. Smith,
Head, Fertilizer Research, Eastern
States Farmers Exchange.

Progress With Uniformity of Ingredients — Users’
Viewpoint

Rodger C. Smith

HE Executive Committee of
Tthe Fertilizer Industry Round
Table has asked for a progress re-
port on uniformity of ingredients
since our meeting a year ago.
Speaking generally, 1 believe that if
is fair to state that progress has
been made on this matter. Further,
I am certain that I reflect accurate-
ly the attitude of the users of fer-
tilizer ingredients in expressing ap-
preciation to those individuals,
representative groups, and manu-
facturers who have contributed to-
ward this progress. Through the
auspicies of the Round Table a
very involved, complex problem
has been constructively approach-
ed. It had become complex be-
cause of the rapid development of
both the manufacture of ingredi-
ents and the utilization of those
ingredients. The time lag between
market survey and the manufac-
ture of an ingredient of certain spe-
cifications has proved to be exces-
sive in view of the rapid changes.

As review of the problem, let
me quote from my remarks made
last year — “Our message today is
not so much to indicate product
types; uniformity within certain
classifications is perhaps even more
important than the specific types —
we need more continuity of control
- there is a gap between the ap-
parent technical developments in
the fertilizer industry and the
record of the industry as indicated
by the analyses of individual manu-
facturers — our need today is spe-
cifications, uniformity within toler-
ances, information and analyses
and methods, uniform or similar
terminology.”

Now some quotations from the

statements last year of other mem-
bers of the Users’ panel — “Run
of pile triple produced today needs
to be improved. Screen tests on a
recent car showed that 609 passed
through a 35 mesh screen. In ad-
dition, standardization of triple
specifications between producers is
lacking . Summarized screen alaly-
ses of three triple cars received re-
cently are as follows: 13-39% be-
tween 6 and 16 Mesh and 54-789%
through a 20 Mesh screen. We had
actual cases where from day to day
deliveries ran as high as 2.67 differ-
ence—on the potash, the difference
is not too bad, but nevertheless we
have to stay on the low side to pro-
tect ourselves—when I make a 5-20-
20 and sell it, if I put more than
5-20-20 in it, you know who pays
for it; if I put less than 5-20-20 in
it some guy taps me on the
shoulder and it winds up the same
guy is doing the paying again.”
Still quoting from the remarks
of the users’ panel last year, “I
think it is time for us, and particu-
larly you who are producers of
prime supplies for this industry, to
sit down and hold a constitutional
convention, if you will, and come
up with some sort of rules of the

road by which you as an industry
can live and from this tell us
standards that we as consumers of
your materials can expect to be
adhered to when we buy your prod-
ucts.”

Gentlemen, this is not a con-
stitutional convention, but we are
coping with an important problem
in a very democratic way. Through
the aid of this forum, improved
communications is causing better
understanding of what is needed
and what can be reasonably sup-
plied.

In this regard let me repeat
from my summary statement last
year. “I think it is clear from these
remarks and from our knowledge
of the various processes of mixed
fertilizer manufacture that uni-
formity of ingredients is even more
important than the exact product
specifications.” Stated another way,
users of ingredients can adjust
satisfactorily to a limited number
of forms of each ingredient pro-
vided there is reasonably uniform
particle size and each form has
other satisfactory characteristics.

An attempt was made by mem-
bers of the users’ panel since the
1960 meeting to determine the
minimum needs of the industry as
to particle size and uniformity of
solid ingredients. In doing so, an
effort was made to recognize the
different processes of ingredient
use, the rates of production with
given equipment, and other con-
siderations. There developed from
this discussion what we believe to
be a reasonable suggestion and one
that permits the ingredient manu-
facturer considerable latitude to
cope with differences in raw ma-
terials or processes used. A rela-
tively normal distribution curve is
assumed, however, within the indi-
cated limits. This suggested par-
ticle size is as follows:

Suggested Particle Size — Tyler Mesh — Cum. % on*

6 10 35 65 100

Opening—in.  .131 .065 .0328 .0164 0082 .0058
Standard 5 85 95

(0-10) (80-90) (90-100)
Coarse 10 95

(5-15) (90-100)
Granular 10

(5-15) (90-100)

*Tolerance of plus or mnus 5%.
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You will note that only two
screen sizes are mentioned for
“coarse” and “granular”’ and three
for the “standard” grade. Also,
that a tolerance of += 59 1is sug-
gested.

It is noteworthy that the sug-
gested particle size for the “stand-
ard” grade is similar to that con-
cluded for triple superphosphate in
a very useful paper entitled, “The
Effect of Particle Size on the Gran-
ulation of Triple Superphosphate,”
by Boyce M. Olive and John O.
Hardesty of U.S.D.A., Beltsville,
Maryland, presented at the Ameri-
can Chemical Society meetings at
Chicago in September.

Progress has very definitely
been made during the past year
toward achieving the goal as ex-
pressed in this table. Muriate of
Potash products are now designat-
ed “standard,” “coarse” and “‘gran-
ular.” Very definite, almost specta-
cular, progress has been made to-
ward uniformity and improved
particle size of Muriate of Potash.
This is commendable.

Triple superphosphate was
singled out in the remarks last year
as being the worst offender in terms
of variation in chemical analysis
and excess fines. Members of the
panel report some improvement in
variation of chemical analysis.
They report also some activity to-
ward reduction of the fine frac-
tions. It is recognized that triple
superphosphate is manufactured
using a variable raw material and
control problems are substantial.
Realizing the resources of technical
manpower and facilities of each
triple superphosphate producer, it
is not surprising that users expect
further progress toward uniformity
and that reduction of the finer
fraction can be achieved. I predict
that progress will be made toward
these ends and, further, that a rea-
sonable balance between increased
costs incurred and increased value
to the customer — the mixed fer-
tilizer manufacturer — will occur.

“Run of pile” normal super-
phosphate shows little evidence of
being anything but what the term
“run of pile” denotes. This is not
to say but what there are some
excellent sources of normal or 209
superphosphate. This product is a
large volume one made from a
product of nature — although pro-

cessed — and sulfuric acid usually
a spent grade. The processes used
vary somewhat also. Cost is low.
It is well to take note however,
that other forms of phosphate are
now growing in use more rapidly
than normal superphosphate. If
this trend is to be slowed, normal

superphosphate must approach
more nearly the classification,
“standard.”

Sulfate of Ammonia, similar
to normal superphosphate, varies
greatly in particle size within and
between manufacturers. Substant-
ial effort is being made by many
of the manufacturers to improve
the product. Analyses are very uni-
form and physical condition is gen-
erally improved.

This brief progress report at-
tempts to reflect the concensus of
opinion among the users of in-
gredients. There is considerable
evidence of progress and indication
of study being made toward
further improvement. Manufac-
turers of ingredients can be assured
that their recognition of the prob-
lem and making reasonable effort
to meet it is appreciated by the
mixed fertilizer industry and other
users of ingredients. It is commend-
able.

The registering of a complaint
by those of us who are users fol-
lowed by suggestion of changes and
the subsequent recognition and ac-
tion by ingredient manufacturers
conveys a responsibility to us. That
responsibility is to give whatever
study necessary to adjusting our
processes to the use of “standard,”
“coarse” and ‘‘granular” solid in-
gredients. During the past decade
opinions of physical characteristics
have varied widely which has led
to the variation in products offer-
ed. These opinions now have been
classified into three classifications.
Research information with respect
to segregation of ingredients in
various types of mixed fertilizer or
blends has been considered. Pro-
vision for reduction of dustiness is
made.

We users have a responsibility
to make workable this classification
of ingredients. I am certain that
we can with very minor adjust-
ments, if any, use very satisfactorily
one or more of these three types.
The only exception that 1 can
visualize is possible that the few
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slurry process plants may want-a
finer Muriate of Potash. We have
everything to gain and nothing to
lose by giving every possible en-
couragement to this important de-
velopment.

MoberATOR REYNOLDS: Thank
you very much, Rodger.

I think you all will agree with
me that these fellows have done
an awful lot of work and an awful
lot of searching to try to gather
opinions and thoughts from our
industry.

1 think as far as going back to
the theme of last year on standard-
ization and uniformity, we brought
out many, many ideas. I think that
we have also tried to refrain from
establishing standards ourselves as
a group, because that is not our
purpose. The thing we want to do
is to discuss these points and our
problems, bring these out to the
people who are users, to think
about them, to the people who are
suppliers, they go back and do the
best they can along the opinions
that have been expressed. I think
that is what has happened here. 1
think many of the ideas which
were expressed openly last year fell
on the ears of people who took
them back and did something
about them.

I think we are accomplishing
what will be good for the industry
here without getting into setting
standards and trying to get into
some kind of regulations.

Let’s have some questions for
our group.

Mr. SeirMan: I'd like to ask
the Potash boys if it is possible to
get screen tests on each shipment
of potash? Screen tests are very
helpful to us, and we can take each
shipment, if we have a screen test,
and know just about what to do
with our formulas. This is a very
important item from our stand-
point.

MR. KarusTta: Al, of course, I
can’t speak for the other potash
producers. I will say this, as far as
our company is concerned, samples
are analyzed, screen analyses are
available on request. We have not
sent them out as a matter of course.

I do want to make one other
comment here, and then I would
welcome the comments of any of
the other producers in the room.

I think we — of course, I am



prejudiced now — I think we do a
marvelous job in controlling plant
production. I think you can take
the typical screen analyses which
are listed and use them with a fair
degree of confidence. Now, I'm not
going to say theyre going to be
100 per cent perfect; we make mis-
takes, we slip up too. But T would
suggest if you want that type ot
information make it known to your
suppliers and I think they’ll make
every effort to get it to you.

MoODERATOR  REYNOLDS!
other comments, observations?

MRr. WAaYNE W, KNG (W. S.
Tyler Co.): Joe, I'd like to aug-
ment or supplement what has been
said. Within the limits of my abil-
ity, I will mail each and every one
of you a new handbook released in
September. It will be released to-
day but it was released by ASTM,
Bureau of Standards and Interna-
tional Sieve Committee, Handbook
No. 53. You will note it is pea
green and I'll mail every one of
you one. You can have as many as
you want if you will let me know.

MobperaTOR REYNOLDs: Thank
you, Wayne.

Any other questions,
ments? Mr. Hignett?

MR, Travis P. HioNETT (Chief
Applied Research, TVA): I'd like
to raise the question of the uni-
formity of reporting bulk density.
Last year various bulk densities
that were reported in some cases
did not state whether the densities
were packed or vibrated or filled
without any vibration. It is quite
possible to get variations of as
much as 20 per cent in bulk
density by different methods or
procedures of measuring.

1 would like to ask the panel,
therefore, whether they have con-
sidered whether some uniformity
in procedure for determining and
reporting bulk density is desirable,
and when these materials are used
in the bulk blends the density may
be of importance, but in that case
shouldn’t the density that we want
be the apparent specific gravity
rather than the bulk density?

MoperaTor REeyNorps: The
problem relates to methods for
determining bulk density in rela-
tion to loose, packed, vibrated or
some other system.

Mr. Carnell, would you care
to comment?

Any

com-

MRr. CarNeLL: [ think this
would be a real good one to take
under advisement.

(Laughter.)

MoberaTror ReyNoLps: That’s
an easy way out.

MR. CARNELL: ] think it really
is a problem to all of us and 1
think my first experience in it was
trying to make inventories come
out in the plants and I found that
how you classed your densities de-
pended on how much inventory
you had.

(Laughter.)

But I think you ought to set
up two or three people to investi-
gate it and make some recommen-
dations on it.

MoperaTOorR REYNOLDS: Ed.

MRr. Evbwarp Kapusta: Actu-
ally, I think the point is well taken.
I am quite familiar with the meth-
od of reporting bulk density for
use at two potash companies. We
do report the so-called loosely
packed or just filled and then
tightly packed and, if there is vari-
ation, to my knowledge I don’t
know of any efforts that have been
made to standardize the method
used.

1 think, Travis, the point of
using apparent specific gravity
would be something that should
be looked into.

MoprraTorR REYNOLDS: Rod-
ger, would you care to comment?

Mr. Ropcer SmitH: 1 think
the question is an appropriate one
but I can’t add anything more.

MoODERATOR REYNoOLDS: Per-
haps maybe we can get a report
back on that one at next year’s
meeting.

Mr. WiLLiam Harwoop (In-
ternational Minerals and Chemical
Corporation) : For the benefit of
those who may not know it, Fair-
banks Morse now makes a small
grain tester which is normally used

in the feed industry for measuring
pounds per bushel.

They are also, on special re-
quest, making this same gadget
calibrated in pounds per cubic
foot, and we have used them for
several years with considerable
reliability. 'We have checked it
against cubic foot boxes. We have
used it in year end inventories and
so on and it is quite accurate and
very easy to use. You carry it right
into your plant and into your field,
or rather into your storage area,
and it is quite accurate and very
€asy to use.

MODERATOR REYNOLDS:
other questions, comments?

I think we are all agreed that
we are much closer to what-we are
striving for concerning this prob-
lem of uniformity. I think further
work needs to be done on an in-
dividual basis once we have di-
gested some of the information that
has been compiled here. 1 can
assure you that this group did con-
siderable work and effort to try to
get a cross-section of opinion from
industry. 1 think they have done
an excellent job.

Unless there are any other
questions, we will dismiss this
panel and proceed on with the
next one.

Thank you very much.

(Applause.)

At last year’s meeting we had
a speaker who described a nitric
phosphate process which utilized a
piece of equipment referred to as
a Spherodizer. This year wec are
fortunate to have with us a person
who is going to speak on the sub-
ject of The Spherodizer, to elabo-
rate on it a little more fully and
to bring us up to date on that
subject.

Mr. Ben G. Smith, Director of
Development, Chemical & Indus-
trial Corporation, Cincinnati, O.,
will speak to us at this time.

Any

Application of Spherodizer to Granulation

B. G. Smith

R. Chairman, members of

the Round Table: On your
program you have listed that I will
give a talk describing the applica-
tion of the spherodizer process to
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granulation. I will modify that a
bit and try to describe to you the
spherodizer process hoping you
will see, as we believe, that sphero-
dizing is not a modification of



granulation or is not basically sim-
ilar to the procedures that are now
performed to pelletize fertilizer
materials.

From a historical point of
view, we developed the spherodize
process to pelletize a slurry, a lig-
uid, a magma or a pulp. Previously
most development work had run to
pelletize solids, or mixtures of sol-
ids, or mixtures of solids and lig-
uids, with handling of flow quali-
ties similar to solids, into granules.
In essence their problem was to
convert this by addition of heat or
moisture into a plastic state and
thence to pellets.

Our problem, however, was to
convert a slurry into pelleted form.
This had also been done and is
done now in the ammonium phos-
phate industry by adding addition-
al solid product back to the slurry
raw feed to such an extent that
the whole mixture is at or about
the granulating point and hence

granulating by procedures that
were similar to those normally
used to pelletize solids. Though

these procedures are efficient in the
pelletizing of solids because of the
high solids to liquids weights used,
they are inefficient for slurry feeds
for this very reason.

Our attempt was different. We
attempted to get rid of the extra
moisture of the slurry feed and
then to pellet it. Drying of the
slurry to a substantially dry solid
had to be done without going
through a mud state to avoid
handling problems, caking and to
maintain good heat and material
transfer. We envisioned for this
first step a conventional rotary
dryer with a retained load of solid
particles that were to act as the
surfaces on which the slurry feed
was dried. The solid effluent from
this pre-dryer was then to be gran-
ulated in the conventional fashion.

We thought about the proce-
dure a little further and realized,
if the solid particles in the unit act
as a large drying surface that we
need, it is also quite possible that
the slurry will stick on it, and we
will have thus a buildup in size,
which could be detrimental to the
process or could be a new pelleting
procedure.

We tested this in pilot plant
and found that it did stick, form-
ing hard rounded pellets of bet-

ter than commercial dryness. We
could, in fact, get materials of the
order of tenths of per cent of
moisture.

We further found that in this
procedure the size of the drying
unit was considerably smaller than
would be a normal dryer to do the
same job.

Exit Gases

We thence decided to delete
the subsequent granulating proc-
ess, and rename the pre-dryer
“Spherodizer.” We have further
elaborated on this technique and
call it the “spherodize process.”

I will now draw a short sketch
of the process on the board (going
to blackboard) .
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SPHERODIZER SCHEMATIC

I am going to try a shouting
procedure because I would like to
work in closely with the board,
here.

In the spherodize process, as
was stated before, the unit we call
the spherodizer does both the dry-
ing and the pelleting. It is a unit
very similiar to a rotary dryer in
which heat is blown through, the
feed as a solution or slurry is
sprayed in. The rotating drum has
retaining rings, is essentially hor-
izontal and made so that it re-
tains a large amount of material.
Through the action of internal
lifting flights, this solid material
showers through the hot gases
blown through, effecting thereby
heat transfer from the gas to the
solid particles involved. The atom-
ized slurry contacts these particles
which furnish the drying surfaces
for the pelleting.

The simultanecous pelleting
and drying within the spherodizer
can be described with reference to
Fig. 2. This shows one of the many
“in-process” particles retained in
the spherodizer and showered
through the hot drying gases by
the action of the lifting flights and
rotation of the drum. During sub-
stantially all of these showerings,
it and its fellows are enveloped in
hot gases and during many of the
showerings it is enveloped by a
thin coating of slurry, sprayed in.
The thin slurry coat dries to a
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solid envelope enlarging the par-
ticle. This dried and coated par-
ticle will receive many additional
coats before emerging from the
spherodizer as a product size pellet.

Pallet Reces vmg 4“
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O Co CO

ACTION ON TYPICAL PELLET IN
SPHERODIZER

The drying process is one that
is entirely on the outside of the
particle; it is a process of flash
drying and is extremely rapid. The
moisture level in the bed is al-
ways very low, usually less than
one and a half percent, and very
close to the final product moisture.

To further compare sphero-
dizing with standard procedures of
granulation, T will draw a mois-
ture-temperature relation for, say,
a particular formulation of 11-48-0.

In Figure 3 we draw the tem-
perature as abscissa and the mois-
ture or water content as ordinate.
This graph shows the rheology or
handling of flow characteristics of
the material with changing mois-
tures and temperature. It will be
seen that its flow character falls
into three types consisting of two
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Figure 3

broad fields and a narrow band
(line A-B on the graph) . The field
below and to the left of line A-B
is characterized by material flow
of a finely divided solid, as falling
down a chute. Flow requires a
large slope and is accomplished
by proliferation of shear planes
through the mass with the particles
substantially flowing as individ-
uals. The flow character of the field
above and to the right of the line
A-B is that of a liquid requiring
relative little slope and flowing as
a virtually adhesive mass. The line
A-B defines the discontinuous
transition between solid rheology
and fluid rheology. It is the region
of agglomeration where the mass
shows discontinuous plasticity. Tt
should be noted that line A-B has
appreciable though slight breath.

Most of the granulating pro-
cedures, in fact, virtually all, op-
erate at a point adjacent or in line
A-B. They may use agglomerative
mechanisms, that is, the drawing
together of existing particles by
cementation by the liquid phase
or they may also coat, but in any
case the operation is right up here
at the agglomeration point.

The spherodize process oper-
ates well below the agglomeration
line A-B. We maintain our bed
dry, usually about 19, to 1149,
moisture, and there is very little
agglomeration of particles. Control
of the process, as far as the pro-
duction of final pellet size, is based
on a relation of the number and
size of nuclei particles for a given
amount of slurry.

The spherodizer is a piece of
equipment that is essentially de-
signed and built like a rotary dry-
er. It differs in several regards. It
is usually on about a flat inclina-
tion, the attempt being to maintain
a bed in the unit. It differs also in

that the length for a given diame-
ter is quite short. It has a short or
small length to diameter ratio of
the order of 2:1.

It further is a good deal
smaller for the evaporation of the
same amount of water. For in-
stance, in a typical operation in
which the inlet gas temperature is
of the order of 600 degrees or 700
dgrees, we have found approxi-
mately 80 per cent of the heat has
been exchanged and the moisture
has been evaporated, both within
10-15 feet. This results from the
majority of our moisture being
evaporated by flash drying from
the surface of particles and some
spray drying of the atomized slurry
within the gas stream.

We are flash drying the coat-
ing, from solid surfaces doing some
spray drying of the droplets in the
gas stream to form nuclei, as dif-
ferent mechanisms for drying in
the spherodizer to replace in large
measure evaporation from the in-
terior of pellets in normal granular
dryers. This accounts for the much
smaller size of the spherodizers.

The fact that we are evaporat-
ing from the outside also gives us
a substantial improvement in ther-
mal efficiency as compared to nor-
mal rotary dryers. For instance, in
a process in which conventional
slurry granulators of nitrophos-
phates showed a thermal efficiency
of the order of 32 per cent, units
using the spherodizer, primarily
because of lower stack loss due to
high inlet temperature, because of
the flash drying, show a thermal
efficiency of the order of 70 per
cent. In general, we can increase
the thermal efficiency by 50 to 100
per cent frequently.

The interesting feature of the
spherodize process is the uniform-
ity at which the pellets are pro-
duced. This coupled with the fact
that spherodizing does not require
a circulating load of solids means
that only the off size is recycle and
that is small. We find in our small
pilot plant work that the recycle
and offsize material is of the order
of 5% to 209, of the through-put.
The larger plants run a larger
amount of recycle, usually of the
order of 50 per cent or one to one,
one pound return for one pound
of product extracted or slurry dry
basis put in. This frequently re-
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duces the size of a plant pelleting
slurries to about one third its con-
ventional size and is the sphero-
dizer’s outstanding characteristic.

Ammonium sulfate, potassium
sulfate, potassium chloride, etc. are
extremely difficult to pellet by
conventional methods. These sub-
stances have been produced as uni-
form bard pellets with very low
recycle by spherodizing; this is
doubtlessly due to the different
mechanism of pelleting of the
spherodize process.

In other procedures for pellet-
ing slurries it is normal not to re-
move all product size, but instead
of recycle an amount of solid ma-
terial back sufficient to absorb new
slurry at about the agglomerating
moisture. Only that portion of
product size may be removed that
is not required to absorb the slurry.
With slurries of 209, moisture it
is necessary to recycle from 6 to
14 tons per ton of product.

In summary, the advantages in
pelleting slurry by the spherodize
process usually accrue first of all to
the low recycle rate which means

all the subsequent equipment
which usually amounts to several
kinds of conveyors, classifying

equipment, grinding equipment, is
substantially smaller than in other
plants and hence the first cost of
the plant is reduced. This is aug-
mented by the spherodizer replac-
ing both the granulator and dryer
and being smaller than the dryer
would be in a conventional granu-
lating plant. The second advant-
age is the high thermal efficiency
due to the mechanism for drying.
A third is a harder and more uni-
form pellet size and composition.
Another advantage is application
to unpelletable material such as
ammonium sulfates, potassium sul-
fates and potassium chlorides.

Thank you.

MObERATOR REYNOLDS: Thank
you very much, Ben.

Do we have any questions? [
think we have time for a couple
of questions here.

Ben, has this process been
adapted to grades such as conven-
tional mixed fertilizer and for the
12-12-12 or 10-10-10?

Mr. SmiTH: It has made both
12-12-12 and 10-10-10. Let me add
that spherodizing is primarily a
slurry  pelleting process. When



these grades or any grades are
formulated so that a slurry, mud
or magma results from mixing the
raw materials before drying, then
spherodizing in advantageous and
a spherodize plant will be more
economical. In those mixtures in
which substantial water must be
added to form a pumpable and
sprayable slurry, it appears likely
that spherodizing will only com-
pete in the field of difficulty pellet-
able materials such as ammonium
sulfate.

MODERATOR REYNOLDS: Mr.
Hardesty.

MRr. HarDESTY: You don’t
think then this would be applica-
ble to mixed fertilizers? Is that the
way 1 understood that?

MoberaTOR REYNOLDS: The
question is concerning the relation
of this process to the mixed fertil-
izers, all mixed fertilizers.

Mgr. SMITH: Spherodizing as
now practiced is not directly ap-
plicable to conventional mixed fer-
tilizer pelleting. It would have to
be modified by either adding sub-
stantial water to form a sprayable
slurry of the raw feed or dividing
the raw feed into a solid stream
and a substantial slurry stream.
Economic evaluation of either of
these does not indicate advantages
over conventional granulation.

MobEraTOR REYNOLDS: Thank
you very much, Ben.

Is there another question?

A MeMmBER: What grades of
ammonium phosphate have you
tried on this?

MR. Smith: We have tried it
on 16-48-0, 21-53-0, 11-48-0, 16-20-0.

We have had poor experience
plantwise with 16-20-0. We have
been successful in the other grades.
We have been, pilot plantwise, suc-
cessful and we are making improve-
ments in our 16-20-0 problem
which was one of control.

MOoDERATOR REYNoLDs: Thank
you.

MopERATOR REYNOLDS: An-
other question?

A MEeMBER: Are the factors
affecting the granulation sufficient-
ly controllable that you would feel
completely safe in designing for a
one to one ratio of recycle?

Mgr. SmitiH: We do not design
for a one to one, and the design
basis depends on the feed. Most
of our experience is with nitro-

phosphate materials in which the
slurry is of the order of 20 per cent
water content. Those plants are
usually designed at a two to one
recycle rate. Some grades will
operate, for instance, 14-14-14, at
a recycle of somewhat less than one
to one, half to one.

Other grades like 20-20-20 will
operate closer to that two to one,
which is the design basis.

Mr. HuserTt H. TUCKER
(Sohio Chemical Company) : What
is the temperature of the product
in this gas?

Mr. SmitH: We can put very
hot gases into the spherodizer and
within a matter of 10 feet, for
instance, we can drop the tempera-

ture of the gas from 700 degrees
F to 230 degrees F of gas tempera-
ture. Solid temperature under
these very severe conditions are
about 180 degrees F or 190 degrees
F, maximum.

The temperature at the exit
is of the order of 170 degrees or
160 degrees in the usual operation.

MoberaTorR REYNOLDs: Okay,
Ben. We thank you very much for
this information.

MODERATOR REYNOLDS:

Our final paper on this after-
noon’s program relates to the hand-
ling of liquid sulphur. Mr. Robert
Wernet, Chemical Engineer of
Freeport Sulphur Co. will discuss
this subject.

Liquid Sulphur Handling

Robert F. Wernet

ENTLEMEN, I would like to
preface my remarks this after-
noon on the handling of liquid
sulphur with a little of the history
of the transportation of liquid sul-
phur. The movement of liquid
sulphur from mine to consumer by
railroad tank car started in the mid
1940’s. In 1946 Freeport Sulphur
Company began inter-plant barge
movements. This led, in 1955, to
the movement of the first large tow,
about 7500 tons, up the Mississippi
River to a consumer’s plant.

As the demand for liquid sul-
phur increased, it became apparent
that the consumer could best be
served from intermediate terminals
located near the consuming plant.
Therefore, liquid storage and
trans-shipment facilities were estab-
lished at strategic points by several
of the major suppliers. The total
storage capacity of these facilities
is in excess of 220,000 long tons
with the capacity of individual in-
stallations ranging up to 40,000
long tons. In addition to these
facilities, suppliers maintain liquid
storage well in excess of 100,000
long tons at their original shipping
sites. The movement of liquid sul-
phur from base operations to the
terminals is handled on the in-
land water-ways by large integrated
barge tows carrying up to 10,000
long tons and by ocean-going tank-
ers carrying up to 16,200 long tons.
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The over-all liquid program has
grown to the extent that it is esti-
mated that 50 percent of total
domestic consumption is presently
handled in the liquid form and
that within a year up to 70 percent
will move in this form.

Shipments to the consuming
plants are made in ocean-going
tankers, river barges, railroad cars,
and tank trucks. The ocean tank-
ers and river barges are equipped
with heaters and pumps; thercfore,
to receive sulphur from these units
requires only the makeup of a
single pipe flange connection. The
sulphur is maintained in the liquid
form throughout the shipment, and
discharge at the rate of 500 to 1000
tons per hour is started immediate-
ly after docking. Barge capacities
range up to 2500 long tons or
more.

Since freight costs limit truck
deliveries to fairly short distances
(up to about 100 miles), the sul-
phur here also arrives at the desti-
nation in the liquid form. These
trucks are generally equipped with
a steam-heated discharge valve and
steam coil around the outlet nozzle
connected in series. A steam hose
with a quick coupling is required
at the receiving site. Normally, no
plant labor is required as the truck
driver will connect the steam hose
and, after steaming the valve for
three to five minutes, will dis-



charge the sulphur into the storage
facilities. Truck deliveries are al-
most always made by gravity flow
into storage facilities submerged in
the ground. These facilities are
usually a concrete pit equipped
with steam coils to maintain the
temperature. Truck capacities vary
from 18 to 22 long tons.

Rail tank car deliveries usual-
ly arrive at their destination in a
semisolidified state since heat can-
not be provided during the move-
ment. Therefore, some remelting
time is necessary. The tank cars
are generally equipped with two
banks of steam coils. Screwed steam
and trap connections must be made
up. The steaming time will vary
depending on travel time but will
seldom exceed 20 hours. Tank cars
are equipped to unload either
through a bottom valve by gravity,
or through a top eduction pipe
using air pressure. The capacity of
most tank cars is approximately
62.5 long tons.

Before proceeding with the
various aspects of handling liquid
sulphur, it might be well to review
some of the physical and chemical
properties of sulphur having a
bearing on the subject. The freez-
ing point of liquid sulphur is
2388.1°F,, its melting point is 246.1°
F. Pure sulphur has a viscosity of
about 10 centipoise at 255° F., and
a minimum viscosity of about 6.5
at 310° F. At about 318°F. the
viscosity starts to increase rapidly:
11.9 at 318° F,, 11,900 at 325° F.,
46,200 at 340° F., and a peak of
about 93,000 at 370° F. Therefore,
sulphur is normally handled at
temperatures in the range of 260°
F. to 290° F., which is safely be-
tween the freezing point and the
point at which viscosity problems
might develop. The specific grav-
ity in this temperature range is
about 1.79, a weight of about 111.8
Ib. /cu. ft. The presence of carbon-
aceous matter as well as tempera-
ture affects the specific gravity, but
for design purposes 1.8 is a satis-
factory value.

Since liquid sulphur contains
no moisture or acidity, it can be
stored and handled in mild steel,
aluminum or concrete. Storage is
usually either in concrete pits or
insulated tanks. Heating is accom-
plished by means of carbon steel
plate or pipe coils. It is generally

not economical to build pits with
a capacity in excess of about 500
tons. Therefore, they are used
where receipt is from truck or tank
car. For larger deliveries or where
consumption is such that greater
surge capacity is required, insulat-
ed steel tanks are used. These
tanks are built in accordance with
A.P.1. Specifications. It is preferred
to have the filling line enter
through the top and extend to
within about a foot from the bot-
tom. This line should be equipped
with a vacuum breaker to prevent
siphoning from the tank. Tanks
presently in use range from about
100 tons up to capacities in excess
of 10,000 long tons.

Both tanks and pits should be
equipped with steam jacketed
vents. This is necessary to prevent
the possible built-up of explosive
mixtures of vapors in the storage
vessel. Most crude liquid sulphurs
contain traces of hydrogen sulph-
ide which, as you know, can form
explosive mixtures with air. At
this point, the question arises as to
why hydrogen sulphide is often
present in liquid sulphur. Frequ-
ently, this is a result of the re-
action between the sulphur and the
traces of hydrocarbon present. In
the case of sulphur produced from
sour gas, the hydrogen sulphide
from which it is produced may be
the source. Although not all sul-
phur contains hydrogen sulphide,
it is safest always to assume that
it is present and act accordingly.

The hydrogen sulphide, if
present in liquid sulphur, is lib-
erated by agitation. This is the
reason for extending tank filling
lines close to the bottom of storage
tanks. With quick submergence of
the line, agitation is minimized
during filling operations. Even
with this precaution, the atmos-
phere over the sulphur could reach
explosive conditions during rapid
filling unless adequate ventilation
is provided. If sufficient venting
area is provided, natural air circu-
lation will normally prevent the
build-up to an explosive mixture.
The number and size of vents will,
of course, depend on the tank size.
We have found, for instance, that
in a 90-foot diameter 10,000-ton
tank sixteen eight-inch vents locat-
ed around the periphery and two
eight-inch vents near the center of
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the top give adequate ventilation.

In order to insure safe han-
dling of liquid sulphur, pilot plant
studies were conducted to deter-
mine the type of explosimeter that
would indicate a rise toward an
explosive atmosphere and at what
reading the lower explosive limit
was reached. These studies showed
that the M.S.A. No. 2 explosimeter
gave consistently reliable readings
when properly maintained and
that the lower explosive limit was
reached at a reading of 709,. As
a result, our Company’s establish-
ed policy requires the monitoring
of the atmosphere in storage and
shipping facilities with the M.S.A.
No. 2 meter. To further insure
safety, we use a safety factor of two
and always suspend loading or un-
loading operations if the reading
reaches 859%. Only alter the read-
ing drops below 159, are opera-
tions resumed. Under normal con-
ditions, explosimeter readings will
not exceed about 159, and are
usually less.

The main design criteria for
other handling facilities for liquid
sulphur are adequate heating and
choice of materials. Choice of ma-
terials comes down to the elimina-
tion of copper and copper base
alloys throughout the system. Any
copper alloy materials will react
with sulphur to form sulphides
with an accompanying increase in
volume. In the case of valve and
pump trim, this can cause seizing
and equipment damage. In all
other equipment, their life is so
short due to corrosion that they
can not be used.

Adequate heating can be ac-
complished with either steam or
hot oil in jackets, tracers, or gut-
lines. Small diameter pipe lines
are generally jacketed or external-
ly traced using special heat trans-
fer cements. Large diameter lines
may be either jacketed, externally
traced, or equipped with gut-lines.
In long flexible runs of large dia-
meter pipe, internal gut-lines are
frequently used to carry the heat-
ing medium. For short sections,
such as pump manifolds, jacketed
pipe is used even in large diameter
since it is difficult to allow for gut-
line expansion. Mild steel pipe is
used for sulphur pipe gut-lines and
jackets. Steel tubing is used for
external tracing since sulphur



fumes attack copper, and the heat
transfer cements attack aluminum.

Suitably jacketed valves are
presently available in most styles
and sizes. For special applications,
valves can be readily jacketed in
the user’s shops. The most import-
ant considerations in this case are
adequate heating in the stuffing
box area and proper location of
steam and condensate connections.

Pump choice is normally dic-
tated by volume and pressure
equipment. For small volumes and
high  pressures either plunger
pumps or gear type pumps are
used. Stuffing box maintenance can
be a problem unless special care is
taken to insure adequate heating
in this area. Where design permits,
centrifugal pumps of either the
vertical submerged or horizontal
type are used. With vertical sub-
merged pumps, only the discharge
pipe and shaft cage need be jacket-
ed. With horizontal centrifugal
pumps, the entire case must be
jacketed. With this type pump, the
use of mechanical seals has virtual-
ly eliminated the stuffing box prob-
lem.

To sum up — the handling of
liquid sulphur is relatively safe
and simple if proper precautions
are taken in the design and opera-
tion to insure adequate venting
and monitoring of storage facilities
and proper temperature control in
all facilities.

MobERATOR REYNoOLDs: Thank
you very much Mr. Wernet. Do
we have any questions? I think we
have time for a couple of questions.

Mr. John G. Schroder, Tech-

nical Manager of Australian Fertil-
izers Ltd. then asked a question.
Is molten or liquid sulphur offered
other than in the U.S. at present.

MR. ROBERT WERNET: As of
the present time molten sulphur
or liquid sulphur shipments are
not being made by international
movement except within this hemi-
sphere. It has been and is being
investigated at the present time,
the possibility of moving liquid
from this country abroad.

MR. Scuroper: The size of
tanker that you use.

MR. ROBERT WERNET: The
range is in the vicinity of 16,000
long tons, from 15 to 16,200 tons.
The three tankers presently in ser-
vice are all converted to oil tank-
ers and run in that range.

MRr. Scuropber: Can they be
used to back haul or must they
come back empty?

MRr. WERNET: This is some-
thing that will probably affect
whether they can handle ship-
ments outside of the country. At
the moment they are not used for
back haul because of contamina-
tion problems. One of the big ad-
vantages of receiving molten sul-
phur is the elimination of contami-
nation and, as a result, to use the
same tanks for other materials
cause you to lose some benefit.

MR. ScHRrODER: Any difference
in price?

Mg. WERNET: This I can’t say;
this is not my department.

Mgz. Schroper: And why not
use an inert gas generator, an
ordinary petrol engine just to put
some gas in there?
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MR. WERNET: As it happens
on the tanker that moves our sul-
phur we use an inert gas system
at the tanks on the ship. However,
we have found that for plant facil-
ities at our own locations, at the
mines, our shipping sites and vari-
ous terminals that it isn’t necessary
to go to this extent, that with
normal ventilation with adequate
vent ports on the tanks you can
eliminate any explosion problems
and therefore the added expense
of inert gas systems is not warrent-
ed.

MoObpERATOR REYNOLDs: One
more question?

MR. JosepH F. Pisco, Indus-
trial Engineer (Standard Oil Com-
pany) : This is a little more detail
in reference to the question which
was just asked. I just wonder, how
far have you carried sulphur in
T-2 tankers?

MR. WERNET: From our main
shipping point, Port Sulphur,
Louisiana, across the Gulf and up
the East Coast as far as Bucksport,
Maine, serving a terminal in that
area which serves the paper indus-
try throughout the New England
States, serving terminals at inter-
mediate points all along.

MobpEraTOR REYNOLDS: Thank
you again.

You have been a very atten-
tive audience. We have completed
today’s program. I really appreci-
ate your staying with us and your
cooperation.

We are adjourned until to-
morrow morning at nine thirty.

(The meeting adjourned at
five o’clock p.m.)



Friday Morning Session, Nov. 10, 1961

The Round Table reconvened at nine thirty o’clock a.m.
Mr. Albert Spillman, Moderator, presiding.

MODERATOR SPiLLMAN: Good
morning all of you.

I wish to take this opportun-
ity, on behalf of your Executive
Committee and all of Our Mem-
bership, to thank Tom Athney and
his Associates, of The Raymond
Bag Co., for the very fine party
they gave our entire membership
last evening.

An effective fertilizer plant
safety program is one of the most
productive investments we can
make. This morning we are fortun-
ate to have Mr. Roy G. Benson,
Manager of the Industrial Depart-
ment of the National Safety Coun-
cil, Chicago, Illinois, who will dis-
cuss with us how to create and
maintain interest in plant safety.
Mr. Benson has been a member of
the National Safety Council staff
since 1948. He is Technical Editor
of the National Safety News and
Secretary of the Industrial Confer-
ence; the Policy-making Committee
of the Safety Council, industrial
programs. He holds patents on a
number of safety devices. Prior to
joining the National Safety Coun-
cil, Mr. Benson was on the Coun-
cil staff and had operated his own

safety equipment sales organiza-
tion. He was Safety Director of an
oil processing research organiza-
tion and a Safety Consultant to the
aviation gasoline industry. He is
a member of the American Society
of Safety Engineers and his inter-
ests arc with many other safety
activities. Mr. Benson is well quali-
fied to discuss the subject assigned
to him and we appreciate his ap-
pearance on our program this
morning. 1 give you Mr. Benson:

MR. Roy G. BEnsoN (National
Safety Council): Mr. Spillman,
please don’t walk off with my
notes. I left the other set of notes
in a cab in Chicago, so last night,
at ten o'clock, 1 had to rewrite the
talk. I wonder how it’s going to
turn out? It’s like the guy who
dreamt that he was speaking in
the ballroom of the Mayflower
Hotel and when he woke up, he
was. (Laughter.)

At another meeting of psy-
chiatrists, that was held at one of
the big hotels here, two pigeons
flew in and it was two hours be-
fore anyone would acknowledge
they were there.

(Laughter.)

How to Create and Maintain Interest in Plant Safety

Roy G. Benson

OMPARED to the complete
C discussion that you all had
the last few days involving pro-
cesses and reactions, my topic is
simple. My subject is SAFETY,
and I want to tell you why it isn’t
a readily acceptable subject. I
hope that I'll be able to show you
that it can be digestible if not im-
mediately palatable — if leaders
will accept their responsibility.

It took me many years, work-
ing as a Safety Engineer, to learn
that even learned individuals were
not safety-minded, in fact, at times
they are so intent on getting the
job done that they would not only

overlook, but deliberately neglect,
safety precautions.

For example, in a research
laboratory, where I was responsible
for the accident prevention pro-
gram, we were fortunate to have a
world renown catalytic chemist.
Early in his career he had isolated
one of the radio active elements.
Yet this man, who should have
placed the highest value on his
eyes, hands, lungs — even his life,
had to be repeatedly admonished
for his safety misdemeanors. In his
anxiety to get a research job done
he would run an experiment under
pressure in a glass vessel. Or, he
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would ask his lab assistants to con-
duct some other equally hazardous
project. Questioned, he would
shrug and say “all we were trying
to do was to get some results.” At
that time, this was accepted prac-
tice in this particular research
establishment. A few hundred mis-
haps later, this had changed. This
same laboratory at the present
time has all sorts of regulations
so work of that kind just can’t
be performed. But this was twenty
years ago, and we hadn’t learned
to talk and work with people and
that results or even production can
be obtained and people don’t have
to get hurt in the process.

I have to think about my own
feelings regarding safety to try to
convey what has to be done. For
example, I have two children and
I recall when Dan, my son, was
real small and there was a ‘fiesty’
kid living next door and he took
a slap at Dan. If I had been a
good safety man, then I would
have said, ‘“look Dan, let Carl
alone: don’t monkey around with
him, because if you get into a real
fight, he’s liable to hit you in the
eye and damage your eye, or he’s
liable to pick up a rock and even
fracture your skull . . . so just
avoid him.”

I did not act like a safety man;
I did exactly what all of you would
do. 1 said, “go over there and slap
him down” and I didn’t even think
about the consequences. This is
the way we are all brought up, we
don’t admire the cautious guy, we
admire the guy who sticks his neck
out . . . the guy who takes chances!

We go out to a sports arena
and who do we cheer? We certain-
ly don’t yell for an outfielder on
a team who, when he sees he’s get-
ting close to the fence, shies away
and lets the ball drop. We clap
and cheer though for that guy who
bounces off of the fence and even
though he’s laying flat on the
ground knocked out after the play
he’s still holding the bali!

On the White Sox’s team in



Chicago we have a little second
baseman named Nellie Fox. We
like Nellie because he’s a tough
little guy who stands out there on
second base and he completes the
double play and doesn’'t worry
about the spike coming at him
until the play is over . every
once in a while he gets scratched
up but even that doesn’t stop him.

Those are the kind of people
we admire!

There is one public hero that
I like to talk about—because given
a few years, I could have been in-
volved in his exploit. The event
and the individual was Charles
Lindbergh and his trans-atlantic
flight—he accomplished something
rather significant he paved the way
for transoceanic flights. At one
time I was safety director for an
oil company and as such could
have taken part in the following
episode. I could have had an ad-
vertising man come to me from the
oil company and say, “Roy, we've
got a young man in here that’s
got a terrific idea. We think it’s
got a lot of public relations inter-
est. This guy thinks he can take
a single-engine palne and fly it
across the ocean, and he says if we
put a certain amount of cash in,
he will use our gasoline and we’ll
get a heck of a lot of publicity.
If he makes it, the newspapers all
over the world will carry the story
and we can have our product name
in every newspaper in the world!”

I would have said, “what do
you want me to do?” — “I'm the
safety man.” His answer would
have been — “well there’s some
safety aspects and 1 wish you'd go
into it more, talk to the guy, be-
cause he’s got some ideas that are
just a little bit different.”

So, I could have talked to Mr.
Lindbergh and 1 would have asked
him how come no one else has ever
tried this stunt? — and he’d tell me
that his kind of plane couldn’t fly
that far. Then I'd ask — “well,
how are you going to make it?”
“Oh, I'm going to put in extra
gasoline.” “Where are you going
to put it?” I'd ask . . . and he'd
tell me he was going to put them
in the only place they'd go up in
the cockpit all around him. And
if any of you read the story, per-
haps you’ll remember that that is
exactly what he did . . . the extra

tanks of gas were in the cockpit
with him.

“How are you going to see
with all those tanks around you?”
I'd want to know. “I've got a kind
of periscope arrangement,” Lind-
bergh would explain.

When we started to calculate
the load that he was going to carry
and the lift of this particular
plane, and that those two critical
factors are so close together that
it's an even chance that he won’t
get off the ground we’'d be forced
to call that advertising man and
say, “Joe, that’s a good idea, but,
as a safety man, I've got to put
thumbs down on it, because this
guy has only got a 50-50 chance of
even getting off the field — it’s just
not safe” I'd continue. “You can
see this picture of the plane land-
ing in Paris with our name embla-
zoned all over it — 1 can see this
guy in a great big flaming heap at
the end of the runway and our
name emblazoned alright, and the
light is furnished by our burning
gasoline”. “So for safety’s sake Joc,
I've got to turn thumbs down on
the idea.”

You all know what Lindbergh
did, he got away with it, and it
was a great accomplishment. Hard-
ly anyone remembers that he did
just get off the field with his heavy
load. Now I've got to leave this
line of thinking because if I con-
tinue I'll go back to the National
Safety Council and say, “It’s no use
me spending the rest of my life try-
ing to sell safety, because people
don’t want it.”

But this is not true, because I
have learned a number of things,
in this country and especially in
this industry safety can and does
work — and as our moderator said,
it proves profitable in many ways
to those people who apply it, use
it, understand it. But you have to
realize first, that people are going
to reject it and it takes a lot of
selling!

For instance, we know that
people must take some risks, that
it’s impossible to say you’ll never
take a chance. I had to take to
chance to come to Washington. 1
left Chicago and came here by
'plane. T could have taken a lesser
risk, but there was the time ele-
ment involved, so this had to be a
consideration.
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The overall results as far as in-
dustry in this country, are good. In
fact, they are so good that coun-
tries all over the world look at us.
I know this because they come into
our offices, trying to find out how
they can start programs in their
own country, how they can apply
the same principles of industrial
safety that doesn’t exist elsewhere.

Within the last month 1 have
seen some safety material that has
come back from the iron curtain
areas. Like all their other claims
they boast about safety. The words
are fine but safety men are used to
inspection, and the pictures reveal
the absence of necessary features
that would constitute a basic pro-
gram. Knowing from experience
that good safety programs are
founded on understanding manage-
ment policy it is easy to see this
can only happen in a country
where the individual counts.

Management in this country,
has accepted its leadership, and in
so doing has overcome the attitude
toward satety rejection which I out-
lined previously. Not only have
they assumed their leadership at
the present time they are going
well beyond industrial plants . . .
now the concentration is on Off-
the-Job Safety programs!

How do we stimulate people
to work in a safe manner? We first
have to understand people. I think
we have to realize that the major-
ity of people do have some safety
awareness and most of the people
go year in and year out without
an accident.

We have to concentrate on
avoiding that lax moment when
tripping, falling, bumping into ob-
jects or some other simple act can
produce an accident. Everyone in-
cluding the fertilizer industry, says
they are different . . . yet 75 to 80%
of all accidents are common to all
industries. Ridiculously simple
things like taking an extra step
and falling down off of this plat-
form, like bumping into a beam
or leaving a guard off. In all in-
dustry, these are the types of acci-
dents that occur most.

So that you can look at what
others have accomplished in almost
any industry and learn. We attack
worker attitudes on the National
Safety Council level, with a variety
of materials. For example, we try



to approach safety with humor be-
cause there are a certain amount
of people that just have to be re-
minded.

We know that we cannot do
everything in a humorous fashion,
because we can’t laugh off the
whole subject of safety and treat
it always in a light vein. Some
people would not respond to this
treatment.

Let me try to give you some
illustrations. In the textile indus-
try there were a lot of accident ex-
periences in the carding room. A
carding machine in the textile in-
dustry is a machine that’s enrobed
with a lot of fine wires like a curry-
comb, and if you get your hand
caught between the rollers it will
strip the flesh off very effectively.
Of course, the instructions were to
shut the machine down before you
did any work on it. In this parti-
cular mill close to ten people had
had serious hand injuries in one
year.

They had pictures taken of all
these hand injuries and they plac-
ed them around the walls of the
plant. From the day that they were
posted up they shut off all acci-
dents of that kind! At last check
the pictures were still there and no
accident of this type had happened
for three years.

But you do have to find out
the type of people you have to deal
with, give them the treatment they
need. Everyone doesn’t tall for the
same sales approach when purchas-
ing a car or a radio, and the same
follows for safety.

There are ohter people, for
example that can be approached
by clutching at their heart strings.
They have a deep feeling toward
their family, their children and yet
may resent an approach that shows
concern for their own well being.
They have a concern for what
might happen to their family if
something happens to them. So we
utilize this concern in a way simi-
lar to the approach that might be
used by the guy that’s selling a
monument or insurance and turn
the sales pitch toward safety.

One of the most difficul ques-
tions we have to answer is, “what
kind of safety program should we
have in our company or our
plant?” This can only be answered
by someone who knows the people

in the plant. You know your own
people — no one in Chicago can
tell you how the people in a plant
in North Carolina will react to a
training program or even to a
poster.

In the South I worked with
the textile industry for a while.
We recognized the fact that you
can inject a great deal more re-
ligion into a safety program in the
South that you can in Chicago,
New York or Pennsylvania — and
very often you see a meeting start
with a prayer.

I remember a man who came
from the Dutch reform area of
Michigan and came to Chicago and
started a safety meeting with a
prayer. Three or four guys came
in just ahead of me and they back-
ed off — saying, “we must be in
the wrong place”. They had never
heard of a safety meeting being
started with a prayer. Yet this is
common practice in the South.

So you learn to use all these
devices, all the devices you can
assemble. A safety director of a
steel mill who was trying to put
across a hard hat program had
many Latin Americans working in
the plant. As long as he was just
offering the brown hard hats he
was getting no place. Then all of
a sudden he said, “Okay, we now
have hard hats in red, green, blue,
any color you want.” Since this
racial group has a great love for
color, it was a natural and his hard
hat program blossomed.

Some years ago you could only
buy one type of safety goggles. This
was a 50 millimeter round safety
spectacle. It had a great big mark
on the lens and if you looked at
a guy from ten feet away, you
could tell he was wearing safety
glasses.

At the present time, 1 could
be wearing a pair of safety glasses
in these frames and nobody would
know that they were safety glasses,
because they have learned that
style is important. The same ap-
plies to safety shoes. One thing we
have learned is that when people
have to wear protective equipment,
they want to wear what they are
wearing normally, all the time, not
some ridiculous special creation!
They want the protection but don’t
want to look ridiculous when wear-
ing it

84

So we take all of these things
into consideration in trying to
create and maintain interest in
safety. We use the fact that pride
in important. Companies vie for
the honor of being the safest plant,
departments vie for the honor of
being the best and safest depart-
ment,

You don’t even realize that 1
am wearing a safety symbol on my
tie, because it is a program that we
have been developing over the last
couple of years and it was develop-
ed from the traffic triangle, or I
should say, the traffic diamond.
This is the program developed by
the Allis-Chalmers Manufacturing
Co. they made a film “SAFETY
EVERYWHERE . . . all the time”
and the idea was to have a motivat-
ing film that would create a lot of
interest and then have a recall de-
vice in this diamond shape. Book-
lets, banners, posters and other re-
call devices tied into it. It’s no
different from any other advertis-
ing campaign. Any one of your
products, if you want to promote
it you will use an identifying sym-
bol and by sheer repetition will
serve to keep reminding people
until the product gets fixed in their
minds.

So we pull out all the stops!
We tickle their fancy, we slug
them, we pluck at their heart
strings, we play on their racial
weaknesses, we play on their style-
sense and we can use anything that
an advertising or any merchandis-
ing man might use to sell his prod-
uct. Never forgetting that at first
people resent what we have to
offer.

One safety program in this
country that I think everybody
recognizes as a good program is the
Du Pont Company program. And
I think 1 can tell you why it's a
good program . . . they have a fine
brochure called “Safety Starts
Here,” this is a series of statements,
letters written by the Chairman of
the Board, the President of the
Corporation and the Presidents of
all of the separate companies of
the du Pont organization. Each
one of them has a written and sign-
ed statement about safety. If man-
agement issues a policy and even
writes out a policy, they are going
to be pretty sincere about it be-
cause they have to put it on record.



You can be sure that all employees
under them understand and ap-
precate the sincerity. Supervisors
will assume their responsibility,
and as a natural sequence the
workers will accept their program
because they know that it is based
on sincerity.

I believe that the fertilizer in-
dustry should be complimented —
this is one industry that is doing
something about supervisory train-
ing, they intend, 1 believe, to run
four courses for supervisors in vari-
ous parts of the country. There
are fifty or more supervisors in
each one of these groups, and for
this the industry as a whole is
highly commended.

In concluding, I would like to
impress you with the fact that
everybody follows a leader, and I
don’t think that I have ever given
an award to a company until the
individual worker, the guy who is
doing the job has come to the
realization that “my supervisor
doesn’t want me to get hurt!” when
the workers finally accept this fact
they start to act in a safe manner,
be concerned about their fellow
workers and accumulate man-hours
without lost-time injuries. Where
a whole industry through a trade
association decides it needs a safety
program they find that the best
approach is to attack the big tar-
gets in their particular type of
work.

For example, in the mining
industry falls of ground is the lead-
ing source of serious injuries, and
they have run two or three cam-
paigns on how to train miners to
test the roof before going to work
in the area. The mines that have
participated in programs of this
kind have had 25 to 30 percent re-
duction in the number of injuries
from that particular cause. This
becomes most significant when you
can count the number of fatalities
that have been prevented.

The logging people also have
a big problem — that of falling
limbs and the necessity of wearing
hard hats, so they have recently
established a program on the wear-
ing of hard hats.

In the electrical and public
utilities industry we have an elec-
tric shock program underway.

Each respective industry has to

figure out some area that is their
prime target and then work in that
area . . . in that way they can cure
their accident producing ills.

((Applause.)

MobEerRATOR  SPiLLMAN:  This
guy Benson is a pretty busy man.
I just received a message for him.
“Mr. Roy Benson, National Safety
Council, Mayflower Hotel, Wash-
ington, D.C. Suitcase has been
found. Picking it up today.”

MR. BeEnson: Al, you thought
I was kidding that I had lost my
notes. I did. Thank you.

MODERATOR SPILLMAN: A good
many of our members are associ-
ated with the fertilizer section of
the National Safety Council. If
any of your respective companies
are not members of this section,
I highly recommend that they join
the Safety Council at the earliest
moment. I am sure most ol us re-
sponsible for plant operations are
doing a continuous job preaching
and practicing safety in the plant.
Mr. Benson, we wish to thank you.
All of us appreciate your excellent,
inspirational message on safety.

Are there any questions for
Mr. Benson?

Mr. E. M. Jongs (Allied
Chemical Corporation): Al, not a
question. The dates for the Mid-
west Supervisory Training School
are November 30 - December 1 at
the National Safety Council Head-
quarters in Chicago. The North-
east Safety Council, I believe, is
the following week and it will be
held in New York City at the
School of Industrial and Labor
Relations. The Southeast Safety
Council has been completed. It was
held in Wilmington, N.C. The

fourth school is the West Coast
School, and I believe that will be
held in Fresno, California, later
on this year. Thank you.

MoberATOR SPiLiMAN: Thank
you very much, Mr. Benson.

Mr. Travis Hignett will lead
the panel on our final very im-
portant subject of Materials Han-
dling Program “Composition and
Use Of New Materials In Fertilizer
Formulation.” We have received
from our membership a number
of pertinent questions on the use
of granular materials in conven-
tional, semi-granular, granular and
blended mixed goods.

Some of the questions are:
How can segregation be prevented?
How can granular materials be
handled and stored to hold down
attrition to a minimum? What pre-
cautions should be taken when
formulating with Diammonium
Phosphate to reduce nitrogen loss-
es? What information is available
on disassociation of nitrogen losses
in mixtures containing various
types of Diammonium Phosphates?
The proper handling of mixed
goods, made from Blended granu-
lar materials, to maintain a more
uniform product from plant to
farmers’ fields, either in bags or
bulk?

I am sure, after the panel com-
pletes their presentations, you folks
will have many more questions you
wish to have answered.

The panel, in addition to
Travis Hignett, are Dr. George E.
Smith, Department of Soils, Uni-
versity of Missouri, and Philip E.
Stone, technical assistant to the
vice president, Virginia-Carolina
Chemical Company.

Composition and Use of New Materials in Fertilizer
Formulations

Travis P. Hignett

The new materials that the
panel will discuss consist of a
group of granular, high-analysis
products containing both nitrogen
and phosphorus. These N-P mater-
ials may be subdivided into two
classes: (1) the diammonium phos-
phate materials 21-53-0, 18-46-0,
and 16-48-0 and (2) the high-nitro-
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gen N-P materials 30-10-0, 20-20-0,
and 20-10-0.

The diammonium phosphate
group of new materials is of parti-
cular interest as shown by the
number of questions sent in by
the membership of the Round
Table and by the large annual
tonnage of these products and the



number of new plants that are
planned or being constructed to
produce them. Our panel plans to
devote most of our discussion to
these materials.

A principal use of the new ma-
terials is in bulk blends, and sev-
eral questions about the problems
of bulk blends have been received.
We are fortunate in having on our
panel a man who has devoted care-
tul study to the problems of uni-
formity ol composition of blends
and aftected by the properties of
the ingredients and the mixing,
handling, and application proced-
ures. We also have several ques-
tions about the use of the new ma-
terials in chemically processed mix-
ed fertilizer, and some of the panel
members will comment on these
problems.

Before discussing the use of
the new materials, it seems ap-
propriate to review briefly their
properties and composition.

Messrs. Carnell, Tatem, Phil-
lips, and Giles gave detailed infor-
mation on the composition, prop-
erties, and manufacture of the di-
ammonium phosphates at the 1960
Round Table meeting. The 18-46-0
and 16-48-0 products are essentially
ammonium phosphates produced
from wet-process phosphoric acid.
The 18-46-0 contains 90 per cent
or more of its ammonium phos-
phate content in the form of di-
ammonium phosphate, and the
16-48-0 may contain 70 to 80 per
cent. Both products contain about
10 per cent of their P,O; content
in the form of complex water-in-
scluble phosphates derived from
the impurities in the wet-process
acid. Although these complex
phosphates are water insoluble,
they are mainly citrate soluble and
have been found to be effective
fertilizer materials.

The 18-46-0 and 16480 are
produced in the form of rounded,
closely sized granules. The particle
size is between 6 and 16 mesh and
is often more closely sized such as
6 to 12 or 8 to 14 mesh. In one
sample that we received, 85 per
cent of the product was 8 to 10
mesh. The bulk density of these
products ranges between 60 and
65 pounds per cubic foot.

The 21-53-0 material is essent-
ially pure, crystalline diammon-
ium phosphate made from electric

furnace phosphoric acid. It is en-
tirely water soluble. It is available
in the form of crystals sized at
about 6 to 16 mesh or finer. The
bulk density of the 6- to 16-mesh
crystals is about 62 pounds per
cuvic foot.

Incidentally, the bulk density
figures are probably not compar-
avle since rather wide variations in
measured bulk density may result
from different degrees of packing
and other variations in procedure.
Perhaps some standardization
would be desirable. Density may be
important in predicting behaviour
of materials 1n bulk blends. For
this purpose, it is suggested that
apparent specific gravity would be
more useful than bulk density.

The 30-10-0 products contain
about 78 per cent ammonium
nitrate and 17 per cent monoam-
monium and diammonium phos-
phates. They also contain a small
percentage of inert conditioner.
‘I'he products are rounded gran-
ules or prill-like granules with a
particle size range of 6 to 16 or
8 to 16 mesh. T'he products are
entirely water solubte except lor
the conditioner. The reported bulk
densities range irom 47 to 5l
pounds per cubic foot.

The production of 20-20-0 and
20-10-0 was described here last year
by Mr. Giles.

These products are nitric phos-
phates, altnough it is possible to
make the same grades by other
processes. The nitric phosphate
products are sized at 6 to 12 mesh.
f'hey contain ammonium nitrate,
monoammonium and diammoni-
um phosphate, and dicalcium phos-
phate. I'he 20-10-0 product also
contains calcium sulfate.

An important use of the new
materials is in bulk blends. This
is especially true of the diammon-
ium phospnates. Bulk blending is
increasing rapidly because ol its
economic advantage over chemical-
ly processed mixed fertilizer. Silver-
berg (3) estimates that the cost of
bulk-blended fertilizer at several
locations is about $0.25 to $0.30
per unit less than that ol com-
parable bulk, chemically processed
solid or liquid mixed fertilizers.
The new materials are especially
well suited for bulk blending be-
cause of their high analysis, physi-
cal form, compatability with other
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materials used in bulk blending,
and low cost per unit of plant
food. Diammonium phosphate and
30-10-0 have been identified as in-
gredients of least cost bulk blends
OF

"The partcile size and shape of
the new materials provide a good
match with some of the available
granular potassium chloride and
with prilled ammonium nitrate or
urea. Thus, it is possible to select
materials for bulk blends that
should not segregate. The use of
two-nutrient materials in bulk
blends may help minimize any
nonuniformity of nutrient supply
in the field that may result from
segregation.

Some of the new materials
have found widespread use in the
manufacture of chemically pro-
cessed mixed fertilizer. Diammon-
ium phosphate often is used for
this purpose. One of its advantages
is its very high analysis which en-
ables the manufacturer to upgrade
his products or alternatively to use
more low-cost superphosphate in
standard grades. As compared with
an equivalent amount of phos-
phoric acid and nitrogen solution,
the delivered cost of the diammon-
ium phosphate is often lower, and
it is easier or cheaper to store and
handle. Also, it contributes less
water and heat to the formulation
which may be an advantage in
some cases.

Pilot-plant studies in which
diammonium phosphate was used
in formulations to produce high-
analysis granular mixed fertilizer
have been reported by TVA (2).
Some of the grades that were made
successfully in the pilot plant were
12-24-12, 16-20-0, 15-30-0, and 8-24-
24. This paper also gives some dis-
cussion of the economics of such
formulations.

Some questions have been
raised concerning the stability of
diammonium phosphate and its
eftect on nitrogen losses during
processing and storing ol mixed
fertilizer containing it.

The stability of diammonium
phosphate was discussed at the
1960 Round Table meeting by Mr.
Tatum. 1 think we may summarize
this information by saying that
diammonium phosphate is quite
stable under reasonable conditions



of processing and storage. No ap-
preciable nitrogen loss would be
expected to occur due to dissocia-
tion of diammonium phosphate
under practical conditions. Granu-
lar mixed fertilizers containing di-
ammonium phosphate such as 20-
20-0 and 15-30-0 have been stored
at temperatures up to 180° F. for
periods up to 90 days. No nitrogen
loss was detected even under the
most extreme of these conditions.
We believe that nitrogen losses
from mixed fertilizers containing
diammonium phosphate are quite
unlikely except in the case of high-
moisture mixtures containing lime-
stone or other alkaline materials.

There remains the question of
the effect of the presence of di-
ammonium phosphate on the ab-
sorption ol ammonia by superphos-
phate. 1t is known that diammon-
ium phosphate will react with
superphosphate. Typical reactions
are:
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Figure 1

Reactions Of Diammonium Phosphate With Superphosphate

Ca (H,PO,) ,-H,0 + 2 (NH,) ,HPO, —
Ca (NH,) , (HPO,) ,-H,0 1 2NH,H,PO, (2)
Ca (H,PO,),-H,0 + (NH,) ,HPO, —
CaHPO, + 2NH,H,PO, + H,0 (1)

Reaction (1) is the familiar am-
moniation reaction in which the
ammonia is supplied by one of the
two ammonia groups ol the di-
ammonium phosphate. Reaction
(2) is similar except that it shows
the formation of a double salt
which actually was observed in our
studies.

If the reaction between di-
ammonium phosphate and super-
phosphate proceeds to an appreci-
able extent, it will decrease the
amount of free ammonia that can
be absorbed, and consequently,
high ammonia losses will result if
it is attempted to ammoniate the
superphosphate to the usual degree
of about 5.8 pounds of free am-
monia per unit of P,O; in ordinary
superphosphate or 3.8 for triple
superphosphate.

In the pilot-plant studies that
were reported by TVA (2), it ap-
peared that the presence of diam-
monium phosphate did not ap-
preciably affect the extent to which
superphosphate could be ammoni-
ated without excessixe loss. It was
concluded that the rate of reaction

of diammonium phosphate with
superphosphates was so slow that
it could be ignored.

Figure 1 compares the am-
monia loss in the pilot-plant pro-
duction of granular fertilizers when
triple or ordinary superphosphate
was ammoniated with or without
diammonium phosphate in the
formulation. Although the points
for the diammonium phosphate-
containing formulations are scat-
tered, there is no clear tendency
toward high ammonia losses. In
some of the individual runs, high
ammonia losses were believed to
be caused by excessive ammoniator
temperature or overagglomeration.
In these tests the diammonium
phosphate and  superphosphate
were fed from separate feeders to
a belt which fed the continuous
ammoniator. The two materials
were in contact with each other
only a few seconds before ammoni-
ation,

Subsequently, a test was made
in which the superphosphate was
premixed with diammonium phos-
phate several hours before it was
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ammoniated. In this test the am-
monia absorption was poor, and
there was evidence of extensive
reaction between the diammonium
phosphate and superphosphate be-
fore ammoniation. This observa-
tion led to a study of the rate of
reaction.

The lactors studied were the
particle size and form of the diam-
monium phosphate, the moisture
content of the superphosphate, and
the time of contact of the two ma-
terials.

Typical data obtained in these
tests are shown in Figure 2. When
the superphosphate contained 7
per cent moisture and when the
diammonium phosphate was coarse,
the extent of the reaction in 15
minutes corresponded to ammonia-
tion of the superphosphate to a de-
gree of 0.1 to 0.5 pound of am-

Figure 2
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Before contact

After contact for 30 minutes

After contact for 60 minutes

Fig. 3. Photomicrographs of diammonium phosphate crystals before and after contact with ordinary superphosphate

monia per unit of P,O;. The re-
action was more rapid with 21-53-0
crystals than with 18-46-0 granules
and more rapid with 8- to 10-mesh
crystals than with 6- to 8-mesh
crystals. The reaction continued
as the time of contact was extended
and reached values of 1.3 to 1.5
pounds of ammonia per unit of
P,O; after 4 hours. The propor-
tions of diammonium phosphate
and superphosphate were such that
conversion of all of the diammon-
ium phosphate to monoammon-
ium phosphate would release
enough ammonia to ammoniate
the superphosphate to a degree of
7 to 8 pounds of ammonia per unit
of P,O;. Thus, the reaction after
4 hours was about 20 per cent com-
plete.

In these tests the diammonium
phosphate was mixed with minus
20-mesh superphosphate, and the
mixture was allowed to stand for
the desired contact time. Then
the diammonium phosphate was
separated from the superphosphate
by screening. Both fractions were
analyzed to determine their water-
soluble P,O; content. The extent
of reaction was calculated from the
decrease in water solubility.

The points shown in Figure 2
near the zero ordinate are for 0.5
minute’s contact time. However,
some of the superphosphate ad-
hered to the diammonium phos-
phate granules or crystals and was
not removed by screening. The
adhering superphosphate probably
continued to react so part of the
reaction indicated in Figure 2
probably occurred after the indi-
cated contact time. This circum-
stance may have caused a large
percentage error in the extent of

reaction for short contact times,
especially for 0.5 minute, but ab-
solute error would not be large.

Microscopic examination show-
ed that the crystalline diammon-
ium phosphate absorbed moisture
from the superphosphate. A film
of liquid phase quickly formed on
the surface of the crystals which
promoted reaction. The granular
diammonium phosphate also ab-
sorbed moisture, but it was drawn
into the interior of the porous
granule and did not immediately
form a film of liquid phase at the
surface. This observation explains
why the reaction of granular di-
ammonium phosphate was initially
less rapid than with crystalline di-
ammonium phosphate.

Figure 3 shows photomicro-
graphs of diammonium phosphate
crystals that have been in contact
with superphosphate for 0, 30, and
60 minutes. As the reaction time
was increased, the hull of reaction
product around the crystals grew
thicker. The hull was comprised
predominantly of Ca (NH,) . (HP-
0, ,-H,O0 (dicalcium diammon-
ium phosphate monohydrate) .
There was a very thin inner hull
of monoammonium phosphate
which is not clearly visible in the
photograph.

A few tests were made to study
the effect of the moisture content
of the superphosphate on the rate
of reaction with diammanium
phosphate. When the superphos-
phate contained only 4.3 per cent
moisture, no detachable reaction
occurred in 1 hour. When the
superphosphate contained 9 per
cent moisture, the reaction with 8-
to 10-mesh granular diammonium
phosphate was appreciably more
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rapid than with superphosphate
containing 7 per cent moisture.
Since the time of contact of
the dry ingredients before am-
moniation in most plants probably
is less than 15 minutes, it appears
that the extent of reaction of coarse
diammonium phosphate with the
superphosphate would be quite
small, and that no significant effect
on ammonia absorption capacity
would be expected. Perhaps with
longer retention time or with fine
diammonium phosphate, an appre-
ciable extent of reaction would oc-
cur which would require some ad-
justment of the free ammonia sup-
plied by the formulation to pre-
vent excessive ammonia loss. It is
desirable to ammoniate the super-
phosphate fully in mixtures con-
taining diammonium phosphate;
incomplete ammoniation may re-
sult in reactions after processing
that may cause disintegration of
the granules, especially if the mois-
ture content of the product is high.
A further study of the am-
moniation of superphosphate in
the presence of diammonium phos-
phate was carried out in the bench-
scale ammoniator-granulator shown
in Figure 4. It was 10 inches in
diameter by 20 inches long and
rotated at 40 revolutions per min-
ute. The ammoniation section was
7 inches long, and the bed depth
in this section was 2.5 inches.
One and one-half parts of
superphosphate were premixed with
one part of 6- to 20-mesh crystal-
line diammonium phosphate (21-
53-0) or 8- to 10-mesh granular
diammonjum phosphate (18-46-0).
The contact time of the mixture
before ammoniation was 15 to 30
minutes. Comparison tests were



Figure 4. Small-scale equipment used in ammoniation-granulation studies.

made in which the superphosphate
was mixed with a like amount of
granular potassium chloride.

The mixtures were fed from
a disk feeder at a rate of about
20 pounds per hour. Gaseous am-
monia was introduced under the
bed through a drilled pipe distri-
butor. Steam was added through
a separate distributor to control
granulation. The ammonia con-
tent of the exhaust gases was de-
termined and used to calculate the
ammonia loss.

Since it 1s known that the
ammonia absorption is affected by
the extent of granulation, tempera-

ture, and moisture content, these
variables were held as nearly con-
stant as was feasible. It was not
feasible to control these variables
independently or closely since the
moisture content and temperature
affect granulation. Each test was
run under conditions that gave a
reasonably good degree of granula-
tion; the moisture content of the
products ranged from 5 to 9 per
cent, and the temperature ranged
from 180° to 200° F.

The results of these tests are
shown in Figure 5. The points
are somewhat scattered, but the
data indicate the ammonia loss was

Figure 5
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not increased by the presence of
diammonium phosphate. These
curves are similar to those obtain-
ed in pilot-plant studies when us-
ing granulation formulations and
indicate that a degree of ammonia-
tion of about 5.8 can be used with-
out loss of more than 3 per cent
of the input ammonia. The most
uniform granulation was obtained
in the tests with 18-46-0, which
may explain the slightly better am-
monia absorption in the tests with
this material. The uniform granu-
lation was due to the fact that the
18-46-0 granules were closely sized
and became uniformly coated with
ammoniated superphosphate dur-
ing ammoniation. The 21-53-0 and
the granular potassium chloride
were less uniformly coated; some
uncoated particles appeared in the
product. Probably the surface of
the crystalline materials was too
smooth for good adherence of the
coatings.

The 30-10-0 product has found
some application as an ingredient
of mixed granular or semigraular
fertilizer grades. It can be used in
normal ammoniation-granulation
equipment in conjunction with
ammonia or ammoniating solution
and superphosphates to make high-
nitrogen grades such as 20-10-10,
21-14-7, 20-10-5, and 15-15-15. In
such formulations the granules of
30-10-0 are coated with the other
ingredients. This results in high
granulation efficiency at low mois-
ture input.

The 30-10-0 formulations may
be somewhat more expensive than
preneutralizer formulations, but
they are convenient and useful
when the demand for high-nitro-
gen grades is insufficient to justify
the expense of installing a pre-
neutralizer. Also, there may be
some improvement in physical
properties since the least hygro-
scopic materials form the coating
of the granules.

Typical formulations that
were tested in the TVA pilot plant
are given in the following tabula-
tion. Granulation efficiency was
good in these tests; 60 to 75 per
cent of the product was onsize (6
to 16 mesh) before crushing the
oversize. The products contained
1.5 to 2.5 per cent moisture before
drying and about 0.5 per cent after
drying. Conditioning with 2.5 per



cent kaolin or other good condi-
tioner was considered desirable to
provide good bag-storage proper-
ties. The formulations shown
allow room for the conditioner.

has come here at his own expense.
Dr. Smith.
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Typical Formulations For Granular Fertilizers Based On 30-10-0

Grade 20-10-10 21-14-7  15-15-15
Formulation, lb./ton of product
Nitrogen solution 98 — — -
Anhydrous ammonia — 60 60 66
Granular 30-10-0 1194 1233 1280 875
Ordinary superphosphate 401 133 — —
Concentrated superphosphate - 128 328 469
Potassium chloride (fine) 338 338 232 512
Sulfuric acid (66° Be.) — 122 94 75
Water or steam 30 30 30 36

In the first formulation shown
for 20-10-10, no sulfuric acid was
used, and steam was used to obtain
granulation. In the other formula-
tions in which sulfuric acid was
used, water was added to control
granulation.

When granular materials are
used in formulations to make
granular products, it is likely that
the different size fractions of the
product will differ in chemical
composition.  This problem is
familiar to many manufacturers of
mixed fertilizers who use coarse or
granular potash as an aid to granu-
lation. Mr. Kingsbury gave us a
very good discussion of this prob-
lem and means of coping with it
last year. Briefly, the most effective
methods are (1) to size the prod-
uct closely and (2) to avoid con-
ing of the pile when filling the
product bins. A means of filling
the bins that minimized segrega-
tion was described by Mr. Kings-
bury at last year’s Round Table
meeting.

When coarse or granular ma-
terials are used in granulation
formulations, it is desirable that
the hull of fine ingredients of the
formulation should adhere to the
granule. Good adherence was ob-
tained with 30-10-0 and 18-46-0 in
our tests.

This concludes my presenta-
tion. The next speaker is Dr.
George E. Smith, University of
Missouri, 1 believe he has much
useful information and 1 hope
that he will be able to tell us how
materials should be made to put
in bulk bins so that they will not
segregate. Incidently, Dr. Smith

Plant Food Industry 101, No. 5, 23-30
(November 1960).

2. Hignett, T. P., Hicks, G. C, and
Jordan, J. E. Com. Iertilizer and
Plant Food Industry 93, 24-26 (Octo-~
ber 1956).

3. Silverberg, Julius, Spencer, N. L., and
Douglas, J. R, Jr. Comparison of the
Costs of Liquid, Bulk-Blended, and
Granulated Mixed Fertilizers. Pre-
sented at 140th national meeting of
American Chemical Society, Chicago,
Tllinois, September 1961.

Bulk Blended Fertilizers
George E. Smith

HERE has been a substantial
Tincrease in the size of farms,
the average age of farmers, and the
use of [fertilizers in the Midwest.
There is much interest in mechani-
zation of all farm operations and
the minimizing of hand labor. The
handling of bagged fertilizers is
now one of the most laborious
tasks in crop production. Truck
spreading of bulk fertilizers is
gaining in popularity. Bulk blend-
ed fertilizers accounted for about
289, of the available nutrient ton-
nage sold in Missouri last year.

People with trucks for spread-
ing limestone and rock phosphate
have beenquick to provide the ser-
vice for spreading fertilizers. There
has been a rapid increase in the
number of fertilizer blending
plants. The number of these plants
in Missouri has increased from 20
in 1956 to over 125 at the present
time — and more are now being
constructed. There are few farms
in the better crop-producing areas
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of Missouri today that are more
than 25 miles from dry blending
plants. Emphasis has been placed
on the lower costs by those selling
and spreading blended material,
but in many cases the labor-saving
feature outweighs differences in
costs. Where acreage is large and
labor scarce, many farmers will not
use band applications at seeding,
but want fertilizer custom spread.
An increasing amount of fertilizer
applied to small grains is now
being broadcast. Some farmers are
having grass seed mixed with the
fertilizer and spread to save one
additional operation.

Segregation of Dry Mixed
Materials Studied

Studies of segregation in load-
ing, hauling, and spreading of dry
blended fertilizer material were
initiated by the Missouri Experi-
ment Station following changes in
the Missouri Fertilizer Law in
1959. A large amount of data has
been accumulated. It is evident
now that problems of segregation
in mixing and loading of trucks
are entirely different than those
that occur when the dry blends
arc spread by fan-type trucks.

What Was Done

1. A number of nitrogen,
phosphorus, and potassium-con-
taining materials were mixed in a
modified concrete mixer to furnish
from 200 to 300 pounds of a 1-1-1
mixture. These mixes were drop-
ped 9 feet through a 3-inch open-
ing into the center of a cone-shap-
ed container. The equipment was
designed to exaggerate the segrega-
tion that might occur in loading
a truck. Samples were collected
from the mixer, and from the
center and sides of the cone.

2. A stationary 18-foot truck
hood with a single fan was con-
structed. This equipment was used
to measure the effect of fan speed
and fin adjustment on the distribu-
tion of single sized particles on ma-
terials having different sieve an-
alyses, and on various fertilizer
mixtures.

3. A spreader truck bed (2
fan-chain bottom) was partitioned
to provide a 2-foot, and an 8-foot
section.

a. A number of fertilizer mixes

containing approximately 240

pounds each of N, P,O; and



K.O were blended in a batch
mixer and poured into the 2-
foot section. Each lot was
sampled five times: from the
spout, at the plant, and after
driving 10, 20, and 30 miles.
b. Fertilizer materials to supply

approximately 960  pounds
each of N, P,O, and K.O
were blended in a batch mix-
er and poured into the large
section of the truck bed. The
variation in composition was
determined from 10 samples
(9 cores each) before the
truck left the plant. Tripli-
cate samples were also collect-
ed after the truck had travel-
ed 10, 20, and 30 miles. An-
alyses of these samples were
compared with those obtain-
ed where the same materials
were mixed with an auger, or
where bags were opened and
the materials stratified in the
truck bed.

4. Tests were made on various
types of trucks where the same
ingredients were mixed.

5. Canvas covered frames were
attached to the truck hoods used
for field spreading and samples
were collected from: between the
truck wheels, outside of the wheels,
and near the end of the hood. On
the larger loads these samples were
taken from full loads, when the
truck was half empty, and when
only a small amount remained in
the truck bed.

6. Samples of fertilizer for
chemical analyses were collected
from pull-type broadcast spreaders
where the materials were either
blended in a batch mixer or strati-
fied by hand from bags.

7. Crops (grain sorghum, Su-
dan grass, and wheat) were used
to measure variations in spread.

8. A satisfactory method has
been found to collect samples from
trucks without hoods. Mr. Alva
Preston, Jr., of our Extension staff
is now working with truck spread-
ers to determine the evenness of
spread of bulk and blended ma-
terials.

Segregation of Different Materials

Where dry fertilizer mixes
were dropped into a cone shaped
container (similar slope to sides
of a truck bed) much variation in
analysis was found between the

sample taken from the center of
the cone and lrom the sides. 1'here
was little variation between calcu-
lated analysis and of samples taken
from the mixer. Thne least segre-
gation was found when the snape,
density, and particle size ol tne
material used were sumilar. An
exception to this general conclu-
sion was observed when one or
mnore materials had a smail particle
size and were “sticky.” One lot ol
0-54-0 and one of ammonium sul-
tate used in early 1959, had a high
percentage ot fines and did not
How freety. When they were mixed
with a number of other materials
ol diiferent sizes, segregation was
minor. However, 1t was later
lound that segregation in pouring
into a simulated truck bed is en-
tirely difterent than when the mix
is subjected to the force of a
spreader fan. Such extremes as the
mixing ol calcium meta pnosphate
and coarse potasn gave some ol
the largest variations. This work
demonstrated that through proper
selection ol materials it 1s possiple
to make dry mixes that would
meet the requirements ot the fer-
tilizer law In most states.

Blending plants are now giv-
ing much atteation to the prop-
erties ol tne materials they use.
During he year ending June 30,
1961, 11¢, ol the bagged tertilizers
and 179 of the blended material
sold in Missouri lailed to meet
guarantee. Although the bagged
good show a higher compliance,
some blenders have better records
than regular mixing plants.

Simulated Truck Spreading

A stationary 18-foot truck
hood was equipped with a stand-
ard single tan with the necessary
mechanism for dropping the fer-
tilizer on the fan and for chang:
ing fan speed. Considerable time
was spent in adjustments to secure
an equal throw to both sides of
the nood. Dropping tiae material
across the hub of the fan parallel
to the center of the hood resulted
in a greater quantity being thrown
to the right. A divider was con-
structed. that placed the material
in front of the fins, which gave an
equal distribution to both sides of
the truck. Results then were
equivalent to those later found
with well adjusted 2-fan trucks.
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Measurements ol the effect of
fin adjustment and fan speed were
studied using closely sized particles
(limestone) and a number of fer-
tilizer materials used in making
blended mixes. The results, though
rather elementary (no published
information has been found to
date) show that larger particles
are thrown farther at higher fan

speeds than smaller ones. The
most  even distribution patterns
were obtained where particles

ranged in size from 10 to 30 mesh.
The data given in accompanying
tables show the distribution of
single materials with widely differ-
ent properties and sieve sizes. It
appeared desirable to have a range
in particle sizes, rather than for
most of the material to be in a
very narrow range of sieve sizes. It
was of particular interest that ma-
terial 9, a fine 549, superphos-
phate, gave a uniform mix with
various nitrogen and potash ma-
terials in the cone segregation
tests, but did not give an even
pattern from the spreader fans.

Work With Trucks in Field

With the assistance of two
blending plants having different
types of equipment, mixes were
prepared and hauled in regular
spreader trucks 30 miles over
black-top roads, where spreading
tests were conducted and applica-
tion made to replicated field plots.
Samples that could be treated
statistically were obtained at the
plant, and after 10, 20, and 80
miles of travel. Samples collected
after varying distances of travel
showed little variation except
where calcium meta phosphate was
mixed with coarse materials. It
was surprising for us to find that
where the only mixing was “auger-
ing” the combined materials into
the truck, or stratification in the
truck beds by breaking bags, the
sample taken from truck beds 9
probes per load) or the analysis
of the mixes that reached the soil,
did not show much greater varia-
tion than where the materials were
thoroughly blended. Apparently
the mixing in preparing the ma-
terials for analysis or the mixing
by the trucks produced a high de-
gree of uniformity. The composi-
tion of materials spread from
three-hopper trucks was as uni-



form as where materials had been
thoroughly batch mixed. The re-
sults showed a wide variation in
evenness of spread from the differ-
ent trucks used — all of which
were fairly new and were being
regularly used in field applica-
tions.

Crop Yield Measuremenis

Fertilizers from these spreader
trucks were applied to replicated
field plots. Blends of different ma-
terials were applied with the same
truck. The spreading by a num-
ber of trucks was compared where
the same materials were mixed.
Ammoniated complete fertilizers
were included in the trials. These
treatments were compared with
both blended and formulated ma-
terials that were applied with pull-
type spreaders.

Little difference in yield could
be noted where Sudan grass or
grain sorghum was the test crop.
Wheat showed uneveness due to
variations in fertilizer distribution.
The wheat was harvested with a
6-foot combine — three swaths for
each 20-foot plot. Where plots
that had received applications of
the same materials from different
types of trucks, only 3 swaths of
38 comparisons (11 plots) showed
significant variation in yield with-
in plots. When the method of mix-
ing was the only variable (spread
by one truck) only 7 of 39 com-
parisons showed significant differ-
ences. Where kinds of raw ma-
terials were compared, and this in-
cluded stratification in truck beds,
(no mechanical mixing) the yield
differences were significant in only
4 of 54 cases. Included in these
comparisons were treatments
where the fertilizer materials were
stratified in a pull-type spreader.
Two of these four significant yield
differences were obtained with the
pull-type equipment. Where aver-
age vyields of entire plots of the
four replications were compared
there were some significant yield
variations. However, there were
no consistent variations due to
kinds of materials or spreading
equipment. In one experiment the
low yield was obtained from form-
ulated material spread by truck,
and a high yield was produced
where the raw materials had been
stratified in a pull-type spreader.

Adjustment of Trucks Important

Experience gained with a
limited number of trucks indicated
a wide difference in spread pat-
terns. Measurements showed that
observing particles on the soil did
not indicate an even spread.
Where trucks were equipped with
hoods it was possible to obtain
good data on the spreading pat-
tern.  However, many methods
were tried before satisfactory mea-
surement could be obtained on
spreader trucks without hoods.
Canvasses, trays or pans for col-
lecting samples were not accurate.
The particles cither skipped or
bounced and the amount collected
did not represent that coming to
rest on a specific area of soil. A
method has been developed (es-
sentially a frame with a venetian
blind enclosed) and reliable data
on distribution patterns are now
being obtained from trucks with-
out hoods, and where fans are re-
volving at proper speeds.

Since these methods of collect-
ing samples have been in use, tests
have been made on 17 separate
trucks at a number of bulk fer-
tilizer installations . Samples were
collected at 7.5-foot intervals from
the center of the truck and the
total weight, N, P,O, and K,O
analysis obtained. Had it been
possible to obtain samples at 1-
foot intervals the curves would
probably be smoother.

It is evident that an “average”
truck does not exist. The proper
adjustment of the truck is obvi-
ously one of the biggest problems
in the distribution of bulk ma-
terials. Of interest, too, is the dif-
ference in performance of the
same make and model of spreader.
This suggests that all variables
(speed of truck, speed of fan,
placement on fan and fin adjust-
ment) must be considered in ad-
justing and correcting difficulties.

The following data obtained
on four trucks are typical of the
spread patterns that have been
measured and show the numerous
variations possible with varied
equipment, materials and adjust-
ments.

Truck I

This was a 2-fan truck with
no hood. A 14-14-14 was prepared
by using:
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+10 420 —20

Ammonium

nitrate 439, 579 0%
T.S.P. 43 56 1
KCl 79 21 0

The fan speed was obviously
too slow since little material was
found beyond 15 feet from the
center. The sample collected from
the center of the truck measured
741 pounds per acre, with only 91
pounds at 15 feet on the right
side and 237 pounds on the left,
at this distance. The operator had
been driving at 30-foot intervals.
This gave a distribution that
varied from 182 to 741 pounds of
material per acre when measured
7.5 feet from center. It is prob-
able that a higher fan speed would
have given more even distribution.
A 30-foot driving interval is too
wide for this truck. Adjustments
need to be made to provide a more
equal distribution of material to
the two sides.

Truck B
This 2-fan truck was new and
equipped with the most advanced
attachments. It was equipped with
a hood. A 19-19-14 was mixed by
using:

410 420 -20

Ammonium

nitrate 1% 99% 0%
18-46-0 29 70 1
KCl 42 39 19

This truck spread more to the
right than to the left. With the
materials used a greater amount
was spread at 7.5 feet from the
center than immediately behind
the truck. This suggests that the
fan speed was too great for the
materials being used. Driving at
30-foot intervals, the rate of spread
varied from 372 to 560 pounds per
acre. A closer driving pattern
would increase the evenness of dis-
tribution.

Truck O
This truck was equipped with
a single fan and no hood. A 20-10-
10 was used in the spreading tests,
and made from:

+10 420 -20

Ammonium

nitrate 619% 389 1%
18-46-0 40 59 1
KCl 11 87 2



The pattern of spread was typi-
cal of that observed with a number
of 1-fan trucks. More was spread
to the right than to the left. Only
79 pounds per acre of material
analyzing 19-12-10 was found 15
feet to the left of center, while
234 pounds per acre of a 19-13-10
was collected in the area 15 feet
to the right. If the trucks return-
ed across the field at a 30-foot in-
terval this would produce a varia-
tion in distribution from 176 to
468 pounds per acre. If this truck
drove around the field the distri-
bution would be improved. Some
adjustment of fall on the fan
could probably improve the pat-
tern.

Truck L
This single fan truck with a
hood, gave one of the best patterns
of distribution of any that were
tested. In this run a 12-12-12 was
made from:

+8 +20 —20
Ammonium
nitrate 58 40 2
18-46-0 49 51 0
KCl 15 71 14

Very little material was thrown
beyond 15 geet, so that a 30-foot
driving interval was too wide.
Some adjustments in the fall of
material on the fan could also im-
prove the distribution pattern.
Some improvement could have ef-
fected by driving with the “lap”
to the previous center line, but
not as much as with other trucks
tested.

Trucks Must Receive Attention

Trucks for spreading blended
or bulk fertilizers must receive at-
tention to obtain the most even
spread. Trucks designed for spread-
ing lime are generally not satisfac-
tory. Badly worn equipment
should not be used. Truck opera-
tors must understand their equip-
ment, make proper adjustments
and practice careful driving. Ma-
terials used in blending must be
of proper sieve size to minimize
segregation from the fans. Interest
of truck operators has been excel-
lent. Some drivers understand the
operation of their trucks much bet-
ter than others. There is much in-
terest in giving customer satisfac-
tion.

When phosphate potash and
lime were the principal materials

spread the customer could not ob-
serve striking crop differences due
to uneven distribution. However,
with an increase in the proportion
of nitrogen in mixtures and small-
er rates ol application, the uneven
distribution of nitrogen is often
evident on small grains and grass-
es. With the increased use of bulk
spread material, improvements in
distributions are essential.

Farmers recognize this differ-
ence in trucks and the skill of
drivers. Reports have been re-
ceived that some farmers will in-
sist that a particular driver do
their spreading.

Conclusions
1. Materials
The materials used in bulk
blending should have similar
size, shape and density. By
giving attention to the use of
proper materials, blends can be
prepared that will meet the
requirements of fertilizer laws.
2. Loading Trucks
Segregation of blended ma-
terials in trucks can be minim-
ized by not permitting mater-
ials to “cone” and by keeping
the “roll” to a minimum.
3. Sieve Sizes
The best distribution has
been obtained when materials
are in the sieve size range of
—8 to +20. The data obtained
suggest a range in particle size
is more desirable than when
most of the materials have a
narrow range in diameter.
4. Hauling Distance
Little segregation occurred
when materials of acceptable
sizes were blended and trucked
for 30 miles.
5. Number of Fans
When the materials are drop-
ped in the proper position on
the fans as even a distribution
has been obtained with one as
with two fans. In many cases
there is a greater tendency for

I-fan trucks to throw more
material to one side.
6. Ian Speed

In work with a number of
trucks the best spreading pat-
terns have been obtained with
fan speeds of 550 to 650 R.P.M.

7. Driving Pattern

The distribution patterns of
many of the trucks checked
could be improved by reducing
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the “lap” so the distance of
throw would reach the center
line of the last pass of the
truck.
8. Crop Yields
Crops showed visible differ-
ences in growth due to uneven-
ness in spread of blended ma-
terials. However, average yields
have been as high as where
formulated materials have been
spread by the same trucks or by
broadcast pull-type spreaders.
It would appear that the fer-
tilizer mixing industry has com-
pleted a cycle. Originally dry ma-
terials were mixed by hand or with
simple equipment and sold to
farmers. Ammoniation and the use
of nitrogen solutions resulted in
more elaborate mixing—and granu-
lating equipment. With the ser-
vices now demanded by Midwest
farmers, and the savings in costs
that can be effected in bulk han-
dling, it appears that dry mixing
by blenders will grow. There are
problems to be overcome, but the
proper selection of materials and
the use of adequate spreading
equipment will make blended ma-
terials a significant portion of our
fertilizer tonnage.
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SPREADING PATTERN

14-14-14

Truck I Am.Nitrate
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N 13 12 11 10
500 ]P0 18 17 16 15
b 5
K0 21
[
g
< 400
|23
Le]
g
=
(o]
ay
200 |
22.5 15 7.5 c ", 15 22.5
FEET FROM CENTE
DISTRIBUTION PATTERN
Truck I .
80
L
96 20 10 15 bs
126 57 57 6L PNO
1 2
6o \119 57 57 60 9 B0
2
[
&
<
>
2 400)
o
3
[o]
[aWY
200
L 1
L‘————————— 30 i 30 ————————>4
C [of c
SPREADING PATTERN
19-19~14
Am.Nitrate
Truck B 18-46-0
Twin Fan - Hood KC1
N 19 19 19 18 19
600, P05 21 17 18 18 22
K50 11 13 12 15 12
400 |

Pounds/Acre
N
o
o

500 |

Pounds, Acre

2585 Is 7.5 t
FEET FROM CENTER
DISTRIBU'TION PATTERN

Truck B

b7 101 117 82 67 101 84 101 67 PpO=
ps 8L 62 63 45 8l 146 8l 45 K50
E% 30 > C C



SPREADING PATTERN Distribution of fertilizer materials by

i;l&ikmta simulated spreader truck, Single
Truck L 18-16-0 fan-670 R. P. M.

Single Fan-Hood KC1 % of particles in
3-ft. sections from

Lbs. 15 11 13 12 13 center of truck
100 P205 20 13 17 %55 16 No. Material 0-3 3-6 6-9 9-12
1420 12 LB 5 17 459, Super. 28 29 28 15

® Cal-Meta-

;5200 | 7 Phos. 25 42 29 4

P 9 549, Super 31 46 21 2

E 6 KCI 19 81 34 15

o o 19 KCl 24 39 8% 3

22.5 15 7.5 ¢ 7.5 15 22,5 8 21-53%-0 22 42 31 5
FEET FROM CENTER 23  18-46-0 24 30 385 11
DISTRIBUTION PATTERN
Truck L Lbs. Distribution of nitrogen materials by
|38 29 49 36 38 3 54 32 38 N simulated spreader truck. Single
50 39 62 43 50 4o 66 40 50 B0y fan-670 R. P. M.
38 36 48 ik 38 39 62 39 38 K20
% of particles in
400 3-ft. sections from
center of truck

g No. Materia!l 0-3 3-6 6-99-12

] g

N 10 Am. Nitrate 25 36 26 13

G200 4 12 7 32 34 28 5

g 11  Urea 30 32 32 7
22 ” 26 32 33 9

b 30 5C P 13 Am. Sulfate 26 60 14 Tr.
N 15 7 ” 24 32 32 12
SPREADING PATTERN
-10-10
Truck O lzxr?x.l%lit%-ate Eﬁ.ecf of' Fan Speed on Spread of
18-46-0 Sized Limestone Particles. % of
Single Fan-No Hood KC1 Sample Collected
Sieve Sizes

Lbs. Distance from -8+10 -10-+32

1 8 8 center of truck Fan Speed—R.P.M.
noo] N 8 19 19 1 L 19 o {Feet) 300 490 670 300490670
P205 14 12 10 13 11 13 15 % % % % % 9

g K O 19 10 12 11 11 10 11 0-3 26 94 96 97 96 22

2 200) 3-6 42 30 31 50 24 34

o 69 80 33 32 22 41 36

g 912 2013 11 Tr. 8 7

3 N i

D" .

2b.g 15 7.5 c 75 15 23.5
FEET FROM CENTER Effect of Truck Spreading on
DISTRIBUTION PATTERN Variation in Yield of Wheat
Truck 0 T Signiﬁcuni
Variable Comparisons Differences
4 Kind of
Truck 33 3
600 J32 53 59 b4z 32 % 28 % 32 N Method of
R3 35 39 31 23 o} 23 PO il

o h9 31 31 27 13 42 46 42 19 k207 Mixing 399 7

f‘é . Kinds

E-: of raw

£ Materials* 54 4

[e]

P *Also included spreading of stratified mate-
rials with pull type broadcast spreader—2
significant differences in broadcast spreader
plots.

There were no significant differences in
y yield when all areas from 4 replications
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Q4
Q

30

1\

of truck-spread materials were averaged.
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Fertilizer Analyses from Cone Segregator (1-1-1 Ratio)

Materials Used Center of Cone Side of Cone
N P:0s K:0 N P:Os5 K:0 N P.Os K:O
1 25 6 14.8 14.2 15.8 14.8 19.5 9.9
1 25 20 14.7 15.1 14.6 114 14.7 20.8
2 9 3 11.9 18.7 11.3 11.0 14.4 12.1
10 25 6 15.2 15.7 12.7 20.0 14.7 6.9
20 7 18 15.9 174 16.0 19.0 8.9 18.9
21 25 19 14.3 14.3 17.0 17.8 17.9 6.4
21 25 20 15.0 15.0 154 14.2 13.9 18.9
MODERATOR  SpiLLMAN: Our  concerned, 1 have absolutely no
next speaker is Mr. Philip E.  pride, so I'm here and T'll talk

Stone.

Experiences With
Diammonium
Phosphates

MR. PaiLip E. STONE (Virginia-
Carolina Chemical Corporation) :
My remarks will last only about
10 minutes. 1 think since that is
the case, in spite of the fact that
these seats are real comfortable,
would it be all right if everybody
stood up for 30 seconds?

MODERATOR SPILLMAN: Yes, in-
deed.

MRr. STONE:
gentlemen.

Just before standing up, I had
a drink of this good ice water up
here on the table and I am re-
minded that somebody’s mother
once said that, “I know my son
doesn’t drink whiskey, because he
likes ice water so well.” I know
it tastes mighty good to a lot of
people in the audience today.
(Laughter.)

This fellow, Travis Hignett,
is a fast-talking gentleman. I am
glad he’s from Alabama instead of
North Carolina, because if he were
in North Carolina they’d make
him a tobacco auctioneer. I'm just
kidding, Travis. When I say he’s
a fast talker, I mean he’s smooth
and persuasive. He called me at
least a couple of months ago and
asked me if I would participate on
the program. He told me that he
had called all of the qualified peo-
ple that he knew.

(Laughter.)

—and he asked me if I'd be
kind enough to say a few words
and I agreed. Where friendship is

Let’s be seated,

to you about 10 minutes, mostly
about diammonium phosphate and
some ol the experiences that we
have had in V.C.

I would like for you not to
construe my presence here as being
an expert in this field because I
certainly am not; we have much to
learn.

In recent months the grades
and the tonnage of solid high
analysis materials have increased
considerably. Some ol these high
analysis materials are already pro-
duced on tull commercial scale and
other similar materials are still in
pilot plant and semi-commercial
production.

A few examples of these high
analysis materials are 13-0-46 or
something similar. This is a ni-
trate of potash. Others are 30-10-0,
0-54-0, 15-59-0, 12-52-0, 18-46-0,
16-48-0, 21-53-0, and 1 could con-
tinue. There are others that I
haven't listed. Diammonium phos-
phate is included here, but, ot
course, it is still relatively a new
material and its use is certainly
growing rapidly in the field of
granulation and in blends.

These high analysis materials
permit more tlexibility in formu-
lation ol both granulation and
blend grades than has been the
case in the past. It is now possible
to formulate the same grade in
many different ways. The formula
adopted for a given grade at a
given plant is largely governed by
the cost of the materials which
make up the formula, by the pro-
duction equipment available and
by the quality of fertilizer which
results.

Although these high analysis
materials have given the produc-
tion man a greater choice in the
selection of formulas, they have
at the same time made the job of

97

formulation more complex than
ever before. This is particularly
true at those plants which use
ammoniation methods to produce
complete goods in either granular
or semi-granular form. At these
plants it is now more necessary
than ever before to evaluate and
to re-evaluate the formulas in use
to insure the production of low
cost, high quality fertilizers.

I would like to make a few
comments on just one of these high
analysis materials, diammonium
phosphate. This material is in
greater use today than the other
materials mentioned and the in-
dustry therefore knows more about
its behavior in factory equipment.
It should be pointed out, however,
that much still remains to be
learned about the behavior of
D.A.P. when it is mixed with
many other new materials in many
different formula possibilities.

D.A.P. has made it possible to
produce high analysis grades that
could not be manufactured with
the old standard materials used
by ammoniators, such as nitrogen
solution, sulphate of ammonia, 20
per cent super, triple super and
sulfuric acid.

At some locations we have
found that pulverized D.A.P. can
be used to advantage in formulas
where it is not added specifically
to make high analysis grades. In
such cases it is added to lower the
formula cost and to improve the
physical properties of the products.
Of course, blenders find D.A.P.
very useful as a source of soluble
nitrogen and phosphate in all kinds
of grades.

Generally speaking, D.AP. is
a very useful material to ammonia-
tors and to blenders as well. Like
all materials D.A.P. must be prop-
erly used in formulation. When it
is not properly used, it can some-
times present as many problems as
it solves. I will comment on one
or two problems which sometimes
face ammoniators. Sometimes, in
relatively low analysis grades, small
amounts of D.A.P., say, 25, 50
pounds, are added to make grade.
Because of the coarse D.A.P. par-
ticles and the high analysis of the
material, poor mixing and also
segregation cause erratic chemical
analysis. In ammoniation formu-
las, we try to use at least 100



pounds of D.A.P. in an attempt
to reduce this problem. This 100
pounds is a purely arbitrary figure.
In some low nitrogen grades, pro-
duced by ammoniation methods,
too much D.AP. may be used,
which in turn reduces the nitrogen
solution requirement to a point
where there is insufficient ammonia
to develop the heat and liquid
phase needed for granulation.
When this happens the product
quality usually is unacceptable be-
cause of the high fines content
and the dustiness of the product.
In plants equipped with steam
their lack of chemical heat is usual-
ly no problem because the heat
released by condensing steam in
the ammoniator is a good cheap
substitute for chemical heat.

In grades having relatively
high nitrogen contents, say, 12 per
cent or above, the use of D.A.P.
in ammoniation formulas does not
necessarily reduce the amount of
nitrogen solution. and therefore the
problem of insufficient heat for
granulation does not arise. In these
cases, the nitrogen from the D.A.P.
usually replaces the nitrogen from
sulfate of ammonia, rather than
from solution.

D.A.P. may be used in some
formulations to reduce the sulfate
of ammonia requirement and to
reduce the triple-super require-
ment. The reduction in triple-
super often makes it possible to
use more 20 per cent super. These
changes can result in lower form-
ula costs. Examples of grades
where these changes might permit
savings are 10-20-10 and 12-12-12.
We would like to emphasize, how-
ever, that each plant must be con-
sidered as a separate problem. Ma-
terial costs vary all over the coun-
try and significant savings at one
plant may be nil at another.

There is a lot of discussion
these days about the physical and
chemical specifications of various
raw materials used in granulation.
We would like to tell you about an
incident that happened within our
own company which has to do with
the physical quality of diammon-
ium phosphate. I am not sure what
this story proves, if anything. May-
be it just points out the difficulty
of producing a material that has
particle size properties suitable for
all potential users.

When the V.C. diammonium
phosphate unit started production,
a few months ago, there were the
usual start-up problems that all
plants experience in getting under
way. I recall the mill for crushing
the oversized particles was much
too active and a supply of fines was
accumulated. The amount of fines
was larger than needed at the
D.A.P. unit for recycle purposes
and we decided to ship some of
this material to one of our granu-
lating plants. The purpose of the
shipment was twofold: it permit-
ted us to get rid of a product that
was not needed at the D.A.P. unit
and it permitted us to test the use
of this material in granulation of
complete fertilizers.

This D.A.P. product, contain-
ing excessive fines, was shipped to
a plant equipped with steam. The
superintendent of the plant used
the fine D.A.P. product with good
success. Formulas containing this
material handled well on the gran-
ulation equipment and the product
quality was very good.

Now that the D.A.P. plant
operation has settled down, to
steady operating conditions, we
don’t have any more fine D.A.P.
for shipment; nevertheless, we have
one superintendent who continues
to ask for some of that pulverized
D.A.P. that granulated so well.

(Laughter.)

1 don’t think we’ll ever get
around to the point where we
grind up D.A.P. for this superin-
tendent’s particular use but this is
just one example of how you can
get into problems involving par-
ticle size.

We would not like for you to
take this story to mean that we
are not in favor of improvement
of the specification of raw mate-
rials used in granulation. We are
not only in favor of improvement,
however, we think that it is a must.
As Shakespeare, or somebody has
said, “You can’t take a silk purse
and make a sow’s ear out of it.”

(Laughter.)

This concludes my remarks. 1
appreciate your attention and if
there are any questions that I can
answer, in my very limited experi-
ence in the use of D.A.P. and
formulation, I would be very glad
to do so.

(Applause.)

98,

MobpEraTOR SPILLMAN: Thank
you, Travis Hignett, Dr. George
Smith and Phil Stone for thorough-
ly discussing this important sub-
ject. These men have spent a lot
of time in developing this informa-
tion for you and 1 am sure you
folks out there have some ques-
tions.

Those of you who have ques-
tions, please give us your name
and whom you represent.

Membership standing ovation
appreciation to Executive Com-
mittee. By E. M. Jones, Nitrogen
Division, Allied Chemical & Dye,
Indianapolis, Ind. Al, I have been
asked by our Committee to inter-
rupt the program right here. I
know we’ll have some good ques-
tions in a few minutes.

Al, you, Vince Sauchelli,
Housden Marshall, Joe Reynolds,
the Round Table Executive Com-
mittee, have spent a lot of hours
this past year, as you have so many
years before, and I might add a
lot of those hours were from your
own free hours, in developing a
program that would be of general
interest to a lot of people, and I
think you can see where you have
been successful. In addition, you
have called on the most able men
in the industry to handle the topics
that were a part of this program.
Again, you have been successful.
Witness the attendance here in the
last moments of the 1961 Round
Table. For this, on behalf of all
of the Round Table members pres-
ent, I wish to express our deep
appreciation and heartfelt thanks
for a job well done. (Applause;
attendance standing.)

MODERATOR SPILLMAN: Your
Executive Committee appreciates
those very kind words. It has been
our pleasure to work diligently to
give you a program of most in-
terest in technical information
from the standpoint of fertilizer
manufacture. We have spent a lot
of time; however, when we see this
wonderful gathering of people here,
we are gratified and we thank you
for coming. There were a number
of people who helped with this
program, especially the speakers.
We thank everybody for cooperat-
ing with us and are proud for
your kind words of appreciation.

Questions and answers. Use
of New Materials.



ALBERT SPILLMAN: Mr. Smith,
with regard to the process you
were describing in your talk, what
would you consider to be the mini-
mum amount of granulated ferti-
lizer these machines would ade-
quately spread per acre?

MRr. SmrtH: They're spreading
a lot less than we think they should.

(Laughter.)

That's the best answer, I'm
afraid, I can give. It is our recom-
mendation in the college that any
time that you use, let’s say, less
than 200 or 250 pounds of ma-
terial per acre, we think that it
can be most efficiently used in
banding. But one of our major
suppliers or blenders in the state
told me that their average is prob-
ably running less than 200 pounds
per acre.

I think that it’s possible to
adjust the truck so that it will do
a fairly even job with those quanti-
ties, but I would certainly advise,
if that is all the farmer is going
to use, that he band it. Then if
they are not going to band it, we
are going to have to do the best
job we can with the truck. For
complete material I would like to
see them held to not less than 300
pounds per acre.

Member: Mgr. JoNEs: Your
studies showed distribution lateral-
ly. Have you studied the distribu-
tion to determine how much seg-
regation took place from the be-
ginning to the end within the
truck?

MRr. SmitH: Yes, in this field
work in the colored pictures I
showed you, we mixed about seven
or eight four-ton loads of about
the size 1 showed in the picture.
These four ton loads were hauled
30 miles. We ran a spreading test
with the truck full, we applied to
a plot in the field. We ran out
half of the fertilizer, we put on
another spreading test and another
plot with about a half a load and
then another one with only maybe
three or four hundred pounds of
material left in the truck. Frankly,
the differences were so small that
you can’t pick them out. It hasn’t
made very much difference, with
the possible exception and, again
I'm not picking on TVA, but we
did have a little trouble when we
started mixing cal-meta with coarse
potash, but if you stay within a

reasonable size, say, with the three
materials being of similar size and
shape, you couldn’t tell very much
difference in it.

We obtained comments from
truckers who said, “Well, if you
had a chain bottom, you would
get a Jot closer, it's not necessary
to mix it nearly as well, a chain
botiom will take care of mixing.”
We couldn’t tell any difference be-
tween chain bottom and bell over
tanks. I am sure there were varia-
tions but they were within a limit
of experimental error.

MODERATOR  SPILLMAN: We
have had a number of questions
relating to what effect segregation
has in our relationship with the
various state control officials. Are
there any questions on that par-
ticular subject?

ArTHUR SMITH: I'd like to ask a
question, Dr. Smith. With the state
laws now what they are and read-
ing as they do, and you can’t
blame this control official, or his
inspector, or his chemist, [or mak-
ing the honest effort to enforce
the laws as they read, whatever the
state law is, but what I would like
to ask Dr. Smith, if he cares to
answer it, and I assume there are
no Missouri ofhcials in this room.
(Laughter.) But possibly the fer-
tilizer control officials have not,
in some instances at least, put
more emphasis or importance on
this matter of segregation than
experienced agronomists would or
do, or than is justified from the
agronomical facts or importance of
the extent of segregation that on
the average has taken place.

Dr. SmitH: I am inclined to
agree with you. Actually, 1 think
one of the reasons, if you look at
our data and you take, for example,
the analysis of material that, let’s
say, is well mixed in the truck but
is segregated when the force of the
pan was applied to it and maybe,
we’ll say, it was mixed as 14-14-14
and you wind up out here with
an 18-13-12 or something at a cer-
tain spot. 1f the nitrogen varied
a lot, you could see the striping
in the field.

But when you started averag-
ing up these yields, it didn’t make
very much difference. This might
be true, that if you were using
very small amounts, which a lot of
our people do, this might be
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enough that you could measure it.
But if you use a good, liberal treat-
ment, it is going to take a tremen-
dous experiment to show any sig-
nificant difference.

I don’t believe that the agro-
nomic aspects are nearly as critical
as the tolerances that you have to
meet in manufacturing.

I might add this comment.
This wasn’t asked in the question,
but I presume it’s all right to go
ahead.

We have been accused in Mis-
souri of being more critical and
examining, let’s say, the blenders
more than our neighboring states.
Some of the states are merely tak-
ing the attitude that the farmer
must deal with the fellow that
he has respect for his integrity,
and if the man says that he puts
so many pounds in there, that’s
what is in it, and let him beware
and they don’t sample the truck.
We require that the truck itself
be sampled. I might mention, we
have an Attorney General’s ruling
that they will not let us, with our
present law, take a sample as it
pours out of the spout, it has to
be taken with a probe after it's
in the truck. We are requiring
the same tolerances of blenders
now that we are of formulated bag
material. I think I have this in
the written part of my speech;
however, 1 forgot to mention it
During the first nine months of
last year, I believe, we had 13 per
cent of the samples of formulated
material that failed to meet guaran-
tee; 1 believe there was 19 per cent
of the blended material that failed
to meet the state tolerances; that
is, the blenders don’t have as good
a record, but 1 can add this: that
we have some blenders who are
doing a better job meeting guaran-
tee than some of the formulators.

ArTHUR SMiTH: May I make
another comment and ask another
question? In general, if this blend-
ing is more economic perhaps it
will continue to grow, at least in
some areas. The tolerances in most
states are reasonable or have been
reasonable as to the methods of
manufacturing, although there are
some states in which the officials
have openly stated that if they
enforced the law as it reads to the
letter, they could bankrupt any fer-
tilizer company doing business in



the state. We assume that 99 and
100ths per cent of all the mixed
fertilizers are mixed honestly; that
is, they have no intention of defici-
ency. Some few states have very
little leeway they will allow in
deficiency, or to which they will
apply overages against deficiencies.
Now if there is segregation and
something shows up lower in the
sample by analysis, something else
has got to show up higher than
the guarantee. I am wondering if,
since the purpose of fertilizer laws
is to protect the farmer as well as
the honest manufacturer, and
many states have this method of
reporting the commercial valua-
tion which isn’t the price at all but
it is figured up at so much a unit
as to whether the fertilizer meets
the total approximate value or not,
whether the industry and perhaps
the agronomists or the agronomy
departments of our various states,
in cooperation with the industry,
might not consider the possibility
of prevailing on the state control
officials or the people who would
be interested perhaps in modifying
their laws, if necessary, to arrive
at what would be a fair tolerance,
applying overages against under-
run to bring the control work
within practical agronomic import-
ance of this matter of segregation?

Dr. SmrtH: I think a high per-
centage of the states have that now.
I think ours, if I remember right,
any overage can be applied as long
as one element isn’t off over 10 per
cent. If it’s off over 10 per cent,
why, then there is no overage that
will correct the deficiency. I think
that suggestion is in the model law
and quite a number of states have
it, I think.

ArRTHUR SmiTtH: We wouldn’t
expect it to cover manipulation
mistakes, mistakes in the factory,
where they have gone up too much
in certain areas.

Dr. Smth: In other words, if
you have a penalty on 5 per cent
and you're off 7 in nitrogen and
you're plus 7 in potash, why then
there’s no penalty. But if you're
offt 11 per cent in nitrogen, you
could have any amount of the
phosphate and potash and it
couldn’t help.

A MEMBER: Dr. Smith, in line
with the statement you made a

couple of minutes ago in which
you indicated that where you
would be adding materials in very
small amounts in ratio to the ma-
terials that would be present there
in large amounts, has anybody in
Missouri been attempting to add
more borax or magnesium or other
materials to the bulk blended prod-
ucts, and, if so, what has been the
agronomic result?

Dr. Smith: 1 don’t have any
information on it. About the only
trace element that we are adding
is borax in the case of alfalfa fertil-
izer, and we have not done any
work on it. We have no provision
in the laws for testing boraxes yet.
I know they are doing it but I
can’'t tell you how good a job.
Actually, the borax isn’t too criti-
cal except for alfalfa and then on
some soils.

SAME MEMBER: Yes, it would
vary possibly with a few pounds in
increase which could give you dif-
ficulty.

Dr. SMiTH: In other words,
there could be a wide difference
in concentration as to the truck.
I could use this illustration, this
has pretty well been stopped. At
one time we had people mixing
raw phosphate and coarse potash
and they don’t sample the truck.
I think, that our work has done;
it has pretty well stopped that type
of thing.

MRr. Josepn F. Pisco (Stand-
ard Oil Company): Dr. Smith, in
your work, do you use a constant
diameter of pitch also in the field?
Do you expect any appreciable
differences in the efficiency in the
evenness of the spread by varying
the diameter of the fan or the
pitch of the blades of the fan?

Dr. SmitH: We don’t change
the diameter of the fan, we change
the pitch on the blades; that is,
one that was used had slots of
about three quarters of an inch
long and we ran it in advanced,
retarded and intermediate posi-
tions. It had a little bit of effect
on the throw but not nearly as
much as we were led to believe.

As far as the diameter of the
fan is concerned, we have not
checked that except as it might ap-
ply on some of these different
trucks.

We have worked with quite a
number of makes of trucks and,
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as 1 say, we haven’t found one
truck yet that’s doing what we con-
sider a 95 per cent job.

MRr. Pisco: Do the standard
size fans then fit?

Dr. SmrTH: What we've done
in this work we did with the simu-
lated truck. We bought a standard
fan from a parts company. We con-
structed this and then the other
work has been with the trucks as
we have found them out in the
field. In other words, we started
in innocent. Here was a truck that
had spread, maybe, 40 or 50 tons
of material. It still had good red
paint on it and the fellow says it
works good. We spread a lot of
fertilizer before we found the fan
was running too slow and we have
just taken this about as we have
found it. We haven’'t gone into
these details.

MRr. HioneTT: T'd like to ask
Dr. Smith a question as to how
critical the particle shape is? In
much of the potash particularly,
granular potash, if they are the
same size, how critical is the shape?

Dr. SmitH: 1 don’t have any
good scientific evidence on this.
In some laboratory work we have
done, I think we have gotten some
pretty good evidence that it would
be desirable to have them all the
same shape. In other words, if you
could have them all angular or all
round, and not have them mixed.
In fact, I think 1 approached your
people at one time about making
angular superphosphates to go with
angular potash and angular am-
monium nitrate, but — maybe this
shouldn’t go in the record — in
connection with a demonstration
I had to put on for the legislature
at one time to demonstrate segre-
gation and non-segregation. The
material that I used for the non-
segregation — pardon me for men-
tioning names here, I took, T be-
lieve it was Southwest potash, this
nice red material, and got it down
to one single size with a screen.
I was only dealing with a gallon
or so. 1 took commercial soil and
some ammonium nitrate and got it
to exactly the same and then I
took some U.S. Steel ammonium
sulfate and painted it with blue
lacquer so I had some red, white
and blue material and it made
quite an impression on the legisla-
ture.



MODERATOR SPILLMAN: Was
there a question back there?

A MemMBERsS Mr. Smith, did
you by any chance ever come up
with a truck spreading equipment
of other than the spinner type such
as you have described?

Mr. SmrtH: No, we haven't as
yet.

MODERATOR SPILLMAN: 1 wish
to take this opportunity to wel-
come our good friend Dr. Forrest
W. Quackenbush, Indiana State
Chemist, Purdue University. 1 was
wondering, Doctor if you had any
comments you would care to make
at this time?

Dr. QuackENBUsH: I don’t
think so. I came here to listen,
and I've learned quite a lot.

I am exceedingly interested in
the discussion which Dr. Smith has
presented, because we have, as
many of you people here know, a
good deal of bulk blending getting
under way at a little higher speed
now than formerly was in the State
of Indiana. We have many of the
problems Dr. Smith has been talk-
ing about, and, this has been ex-
ceedingly interesting to me. 1 don’t
know if you have any specific thing
that you would like for me to
comment on. I would be glad to
try to do this, but I have nothing
at this time.

MODERATOR SPILLMAN: We're
glad to have you, Dr. Quacken-
bush, and we appreciate vyour
attendance.

Are there any other questions?

We have time for a few more ques-
tions?

(No response.)

If there are no other ques-
tions, I have one comment to make.

Your committee appreciates
the compliments given us, however,
most of the success of our Round
Table Meetings must be credited
to our speakers for the outstanding
presentations of their respective
papers.

I thank you all again for your
wonderful cooperation and if there
are no further questions I'll turn
the meeting back to Joe Reynolds.

MobpEerAaTOR REYNOLDS: Gentle-
men, we have just about come to
the conclusion of our 1961 Round
Table. We believe that the meet-
ing has been a success, thanks to
your loyal participation and help-
fulness in putting this program to-
gether and putting it on. It is al-
ways our privilege and pleasure to
moderate these sessions and to
participate with you and to get to
know you better.

The Round Table remains as
your Round Table. We can only
grow as your interest remains and
grows with us. This is a most
unique group, it has been referred
to as that in many aspects, but it’s
true; it's a very large, informal
group where the individual is
recognized and is very important.

I know you are interested, as
far as our registration, and we are
pleased to report that the total
figure for the 1961 Round Table
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Program was 434, which is a new
high.

The wheels of planning for
the 1962 Round Table are already
in motion. We, your Executive
Committee, solicit your suggestions
ard ideas. This flow of informa-
tion to us is vital to assure that
the program reflects your thoughts
and ideas. Let us hear from you.

We will probably send out
some questionnaires a little later
on as a reminder to you in some
way to encourage some correspond-
ence coming back to us.

We, your Executive Commit-
tee, wish to express our sincere ap-
preciation for your kind attention
and interest throughout this ses-
sion and the sessions which have
gone before. It is also a personal
pleasure to work with you and
the other members of your Execu-
tive Committee.

1t is not my purpose to keep
you any longer. However, il there
are any last minute questions or
comments, this is your last chance
before this illustrious group is
adjourned.

(No response.)

1 am assuming that everybody
is just about ready to go home.

If there are no further ques-
tions or comments, the 1961 Round
Table is adjourned.

Thank you very much.

(Applause.)

(The Round Table adjourned
at twelve twenty o’clock p.m.)
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