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Factors influencing the granulation of a mixed fertilizer containing potassium nitrate have

been studied.

Kilogram batches of a 5-4-12 (5-10-15) mixed fertilizer containing

potassium nitrate were granulated at different feed moisture levels and at inlet gas tem-

peratures ranging from 405° to 575° F,

Optimum conditions of moisture in the feed and

inlet gas temperature were determined for maximum yield of the granular product and
uniform distribution of the three major nutrient elements (N, P, K) in the various product

size fractions.

fertilizer containing potassium chloride.

Similar experiments were performed with a 2-4-12 (2-10-15) mixed
This grade represents a simple substitution of

KCI for KNO; so physical changes due to KNO; could be more closely compared. A
comparative study has been made of the results obtained with the two mixtures. The
experiments were based on a statistical central composite rotable design, and the results
were statistically analyzed. An attempt has been made to relate mathematically the yield
and total absolute deviation in nutrient analysis between product and feed with moisture
in a feed and temperature of granulation.

POTASSIUM nitrate has a high
agronomic value as a source of both
nitrogen and potash, but high cost has
been the chief reason for its limited use as
fertilizer. The new production facilities
of Southwest Potash Corp. for fertilizer-
grade potassium nitrate, 139, N, 36.59
K (449, K,0), may make this material
economically attractive. This has stimu-
lated considerable interest in the prop-
erties of potassium nitrate with respect
to its behavior in mixed fertilizers during
processing and its effect on the physical
quality of the resulting preducts.

Previous Work

During the past few vears, much work
has been done on the granulation char-

acteristics of mixed fertilizers. Pilot
plant studies conducted at TVA (3)
showed that in production of very low
nitrogen grades [e.g., 3-5-9 (3-12-12)
or 4-6-13 (4-16-16)] the amount of
moisture required for granulation of the
charge material was high (14 to 169,),
and the products were rather wet.
Smith (4), in the study of temperature
and moisture relationships in granulation,
noted that the utilization of ammonia
as anhydrous or nitrogen solutions re-
duced not only the cost of nitrogen but
also the free water content. A high salt
solution phase contributed to rapid
crystallization and therefore aided for-
mulation of granules during agglomera-
tion. These grades contained potassium
nitrate as the source of potassium.
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Recently, Hardesty and his coworkers,
working with grades containing po-
tassium nitrate, noted that slightly less
moisture was required for agglomeration
with potassium nitrate mixtures (2),
but they produced a ‘‘popped-corn”
shape of granules which effloresced on
drying. Comparison of the yield and
homogeneity of the product with mix-
tures that contained potassium nitrate
and potassium chloride was not reported.

Experimental Work

Experiments were performed to study
the effect of moisture in the feed and
inlet gas temperature on the vield and
the distribution of plant nutrients in the
various product size fractions. Two
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and V. Tables IT and III show the
effect of moisture and temperature on
the yield of granules, and Tables IV and
V present the effect of moisture and
temperature on the total absolute devia-
tion in the product. The statistical
analysis of these results gave the following
quadratic relationships:

% Yield
60

Model I:
. %1 — 490
Y = 45,40 + 3.36 I:——()O :] +

X2 — 6.5 X — 49072
1.8 I: iz ] 5.17 [—60——] -

X9 — 65 2
13.37 |:—~—05— —

x — 490 x9 — 6.5
1o [0 [ ]

Optimum yield 46.3%
at 507 °F and 6.55% moisture
with 5-4-12{5-10-15}

Figure 10. Response surface showing contours of constant yield for the 5-4~12
{5-10-15) grade containing potassium nitrate
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Optimum yield 43.8%
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Response surface showing contours of constant yield for the 2—4~12

with the 5-4-12 (5-10-135) grade.
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Table Il. Effect of Moisture and
Temperature on the Yield of Product
for the 5-4-12 (5~-10-15) Grade
Containing Potassium Nitrate
Drying time was 20 minutes.
Moisture in the product varied from

0.389, to 0.929,. Average product tem-
perature varied from 203° to 256° F.

Temp. of  Moisture Yield
Run Gas, in Feed, —6+20,
No. °F. % %
K-10 492 5.75 13.8
K-11 552 6.99 27.8
K-12 432 6.98 27.1
K-13 492 7.23 23.1
K-16 550 5.98 31.0
K-18 429 6.01 22.6
K-21 574 6.50 36.2
K-27 406 6.51 33.4
K-29¢ 490 6.50 45 .4

2 K-29 readings were estimated by
averaging the 5 replications conducted at
the central point (Figure 4).

Table Ill. Effect of Moisture and
Temperature on the Yield of Product
for the 2-4-12 (2-10-15) Grade
Containing Potassium Chloride
Drying time was 45 minutes.
Moisture in the product varied from
0.29%, to 0.92%.
Average product temperature varied
from 194° to 249° F.

Temp. of Maisture Yield
Run Gas, in Feed, —6+20,
No. °F % %
K-32 575 16.05 41.4
K-33 406 15.87 30.9
K-34 495 18.15 33.9
K-35 491 13.94 24 .1
K-36 552 17.49 32.1
K-38 553 14.62 27.2
K-42 430 14.53 25.8
K-46 432 17.54 31.5
K-47¢ 494 16.08 43 .4

@ K-47 readings were estimated by
averaging the 5 replications conducted
at the central point (Figure 5).

{2-10-15) grade containing potash chloride
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potassium nitrate were more spherical
and uniformly shaped than those ob-
tained with the 2-4-12 (2-10-15)
mixed fertilizer containing potassium
chloride (Figure 12). The 5-4~12 (5-
10~15) mixed fertilizer also gave more
cohesive, less porous, and tougher
granules.

The granule product in both mixtures
was relatively more homogeneous than

FERTILIZER TECHNOLOGY

reported in the literature since the raw
materials used in this study were of finer
mesh size.
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An investigation was undertaken to determine the feasibility of a one-step quick-curing

continuous process for the manufacture of triple superphosphate.
carried out in a 1-quart, laboratory ball mill made of stainless steel.

Bench-scale work was
The results from

this preliminary work indicated that quick-curing triple superphosphate of high conversion

could be produced.
operation.
hour.

THE ADVANTAGES of a quick-curing
continuous superphosphate process
include the following: the product can
be shipped directly, thus reducing the
required storage facilities and process
inventory; operating conditions in the
mixing step can be chosen with more
flexibility; control of the process can be
essentially automatic; uncertainty as
to production rates can be eliminated to
some extent because a finished product
can be produced in a matter of hours,
instead of weeks as required by the
storage curing process; and there is a
possibility of lower operating labor and
maintenance requirements and elimina-
tion of a final crushing and screening
step since finely ground products can be
obtained directly.

Previous Work

Many processes (3, 5, 9, 72) have been
tried for quick-curing of triple super-
phosphate. None of these processes
has been able to eliminate curing time
entirely without loss of phosphorus
availability. In some processes, both
drying and storage curing are employed
to shorten the period of curing. A
quick-curing process is therefore desirable
in which a minimum amount of phos-
phoric acid is needed to convert a maxi-
mum amount of rock into available form
without curing. The present paper
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discusses an investigation of such a
process.

The development of a quick-curing,
one-step process for normal super-
phosphate was carried out by Rounsley
and Boylan (74) and Martinez (8), by
grinding and drying in a single piece
of equipment. This process was ex-
tended to the manufacture of triple
superphosphate. Essentially the same
laboratory and pilot plant equipment
were used.

Process Variables

The important process variables which
effect the reaction stage and curing stage
of the process are acid concentration,
temperature, acidulation ratio (acidula-
tion ratio as used here is the weight
ratio of acid PyO; to rock P»,Os;), and
time. The effects of these variables
using grinding in a laboratory ball mill
and a pilot plant rod mill were
investigated.

The effect of acid concentration is the
most important process variable. An
acid concentration of about 709, H;PO,
has been found most suitable, consider-
ing the physical properties of the mixture
during the process and the degree of
completion of reaction. Higher acid
concentrations result in poor conversion,
probably due to excessive side reactions.
Very low acid concentrations result in

AGRICULTURAL AND FOOD CHEMISTRY

The process was investigated on pilot-plant scale with successful
Completely cured powdered triple superphosphate was obtained within 1

slow reaction and incomplete curing with
a resulting product of high moisture and
free acid content.

Temperature is also an important
process variable. Its effect interferes
with acid concentration because the
reaction is exothermic. Acid concentra-
tions above 759, H,;PO, increase the
rate of reaction, and an excessive amount
of heat is liberated within a short time in
the first stage of the reaction. Temper-
atures above 284° F. may decompose
the monocalcium phosphate into un-
available pyrophosphate (77). Rapid
rise in temperature of the freshly acidu-
lated mass tends to drive off water, in-
creasing the concentration of the acid.
The increased concentration means fur-
ther increase in reaction rate, and hence
higher temperature of the mixture.
Thus a balance is required between the
temperature and the acid concentration
such that optimum conditions are ob-
tained in the first stage of the reaction.
Various workers (2—4, 6, 75) have sug-
gested limiting temperatures in the range
of 150° to 302° F.

Acidulation ratio is less important as
a process variable than as an economic
factor. An acidulation ratio of 2.0 is
the theoretical minimum based on stoi-
chiometry. Generally, it is necessary
to use an acidulation ratio greater than
theoretical due to the loss of acid con-
sumed by impurities and side reactions.



