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Figure 4. Effect of inlet air temperature at constant feed rate
Table I. Pilot Plant Runs at Various Inlet Air Temperatures and Constant
Feed Rate
Operating conditions
Inlet air temp., ° F. 486 602 657 805 903
Feed rate, Ib./min. 2.2 2.2 2.2 2.2 2.2
Product temp. at outlet of
dryer, °F. 198 238 245 280 330
Exit air temp., ° F. 177 205 220 256 287
Inlet air rate, 1b. /min. 7.9 6.9 7.2 6.8 6.3
Inlet air velocity through
dryer bed, ft./sec. 0.57 0.52 0.56 0.56 0.54
Inlet air rate through dryer
bed, c.f.m. 205 189 200 200 195
Fuel gas consumption, c.f.m.2 1.51 1.90 2.26 2.61 2.93
Residence time in dryer, min. 16.8 19.8 19.5 21.4 18.4
Dust collected in cyclone, 9
of dry solids processed 3.7 4.0 5.9 0.0 7.1
Product composition at 2 days
Total P;Os, % 19.2 19.8 20.2 21.0 21.6
Citrate-insoluble P-Qs;, 9% 1.5 2.0 2.0 1.9 3.2
Available P,Os;, % 17.7 17.8 18.2 18.1 18.4
Conversion, 7 92 920 90 86 85
Free acid (as P:O;), % 3.1 5.7 6.2 7.1 5.2
Moisture, 9 8.1 2.6 3.7 1.7 0.0

@ Cubic feet per minute at pressure equivalent to 11 inches of water.
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gation (4)—for products dried to the
same moisture content, inlet air tems-
perature has little if any effect on com-
position of the product. This, of course,
is true only if the product temperature
is not too great, and, in the present
series, the product temperature range
was 233° to 304° F. for products dried to
considerably less than 3% moisture.
Data were not taken that would permit
interpolation of product temperatures at
3% moiswure, but these temperatures
must have been appreciably lower than
those at the discharge end of the dryer.

Even though the moisture contents of
the final products made with variable
inlet air temperatures shown in Table 11
were not constant, a maximum product
temperature was noted at about 900° F.
inlet air temperature. This confirms
the findings of the laboratory batch runs,
in which such a maximum was noted ().

Moisture Content. As in the labora-
tory investigations, the most important
single variable affecting conversion was
moisture content of the dried sample.
Figure 7 shows the conversion and avail-
able phosphorus pentoxide contents of
all the 2-day samples from the pilot
plant runs plotted against their moisture
content. Although there is considerable
scattering, due to the influence of other
variables which were not constant, there
is an unmistakable correlation showing
increasing conversion as moisture in-
creases. In spite of this, the available
phosphorus pentoxide contents of the
samples decrease slightly with increasing
moisture content because of the dilution
effect of the moisture. The point of
maximum conversion is not so clearly
defined as in the laboratory studies (4),
and appears to be at a slightly higher
moisture content—namely, 12 to 159.

The conversion and available phos-
phorus pentoxide content of storage-
cured samples made in the laboratory
and the estimated conversion and avail-
able phosphorus pentoxide content of
similar product made by storage curing
in a large plant where conversion would
not ke quite complete are also shown.

As indicated in the previous study (4),
the degree to which superphosphate
should be dried depends on the use for
which it is intended. For direct appli-
cation, it would probably be better to
dry to a low moisture content, so that
available phosphorus pentoxide content
would ke high and handling properties
better. For ammoniation or mixing,
however, it would be ketter to dry to an
intermediate moisture content and take
advantage of the higher conversion;
this assumes that facilities are available
for drying the ammoniated or mixed
fertilizer.

Particle Size of Product

The laboratory investigations had indi-
cated that particle size of product could



be controlled by inlet air temperature ().
In the pilot plant runs, there was not so
marked a difference in product particle
size for the different inlet air tempera-
tures. The average particle size of the
product from all the runs was about
309% +4, 409, —4 +40, and 309, —40
mesh. At the higher inlet air tem-
peratures, the —40-mesh fraction in-
creased somewhas at the expense of the
—4 +4-40-mesh fraction. Probably one
reason why particle size was not in-
fluenced more by inlet air temperature s
in the pilot plant runs was that the feed
to the dryer was not disintegrated so
finely. and was not so uniform in size as
in the laboratory studies. The +4-
mesh material could be milled and
screened to recover an addtional —4
-+40-mesh fraction, so that at least half
of the final product would be in a par-
ticle size range that would permit it to be
considered a granular product.

The bulk densities of the various size
fractions were as follows: -4 mesh.
57 pounds per cubic foot; —4 —+40
mesh. 63 pounds per cubic foot; and
—40 mesh, 68 pounds per cubic foot.
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Superphosphate from the pilot plant
runs, screened to —4 440 mesh and
containing about 59, moisture, was
stored for 1 year in 80- or 100-pound
bags of several types under pressure
equivalent to a stack of 12 bags. Identi-
cal tests were made with superphosphate
mixed with 1% of slaked lime and super-
phosphate Con[aining no lime. Storage. Figure 5. Chcmge in composii‘ion Of superphosphci‘e during
cured superphosphate was used as a passage through dryer
control for one type of bag.

The best type of bag tested was a

polvethvlene-lined four-ply paper bag; Table Il. Pilot Plant Runs at Various Inlet Air Temperatures and Constant

T
|
Moisture

% Moisture and free acid F,0,

Distance through dryer, feet

these bags were in good condition after Product Moisture
the tests for both limed and unlimed Operating conditions
products.  Double asphalt-laminated Inlet air temp., ° F. 400 517 604 801 1009 1141
four-ply paper bags were in fair condi- p Fged rate, lb-/mmi . 0.8 0.8 1.6 2.1 3.1 4.1
tion for both limed and unlimed prod- ~ Tredycttemp.atoutletofdryer, o o L e
ucts. Single asphalt-laminated three-  Exitair temp.. ° F. 203 233 222 267 274 263
ply paper bags failed with unlimed prod- Inlet air rate, lb. /min, 7.9 7.6 7.3 6.7 6.3 5.7
uct, but were in fair condition with the Inlet air velocity through
limed product. Bags made of paper as dryer bed, ft. /sec. 0.60 0.58 0.57 0.54 0.52 0.46
an inner layer and burlap as an outer Inlbetdalrfrate through dryer 216 210 205 194 189 .
e N " €a, C.I.m. /
layer. cemented together with asphalt, g 1" 20 Choimotion, cfm.e 135 1.72 2,06 2.84  3.25  4.00
failed with both limed and unlimed Residence time in dryer, min,  — — 25.5 — 19.6 —
products. . Product composition at 2 days
The storage-cured superphosphate did Total P,O;, 20,0 205 209  21.7 21.2 21.2
not seriously deteriorate the single as- Citrate-insoluble P,O;, %¢ 1.8 2.0 2.2 3.3 2.8 2.8
phalt-laminated three-ply paper bags. é\’allablﬁ P?(Qa: Ge (135132 335 ég7 é84 ég‘* é5734
: ks onversion, % 3
It is concluded that the quick-cured Free acid (as P:O;), G 58 63 63 6.4 6.6 6.4
superphosphate is more deleterious to Moisture, G, 3 5 113 1.5 —0.5 —1.1 1.4
bags than storage-cured §uperphosphatc, Interpolated composition of prod-
and that polyethylene-lined or double uct at 2 days having 3.0%
asphalt-laminated bags should be used moisture content
for its storage. Total P»O;, % ] 20,5 194 207 20.0 20.2 20.4
Citrate-insoluble P-Qj;, 9 2.1 1.6 2.2 2.2 2.2 2.3
Available P.Oj;, 9 18.4 17.8 18.5 7.8 18.0 18.1
Conclusions Conversion, G¢ g 92 92 89 89 89 88
Free acid (as P.O;), 9% 6.2 6.3 6.0 4.8 5.8 6.0
It was demonstrated on a pilot plant Moisture, % 3.0 3.0 3.0 3.0 3.0 3.0
scale that normal superphosphate made @ At pressure equivalent to 11 inches of water.

with 559 sulfuric acid can be quick-
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cured continuously in a Roto-Louvre
dryer to give an available phosphorus
pentoxide content equivalent to that
made by the storage-curing process,
although phosphorus pentoxide con-
version was not so high. There was no
evidence of build-up of material in the

Figure 6. Effect of inlet air
temperature at product mois-
ture of 3%

could be screened and milled so that
about half of it would be in the —4 +40-
mesh size range.

A product that should be especially
suitable for ammoniation and mixing
can be made by drying the super-
phosphate to an intermediate moisture

A particular advantage of the quick-
curing process is its ability to use sulfuric
acid as low as 559 in concentration.
This suggests the possibility of using
spent acids from various processes with-
out reconcentration.

A patent on the process has been
applied for and assigned to the Iowa
State College Research Foundation.
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