Any change in crystallizing phase in
the temperature range from 0° C. to the
estimated crystallization temperature.
This is a serious source of error in the
range below 0° C. for a solution from
which diammonium phosphate crystal-
lizes above 0° C. The equation should
not be used in this case. Other phase
changes are shown in Table I. Estima-
tion of solubility in regions near a phase
change is generally not as accurate as in
regions remote from the boundary of
two phases.

Although the equation gives only an
approximation, it should be useful in
practice as a rough guide for predicting
salting out temperature.
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By-product gypsum from the manufacture of wet process phosphoric acid was fused with

phosphate rock.

Products having phosphorus pentoxide contents greater than 90% were

obtained from mixtures of three parts of dehydrated gypsum and one part of phos-

phate rock produced in a gas-fired laboratory fusion furnace.

A 1-ton-per-day pilot

plant fusion furnace produced products having from 10.1 to 13.6% total phosphorus

pentoxide.

Phosphorus pentoxide availability ranged from 88 to 93% based on sol-

ubility in 29 citric acid and 80 to 90% based on solubility in neutral ammonium citrate.
This process provides a possible method for the utilization of wet process by-product
gypsum in a granular, nonhygroscopic, nonacidic phosphate fertilizer.

PHOSPHATE rRoCcK can be fused with
certain additon agents to produce
available phosphorus pentoxide. The
fused mass is generally quenched in a
high velocity stream of water and the
resulting products are usually granular,
nonacidic, nonhygroscopic, and easily
ground. No attention is given to the
removal of fluorine and the phosphorus
pentoxide is soluble in neutral ammo-
nium citrate or 29 citric acid.

This type process has been studied
using olivine as the addition agent in
an electric furnace (5, 6, 9). Moulton
(7) described a commercial plant using
the olivine process and Davy (4) dem-
onstrated its feasibility in a gas fired
furnace. Bridger and Boylan (2) de-
veloped a process using langbeinite as
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the addition agent and a gas-fired fur-
The authors (7) studied a process
using mineral gypsum as an addition
agent and produced an 0-10-0 fertilizer
material in the laboratory. Stinson
and Munna (8) produced a phosphate
slag as a by-product of a process designed
to recover sulfur dioxide from by-product
gypsum obtained in the manuafacture of
phosphoric acid.

The present study was a direct at-
tempt to produce a phosphate fertilizer
from phosphate rock and by-product
gypsum obtained from wet process
phosphoric acid, without the addition
of any other material. Such a process
would have the advantage of a no-cost
raw material at the site of supplies of
the other raw material.

nace.

AGRICULTURAL AND FOOD CHEMISTRY

Raw Materials and Analysis

Phosphate rock (Davison Chemical
Corp.) was used in these studies (Table
I). Ground rock A was dried at 212° F.
for 5 hours before using. The ground
rock, as well as the unground, non-
dried rock B, was used in the pilot plant.

The by-product gvpsum (Davison
Chemical Corp., Joplin, Mo.) was re-
ceived wet and wasdehydrated at 500° F.
before use. A portion of the gypsum
was reduced to the hemihydrate before
agglomeration for use in the pilot plant.
It was not ground in either case.

The mineral gvpsum (U. S. Gypsum
Corp., Fort Dodge, Towa) was treated
similarly as the by-product gypsum
before use. The chemical and the Tyler
Standard screen analyses of these raw
materials are given in Table 1.



The total phosphorus pentoxide was
determined by the Association of Official
Agricultural Chemists method and the
available phosphorus pentoxide was de-
termined by its solubility in 29} citric
acid. The final determination of phos-
phorus pentoxide was done colori-
metrically as described by Bridger,
Boylan, and Markey (3).

Procedure

Laboratory fusions were made in Coors
porcelain crucibles, in a small gas fired
refractory furnace, as previously de-
scribed (7). One of the bricks in the
front was cut, so that a portion could be
removed. for placement and removal of
crucibles. A laboratory blast burner
provided a maximum tempcrature of
2800° F.

Thirtv-gram charges of various mix-
tures of phosphate rock A and dehy-
drated by-product gvpsum were pre-
pared. fused, and quenched. The charges
were difficult to keep in the crucible
during fusions, because of the vigorous
boiling and foaming. A considerable
amount of sulfur dioxide was given off,
much more than was observed bv the
authors (7) when mineral gvpsum was
used, making it difficult to ascertain
when fusion was complete. The resi-
dence tme of the sample in the furnace
was 8 minutes. The resulting melt was
highly viscous and difficult to quench
properly. The total phosphorus pent-
oxide and the ciwic acid-soluble phos-
phorus pentoxide contents are given in
Table II. The phosphorus pentoxide
availability is plotted against charge
composition in Figure 1. For compari-
son, the availability of mineral gypsum
fused phosphates is also plotted in Figure
1. The data indicate that the mineral
gvpsum is superior to by-product gyp-
sum as an addition agent in the fusion
process. However, the data show that
high phosphorus pentoxide availability
can be obtained using 25% of phosphate
rock and 75% of dehvdrated by-product
gyvpsum.

The fact that mineral gypsum gives
better results than by-product gvpsum
is probably due to the greater silicon
dioxide content of the by-product gyp-
sum. The addition of small quanttes
of silicon dioxice to mineral gvpsum
fusions produced results similar to those
resulting from the use of by-product
gvpsum. This effect is probably due
to two things: the dilution effect, in that
less calcium sulfate is present per unit
of addition agent and the decomposition
effect of the silicon dioxide on calcium
sulfate. This decomposition would re-
su't in higher melting points and poor
fluxing action making it necessary to
add larger quantities of addition agent
to get sufficient attack on the apatite.

Table I. Raw Material Analysis
Sample, % Dry Basis®

Gypsum
Phosphate Rock pin. By-
Constituents A B eral  product
Chemical Analysis

H.O,

combined ... 199 201
P,0O; 33.8 30.5 ... 0.7
CaO 47.8 457 32.1 32.1
SO; ... 448 338
Si0. 9.1 11.6 2.5 9.4
ROy 2.4 25 0.4 0.3
F 4.6 3.4

Screen Analysis
+3 8.1 ...

-3 +8 ... 195 2.6

—8 +14 ... 341 19.4
—14 4-28 ... 18,1 14.5 0.4
—28 448 7.2 15.0 2.8
—-48 +100 10.6 6.8 185 17.0
—100 +200 34.2 27 12.0 47.6
—200 55.2 3.5 18.0 322

« Phosphate rock dried for 5 hours at
212° F. Gypsum dried for 2 hours at
113° F.

oo I ! ! !
Mineral
N gypsum
<
= SC -—
a
o
)
2 sof— —
5]
uc.: - By - product
o T gypsum -
.
L
a
500 | | ! ] [
40 35 3c 25 20 5

Per cent phosphate rock in charge

Figure 1. Effect of charge composi-
tion on P,O; availability in fused gyp-
sum phosphate

Pilot Plant

A pilot plant fusion furnace (Figure
2) was constructed to demonstrate this
process on a larger scale. It consisted of
a gas-fired horizontal shell provided
with a feed preheater and a heat recu-
perator to preheat the combustion gases.
Furnace temperatures were measured
with an optical pvrometer and exhaust
gas, primary air, and shell tempera-
tures were measured with Chromel-
Alumel thermocouples. The exhaust
stack was provided with a steam ejector,
so that the draft on the furnace could be
regulated. The furnace was also pro-
vided with a high velocity water quench.

The furnace feed was composed of a
mixture of phosphate rock, by-product
gvpsum as received, and by-product
gypsum reduced to the hemihydrate.
The mixture was agglomerated in a
cement mixer and particles ranging from
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Table Il. Compositions of Products
of Fusions Using Mixtures of Rock
Phosphate and By-Product Gypsum

Dehydrated __Product Compn. % p,0,
Gypsum?, Temp., Total Available Availa-
7] °F, P05 P20 bi”f}',%
60 2490 16.1 8.4 52
2520 15.9 8.5 54
65 2415 13.5 8.4 62
2445 13.7 8.0 58
67.5 2350 12.6 6.6 52
2375 12.8 8.2 64
70 2385 12.2 8.5 70
2405 121 8.0 66
2375 12.1 7.9 65
72.5 2385 11.1 8.8 79
75 2365 9.0 8.3 92
2400 (lost)
2390 10.7 9.0 84
80 2425 8.5 8.3 98
2435 8.1 8.1 100
85 2400 6.8 6.4 94
2400 6.0 6.0 100

« By-product {from H,PO; manufacture,
(Davison Chemical Corp.) dried at 500° F.
before fusion.

Plicast 31
cast refroctory

6" nozzle
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-20" steel pips -.‘ é"!——\
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Figure 2.

Pilot plant fusion furnace

0.5 to 2 inches were produced and used
for furnace feed. These particles were
very firm and required little drying be-
cause of rehydration of the hemihydrate.
Molten product from the furnace was
quenched and collected in the settling
basin. Rates up to 75 pounds per hour
were attained. Feed was added when
needed. Product was tapped continu-
ously.

The product was dried and analyzed
for total and citric acid soluble phos-
phorus pentoxide.

Results

The results of fusions of by-product
gvpsum are presented in Table III.
The feed compositions are given on
an anhydrous basis, because the agglom-
eration mixture contained both the di-
hydrate and the hemihydrate of calcium
sulfate. The mixture containing 67%
by-product gypsum on an anhydrous
basis did not give satisfactory avail-
ability. The melt was very viscous and
it was necessary to rake it from the
furnace. Because of its high viscosity
it did not shatter on quenching, and
consequently the actual cooling was not
as rapid as desired. The product
showed a high loss of sulfur dioxide
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Table Ill.

Feed Composition,

Analysis of Pilot Plant Products

Product Composition, T

(o)
Phos- P20
phate Available  avail-
rock Gypsum?® CaO S$O; F Si0; R:0O; P20O; P05 abilify
330 67¢ 51.1 17.2 1.19 13.8 1.8 14.5 10.2 70
300 70¢ 51.1 20.4 0.78 15.2 1.3 13.6 12.0 88
254 75¢ 48.1 18.8 0.80 20.0 3.0 10.1 9.4 93
300 70¢ 47.7 33.0 0.97 5.2 1.0 11.6 11.0 95

2 Anhydrous basis.
¢ Mineral gypsum.

b Phosphate rock A.

a

By-product gypsum. ¢ Phosphate rock B.

during fusion and it appeared as a glassy,
dark green slag. Approximately 479,
of the sulfur present was lost as sulfur
dioxide in the flue gas. It was not fea-
sible to determine the sulfur dioxide
content in the flue gas in this or sub-
sequent runs.

The mixture containing 709, of by-
product gypsum gave a product which
was satisfactory. It had a phosphorus
pentoxide availability of 889, and con-
tained 12.09, of citric acid soluble
phosphorus pentoxide. It was highly
viscous, but flowed more easily and
shattered to a greater degree on quench-
ing than did the products from mixtures
containing less gypsum. This product
also had a glassy, green appearance
after quenching.

When a mixture containing 75% of
by-product gypsum and 259%; of phos-

FERTILIZER TECHNOLOGY

phate rock was used, the melt flowed
easily from the furnace, shattered very
well on quenching, and gave a granular
product with a 93% phosphorus pent-
oxide availability.  The availability
based on solubility in neutral ammonium
citrate varied from 80 to 909.

Mineral gypsum, in the proportion
found to be optimum in previous work,
was used for control fusions (7). The
product was chalky white, granular, and
had a 29 citric acid-soluble phosphorus
pentoxide content of 11.09%. Consid-
erably less sulfur dioxide was lost during
fusion, as evidenced by its chalky ap-
pearance, and the fact that a lower fusion
temperature was required. The anal-
ysis of the product is shown along with
those for the by-product gypsum fusion
in Table III.

It was demonstrated on a pilot plant
scale that phosphate rock can be fused

High-Analysis Phosphate Fertilizers
from Normal Superphosphate

with by-product gypsum to give a prod-
uct suitable as a fertilizer. The prod-
uct has the advantage of nonacidity,
is nonhygroscopic, and does not need to
be ground after quenching. Inasmuch
as wet process gypsum is an undesirable
by-product, the fusion process provides
a use as well as a method for its disposal.
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Normal superphosphate can be converted into dicalcium phosphate, monocalcium phos-
phate, and phosphoric acid by washing with water, and concentrating the water extract.
Dicalcium and monocalcium phosphates are formed in the solid phase as concentration
proceeds, and can be separated. Some of these solids have a low F/P;O; ratio as is

required for feed supplements.

A crude acid can be obtained.

Triple superphosphates

with from good to excellent physical properties can be prepared by solubilizing phosphate

rocks with this crude acid

Concentrated normal superphosphate water extract can also

react with phosphate rock at 150° to 200° C. to produce a high-analysis phosphate

fertilizer.

NORMAL SUPERPHOSPHATE is used
primarily for direct application as
such and for the preparation of fertilizer
mixtures. Limited quantities have been
used in South Africa as a source of low-
fluorine, water-soluble feed supplement
(20). More recently, Bridger, Horzella,
and Lin have shown that it can react
with phosphate rock to produce a dical-
cium phosphate fertilizer (3). It has
found few other commercial applications.

A process is proposed, by which normal
superphosphate can be converted into
several high-analysis phosphate ferti-
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Other process modifications are possible,

lizers. The reactions involved are well
known (2-4, 8, 14, 17-20, 24~26). The
process suggests a number of possibilities,
some of which appear commercially
feasible.

Figure 1 indicates the products which
can be prepared from normal super-
phosphate.

Materials and Analytical Methods
Three phosphate rock samples with
the analysis shown in Table I were used.
Total, water-soluble, and citrate-
insoluble phosphorus pentoxide contents
were determined by volumetric titration,
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and the Association of Official Agricul-
tural Chemists’ (AOAC) procedures
were closely followed (7). Free acid was
determined by extraction with 959,
alcohol according to an unofficial pro-
cedure based on the work of Hill and
Beeson, and Ross (73, 22), and adopted
in the control laboratories of the Taiwan
Ferdlizer Co. A Florida phosphate
rock sample from the National Bureau of
Standards was used in checking the
results of phosphorus pentoxide deter-
minations.

Calcium oxide was determined by the



