[Bull. Tokyo Kasei Daigaku 25, p. 149~152, 1985]

A Method for Preparing Concentrated Nitric Phosphate from Low Grade Rock
Phosphate of Patos de Minas
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This study was made with a view to preparing concent-
rated nitric phosphate from low grade rock phosphate
of Patos de Minas containing a large amount of impuri-
ties such as Si0,, Fe, O, and A®,0,.

A large quantity of watér-insoluble gelatinous impuri-
ty substance is formed during nitric acidulation of the
low grade rock phosphate, resulting in a viscous slurry
of about 100 to 200 cp in viscosity and poor filtrability.
In the present study, the nitric acidulated slurry was
partially ammoniated at pHs ranged from 1.6 to 4.1 to
convert the gelatinous phase into crystalline one consist-
ing mostly of relatively large crystals of NH, (AQ, Fe)
H,(PO,), S H,0('Q"), NH, (A%, Fe)H, (PO,),-
6H,O(“R”) and NH, (A, Fe) HF,PO, (“S™), in order
to improve the filtrability (1, 2, 3, 4, 5, 6). X-ray
diffraction and chemical analysis were made on the pre-
cipitates formed during the ammoniation to determine
the most desirable pH and to estimate the composition
of the filtrate obtained by separation of the precipitates.
Rock Phosphate Used

Chemical composition ‘of rock phosphate used for this
study is shown below.

P,O, CaO A2,0, Fe,O, F  Sio,
25.8 30.8 5.1 2.6 20 294

This is a sedimental rock deposited at Patos de Minas
in the Central part of Brazil, and very low in grade and
high in AR,O, and Fe,0,. The CaO/PO, mole ratio is
1.51, which is considerably smaller than 1.78 of Florida
rock, 1.72 of Lagamar, 1.69 of Araxa and 1.66 of
Cataldo. Such low grade rock phosphate has never been

used for production of nitric phosphate fertilizer.
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Experiment

The rock phosphate (1 kg) was acidulated with 1.6 kg
of 64%-nitric acid with retention time of 60 min. at
60°C to make a slurry of about 150 cp in viscosity,
which was used for the following tests on the partial

ammoniation.
The acidulated material was divided in several parts

and 300 mR of it were used for each test of ammonia-
tion. The material was ammoniated to various pHs
ranged from 1.6 to 4.1 to convert the gelatious sub-
stance in it into crystalline one, and filtrated by using
biichner funnel with suction bottle at reduced pressure
of 150 torr to measure the filtration time. The water-
insoluble substance on the funnel was washed twice
with 300 mQ of water, washed twice with about 200 mQ
of acetone, dried at room temperature overnight,
weighed, and then examined by chemical and X-ray
diffraction methods of analysis.

The pH of the ammoniated materials was measured by
pH meter after diluting 1 me of the material with 100
mQ of water.

Amount and Composition of Water-Insoluble Substance
Formed during Ammoniation

The amount and chemical composition of water-
insoluble crystalline phase formed during the partial
ammoniation are shown in Table 1. Also the amounts
of citric-and citrate-insoluble phases are sﬁown in the
table.

The pH of the nitric acidulated material was 1.6 and
the amount of gelatinous substance containing crystal-
line silica (a-quartz) in the material was 34.5 g/300 mg,
before the ammoniation. On ammoniating the material,
the amount of water-insoluble precipitated increased

considerably with increase in pH, converting some
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Table 1-Amount and chemical composition of water-insoluble phase

Water-insoluble

Chemical composition

Insoluble phase

{fgt pH substance (%) (g/300 m9)
' (/300 mg) N P,0, Fe,0, AlO, F Ca0 Citric  Citrate
1 1.6 34.5 0.1 0.0 2.5 0.5 0.5 0.0 34.3 339
2 2.7 71.3 0.4 12.5 4.0 5.6 2.0 2.2 44.5 34.1
3 3.1 108.8 1.2 16.1 3.6 5.5 2.1 4.9 64.8 343
4 3.7 143.3 3.8 18.4 2.7 4.5 1.7 9.7 63.3 339
5 4.1 146.3 1.0 191 2.7 4.5 1.9 8.7 61.9 34.0
100 .
2.7 to double the amount of the water-insoluble sub-
stance; calcium phosphate was precipitated mainly
% 80 above pH 3.
§§ Amounts of the compositions precipitated by the
£3 ammoniation are shown in Fig. 1.
«;g The figure shows that major compound of the gela-
S,
=8 tinous phase present in the nitric acidulated material of
S =
g s pH 1.6 was not gelatinuous iron and aluminum
< phosphate hydrate as generaly had been assumed but
another iron compound which was supposed to be
derived from the original rock phosphate.

pH

Fig. 1-Effect of pH on amounts of components pre-
cipitated during ammoniation

amount of the gelatinuous substance into-crystalline
phase which was supposed to be citric-insoluble and
citrate-soluble. It was indicated apparently that mainly

iron and aluminum phosphates were preéipitated at pH

Table II-Water-insoluble compounds formed (¥)

Calcium started to be precipitated at pH about 2.7,
combined with phosphate and fluoride ions to form
water-insoluble compounds.

Water Insoluble Compounds Formed

The amount of major water-insoluble compounds pre-
cipitated were estimated from the results of chemical
and X-ray diffraction analyses. The results are shown in
Table II.

Water-insoluble

Test pH substance

Amount of water-insoluble
compound formed

(g/300 mR) (g/300 mg)
“Q” “R” “g» CaHiPO,
1 1.6 34.5 0 0 0
2 2.7 71.3 - 14 1 3 2
4 3.7 1433 0 97 26
5 4.1 146.3 — 0 30 30
(*) Estimated from results of chemcal and X-ray diffraction analyses.

«Q™: NH,(Al, Fe)H,(PO,), % H,0
“R”: NH, (Al Fe), H(PO,), -6H,0
“$”: NH,(Al, Fe)H(F, OH),PO,
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Water-insoluble phase in the nitric acidulated material
at pH 1.6 contained a considerable amount of a-quartz
and unknown crystalline compound derived from the
original rock phosphate, probably a large amount of
gelatinous silica and iron silicate hydrate from the
original rock, and no phosphate, as described above; it
was mostly insoluble in citric and citrate solutions.

A major crystalline iron and aluminum phosphate “Q”
was formed mainly at pH 2.7 and its amount decreased
with increase in pH, as had been already reported (3, 6).
A small amount of “R” was formed at pH 2.7. “é” and
dicalcium phosphate anhydride started to be formed at
pH 2.7 and their amounts increased with increase in pH.

The formation of dicalcium phosphate is normally
accompanied by the formation of colloidal apatite in a
small amount (6).

Filtrability

The relation between filtrability of the water-insoluble
substance and pH is shown in Fig. 2. The filtrability
was determined from the time to filtrate the ammoniat-
ed slurry at reduced pressure of 150 torr to separate the
water-insoluble substance. The change of the amount of
the insoluble substance with pH was shov.vn also in the
figure.

It was indicated apparently that the filtrability in-
creased with increase in pH to about 4 in spite of in-
creasing in the amount of water-insoluble substance.
This is based clearly upon increasing in amount of cry-
stalline water-insoluble phase with increase with the pH.
Conclusion and Discussion

A test on the partial ammoniation of nitric acidulated
material was made with a view to preparing concentrat-
ed nitric phosphate from low grade rock phosphate of
Patos de Minas. It was found desirable torammoniate
the nitric acidulated material partially to pH about 2.7,
where a considerable amount of “Q” consisting of re-
latively large crystals of about 10 um in size was formed
to make it easy to filtrate the water-insoluble impurity.
The filtrability increased with increase in pH to 4.1, but
also the amount of dicalcium phosphate formed in-
creased considerably above pH 2.7. Thus, it is desirable
to ammoniate the nitric acidulated material at pH about
2.7 to remove larger amounts of Fe, O; and A2, 0,, and
smaller amounts of CaO and P,0O,. A large quantity of
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Fig. 2-Relation between filtrability of ammoniated slur-
ry and amount of water-insoluble substance in the
slurry and pH.

silica can be also removed together with the iron and
aluminum phosphates.

It is calculated that the chemical composition of the
filtrate of pH 2.7 is 9.5% P,0O,, 13.5% CaO, 1.3%
AQ,0,, 0.5% Fe,O,, 0.6% F and 45.4% NO,. Con-
centrated nitric phosphate can be prepared by am-
moniating the filtrate further above pH 4.5, after remov-
ing some amount of CaO from the filtrate as gypsum to
give a desirable CaO/PO, mole ratio which prevent the
férmation of épatite during the neutralization.

On the other hand, the separated impurity phase will
be able to be used as another fertilizer material, for in-
stance, such as slow-releasing fertilizer material, because
of containing citrate-soluble 12.5% P, O, .
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Queenie Siu Hang Chui Pressinotti and Mr. Glaucio Issao
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