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Abstract

A new method of purification of rough sphene concentrate from phosphorus impurities has been developed,
based on its treatment with low-concentrated solutions of orthophosphoric or sulphuric acids in the presence of
sulphocationite. It is shown that this method provides effective purification of sphene concentrate and makes it
possible to increase the efficiency of the technology through significant reduction of the consumption of acids,
elimination of the formation of liquid waste, and due to the possibility of using aluminium, which is formed
during the decomposition of nepheline contained in the initial concentrate.
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INTRODUCTION

Rutile and ilmenite concentrates are used in
the world practice to produce titanium compounds.
In Russia, loparite concentrate is used to manufac-
ture a small amount of titanium products, while
the major needs are met by imported ilmenite [1].

During concentrating the apatite-nepheline
ores from the Khibiny deposits, under develop-
ment by the Fosagro-Apatit combine, sphene
concentrate may be obtained from the foamy
product of reverse nepheline flotation. Theoreti-
cally, sphene contains 40.8 wt. % TiO, and is of
interest as a raw material source of titanium.
This interest is even more substantial because
sphene concentrates obtained from the ores of
the Khibiny group of apatite deposits may con-
tain the oxides of rare earth elements (REE) up
to 0.56 wt. %, and Nb,O, + Ta,O, up to 0.37 wt. %.

The rough sphene concentrate obtained from
concentrating the apatite-nepheline ore con-
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tained, wt. %: TiO, 32.1, SiO, 31.7, CaO 24.3, ALO,
4.7, Fe,O, 45, P,O, 0.87 [2].

One of the important characteristics determin-
ing the quality of sphene concentrate is the con-
tent of phosphorus admixture, which causes tita-
nium losses during hydrometallurgical processing
because of the formation of poorly soluble titani-
um phosphates. For some areas of application, for
example as a component for welding electrode
coating, increased sulphur content is also harmful.

To purify the rough sphene concentrate from
phosphorus, it was proposed to leach apatite pres-
ent in the concentrate using various mineral acids:
sulphuric, nitric, and hydrochloric [2, 3].

A substantial part of the rough concentrate
was dissolved during purification, with the for-
mation of solutions containing the anions of the
used acid, as well as aluminium, calcium, phos-
phorus, and some other impurities.

The experimental-industrial production of pu-
rified sphene concentrate was organized at the
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Fosagro-Apatit combine. According to TU 1715-
069-00203938-2000, the concentrate contains
not less than 35.0 wt. % TiO,and not more than
0.04 wt. % P,0,, 0.1 wt. % S, 2.5 wt. % (FeO +
Fe,O,). The purified concentrate was obtained by
sulphuric acid treatment of a non-magnetic frac-
tion of the foamy product of reverse nepheline
flotation [4]. The production rate was about 1500 t
per year [5]. There is the possibility of multiple
increase in the production of sphene concentrate.

The consumption of the acid, composition of
the formed exhaust solutions and the methods of
their utilization have not been reported [6]. With
the low productivity of the experimental-indus-
trial installation, these solutions were directed to
the tailings dump of the combine, having no sub-
stantial effect on the composition of water in-
volved in recirculating water supply. However, in
the case of the production of substantial amounts
of sphene concentrate, this approach may turn
out to be unsuitable.

The goal of the work was to develop a method
to obtain the purified sphene concentrate, to pro-
vide a sharp decrease in the amount of formed
acid-containing liquid wastes.

EXPERIMENTAL

The possibility to purify sphene concentrate
by means of sorption conversion was investigated
[7]. Solutions with low concentrations of orthophos-
phoric acid (GOST 20298-74) and sulphuric acid
(GOST 4204-77) were used as the working media.

The initial substance was the rough concen-
trate containing, wt. %: TiO, 34.65, ALO, 4.51,
Fe,O, 2.28, Na,O 2.36, K,0 1.10 and P,0O, 1.90. In
addition to sphene, the concentrate also contains
apatite and nepheline, which are readily decom-
posed with mineral acids, and practically unde-
composable aegirine and feldspar.

Experiments were carried out as follows. A
weighted portion of the concentrate and the re-
quired amount of sulphocationite KU-2-8chS
(GOST 20298-74) were placed in a solution pre-
pared by diluting the chosen acid with distilled
water to the necessary concentration.

The pulp was kept at room temperature for a
definite time under permanent mixing. Then the
sorbent was separated through a mesh filter from
the pulp, which was composed of a solid residue
and acidic solution, and the solid residue was sep-
arated from the solution. The solid residue was
washed with water on a paper filter or by means

of repulping (twice at L/S = 10) and dried at a
temperature of 80 °C.

Sorbent consumption (f = 210 %) was evaluat-
ed in per cent of theoretically necessary amount
for the sorption of cations (Me™") of alkaline met-
als and aluminium, as well as calcium which is
present in apatite: these ions may pass into solu-
tion during the purification of sphene concen-
trate. We neglected the fact that a portion of al-
uminium may be present in the concentrate not
in the form of nepheline but as feldspar, which is
insoluble under the process conditions. The cho-
sen sorbent consumption ensured efficient sorp-
tion of metal cations that passed into the solution.

The products were analyzed by means of
atomic absorption (metals), spectrophotometry
(phosphorus), and potentiometry (fluorine).

RESULTS AND DISCUSSION

The efficiency of treatment was evaluated
from an increase in titanium concentration and
from the residual content of phosphorus in the
concentrate, in the case if orthophosphoric acid
was used, or phosphorus and sulphur in sulphuric
acid was used.

Though sphene is noticeably decomposed
with the transition of calcium into solution and
the formation of titanium phosphates under the
action of hot 40—-80 wt. % H.PO, solutions [8],
calcium is not leached from sphene under soft
conditions of acid treatment (low temperature
and low acidity of the solution).

Decomposition of apatite and nepheline by or-
thophosphoric and sulphuric acids is described by
the reactions:

Ca,(PO,),F + TH,PO, - 5Ca(H,PO,), + HF (1)
(Na,K)AISiO, + 4H.PO, — (Na,K)H,PO, +
+ Al(H,PO,), + H,SiO, + 2H,0 (2)
Ca (PO,),F + 5H,SO, + 2H,0 — 5CaSO, - 2H,0 +
+ 3H,PO, + HF (3)
(Na,K)AISIO, + 4H,SO, - (Na,K),SO, + AL(SO,), +
+ Si0, - nH,0 + 4H,0 (4)
H,SiO, + 6HF — H,SiF, + 3H,0 (5)

Calculating the amount of cations that passed
into solution, we have admitted that aluminium is
incorporated only in nepheline, while the source of
calcium passing into solution is fluoroapatite. In
addition, during the dissolution of nepheline, its
components sodium and potassium will pass into
the solution in the amount proportional to the alu-
minium content. With these assumptions, the total
amount of cations that passed into solution during
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the treatment of 1 g of the concentrate is estimat-
ed to be approximately 4.4 mg-equiv.

Rare-earth elements (Tr) in apatite provide
isomorphic substitution of calcium, and decompo-
sition in phosphoric acid solutions leads to the
formation of poorly soluble compounds -—
Tr(H,PO,),, while in sulphuric acid solutions the
compounds with limited solubility are formed —
NaTr(SO,),. The formation of even less soluble
fluorides of REE does not occur because fluorine,
which is liberated during apatite decomposition,
is bound into a fluorosilicate complex.

The content of the sum of REE oxides in apa-
tite from the Khibiny deposits under develop-
ment is about 1 wt. %. REE phosphates are poorly
soluble in solutions with low acid concentrations.
It was not excluded that apatite dissolution could
be hindered in these solutions, which would lead
to an increase in residual phosphorus content in
the purified concentrate. We determined the sol-
ubility of calcium and REE from apatite in
low-concentration solutions of phosphoric acid.
For this purpose, 1 g of the Khibiny apatite con-
centrate (GOST 22275-90) was placed in 50 mL of
phosphoric acid solution (S/L = 1:50) with the
necessary concentration (CH3P04), and kept under
periodic mixing for 14 days. The concentrations
of calcium and REE of the cerium group in the
resulting solutions are presented in Table 1.

It follows from the data shown in Table 1
that the solubility of fluoroapatite Ca (PO,).F
increased with an increase in the concentration
of phosphoric acid, so that, judging from calci-
um concentration, the solubility at 20 °C was
144, 481 and 8.67 g/L at CH3P04 equal to 0.94, 3.15
and 5.03 wt. %, respectively.

In apatite, the fraction of REE oxides in their
sum is approximately equal to, wt. %: La,0O, 29,
Ce,O, 41, Pr,0, 44, Nd,O, 15 [9]. With the deter-
mined apatite solubility in the studied phosphoric
acid solutions, REE concentration should be, mg/L:
La,0, 4.1-24.0, CeO, 6.0-354, Pr,0, 0.6-3.,
Nd,0, 2.0-11.8. For C ,, = 0.94 wt. %, REE of the
cerium group, comprising the major part of REE
present in apatite, were not transferred into the
solution. At CH3P04 = 3.15—5.03 wt. %, the amount of
lanthanum and cerium in the solution is also small-
er than their amount in dissolved apatite. Praseo-
dymium and neodymium did not pass into the solu-
tion because of the lower solubility of their phos-
phates in phosphoric acid in comparison with the
solubility of lanthanum and cerium phosphates.

So, the low solubility of REE phosphates may
hinder purification of sphene concentrate from

TABLE 1

Dependence of the content of calcium and REE of the
cerium group on the concentration of phosphoric acid

(CH3P04) at 20 °C
CH3P04, wt. %  Content in solution, mg/L

CaO La,0, Ce,0, Pr,0, NdO,
0.94 798 <0.005 <0.005 <0.002 <0.005
3.15 2674 14.1 16.4 <0.002 <0.005
5.03 4816 18.8 19.9 <0.002 <0.005
TABLE 2

Effect of the conditions of rough sphene concentrate sorption
conversion in phosphoric acid solutions on the content of
titanium and phosphorus in the obtained concentrates

CH3PO4, wt. % L/S Time, h  Content, wt. %
TiO, P,0,
0.5 40 2 H. a* 0.67
1 20 0.5 37.0 1.08
1 20 1 38.0 0.82
1 20 2 38.2 0.46
3 20 3 39.8 0.095

* Not analyzed.

phosphorus admixture. However, due to the high
efficiency of REE sorption from phosphoric acid
solutions at room temperature (the distribution
coefficient during sorption from 5 wt. % H,PO,
reaches 714 [10]), we supposed that the solubility
of REE in low-concentration solutions of phos-
phoric acid would be sufficient for their efficient
sorption, and the necessary completeness of puri-
fication from phosphorus would be achieved
during sorption conversion.

The dependence of the content of titanium
and phosphorus oxides in the obtained concen-
trates on the conditions of sorption conversion is
shown in Table 2.

One can see that noticeable dissolution of apa-
tite is observed with the solution 0.5 wt. % HSPO4.
However, even in the solution of 1 wt. % H3P04
the content of P,O, in the purified concentrate
decreased within 2 h only to 046 wt. %. The high
level of purification from phosphorus admixture
was achieved through the treatment in a 3 wt. %
H,PO, solution for three hours. The purified con-
centrate, accounting for about 85 % of the mass
of the initial concentrate, contained 0.68 wt. %
ALO,, 0.43-0.55 wt. % Na,O, 0.53 wt. % K,0 and
did not contain sulphur.

More efficient purification of sphene concen-
trate from phosphorus admixture was achieved
by means of sorption conversion in 2 wt. % H,SO,.
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The data on the effect of treatment time (room
temperature, L/S = 20) on the content of phos-
phorus and titanium in the purified concentrate

IN et al.

concentrate =~ was  completely  decomposed.
The concentration of the most difficultly sorbed
alkaline metals did not exceed 3.7 mg-equiv/L,

are shown in Fig. 1. With the chosen modes of
washing from the mother solution, sulphur con-
tent in the purified concentrate was 0.1 wt. %.
The mass loss by the initial concentrate during
purification was about 15 %. Unlike for the known
methods of chemical purification of sphene con-
centrate, during purification by means of sorp-
tion conversion, the major part of cations from
dissolved minerals are absorbed by the sorbent.
The anions of these minerals are accumulated in
the acid solution. The concentrations of admix-
tures in mother solutions were, mg/L: TiO2 <0.003,
ALO, <0.004, Na,0 67-102, K,0 17-20, F 14-19.
At L/S = 20, the concentration of phosphoric acid
in mother solutions increased by 0.13 wt. % per
cycle, provided that apatite present in the initial
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Fig. 1. Dependence of the efficiency of sphene concentrate
purification from the time of treatment in the solution of
2 wt. % H,SO,.
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and this caused almost no decrease in solution
acidity. This determines the possibility of multi-
ple usage of acid solutions for recycling to treat
the new portions of rough sphene concentrate.

The number of cycles of the use of acid solu-
tions may be limited by the accumulation of silica
formed during nepheline decomposition. Taking
into account the initial and final AL,O, content in
sphene concentrate, we calculated that about
11 % of the mass of initial concentrate was con-
nected with nepheline. Therefore, the amount of
SiO, that may pass from nepheline into solution
is 4.7 % of the mass of initial concentrate. For
L/S = 20, silica concentration in the solution, cal-
culated for SiO,, will be 2.35 g/L per cycle. As the
experience suggests, acid solutions are gelated if
SiO, concentration increases to 12—16 g/L, which
does not allow using these solutions for recycling.
Therefore, they may be used for not less than 5
cycles of concentrate purification.

Thus, the consumption of acids for sphene con-
centrate purification by means of sorption conver-
sion may be decreased substantially. For example,
if the process is carried out using 2 wt. % H,SO,, it
will be less than 50 % of the stoichiometric amount
required for nepheline and apatite dissolution ac-
cording to reactions (3) and (4).

Aluminium and calcium cations are desorbed
from the sulphocationite by the solutions of so-
dium salts, and then the sorbent is transformed
into the H'-form through the acid treatment. Al-
uminium hydroxide and the carbonates of alka-
line earth metals, mainly calcium, are precipitat-
ed from the eluate into separate products [10].

Aluminium hydroxide may be used to prepare alu-
minium sulphate or chloride to be used as coagulants.

Neutralization of the phosphoric acid or sul-
phuric-phosphoric acid solution enriched with
silica allows using water for recycling to pre-
pare acid solution excluding the formation of
liquid acid wastes requiring utilization. Utiliza-
tion of the carbonates of alkaline earth metals
removed from the sorbent becomes possible.

A technological flowchart of phosphoric acid purifica-
tion of the rough sphene concentrate is shown in Fig. 2.

The flowchart remains almost unchanged for
sulphuric acid purification, but sulphuric-phos-

phoric solution is obtained, and a mixture of gyp-
sum and calcium phosphate is precipitated.

CONCLUSION

The possibility of efficient purification of
rough sphene concentrate by means of sorption
conversion using 3 wt. % H,PO, or 2 wt. % H,SO,
solutions is demonstrated. This allows a substan-
tial reduction in acid consumption and excludes
the formation of liquid wastes, opening the possi-
bility to use aluminium, which is formed in the
decomposition of one of the major admixture
minerals — nepheline.
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