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Abstract

The results of studies on the development of technologies for the utilisation of silica sols formed during eudi-
alyte concentrate processing by means of sorption conversion are presented. As promising areas, the following
directions have been proposed and studied: additional extraction of valuable metals from silica sols by sorption
with sulphocationite; silica sol separation into silica-enriched silica gel and silica-depleted acid solution by succes-
sive freezing and thawing of the initial silica sol; the use of silica contained in silica sols to obtain wollastonite. The
percentage of rare metals that can be absorbed by sulphocationite from silica sols obtained at a temperature of
80 °C — the optimum temperature for the decomposition of eudialyte concentrate by sorption conversion — is
found to be (%) 58.6—70.3 Ti, 46—50 Zr, 24.7—29.9 Hf, 23.5—34.7 Nb, while sodium remains in silica sol. The low
degree of filling of the sorption exchange capacity of the sulphonic cation exchanger allows it to be additionally
saturated in the process of sorption conversion. It is shown that the concentration of SiO, reached 33.0 g/L in
silica gels obtained by successive freezing and thawing of silica sols. The specific effective radioactivity of silica
gels is low, which allows them to be used in the production of civil building materials. Acid solutions depleted in
silica, the volume of which was 72.5—81.2 % of the volume of the initial silica sols, contain up to (%) 78.3 Ti, 56 Zr,
45.1 Hf, 76.4 Nb, 92.2 Na, 100 Th, 100 U, and only 1.1-3.6 SiO,. Such solutions after additional strengthening are
suitable for reuse for the decomposition of eudialyte concentrate. The possibility of obtaining wollastonite from
silica sol based on nitric acid solution without the use of autoclave equipment has been experimentally proven.
The ways of regeneration of the mother liquor obtained after precipitation of the wollastonite precursor are dis-
cussed.
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INTRODUCTION products abroad [2, 3], the total content of rare

elements does not exceed 14 wt. %.

Eudialyte concentrate is a polymetallic raw
material containing valuable components, name-
ly the elements of groups III-V of the Periodic
Table: rare earth elements (REE), zirconium, haf-
nium, titanium, niobium, tantalum. The attention
to eudialyte raw material as a source of REE is
increasing during the recent years. Either in the
Russian eudialyte concentrate [1] or in similar
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The most promising hydrochemical methods
are based on an acid decomposition of eudialyte
and subsequent recovery of rare elements from
the resulting solutions. In these processes, the
major parts of silica and alkaline metals get into
the acid solutions, and the total content of these
components in the concentrates exceeds 50 wt. %.
The major methods proposed in this area imply
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substantial consumption of concentrated acids
and, as a consequence, some other reagents, which
in turn leads to a large amount of liquid salt
wastes requiring utilization. The ways of their
utilisation are not considered.

The sorption conversion of eudialyte concen-
trate has been proposed. This method involves
mineral acids in low concentrations, taken in the
amounts smaller than the stoichiometric level for
eudialyte decomposition. During mineral decom-
position, metal cations passing into solution are
mainly absorbed by the sorbent, while a substan-
tial part of sodium and major part of silica remain
in the liquid phase in the form of silica sol or sil-
ica gel. The best results on the recovery of valu-
able rare metals are achieved when the liquid
phase is obtained in the form of silica sol [4, 5].

The goal of the work was to search for the
ways to utilise silica sols that are formed in the
acid decomposition of eudialyte concentrate by
sorption conversion. The tasks were put forward:
to enhance the extraction of rare metals, to study
the possibility of using silica contained in silica
sols to obtain commercial products, to regenerate
acid solutions in order to use them in circulation
for the decomposition of eudialyte concentrate.

EXPERIMENTAL

To solve the formulated tasks, we studied:

— the possibility of additional sorption-based
recovery of valuable metals from silica sols;

— silica concentrating by silica sol freezing-
thawing;

— the application of silica present in silica sols
to obtain wollastonite, which is a valuable com-
mercial product [6].

Metal and silica concentrations were deter-
mined by mass spectrometry with inductively
coupled plasma with the help of an ELAN 9000
DRC-e mass spectrometer (Perkin Elmer, USA).

TABLE 1

Concentrations of metal oxides in the studied silica sols, mg/L

409

The phase composition of the samples was de-
termined using a Dron-2 X-ray diffractometer
(Russia).

RESULTS AND DISCUSSION

Sorption recovery of metals from silica sols

The content of metal oxides in silica sols is
presented in Table 1. These data confirm the fact
that silica sols contain substantial amounts of zir-
conium and niobium, while the fraction of sodium
in the total amount of cations present in silica sols
is 52.3—68.3 %.

Sulphocationite KU-2-8chS (GOST 20298-74)
was introduced into the silica sol, the pulp was
mixed for 1 h at 80 °C, then the liquid phase was
separated from the sorbent by filtration and ana-
lysed. The volume ratio of the liquid phase (V) to
the sorbent (V) was 25.0-66.7, which determined
sorbent consumption (B) to be 55—59 % on the
stoichiometric amount necessary for the sorption
of metal cations Me™" from silica sols. It was ex-
pected that in the case when there is a lack of the
sorbent, the first cations to be sorbed will be
polyvalent cations possessing higher ion poten-
tials, while the major part of sodium will remain
in the solution. The sorption amounts of compo-
nents were calculated from the changes in their
concentrations in silica sol.

The data on sorption efficiency are presented
in Table 2.

According to the results, noticeable sorption
was observed for rare earth elements, alkaline
earth metals, thorium, aluminium, manganese;
somewhat lower sorption was exhibited by zirco-
nium, while sodium was almost non-sorbed for
the chosen sorbent consumption. Though sorption
was carried out at the same temperature, titani-
um and niobium were substantially lower sorbed
from the silica sol obtained by decomposition in

Experiment Medium SiO2 ZTI"ZO3 TiO2 ZrO2 HfO2 Nb205 Ta205 ThO2 UO2
1 H,SO, 9260 1.85 445 469 4.40 36.5 5.37 0.035 0.17
2 H,SO, 4286 0.94 114 232 1.22 54.1 3.89 0.018 0.10
3 HNO, 5890 1.38 35.4 156 542 53.6 4.60 0.020 0.03
Experiment Medium Na,O K,0 MgO CaO SrO MnO ALO;  Fe,O,

1 H,SO, 1131 248 3.7 106.0 3.7 124 40.8

2 H,SO, 1130 58.1 4.34 128.1 14.1 28.1 7.6 125

3 HNO 1430 62.6 5.43 161.3 234 46.3 12.7 13.8
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TABLE 2
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Recovery of metals from silica sols based on sulphuric and nitric acids into sulphocationite

Experiment Medium V,/V_ B, %

Sorption, rel. %

>Tr Ti Zr Hf Nb Ta Th U

1 H,SO, 66.7 55 88.4 52 472 33.6 0.2 146 878 347
2 H,SO, 333 58 90.8 70.3  46.0 24.7 23.5 39 636 697
3 HNO, 25.0 59 86.9 58.6 50.0 29.9 34.7 16.1 536  45.6
Experiment Medium V/V_ B,% Na K Mg Ca Sr Mn Al Fe

1 H,SO, 66.7 55 0.8 50.2 82.0 89.5 622 410 643 438
2 H,SO, 333 58 0.9 49.9 65.7 69.9 88.7 82.2 754 314
3 HNO 25.0 59 0.7 39.5 66.3 694 764  66.7 86.0 299

3

sulphuric acid at 20 °C (experiment 1) than from
silica sols obtained at 80 °C (experiments 2 and 3).
Therefore, titanium and niobium are not incorpo-
rated into the dispersion solution in silica sol ob-
tained at 20 °C, it is possible that they form poly-
meric compounds with silicic acid. The extent of
zirconium and niobium sorption from silica sols
obtained at 80 °C was higher, however, in this
case, too, a substantial part of these metals, espe-
cially niobium, was not absorbed by the sulphoca-
tionite. So, the strength of titanium and niobium
containing polymers with silicic acid in silica sol
obtained at 20 °C is higher than in silica sol ob-
tained at 80 °C.

The coverage of the sorption exchange capac-
ity, calculated for the sorbent assuming the sorp-
tion of Me™" cations, was 18.0, 26.3 and 16.1 % for
experiments 1, 2 and 3, respectively.

So, the losses of zirconium and, to a smaller
extent, niobium with the liquid phase may be de-
creased by treating silica sols with sulphocation-
ite (the losses of rare earth elements with silica
sols are low anyway).

Silica concentrating by silica sol freezing-thawing

To remove silica from the solutions with si-
licic acid containing up to 1 mol/L zirconium and
1-6 mol/L HNO, or HC], it has been proposed to:

— coagulate silica by adding solid flocculants —
organosilicon compounds on a macroporous sili-
con-containing carrier [7];

— coagulate silica by adding aqueous or aque-
ous-alcoholic solutions of the organosiliconates of
alkaline metals or metal-organosiliconates of al-
kaline metals, or their mixtures [8, 9].

After the addition of 0.7—1.5 vol. % sodium
methylsiliconate and 0.7-2.5 vol. % isopropanol,
Si0O, content in the solution decreased from 0.9—
1.2 t0 0.01-0.012 g/L. The precipitates were sepa-
rated by filtering at a rate of 0.102—0.255 m?®/(m? - h).

Humidity of the precipitate and the amount of
zirconium getting into the precipitate are not re-
ported [9]. The possibility to use this method for
silica removal from the solutions obtained from
sorption conversion, containing substantially high-
er concentrations of silica and especially sodium, is
problematic.

The possibility to concentrate silica and sepa-
rate silica from metals that are present in silica
sol by silica sol freezing and subsequent thawing
was investigated because under this kind of
treatment silica sols were observed to decompose
into silica gel enriched with silica, and a solution
depleted in silica. Silica sols obtained in eudia-
lyte concentrate decomposition by the solutions
of 2 wt. % H,SO,, 2 wt. % HNO, and 1.14 wt. %
HCI were used for experiments. The concentration
of H* in initial solutions was 0.314—0.343 g-ion/L.

Silica sols solidified when cooled to —2 °C. They
were heated to the room temperature, the result-
ing emulsions were centrifuged, and the formed
acid solution depleted in silica was separated by
decanting from silica gel enriched in silica. Addi-
tional silica concentrating was not observed dur-
ing repeated silica gel freezing. The volumes were
measured, and the composition of resulting solu-
tions and silica gels was analysed; the masses of
silica gels were determined.

The composition of silica gels annealed at 800 °C
and their characteristics are presented in Tables 3
and 4. The extraction of components into acid so-
lutions obtained during silica sol freezing-thawing
is shown in Table 5.

It follows from the data shown in Table 3 that
SiO, recovery into silica gel was 96.4-98.9 %.
The concentration of SiO, in silica gels reached
33.0 g/L. The concentration of SiO, in the prod-
ucts dehumidified by annealing silica gels at
800 °C was 91.8—95.0 wt. %, metal concentrations
were comparable (see Table 4). The specific effec-
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TABLE 3

Characteristics of the obtained silica gels

Silica sol Volume fraction, rel. % SiO, concentration, g/L  Humidity, %  SiO, extraction, % A_,* Bq/kg
Solution  Silica gel

H,SO, 73.6 26.4 33.0 95.3 98.8 52

HNO, 81.2 18.8 274 97.3 96.4 8

HCl 72.5 275 30.2 95.7 98.9 18

* Specific effective radioactivity of annealed silica gel.

TABLE 4

The composition of silica gels annealed at 800 °C, obtained during silica sol freezing-thawing

Silica sol Content, wt. %

Na,O K,O CaO SrO ALO, Fe,O, 2Tr,0, SiO,
H,SO, 3.42 0.30 0.50 0.05 0.01 0.54 0.016 91.8
HNO, 2.86 0.32 0.58 0.015 0.04 0.008 0.014 95.0
HCI 3.98 0.25 0.86 0.05 0.05 0.24 0.012 91.8
Silica sol TiO, ZrO, HfO, Nb,O, Ta,O, MnO ThO, Uo,
H,SO, 0.35 1.93 0.12 0.78 0.047 0.10 0.0001 0.0005
HNO, 0.08 0.87 0.04 0.13 0.042 0.04 0.0001 0.00005
HCI 0.18 1.80 0.085 0.49 0.050 0.11 0.00009 0.00016
TABLE 5

Extraction of the components into acid solutions obtained by silica sol freezing-thawing, %

Silica sol Na,O K,0 CaO SrO ALO, Fe,O, 2Tr,0, SiO,
H,SO, 76.7 46.0 60.3 66.7 81.5 13.8 20.8 1.2
HNO, 92.2 100 62.0 95.7 81.2 23.0 65.8 3.6
HCI1 85.8 32.0 38.2 68.8 12.3 60.1 52.1 1.1
Silica sol Tio, ZrO, HfO, Nb,O, Ta,O, MnO ThO, Uo,
H,SO, 77.9 80.0 23.7 44.6 3.2 66.2 21.0 21.6
HNO, 78.3 56.0 451 76.4 6.6 87.3 100 100
HCI1 65.1 12.0 4.8 22.7 0.6 72.3 26.9 49.2

tive radioactivity (A_) is so low (see Table 3) that
the obtained silica gels may be used in the pro-
duction of building materials for civil purposes.
The volume of acid solutions obtained in the
process accounted for 72.5—81.2 % of the volume
of initial silica sol, and it decreased with an in-
crease in SiO, concentration in silica sols. Not only
silicon but also metals that were present in silica
sols were observed to get distributed between the
solution and silica gel. The fraction of metals that
passed into the solution depended on metal kind,
and for some metals it depended on silica sol
forming acid. A substantial decrease in the frac-
tion of some metals that passed from silica sols
into the acid solution (see Table 3) pointed to the
processes taking place in silica sols: the formation
of poorly soluble double sulphates of rare earth
elements and sodium in silica sol obtained after

decomposition in sulphuric acid, the formation of
polymers of some metals with silicic acid in all
silica sols, enhancing in hydrochloric acid.

The process flow scheme for silica sol process-
ing with silica concentrating by freezing-thawing
is presented in Fig. 1.

The use of silica present in silica sols
to obtain wollastonite

It has been assumed that silica present in silica
sols is promising to synthesise wollastonite, which
is widely used in many technological areas. Cal-
cium carbonate CaCO, was introduced into silica
sol, obtained by eudialyte concentrate decomposi-
tion with nitric acid, in the stoichiometric amount
necessary for the synthesis of CaSiO,. The formed
solution was neutralised with sodium bicarbonate
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Fig. 1. The process flow scheme of silica sol processing with
silica concentrating by freezing-thawing.
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Fig. 2. X-ray diffraction patterns of wollastonite obtained
from silica sol formed in the decomposition of eudialyte con-
centrate with nitric acid. Numbers in the spectrum indicate
interplanar spacing, A.

(NaHCO,) to pH 6, heated for 2 h at 80 °C under
permanent mixing. The formed precipitate was
separated by filtering and annealed at 800 °C.
According to the data of X-ray diffraction analy-
sis, the obtained product was wollastonite (Fig. 2).

The composition of initial and stock solutions
is shown in Table 6. It follows from these data
that the major part of metal components except
sodium passed into the precipitate.

The stock solution was treated in the static
mode with KU-2-8chS sorbent under the con-
ditions: V,/V_ = 5, temperature 20 °C, duration
0.5 h, mixing. The concentrations of components
in the obtained solution decreased to, mg/L:
2270 Na,O, 20 K,0, 0 CaO, 9.9 AlO,, 23.0 TiO,.
So, the acid solution may be recovered. The con-
tent of Na,O in the sorbent was 28.1 g/L, and it
may be increased by carrying out the sorption
process in the dynamic mode, so that the residual
sodium content in the solution, mainly determin-
ing the degree of nitric acid neutralisation, will be
decreasing.

Silica sols obtained through the decomposition
of eudialyte concentrate with sulphuric acid, may
be also used for the synthesis of wollastonite,
however, because of the formation of poorly solu-
ble calcium sulphate as an intermediate product,
it is necessary to use autoclave equipment in this
case [10].

Rare metals that are present in silica sols are
almost completely passing into wollastonite dur-
ing its synthesis (see Table 6), so it is reasonable
to extract them preliminarily by sorption with
sulphocationite.

The process flow scheme of silica sol processing
with the synthesis of wollastonite and utilisation
of the stock acid solution is presented in Fig. 3.

On the basis of the results obtained in the
studies, two versions of utilisation may be pro-
posed for the acid solutions formed in the sorp-
tion conversion of eudialyte concentrate, which
are silica sols containing a number of metals from
eudialyte concentrate.

According to the first version, silica sol is fro-
zen at a temperature of <2 °C. After thawing, the
initial product is decomposed into silica gel en-
riched with silicic acid, and silica-depleted acid
solution. This silica gel is a promising raw mate-
rial for the production of highly efficient heat
insulating foam silicate materials [11]. Judging
from metal concentrations in silica-depleted acid
solutions (see Tables 1 and 5), the acids present in
them were neutralised only by 12—15 %. Taking
into account also low concentrations of silicic acid
in the solutions, after additional strengthening
they are suitable for use in the sorption conver-
sion of eudialyte concentrate. A noticeable part of
rare metals get into these solutions (see Table 5),
which leads to a decrease in the losses of these
metals.

Within the second version, additional sorption
treatment of silica sols with sulphocationite is
carried out at first, and this operation involves
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TABLE 6

Metal content in the initial and stock solutions, mg/L

13

Solution Y,0, La,O, Ce,O, Pr,0O, Nd,O, Sm,0O, Eu,0, Gd,0O,
Initial 0.420 0.142 0.295 0.037 0.186 0.056 0.018 0.048
Final 0.0005 0.0019 0.0027 0.00027  0.0010 <1-10° <1-10° <1-107°
Solution Th,0, Dy,0O, Ho,O, Er,0O, Tm,0, Yb,0, Lu,0, 2Tr,0,
Initial 0.010 0.070 0.013 0.041 0.0060 0.041 0.0051 1.380
Final <1-10® <1-107° <1-107° <1-10° <1-107° <1-10 <1-107° 0.006
Solution Na,O K,0 MgO CaO SrO ALO, TiO, Sio,
Initial 1430 62.6 5.4 161.3 234 12.7 62.0 7660
Final 7890 29.3 2.3 26.1 051 155 33.6 320
Solution Fe,O, Nb,O, Ta,O, ZrO, HfO, MnO ThO, Uo,
Initial 13.8 59.7 5.84 197.7 7.23 46.3 0.0028 0.046
Final <0.001 0.033 0.0036 0.031 0.001 0.22 0.00017 0.0042

the absorption of a part of zirconium and niobi- Table 2). The sorbent is used in the decomposition
um from silica sol by the sorbent, while sodium of eudialyte concentrate by sorption conversion,
remains quantitatively in the liquid phase (see while silica sol is directed to obtaining the pre-
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Fig. 3. The process flow scheme of silica sol processing to obtain wollastonite with utilisation of

the stock acid solution.
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cursor of wollastonite. Sodium is recovered with
sulphocationite from the stock solution obtained
after separating the precursor of wollastonite, to
obtain the acid solution suitable for re-use in the
sorption conversion of eudialyte concentrate. The
sorbent saturated with sodium is reactivated by
acid treatment from Na*- into H'-form, while so-
dium hydroxide and the acid for use in the tech-
nology are prepared from the resulting solution
by means of electrodialysis [12].

CONCLUSIONS

1. For the purpose of completing the develop-
ment of eudialyte concentrate technology through
sorption conversion, two versions have been pro-
posed for processing silica sols formed during acid
decomposition of eudialyte concentrate by sorp-
tion conversion.

2. The technologies provide additional extrac-
tion of valuable methods from silica sols by sorp-
tion with sulphocationite, different versions of
silica use for manufacturing valuable products,
regeneration of acid solutions for their re-use in
the decomposition of eudialyte concentrate.

3. Utilisation of silica sols formed in eudialyte
concentrate processing by sorption conversion
ensures almost complete exclusion of the forma-
tion of liquid wastes.
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