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Abstract

Thorough investigation of the decomposition of eudialyte concentrate by means of sorption conversion in low-
concentration sulphuric acid solutions is carried out. The effect of process conditions on the efficiency of
decomposition of acid-soluble minerals from the concentrate and sorption of valuable metals and natural
radionuclides from the concentrate by the sorbent is studied. It is shown that the sorption of rare earth elements,
manganese, uranium and thorium, which are rather stable against hydrolysis under experimental conditions, is
achieved within a broad range of process parameters. The optimal conditions for the sorption of zirconium (hafnium),
niobium (tantalum) and titanium by the sorbent differ due to different hydrolytic stability of these elements in low-
concentration acid solutions. The choice of optimal process conditions should be determined by economic reasonability,
because it is impossible to achieve a high recovery of all valuable components at the same time.
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INTRODUCTION

Traditional methods of the acid decomposi-
tion of eudialyte concentrate involve concen-
trated sulphuric acid solutions, which causes
high consumption of the acid and, as a conse-
quence, the formation of a large amount of salt
wastes requiring utilization. An additional
problem is utilization of silica, because calcium
and strontium sulphates get into silica-contain-
ing wastes during decomposition with sulphuric
acid. Because of this, attention to the develop-
ment of technology for processing eudialyte
concentrate through decomposition using
low-concentration sulphuric acid solutions has
increased [1, 2].

Leaching of rare earth elements (REE) and zir-
conium using a solution with pH 1.0 (CHZSO4 R
0.65 wt. %) from the non-magnetic fraction ob-
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tained from eudialyte ore of the Norre Kirr de-
posit (Sweden) was investigated. Acid consump-
tion rate, the composition of solutions, and the
methods of recovery of REE and zirconium from
these ores were not reported. Under conditions
that are optimal in the opinion of the authors
(temperature 50 °C, treatment time 4 h), the re-
covery of 86 % REE, 51 % zirconium was achieved.
At a temperature of 75 °C, the recovery of REE
and zirconium into the liquid phase increased,
but the resulting silica gel was very difficult for
subsequent processing [1].

With traditional approaches, the wuse of
low-concentration solutions determines the ne-
cessity to use a large excess of the acid solution in
order to prevent hydrolysis of metal ions of the
IITI-V groups of the Periodic system. This causes
a further increase in the amount of acid wastes
containing silica to be utilized.



SORPTION CONVERSION OF EUDIALYTE CONCENTRATE

Acid consumption decreases substantially in the
case if eudialyte concentrate is decomposed by
means of sorption conversion [2]. The goal of the
present work was to carry out a comprehensive
investigation of the decomposition of eudialyte
concentrate by means of sorption conversion us-
ing low-concentration sulphuric acid solutions.

EXPERIMENTAL

Eudialyte concentrate manufactured at the
Lovozero mining and concentrating plant (Revda
settlement, the Murmansk Region) was used in
the work. The composition of this concentrate is,
wt. %: 9.32 ZrO,, 0.25 HfO,, 1.85 Tr,0,, 0.61
Nb,0O,, 0.03 Ta,0,, 2.06 TiO,, 1.96 MnO, as well as
12.96 Na,0, 1.32 K,0, 0.98 MgO, 3.95 CaO, 2.02 SrO,
3.69 ALO,, 3.95 Fe,O,, 41.83 SiO,, 0.010 ThO, and
0.009 UO,. The major minerals of the concentrate
are readily acid-soluble eudialyte and nepheline,
difficultly soluble lamprophyllite, insoluble albite
and loparite. The content of minerals that were
not decomposed during the process was about
15 wt. %, including approximately 1 wt. % of lo-
parite. Lamprophyllite content was about 4.5 wt. %.
The fraction of the middle and yttrium groups in
the sum of REE oxides exceeds 43 %, which caus-
es increased interest in this raw material.

TABLE 1
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The experimental procedure was mainly the
same as that described in [3]. At large mass loss
values, the solid residue was composed mostly of
non-decomposed minerals. With a decrease in
mass loss value, the residue contained not only
minerals that are stable in acid solutions, but also
partially decomposed eudialyte, often in the form
of X-ray amorphous product enriched with silica.
It was often difficult to assign it to the non-de-
composed mineral residue or to silica gel.

If the liquid phase contained a mixture of sili-
ca sol and silica gel, they were separated by cen-
trifuging, followed by decanting of silica sol (solu-
tion). As a rule, silica sol formed gel during long-
term exposure. At the liquid-to-solid ratio L/S = 5,
the basis of the liquid phase was silica gel; its
separation from the sorbent on a meshed filter
proceeded with difficulty and required a large
amount of water for washing.

Experimental conditions and their effect on
mass loss values, the degree of filling (y) the sorp-
tion exchange capacity of the sorbent, silica con-
centration in the liquid phase (ClSi02) and the nature
of the formed liquid phase are summarized in Ta-
ble 1. The consumption of the acid (o), which was
determined by solution concentration and by the
L/S ratio, was equal to 13—98 % of the stoichio-
metric amount. The ratio of the volume of acid

Effect of process conditions on the characteristics of eudialyte concentrate decomposition

Exp. Process CH2504’ wt. % Time, h L/S o, % B, % Massloss, 7y, % Céi02, mg/L  Liquid
temperature, °C % phase
1 20 2.0 4 15 39 69 545 723 H. a. Ss
2 20 2.0 6 35 65 92 60.1 43.1 6030 Ss + Sg
3 20 2.0 10 15 39 115 682 56.5 20 080 Ss
4 20 2.0 10 35 65 115  70.6 54.3 9260 Ss
5 20 3.0 4 15 59 69  59.6 86.3 7185 Ss
6 20 3.0 12 5 13 100 78.8 724 15430 Sg
7 30 2.0 4 15 39 69  64.0 87.7 10 040 Ss
8 40 2.0 4 15 39 69  66.2 90.8 12160 Ss
9 40 2.0 10 20 52 115 784 584 15215 Ss
10 60 15 4 15 29 69 312 64.6 7720 Ss
11 60 2.0 4 15 39 69 802 103.0 16 760 Ss
12 80 2.0 4 15 39 69 844 854 10010 Sg + Ss
13 80 2.0 10 15 39 115  84.6 63.3 1430 Ss + Sg
14 80 2.0 10 25 65 115 712 514 11 520 Ss
15 80 2.0 6 35 65 92 62.6 40.0 5890 Ss
16 80 3.0 10 35 98 115  80.1 51.0 8800 Ss
17 80 3.0 12 5 13 100 723 68.4 1050 Sg + Ss
18 100 2.0 6 35 65 92 791 68.8 8380 Ss

Note. N. a. — not analyzed; Ss — silica sol; Sg — silica gel.
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solution (L, mL) and the mass of eudialyte con-
centrate (S, g) L/S varied within the range from
5 to 35. The consumption of the sorbent (B) was
estimated in per cent of the theoretically needed
amount for sorption, assuming that cations were
sorbed in the form of Me™".

The distribution of the most valuable and ra-
dioactive components of eudialyte concentrate
between the products formed during sorption
conversion is shown in Table 2. To evaluate the
presented data, it should be taken into account
that zirconium content in the concentrate is almost
completely determined by eudialyte, but only
about 88.2 % REE, 78.6 % Nb and 26.2 % Ti are
related to eudialyte, while 11.5 % REE, 20.2 % Nb
and 14.4 % Ti are present in loparite, and the ma-
jor part of titanium (59.4 %) enters the concentrate
with lamprophyllite.

The coefficients (K,) of component distribution
during sorption were calculated using experi-
mental data according to equation:

mV
C

- P
Ky mV,
where m_and m_are the masses of a component
in the sorbent and in the solution, respectively;
Vp, V. are the volumes of solution and sorbent,

respectively.

RESULTS AND DISCUSSION

It was assumed that the process carried out in
the mode leading to the formation of silica sol
would provide the high efficiency of the sorption of
rare elements by the sorbent [2]. However, even at
the high extent of concentrate decomposition, the
formation of silica sol (experiments 9, 12, 17, 18)
does not ensure the achievement of the high degree
of recovery of valuable metals into the sorbent.

The sorption of most cations from weakly
acidic solutions usually proceeds efficiently, in-
creasing with an increase in process tempera-
ture. However, during the sorption conversion of
eudialyte concentrate, the sorption efficiency of
metals that pass into solution is determined not
only by solution acidity and sorption tempera-
ture but also by other reasons.

One can see in Table 1 that, depending on pro-
cess conditions, the resulting liquid phase was ei-
ther silica sol or a mixture of silica gel with silica
sol, or mainly silica gel. Because of the relatively
low solubility of silica, eudialyte decomposition is
mainly determined by the L/S ratio (see Table 1).

For low L/S values, the solution gets saturated
with silica rather rapidly, nevertheless, the mass
loss is high. This is possible because of diffu-
sion-driven leaching of cations from non-dis-
solved eudialyte and other silicates (nepheline,
lamprophyllite), and non-dissolved silicate frame-
work of the minerals is transformed into gel as a
consequence of the substitution of metal ions in
eudialyte crystals by hydroxonium cations ac-
cording to reaction [4]:

| |
-Si-0-K + H;0" > —-Si-OH-H,0 + K© (1)
| |

|
K-0-Si-0-K + 2H,0" >
|
H,0 - OH-Si~OH - HyO + oK™ (2)

At higher L/S values (for example, L/S = 35 in
experiment 2, see Table 1), silica gel may be formed
not as the product of diffusion-driven leaching of
metal cations from the silica matrices of eudialyte
and lamprophyllite but through polymerization of
silica that passed into solution. This happens be-
cause silica sols containing silica are metastable,
and their stability depends on silica concentration
in the sol, temperature, pH of the medium, and the
nature of mineral acid [5]. It is probable that silicon
polymerization is also promoted by readily hydro-
lyzable metals that are present in silica sol.

An increase in the duration and temperature
of the process causes an increase in the extent of
concentrate dissolution, and therefore an increase
in the amount of silica that passes into solution.
As a rule, silica polymerization proceeded gradu-
ally during long-term storage of silica sols. How-
ever, in the experiments with L/S = 5—15, at a
temperature of 80 °C and process duration 10—
12 h, when the high extent of concentrate de-
composition was achieved, silica polymerization
was observed directly during decomposition be-
cause of a substantial increase in the concentra-
tion. In this situation, SiO, content in silica sols
decreased to 1050—1430 mg/L (see Table 1, ex-
periments 13 and 17), though for shorter process
duration it reached 10 010 mg/L at 80 °C (experi-
ment 12) and 20 080 mg/L at 20 °C (experiment 3).

Silica gels contained substantial concentrations
of some metals; the products dried at 80 °C were
determined to contain, wt. %: 42.6—55.3 Sio,,
0.81-1.1 TiO,, 448-6.60 ZrO,, 0.11-0.14 HfO,, 0.64—
097 Nb,O,, 0.044-058 Ta,O,, 0.23-038 ZXTr,0,,
0.0015-0.006 ThO,, 0.0012-0.0014 UO,, 2.44—3.47
Na,0O, 0.16-0.59 K,0, 0-0.14 MgO, 0.04—1.04 CaO,
0.15-0.42 SrO, 0.21-0.32 MnO, 0.34-1.35 ALO,,



TABLE 2

SORPTION CONVERSION OF EUDIALYTE CONCENTRATE

Distribution of valuable and radioactive metals between the products of sorption conversion

Exp. Metal recovery, %
Zr Hf >Tr Nb
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
1 478 109 - 41.3 67.4 144 - 31.1 60.7 141 - 37.8 414 112 - 474
2 58.8 11.2 1.7 283 70.8 3.6 1.6 240 729 051 1.5 25.0 36.0 473 1.6 15.2
3 65.6 15.7 - 18.7 73.0 28 - 24.2 715 031 - 28.2 39.4 8.7 - 51.9
4 66.2 176 -— 16.1 81.8 62 — 12.0 741 058 - 25.3 420 211 - 36.9
5 689 112 - 19.9 71.0 92 - 19.8 648 026 - 34.9 143 431 - 42.6
6 76.3 2.8 85 123 69.0 32 11.0 169 814 0.12 3.7 147 39.2 94 255 258
7 715 120 - 16.5 675 167 — 15.8 736 023 - 26.1 56.6 6.1 - 37.3
8 753 43 - 204 779 20 - 20.1 771 043 - 224 61.7 1.9 - 36.4
9 739 197 - 6.4 834 114 - 5.2 84.1 054 - 154 204 60.7 - 18.9
10 408 38 - 55.4 56.3 24 - 41.3 458 030 - 53.9 126 81 -— 79.3
11 599 25,6 - 14.5 804 103 - 9.3 876 039 - 12.0 725 81 ~— 19.4
12 525 183 225 6.6 621 7.7 249 52 85.7 015 58 84 74 308 493 125
13 85.1 04 119 2.6 834 03 144 1.9 85.3 0.02 7.0 7.7 24.0 1.2 499 249
14 66.7 195 - 16.9 641 190 - 16.9 88.8 026 -— 11.0 332 317 - 35.1
15 629 59 - 31.2 798 76 - 12.6 729 018 - 26.9 376 310 - 31.5
16 713 236 - 5.1 804 148 - 4.8 85.0 028 - 14.7 120 668 — 21.2
17 50.8 189 188 115 58.6 4.7 152 214 809 0.11 34 156 209 224 305 262
18 62.6 299 - 7.5 774 168 — 5.8 85.6 085 - 135 383 421 - 19.6
Exp. Ti Mn Th U
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
1 249 33 - 71.7 634 3.7 - 32.9 55.0 090 - 44.0 775 250 - 20.0
2 139 42 44 775 62.8 3.9 21 312 541 057 48 404 575 266 22 39.6
3 5.6 08 - 93.6 68.9 4.5 - 26.7 622 060 - 37.2 78.0 220 - 19.8
4 21 76 - 90.3 684 5.4 - 26.2 424 120 - 56.4 780 670 — 15.3
5 08 34 - 95.7 724 25 - 25.0 418 074 - 574 779 290 - 19.2
6 45.3 0.2 6.2 483 829 0.2 3.0 139 70.0 0.18 5.7 241 72.0 500 6.0 17.0
7 09 47 - 944 737 24 - 23.9 778 095 - 21.2 82.7 200 - 15.3
8 1.7 1.7 - 96.6 77.0 1.0 - 22.0 634 060 - 36.0 82.7 1.78 - 15.6
9 35.2 6.0 - 58.8 856 3.2 - 11.2 454 240 - 52.2 86.4 511 - 8.5
10 18.7 14 - 79.8 60.0 076 — 39.3 533 0.68 -— 46.0 65.6 1.07 - 33.3
11 45.1 73 - 47.6 86.9 2.7 - 10.3 59.8 096 - 39.2 864 444 - 9.1
12 276 7.3 249 402 824 21 54 10.1 66.8 039 153 174 874 6.80 64 438
13 32.8 44 147 481 88.3 0.8 5.6 5.3 57.6 0.04 202 222 84.7 050 7.1 7.6
14 659 6.8 -— 27.3 86.1 3.1 - 10.8 948 019 - 5.0 976 042 - 2.0
15 47 60 - 89.3 57.8 5.0 - 37.1 25.3 0.70 - 74.0 85.3 133 - 13.3
16 48 224 - 72.8 835 6.1 - 104 924 025 - 7.4 89.5 226 - 8.2
17 578 6.7 79 276 875 0.77 3.0 87 726 007 22 251 326 238 515 135
18 49.0 182 - 32.8 87.0 4.5 - 8.5 50.0 0.02 - 50.0 89.9 222 - 8.9

Note. 1. Products: 1 — sorbent; 2 — silica sol; 3 — silica gel;

not formed.

4 — solid residue. 2. Dash means that silica gel was
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0.75-1.35 Fe,O,. The concentrations of niobium
and tantalum with respect to silica were usually
higher than in initial eudialyte. Many metals are
present in silica gels not in the dispersion solution
but are chemically bound with silica matrix, which
greatly hinders their recovery into the sorbent [4].

These polymers are also likely to be formed in
silica sols, though in smaller amounts. The forma-
tion of polymers is caused by the partial hydroly-
sis of polyvalent metals in weakly acidic solutions
with the formation of hydrate forms Me(OH)™ ™"
where m is metal valence, n is the number of
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hydroxyl groups [6] interacting with each other
with the formation of polymeric ol compounds [7].

To provide the higher recovery of readily
hydrolyzed elements of groups IV—V of the Pe-
riodic table into the sorbent, it is necessary to
transfer them into a solution efficiently, pre-
venting hydrolysis and hence the formation of
non-sorbed polymers. An increase in acid concen-
tration in the solution promotes leaching and pre-
vents hydrolysis, but decreases sorption efficien-
cy. An increase in process temperature promotes
leaching and sorption of the majority of compo-
nents but enhances hydrolysis. Finally, an in-
crease in L/S promotes the dissolution of eudia-
lyte but causes an increase in the losses with the
liquid phase because of an increase in the amount
of the formed silica sol and, as a consequence, the
amount of the formed polymers. In addition, the
consumption of the acid and the amount of moth-
er solution for utilization increase.

The influence of process conditions on the effi-
ciency of sorption of the most valuable metals of
eudialyte concentrate by the sorbent was analyzed.

For the evaluation of REE distribution be-
tween the products of sorption conversion, it is
necessary to take into account the fact that their
recovery in the sorbent cannot exceed 88.5 %. For
the concentration of 1.5 wt. % H,SO,, even at a
temperature of 60 °C REE recovery into the sor-
bent was only 45.8 %, and at the concentration of
2 wt. % H,SO, at a temperature within the range
of 20—40 °C — 56.5—75.9 %, which points to insuf-
ficiently complete decomposition of eudialyte un-
der these conditions. The high REE recovery into
the sorbent (85.6—87.6 %) was achieved at a tem-
perature of 60—100 °C and H,SO, concentration
2 wt. %, though a substantial fraction of REE is
lost with the silica residue during sulphuric acid
decomposition of eudialyte because of the for-
mation of poorly soluble double sulphates of the
REE of cerium and middle groups with sodium
and isomorphous cocrystallization with gypsum
getting into the residue.

During the formation of silica gels, REE losses
with them increased (see data in Tables 1 and 2),
but they were relatively low. REE sorption from the
solutions formed simultaneously with silica gel pro-
ceeded efficiently. As a rule, less than 1 %, fre-
quently not more than 0.3 % of REE remained in
mother solutions (see Table 2), while the major part
of REE not sorbed by the sorbent passed into solid
residues. Under any process conditions, K values for
REE are large (K; = 346—1770), this means that
REE mainly did not form polymers with silica.

Because of the presence of loparite in the con-
centrate, recovery of the REE of cerium group
into the sorbent is lower, and transition into the
solid residue is higher than the corresponding
values for REE of the middle and yttrium groups.
Since the elements of yttrium group are almost
completely bound with eudialyte in the concen-
trate, judging from the recovery of yttrium
group REE into the sorbent and into the liquid
phase, eudialyte decomposition under optimal
conditions in sulphuric acid medium was not less
than 94.5 %.

Zirconium and hafnium were leached rather
efficiently (see Table 2). Decreased amount of zir-
conium in the solid residue, indicating the high
extent of eudialyte decomposition, was obtained
using solutions with C,, o = 2-3 wt. %, tempera-
ture within the range of 40—100 °C, and process
duration 10—12 h. The high extent of eudialyte
decomposition did not ensure high extent of re-
covery into the sorbent. At low temperatures
(20—40 °C) and CH2504 = 2—3 wt. %, recovery into
the sorbent reached 68.9—71.5 %, but with an in-
crease in temperature to 60—100 °C for process
duration 4—6 h it decreased to 59.9—62.9 % for sol
formation and to 52.5 % for gel formation. Accu-
mulation of zirconium in the liquid phase in-
creased in this situation: its concentration, calcu-
lated for ZrO,, increased from 222 mg/L at
20 °C to 1589-1764 mg/L at 60-80 °C and
L/S = 15, and to 796 mg/L at 100 °C and
L/S = 35. However, with an increase in process
duration from 4 to 10 h (see experiments 12 and
13) and sorbent consumption from 69 to 115 % at
80 °C and L/S = 15, the sorbent absorbed 85.1 %
Zr and 83.4 % Hf, while zirconium concentration
in the mother solution was only 25.8 mg/L.

Zirconium sorption worsened as a conse-
quence of the formation of silicon-zirconium
polymers: silica sols from experiments 3, 4, 11,
12, 18 were observed to contain at the same time
increased concentrations of silica and zirconium,
and decreased K, (<10), while in the case of zir-
conium sorption from the solutions in which there
was no substantial formation of silicon-zirconium
polymers, K could exceed 40 (experiments 1, 2, 13,
15). As a rule, hafnium was sorbed more effi-
ciently than zirconium.

Estimating niobium distribution between the
products of sorption conversion, it is necessary
to take into account the fact mentioned above:
maximal possible extent of niobium recovery is
approximately 80 %, because about 20 % of nio-
bium is incorporated into loparite, which is not
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decomposed during sorption conversion. In the
solution of 2 wt. % H2SO4, an increase in tem-
perature to 60—100 °C provided substantial effi-
ciency of its leaching, while the concentration
1.5 wt. % was insufficient. Similarly to the case
of zirconium, efficient leaching did not ensure
niobium absorption by the sorbent, because its
substantial fraction was retained by the liquid
phase. The maximal recovery of niobium into the
sorbent, equal to 61.7 %, was obtained at a tem-
perature of 40 °C, L/S = 15, sorbent consumption
69 % of the stoichiometric amount (experiment 8).
At a temperature of 80—100 °C, the fraction of
non-sorbed niobium increased substantially. This
fraction was especially low if gel was formed. Pro-
cess conditions had a substantial effect on K  of
niobium and tantalum. The low values of this pa-
rameter (frequently K, < 1) point to the forma-
tion of polymers with silica, enhancing with a
temperature increase to 80—100 °C.

The major part of titanium was not leached
usually (see Table 2). This fact points to a more
difficult decomposition of lamprophyllite in com-
parison with eudialyte. Temperature rise to 80—
100 °C promoted decomposition of lamprophyllite.
Titanium sorption from silica sols proceeded effi-
ciently, as a rule. In the case of gel formation, a
substantial fraction of titanium that passed into
the liquid phase was not sorbed (experiments 12,
13). Higher titanium recovery into the sorbent
was observed at a temperature of 60 °C (experi-
ment 11) with the solution 2 wt. % H2804. A de-
crease in H,SO, concentration (experiment 10), an
increase in process temperature (experiment 18)
caused a decrease in titanium sorption in the sorbent.

The major part of manganese not sorbed by
the sorbent was present in the insoluble residues.
Manganese sorption was rather efficient. The val-
ues of K, for manganese are high (10°-10°), that
is, this element, similar to REE, alkaline and alka-
line earth metals, aluminium, iron, did not form
polymers with silica. Retention of manganese by
the liquid phase increased at a temperature of
80—100 °C and L/S = 35, reaching 4.5-7.5 % of
the initial amount. Nevertheless, since tempera-
ture rise caused an increase in the extent of con-
centrate decomposition, manganese recovery into
the sorbent at increased temperatures is rather
high — up to 87 %.

In comparison with the initial concentrate,
residues of unreacted minerals are depleted of
REE (to 0.99 wt. % £Tr,0,), zirconium (to 2.38 wt. %
Zr0O,) and uranium (to 0.002 wt. % UO,), enriched
with iron (to 806 wt. % Fe0O,), titanium

(to 7.36 wt. % TiO,), niobium (to 1.45 wt. % Nb,O,),
tantalum (to 0.07 wt. % Ta,0,), thorium
(to 0.03 wt. % ThO,) because of the accumulation
of aegirine, lamprophyllite and loparite in them.
So, the major part of uranium present in the con-
centrate is bound either with eudialyte or with
readily decomposable accessory minerals.

The cations of multiply charged metals are
sorbed more efficiently than the cations of alka-
line metals, so it was assumed that in the case of
the lack of sorbent alkaline metals would be ac-
cumulated in the solution, and the sorbent would
be enriched with the cations of multiply charged
metals, which would simplify its subsequent pro-
cessing. However, at the high mass loss and
B = 69 % (experiments 11 and 12) the sorbent
absorbed 754 and 47.6 % of sodium that was
present in the concentrate, as well as 59.0 and
82.6 % of potassium, respectively. An increase in
sorbent consumption created more favourable
conditions for the sorption of all cations, but at
B = 115 % a substantial fraction of alkaline met-
als, especially sodium, also was not sorbed. This
could lead to an almost 2-fold decrease in v,
which caused definite difficulties for desorption
to be carried out. The arrangement of the count-
er-flow process will provide more efficient use of
the sorption capacity of the sorbent.

Thorium oxide content in eudialyte concen-
trate with respect to XTr,0O, is 0.54 wt. %, urani-
um — 0.49 wt. %. Since radionuclides are usually
concentrated together with REE during mineral
raw processing, we analyzed the behavior of ra-
dionuclides during the sorption conversion of
eudialyte concentrate in sulphuric acid medium.

Specific effective radioactivity (4,) of the
studied eudialyte concentrate is equal to
1.2 KBq/kg, that is, this concentrate relates to
the II class of materials with increased content of
natural radionuclides [8]. The major portion
(=74 %) of radioactivity of eudialyte concentrate
is determined by uranium.

Under the optimal conditions of the acidic
decomposition of eudialyte concentrate
(60—80 °C), a substantial part of thorium and
the major part of uranium are absorbed by the
sorbent (see Table 2). The A ; value of saturat-
ed sorbents did not exceed 0.205 KBq/kg at
B =69 % and 0.135 KBq/kg at B = 115 %, that
is, works with the sorbents may be carried out
without restrictions. Thorium and uranium
were usually well sorbed (see Table 2), sorp-
tion efficiency decreased only in separate ex-
periments at decreased temperature. The re-
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sulting silica sols and silica gels are even less
radioactive.

The radioactivity of unreacted mineral resi-
dues is mainly due to non-decomposed loparite,
so thorium content is much higher than uranium
content in the residues from experiments in
which high mass loss was achieved, and A of
these products may exceed 0.740 KBq/kg.

At 20 °C, desorption of radionuclides with
5 M NaCl solution proceeds by one or two orders
of magnitude worse than REE desorption. For
this reason, even at the stage of desorption the
probability of obtaining rare earth concentrate
with increased radioactivity decreases sharply.
However, if radionuclides from the eluate get
into rare earth concentrate, its A ; value may ex-
ceed 740 KBq/kg. The conditions for hydrolytic
precipitation of radioactive cake to be buried, and
then non-radioactive REE concentrate from these
eluates have been determined [9].

CONCLUSIONS

1. The parameters of sorption conversion of
eudialyte concentrate in sulphuric acid solutions
affect the nature and results of the process in a
complicated and often contradictory manner.
Lamprophyllite is most stable among the miner-
als to be decomposed.

2. The degree of concentrate decomposition
depends on acid concentration, L./S ratio, pro-
cess duration and temperature. The optimal con-
centration of sulphuric acid solution is 2 wt. %.
In the case of 2.0 wt. % H2S04 is used, the mass
loss increased slightly at a temperature of 40 °C and
sharply increased at a temperature of 60—80 °C or
with an increase in process duration to 10—12 h.

3. The mechanism of eudialyte decomposition
depends first of all on L/S value. At the high
values of L/S ratio and process duration, the
high extent of the dissolution of eudialyte and
some accompanying minerals is possible. At low-
er L/S values, after saturation of the solution
with silica, eudialyte dissolution becomes impos-
sible, and its decomposition proceeds through
diffusion-driven leaching of metals from eudia-
lyte crystals with the formation of silica gel on
the basis of silica frameworks of eudialyte and
lamprophyllite.

4. Silica polymerization proceeds in the formed
solutions, with the capture of leached metals that
are prone to hydrolysis, and the process leads to

the formation of silica sols or silica gels, depend-
ing on process conditions.

5. Efficient sorption of REE, manganese,
uranium and thorium, which are rather stable
against hydrolysis under experimental condi-
tions, was achieved within a broad range of
parameters. The maximal recovery of zirconi-
um (hafnium), niobium (tantalum) and titani-
um is achieved under different conditions. The
high extent of eudialyte decomposition does
not ensure high recovery of the metals of IV-V
groups into the sorbent.

7. The optimal conditions for the sorption of
zirconium (hafnium), niobium (tantalum) and ti-
tanium differ from each other because these
metals possess different stability against hydroly-
sis, which determines the formation of non-
sorbed polymers with silica. Hydrolysis degree
depends on solution acidity, process temperature,
and the order of reagents introduction.

8. During sorption conversion of eudialyte con-
centrate in sulphur acid solutions, it is principally
impossible to provide at the same time the maxi-
mal recovery of all valuable components, so the
optimal process conditions will be determined by
the economic reasonableness.
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