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Abstract The macroporous anion exchangers with long-chained cross-linking agents were investigated for the
tungsten recovery from salt solutions. The physical-chemical characteristics of these sorbents were studied by
means of sorption-desorption experiment aswell as electron and IR-spectroscopy. The anion exchangers on the basis of
macroporous copolymers of methylacrylate and divinyl-ester of diethyleneglycol or tetravinyl-ester of pentaerythritol
possess the exchange capacity to tungsten 2—5 times greater than the porous anion exchangers on the basis of styrene

and divinylbenzene, therefore they can be used for selective tungsten recovery from complex salt solutions.

Keywords
solution

1 INTRODUCTION
Tungsten-containing raw materials are complex min-
eral systems in their physical-chemical composi-
tion, from which tungsten is converted by chemical-
metallurgical methods into NagWO,, H3PW 1,049 so-
lutions with the background of NaX (NazX, NazX),
HNO3 (where X=OH~, NO3, CI-, CO3~, SO,
POZ7)[1-6l. The subsequent tungsten transition in
to [(NH2),WO,4-H;0-NH,OH] solution is carried out
by means of sorption and extraction(!:36-11 The ex-
traction process is already in industry but is ecologi-
cally dangerous under certain conditions!"310:11, It is
known(®"! that the cation exchange processes are ap-
plied for the [(NH4)2WO,4_H,0] production but they
can be carried out only for the (Na; WO4-NaOH-H,0)
solution with the minor salt background (NO3 , SO2~,
Cl7). However, the anion exchange process for the
ammonium tungstate production, for realization of
which anion exchangers with high exchange capacity
to tungsten are needed, is free from these limitations.
The earlier investigated anion exchangers on the
basis of gel and porous copolymers of styrene and
vinylpyridine types were used for the tungsten re-
covery from waste solutions7?]. The macroporous
anion exchangers on the basis of acrylic copolymers
with long-chained cross-linking agents synthesized by
TOKEM-Company (Kemerovo, Russia) are more ap-
propriate in conversion from sodium tungstate into
ammonium tungstatel2~1%],
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The present work is devoted to the selective
tungsten recovery from salt systems on macroporous
methylacrylate anion exchangers with long-chained
crosslinking agents in comparison with the porous an-
ion exchangers on the basis of styrene.

2 Experimental

The physical-chemical properties of anion exchang-
ers investigated were studied by means of sorption-
desorption experiment, mercury porometry as well as
electron and IR-spectroscopy!!216-19 The common
anion exchangers mass (~50g) was previously pre-
pared in the Cl™- form (the average bead diameter
is 0.3—0.5cm) and was kept in air-dry storage.

The initial tungstate solutions with the concentra-
tion of 0.0001—0.1 mol-L.~! and with the given pH
and salt background were previously stocked for 10
days. The common volume of these solutions was 10—
20L. The distribution coefficients D calculated from:
D=mmol of W sorbed per g resin/mmol of W per ml
of solution were determined under batch experiment
conditions (the resin used ~1.0 g, the solution volume
was 0.2L). The equilibrium time was 24 h.

The tungsten sorption was also investigated un-
der the dynamic conditions in the thermostated glass
column (15mm diameter, 160 mm height, porous fil-
ter). The resin (0.2g) was first swollen for 4h and
then transferred into the column. The tungsten-
containing solution with the definite pH value and
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background was filtered through the sorbent with the
flow rate 0.07—0.1L-h~! in a period up to the equi-
librium time (24h). The tungsten desorption from
anion exchangers was carried out by 20% ammonia
solution or by solution of NaOH and NaCl mixture
(10% each). The eluent volume was ~100ml. The
tungsten content in solution and eluate was deter-
mined spectrophotometrically®”. From the experi-
mental data, the exchange capacity (EC) of anion ex-
changers to tungsten was calculated (amount of W
sorbed in the resin, mmol-g~?').

Experiments were repeated 3 or 4 times. The av-
erage experimental error is below 6%.

The identification of tungsten ionic state was ob-
tained from electron spectroscopy data at the wave-
length range of 200—400nm using the Specord UV
Vis spectrophotometer (Germany). The absorption
layer thickness was 0.2—0.8 cm.

The anion exchanger samples for IR-spectroscopy
were prepared according to the following procedure.
After the saturation of samples with tungsten ions at
the definite pH values, the sorbents were dried by filter
paper (no washing with water in order not to change
the tungsten ionic state in the resin phase). Then
the air-dried samples were ground in a vibration mill.
The resins tableting was carried out with KBr (0.3 mg
resin to 200 mg KBr). The IR-spectra were registered
using IR-spectrometer Specord M80 (Germany). The
electron and IR-spectra were identified in accordance
with the works/21-23],
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3 Results and Discussion
Need for application of anion exchanger with macro-
porous structure is caused by tungsten ionic state.
The polymeric ions HW,;03,, W;0%;, W,0};,
W;2040(0OH)3’, W]2033(0H)g_ are formed from
WO?2~ ions by polycondensation in the solution with
tungsten concentration 0.001-0.01 mol-L~! at pH<8.
These polymeric ions are larger than the monomeric
tungstate ions('®-17.  That is why aminopolymer
beads with open pores (the pore size should be about
150—200nm) are necessary for the ion exchange re-
covery of large polymeric ions!!457], :
3.1 Effect of anion exchanger structure on
tungsten sorption

The synthesis of methylacrylate copolymers and
aminopolymers on their basis was carried out ac-
cording to methods in Ref.[18,19] using long-chained
cross-linking agents and porogene isooctane (30%
to monomer mass). These copolymers were ami-
nated by ethylene diamine (EDA), diethylene tri-
amine (DETA) and triethylene-tetramine (TETA).
The physical-chemical characteristics of the resins are
shown in Table 1. The anion exchangers synthe-
sized on the basis of porous copolymers of styrene
and divinylbenzene (DVB) and aminated by the same
amines (EDA, DETA, TETA) were taken for compar-
ison.

The physical-chemical structure of anion exchang-
ers investigated is improved with the increase in cross-
linking agent length (going from DVB to TVEPE): the

Table 1 Physical-chemical properties of ion exchangers investigated
Trade Copo- Cross Resin Aminating Static exchange Filled Specific Total pore  Average pore
name lymer -linking structure agent capacity in mass, surface, volume, diameter
agent, % Cl™-form, gem™® m?g~!  cm®g ! (maximal pore
mmol-g~1 diameter), nm
AN-108P MA DVEDEG,7 MP EDA 6.3 0.36 44—55 0.45—0.67 42—105
. (700—1900)
AN-108TP MA TVEPE, 3 MP EDA 6.8 0.39 39—44 0.50 51—80
(700—2200)
AN-221 St DVB, 10 P EDA 4.1 0.48 41—47 0.80 23—80
AN-106P MA DVEDEG, 7 MP DETA 6.8 0.39 34—39 0.34 2285
(400—1800)
AN-106TP MA TVEPE, 3 MP DETA 8.6 0.38 43—>51  0.49—0.56 57—130
(500—2100)
AN-511 St DVB, 10 P DETA 4.6 0.49 23—28 0.61 24—30
AN-1P MA DVEDEG, 7 MP TETA 9.6 0.34 38—43 0.44 47--95
(700—900)
AN-1TP MA TVEPE, 3 MP TETA 10.6 0.36 37—45 0.51—0.68 65—130
(1200—1800)
AN-521 St DVB, 10 P TETA 5.1 0.51 27—34 0.69—0.84 25--35

MA—methylacrylate; St—styrene; DVEDEG—divinyl-ester of diethyleneglycol; TVEPE—tetravinyl-ester of pentaerythritol;
DVB—divinylbenzene; EDA—ethylene diamine; DETA—diethylene triamine; TETA—triethylene-tetramine; P—porous;

MP—macroporous.
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pore size as well as total pore volume and chemi-
cal activity (exchange capacity) grow substantially
(Table 1). The swelling of polymer network of the an-
ion exchangers beads grows in the hydrated state at
the expense of great amount of ester bonds and flex-
ibility of long-chained cross-linking agents. That is
why the ionic permeability of anion exchanger beads
to tungsten polyanions grows (Table 2).

The effect of aminating agent on sorption prop-
erties of anion exchangers investigated depends on
copolymer physical structure (porosity) and its type
(on the basis of methylacrylate or styrene) as well as
on the tungsten polyanion size in the salt solution.

The anion exchangers with the same functional
groups (EDA, DETA, TETA) and with various phys-
ical structure of the beads (MP, P, MN or LB) absorb
the tungsten ions depending on resin porosity and on
PH value of the solution (Table 2).

The styrenated anion exchangers AN-221, AN-
511, AN-521 (porous samples) and AN-406, AN-467,
AN-466 (large-beaded samples) absorb the tungsten
polyanions 2—5 times less than the macroporous an-
ion exchangers on the basis of methylacrylate and
long-chained cross-linking agents. The macronetwork
anion exchanger AN-106T (it is analogous to AN-106P
but was synthesized without isooctane as a porogene)
absorbs the tungsten polyanions only by surface func-
tional groups because of porosity absence.

Between the macroporous anion exchangers with
long-chained cross-linking agents DVEDEG (AN-
108P) and TVEPE (AN-106TP, AN-1TP), AN-1TP
shows the highest values of exchange capacity to tung-
sten (Table 2, Fig.1). These anion exchangers are
the most applicable to NagWO,—(NH4)o WO, con-
version.

3.2 Effect of solution salt composition on anion
exchanger saturation degree

The tungsten concentration in solution varies
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Figure 1 Isotherms of tungsten sorption on anion

exchangers in the system
Na; WO,4-NaNO3-HO(pH=2.540.1)
(The NaNO3 concentration is 1.5 mol-L~!; The data are
obtained under dynamic conditions)
1—AN-1TP; 2—AN-521; 3—AN-—466; 4—AN-106T

from the maximum to about zero during the
technological process of ion exchange conversion
NapWO,—(NH,;);WO,. That is why the exchange
capacity value of anion exchangers depends on tung-
sten ion concentration in equilibrium solution (Fig. 1).
The isotherms of tungsten sorption at pH=2.5 are con-
vex (i.e. selective sorption of tungsten polyanions).
The increase in EC to tungsten is also associated with
its ionic state change in the (Nap;WO4-HCI-H;0)-
system (pH=2.5) in dependence on tungsten concen-
tration: WOE- —--—}W'?Og; HWI?OQO(OH);U_ -
W12035(OH)5~ 1167,

With the increase in tungsten concentration from
1075 mol-L™! up to 10~?mol-L~!, the polyanions of

Table 2 Tungsten sorption on anion exchangers of different porosity from (Na: WO ,-H,O-HCIl)-solution
(The initial tungsten concentration is 3x10~2 mol-L~?)

Trade name Aminating agent Porosity S:::‘:CTTC_?Z;:? ;a;i:_l;{ lm pH=25 b pH=5.1
AN-108P EDA MP 6.4 304 251 i
AN-221 EDA P 4.1 124 87
AN-467 EDA LB 4.1 71 a7
AN-106TP DETA MP 8.6 387 282
AN-511 DETA P 4.6 171 142
AN-406 DETA LB 4.1 62 a7
AN-106T TETA MN 7.9 18 24
AN-1TP TETA MP 10.6 417 290
AN-521 TETA P 5.1 203 164
AN-466 TETA LB 4.8 68 54

MP—macroporous; P-—porous; LB—large-beaded; MN—macronetwork;

D—distribution coefficient
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para-, hydrometa- and metatungstates are formed.
The similar change of tungstate ionic state takes place
in dependence on solution aging time at the definite
pH values (Fig. 2): with the acidification of the system
to pH 5.1 or 2.5 the polyanions qu()g; (spectrum 8)
and W;2040(0OH)2"", W2035(OH)3~ (spectrum 3)
are formed.
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Figure 2 Electron absorption spectra of
(Nas WO ,4-NaNO3-H;0)-solutions at pH=2.5+0.1
(1—4) and pH=5.110.1 (5—8)
The solution aging time at constant pH: 3,8—15min; 2,7—5h;
1,6-72h; 4,5—144h

The change of tungsten ionic state has effect on
type of ions sorbed.

The IR-spectroscopic data obtained for anion
exchanger AN-1TP saturated in the solution with
pH=2.5+0.1 and with varying tungsten concentra-
tion in the initial anion exchange system corroborate
the above-mentioned (Fig. 3). IR-spectrum 2 presents
the anion exchanger saturated in the solution with
tungsten concentration 10™* mol-L~!. The absorption
band at 650—850cm™! is characteristic for WO3~
ions sorbed on the resin(®!~23,

With the increase in tungsten concentration in so-
lution, the polyanionic systems changing gradually
over to the equilibrium state are formed (Fig. 2, spec-
tra 1, 2, 4 for pH=2.5 and spectra 5—7 for pH=5.1).
It should be noted that the equilibrium state is at-
tained practically after 72h for the ionic system with
pH=5.1 (spectrum 6 in Fig. 2 changes slightly and be-
comes spectrum 5 after 144h). In the system with
pH=2.5, the equilibrium state is not established
after 72h. There are several ionic forms of tungsten
polyanions in the solution in this case. The equilib-
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riumn state is attained only after 144h (Fig.2, spec-
trum 4 which has two shoulders at 240-—260 nm and
280--300nm). Therefore the ionic system changes
in the direction of formation of stable metatungstate
polyanions W12040(OH)3’™ or W15034(OH)5 .

EE L
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wavenumber, cm ™!

Figure 3 IR-spectra fragments of anion exchanger
AN-1TP (2—T7) saturated in
(Naa WO 4-NaNO3z-H;0)-solutions {(pH=2.5+0.1) with
various tungsten concentration

Spectrum  Tungsten concentration,  Solution aging time

mol-L~1 before the sorption, h
2 10—4 0.5—2
3 2x 1074 0.5—2
4 10-3 0.5—2
5 3x10°2 0.5—2
6 3x10°2 72
7 3x 1072 144

Spectrum I-—anion exchanger AN-1TP in the Cl~ -form.
Spectrum 8—anion exchanger AN-106T after the tungsten
sorption from the solution with the tungsten concentration

3 x 107 ? mol-L ™!

Thus the anion exchanger AN-1TP is saturated
with different polyanions after the tungsten sorption
from solutions with pH=2.5 (Fig. 3, spectra 3--7), just
as the equilibrium in solutions is shifted in the di-
rection of WO~ ions formation with the decrease in
tungsten concentration. Under the same conditions,
the macronetwork anion exchanger AN-106T absorbs
the tungsten ions only by surface groups (Fig. 3, spec-
trum 8).
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Therefore the data obtained from solution elec-
tron spectroscopy (Fig. 2) and IR-spectroscopy of AN-
ITP (Fig.3) testify the complicated ion exchange
equilibrium. So the following process takes place
during the tungsten sorption from equilibrium solu-
tions with pH=2.5 and W concentration greater than

10~3 mol-L-!
8RAn + W,,0% +— RgW 20, +8An~ (1)

The sorption of tungstate ions occurs at the tung-
sten content in solution less than 1073 mol-L~1

2RAn + W03~ «— Ry;WO, + 2An~ (2)

The polyanions with various charge-to-mass ratios
are sorbed from non-equilibrium solutions

22RAn+ W05, + W,2035(OH)5 ™ 4+ W12049(OH)3" ™
+— RgW7024 + RgW12038(OH)2+
RquO;m(OH)z + 22An~ (3}

The anion charge (An) is equal to 1 for simplicity of
representation.

It can be seen from IR-spectra 5—7 (Fig. 3) which
define AN-1TP saturated in the solutions with differ-
ent aging time that with the increase in this time,
the various tungsten polyanions are sorbed: W120§E ,
W12035(0OH)S™, W;204(0OH)3°".
cluded that the tungsten polyanions with maximal
charge-to-mass ratio close to 2 (0.5 for WO?2~ ions)
are recovered simultaneously from the salt solutions
at pH=2.5. It should be noted that the tungstate
ions sorbed at pH=2.5 are converted in the anion ex-
changer beads into metatungstate polyanions because
of polycondensation process. The exchange capacity
of the resin grows in this casel23).

Influence of salt background on the tungsten re-
covery has remarkable effect at pH>5.1 (Table 3). It
can be seen that AN-106TP (similarly to AN-1TP)
recovers effectively tungsten from all salt systems in-
vestigated at pH=2.5—b5.1.

It can be con-

Table 3 Tungsten sorption on anion exchanger
AN-108TP from different salt solutions (The salt
concentration is 1.5 mol-L~!; the initial tungsten
concentration is 3 x 1072 mol-L™1)

Salt Distribution coefficients at pH
background 2.5 4.1 5.1 6.1
387 381 282 197
NaaS04 375 362 280 182
NaCl 367 339 269 73
NaNQj; 340 297 248 21
NazPO4 391 382 387

The desorption of tungsten polyanions was carried
out by aqueous ammonia solutions (20%). The tung-
sten desorption degree from the resins AN-106TP, AN-
1TP, AN-108P exceeds 99%.

4 CONCLUSIONS

The anion exchangers on the basis of macroporous
copolymers of methylacrylate and long-chained cross-
linking agents (aminating agents DETA, TETA) pos-
sess the exchange capacity to tungsten 2-5-times more
than the porous anion exchangers on the basis of
styrene and DVB. The macroporous ion exchangers
can be used for the selective tungsten recovery from
complex salt solutions under conversion to the system
(NH,4)2WO4-NH4OH-H20. The pure tungsten salts as
well as metal tungsten and its alloys can be obtained
from these solutions in accordance with the commer-
cial technology.
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