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Abstract: At JSC “Uralelectromed”, selenium-containing raw materials and industrial products are processed, resulting in solutions containing
a mixture of mercury with concentrations as follows (g/dm?): 157—210 Se; 0.004—0.02 Hg; 0.15—0.20 Te; 2—3 As; 0.15—0.20 Sb; and 45—50 S.
To produce branded selenium, the mercury concentration in the solution must be kept below 0.001 g/dm?. Various methods, such as
hydrometallurgical and electrochemical processes, are known for mercury purification from solutions. JSC “Uralelectromed” has selected
sorption technology for mercury removal using the weak-base macroporous anionite Lewatit MP-68 (Germany), which allows for control
over the degree of solution purification. In pursuit of import substitution for the Western European sorbent Lewatit MP-68, we investigated
several pre-selected industrial sorbents for extracting mercury anionic complexes produced in Russia (AM-2B, AN-31, AV 17-8, VP-3Ap),
China (Seplite MA 940 and LSC 710), and India (Tulsion CH-95 and CH-97). Initially, in static mode, we determined the distribution
coefficient (Cy), the degree of element extraction (g), the static exchange capacity of the resins (SEC, g/dm3), and the mercury/selenium
separation coefficient (Dy,/s.) Which led to the selection of the best samples: AV 17-8, Seplite MA 940, AM-2B, and CH-97, with SEC
values of 0.95—0.97 g/dm? (SEC = 0.98 g/dm? of resin Lewatit M P-68). Subsequently, in dynamic mode, we ranked the ionites by decreasing
dynamic exchange capacity (DEC / TDEC): AV 17-8 > Lewatit MP-68 > AM-2B > Seplite MA 940 > Tulsion CH-97. Resins AV 17-8,
Seplite MA 940, and AM-2B demonstrated similar dynamic sorption characteristics; under comparable conditions, mercury breakthrough
occurred after processing at least 950 specific volumes of the initial solution. In contrast, with Lewatit MP-68 ionite, mercury breakthrough
occurred after no more than 750 specific volumes, indicating the need to increase the number of sorption steps in the solution purification
cascade. Considering the totality of ion-exchange properties, for further industrial testing, it is recommended to use the domestically
produced resin AV 17-8 instead of the foreign sorbent Lewatit MP-68 in the sorption purification process of selenic acid to remove mercury,
thereby ensuring the production of branded selenium.
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Annoraunus: [1pu nepepadorke B AO «YpasaeKTpoMeIb» CeICHCOAEePKAIero ChIPbs M TPOMIIPOAYKTOB 00pa3yrTCsl paCTBOPHI, COlEp-
KXauiMe NpuMech pTyTH, r/LLM3: 157-210 Se; 0,004—0,02 Hg; 0,15—0,20 Te; 2—3 As; 0,15—0,20 Sb; 45—50 S. [Isis1 mosiyyeHusi MapOuYHOTO
celleHa KOHIEHTPALMS PTYTH B PACTBOpPE He HoyKHA mpesbrmats 0,001 /M. M3BeCTHBI pasTNaHbIe METOIbI OYMCTKH PACTBOPOB OT
PTYTHU: TUAPOMETAILIYPrUYECKUe, dJIEKTPOXUMHudeckue u ap. B AO «YpananekTpomenb» BHIOOP caedaH B MOJb3Y COPOLIMOHHON TEXHO-
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JIOTMU yoaJeHUsI PTYTU Ha cJ1ab0OCHOBHOM MaKpoIopucToM aHuoHuTe Lewatit MP-68 (I'epMaHusi), TO3BOJISIONICH YIIPaBsTh CTEIE-
HbIO OYKMCTKHU pacTBOpoB. [lis obecrieueHns 3aMellleHus 3amaqHoeBpoIeiickoro copbenra (Lewatit MP-68) mpoBeneHo ncciienoBaHue
psiia MpeaBapuTeIbHO OTOOPAaHHBIX MPOMBIIIIEHHBIX COPOEHTOB aHMOHHBIX KOMIIJIEKCOB PTYTH mpousBoactBa PD (AM-2b, AH-31,
AB 17-8, BII-3An), Kurasg (Seplite MA 940 u LSC 710), Uuauu (Tulsion CH-95 u CH-97). Ha nepBoii ctanuu B CTaTUYECKOM peXUME
onpezesieHbl K03 dueHT pacnpeneeHus (Kp), cTeneHb U3BICYCHMsI IEMEHTOB (€), 3HaYEHU sl CTATHYECKON OOMEHHO eMKOCTH CMOJT
(COE, r/z[M3), KoappuumeHt paspeneHust (Dy, ), Ha OCHOBAaHMM KOTOPBIX 0TOOpaHBI Jyqmine obpasus: AB 17-8, Seplite MA 940,
AM-2B, CH-97 ¢ Benamnamn COE = 0,95+0,97 r/am> (v cmonsr Lewatit MP-68 COE = 0,98 r/mm>). Ha BTopoii cTafim B IMHAMHIYECKOM
pexume yctaHoBieHo cieaytoiiee: o BeanunHe JOE/TTJJOE nonuTsl pacrnonoxeHsl B yobiBatouunii psia: AB 17-8 > Lewatit MP-68 >
> AM-2B > Seplite MA 940 >> Tulsion CH-97. Cmonst AB 17-8, Seplite MA 940, AM-2b 6113K1 0 CBOUM NIMHAMUYECKUM COPOITMOHHBIM
XapaKTepUCTUKAM: B COMIOCTABUMBIX YCIOBUSIX MPOCKOK MO PTYTH HACTYMAET Mocje nponyckaHus He MeHee 950 ya1. 00beMOB UCXOHOTO
pactBopa. 11 cpaBHeHMsI: Ha MoHUTe Lewatit MP-68 rpoCKOK 1o pTYyTH HacTymaeT MmocJje npornyckanus He 6osee 750 ya. 00beMOB, UTO
TpedyeT yBeTMYEHU S YUCIa CTYIIeHEel COpOLMHU B Kackae OYMCTKY pacTBOPOB. [10 COBOKYMTHOCTU NOHOOOMEHHBIX CBOMCTB /1JISI aIbHE -
LLIETro MUCCIEeI0BaHMS B PeXMMe MPOMBILIIEHHBIX UCIIBITAHU I PEKOMEHAYETCSI UCI0JIb30BaTh cMoJly AB 17-8 oTeuecTBeHHOro MPOU3BOI-
cTBa BMeCTO 3apybexxHoro copbeHTa Lewatit MP-68 B TexHOIOrMuecKoil cxemMe COPOLIMOHHON OUMCTKU CEJICHUCTON KUCIOTHI OT PTYTH C
11eJ1bl0 00ecreYeHu sl MOTYUYeH sl MapOYHOTr 0 ceJieHa.

KxoueBsie clioBa: pTyTh, CEJIeH, CMOJIa, COPOIINSI, CTaTUUecKast OOMeHHasi eMKOCTh, IMHAMUYECKasi OOMEHHasl eMKOCTb, TUIPOMETaT-
Jlypruyeckasi OuMcTKa.

Jng uuruposanus: 3ensx A.J., Tumodeer K.JI., Bounkos P.C., Manbues I'U., lllynun B.A. OyncTKa TeXHOJIOTMYECKUX PACTBOPOB OT

pryTH copouueit. Mzeecmus 8y306. Lleemnas memannypeus. 2024;30(1):5—13. https://doi.org/10.17073/0021-3438-2024-1-5-13

Introduction

At JSC “Uralelectromed”, raw materials and in-
dustrial products containing selenium are processed,
resulting in solutions with varying concentrations of
impurities, g/dm3: 157—210 selenium (Se); 0.004—
0.02 mercury (Hg); 0.15—0.20 tellurium (Te); 2—3 ar-
senic (As); 0.15—0.20 antimony (Sb); and 45—50 sul-
fur (S). For production of branded selenium, the con-
centration of mercury in the solution should not exceed
0.001 g/dm? [1].

Various methods have been developed to purify solu-
tions of mercury. These include the electrochemical re-
duction, which removes over 92 % of mercury asan Hg—
Cu alloy, followed by the thermal desorption of mercury
from the spent cathode [2]. Sorption techniques, utilizing
microporous niobium (AM-11) and vanadium (AM-14)
silicates, can adsorb approximately 160 mg/g of mercury
[3]. Combined electron-beam and adsorption treatments
on cellulose, carboxymethylcellulose, and starch remove
98 % of Hg(I) [4]. Activated carbon, alloyed with sulfur,
has shown the ability to absorb up to 187 mg/g of mer-
cury [5]. Induction adsorption of HgO on an alkaline
sorbent with active chalcogen-based centers [6]; sorption
removal of over 80 % of elemental mercury Hg” on H,S
modified magnetospheres (S—MS) [7; 8], and mercury
desorption techniques via thermal treatment and plasma
method [9] have been reported. Photocatalytic oxidation
of Hg0 enables up to 87 % removal of mercury [10]. The
photothermal aerogel method enables the potential for
achieving complete purification from heavy metal ions
[11]. Cementation of mercury (HgCl42_) from chloride
medium using metallic zinc, iron, and aluminum re-
sults in a final solution with 8-10~2 g/dm3 of mercury
[12]. In acidic solutions, mercury complexes such as
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[Hg(S0s),]*", [Hg(S0s);]*", [Hg(S03)41°~ [13], form
and are adsorbed on carbon-containing materials [14].
Sulfur copolymers with micro- and macroporous struc-
tures actively interact with mercury compounds in solu-
tion [15], forming multinuclear Hg—S sulfide complex-
es [16—18]. The presence of chloride ions also leads to
the formation of mercury complex compounds: HgCI™,
HgCl;, HgClZ™ [19—-26].

JSC “Uralelectromed” selected the sorption tech-
nology using the weak-base macroporous anionite Le-
watit MP-68 from Germany for mercury removal. This
technology allows for a high degree of solution purifi-
cation using compact equipment. It is highly reliable,
easy to operate, and remains effective regardless of
fluctuations in concentration and hydraulic pressure.
To facilitate the import substitution of the Western
European reagent Lewatit MP-68, we explored several
pre-selected industrial sorbents designed for extracting
mercury anionic complexes. These sorbents are pro-
duced in Russia (AM-2B, AN-31, AV 17-8, VP-3Ap),
China (Seplite MA 940 and LSC 710), and India (Tul-
sion CH-95 and CH-97). The characteristics of these
sorbents are detailed in Table 1.

The objective of this study was to identify a sorbent
that could serve as an alternative to Lewatit MP-68 and
to determine the optimal parameters for purifying se-
lenic acid solutions from mercury to achieve a residual
concentration not exceeding 0.001 g/dm3 Hg.

Methods

The resins tested were pre-treated prior to their
use, following these steps: they were soaked in dis-
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Tabl. 1. Characteristics of the studied resins

Tabnuua 1. XapakTepuCTUKU UCCIEAYEMbBIX CMOJT

Description Type

Purpose according to the data sheet

Weak-base macroporous anionite

Lewatit MP-68 based on a styrene-divinylbenzene

distribution

copolymer with monodisperse granule

Desalinization
Treatment of rinse water in galvanic processes
Demineralization of water
with a high content of humic acids

Macroporous polystyrene
weak-base anionic resin
Seplite MA 940
P Weak-base anionite

(tertiary amine functional groups)

Removal of heavy non-ferrous metals
from industrial solutions
High resistance to osmotic shock
Removal of natural organic matter

Seplite
LSC 710

Ton-exchange chelating resin

with iminodiacite functional groups

Removal of heavy metals
from solutions

Chelate resin (CI7)

Tulsion CH-95 With functional groups

Tulsion CH-97 thiuronium, thiol)

(iminodiacetic acid, phosphoric acid,

Selective sorption of metals from aqueous
and organic solutions at different pH
Removal of heavy
(Fe, Cu, Ni, Zn, Cr, Co, Mn, Mo, Cd, Hg)
and precious (Pt, Pd, Au, Ag, Rh) metals

Functional group — quaternary

Strong-base sorbent with a gel structure

Water softening and desalination at thermal and nuclear
power plants and in boiler houses

4-vinylpyridine and divinylbenzene

AV 17-8
trimethylammonium groups of basic nature Purification of process solutions and wastewater
Matrix — styrene-divinylbenzene Separation and sorting of non-ferrous metals
Benzyldimethylammonium Selective extraction
AM-2B and dibenzyldimethylammonium of cyanide anionic gold complexes
functional groups
Weak-base resin with functional groups Applications in water treatment, wastewater treatment,

AN-31 including quaternary trimethylammonium, chemical and hydrometallurgical industries

secondary and tertiary aliphatic amino groups Separation and sorting of non-ferrous metals

Strong-base macroporous anionite Extraction of heavy non-ferrous metals

VP-3Ap based on a copolymer from various media, in particular, thorium

and plutonium from nitric acid systems

tilled water for 24 h, then washed with a 5 % NaOH
solution to pH = 10+12. Afterward, they were rinsed
with water until a neutral pH was achieved. This was
followed by treatment with a 5—15 g/dm3 solution of
H,S0Oy, and finally, they were washed with water to
pH = 2+5.

To determine the static exchange capacity of the
resins (SEC, g/dm?), an initial solution of 0.1 dm? with
the following composition, g/dm3: 208.3 Se; 0.02 Hg;
0.15 Te; 2.9 As; 0.16 Sb; 49 S) was brought into contact
with 0.002, 0.005, and 0.010 dm? of sorbents. The mix-
ture was stirred for 72—96 h. The filtrates after sorption
were analyzed, and the following values were calculated:
SEC, distribution coefficient (Cy), elements extraction

degree (¢), and the mercury/selenium separation coef-
ficient (Dygs.), as seen in Table 2:

SEC = (Cipit — Cequil)Vsolut/Vsorbs (M

where Cipj and Cgq,y are the initial and equilibri-
um concentrations of Hg in the solution, respectively,
g/dm?3; V., and V., are the volumes of the sorbent
and solution, respectively, dm?>;

Cd = SEC/Cequil’ (2)
€= (Cinit - Cequil)/cinits (3)
Dyg/se = Ca(Hg)/Cy(Se). )
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To determine the dynamic exchange capacity
(DEC, mg/cm3) and total dynamic exchange capaci-
ty (TDEC, mg/cm?) of the resins, the initial solution
(with a composition of 160—170 g/dm?> Se and 0.004—
0.029 g/dm’® Hg) was passed through 0.020 dm?
of the test resin loaded into a column at a rate of
~0.020 dm?/h (1 specific volume). The value of TDEC
(Mgeem/cm> ) was calculated by summing the
amount of the element absorbed from each portion of
the solution that had passed through the test resin, rela-

tive to the volume of the sorbent:
TDEC = ZVsolut(CO - Coutl)/Vsorb’ (5)

where V, ., represents the volume of the sorbent, dm?,

C, is the initial concentration of the element, g/dm’,
C,ui 1s the concentration of the element at the column
outlet, respectively, g/dm?, and V,,,, is the volume of
the solution that has passed through the column, dm’.

Results and discussion

Table 2 presents experimental data on mercury sorp-
tion in static mode.

The criteria for selecting the resin were based on
achieving the maximum values of SEC and the degree of
impurity extraction for mercury (Hg), while minimizing
the extraction of the macrocomponent (Se), as indicated
by the highest separation coefficient (Dyyg/se)-

Tabl. 2. Values of SEC, ¢, Cy and Dy /g for ion exchange resins

Tabauua 2. 3naueHus COE, €, K, v Dy, /g, 11 FOHOOOMEHHBIX CMOJT

Extraction Separation
SEC, g/dm? C P
Nam.e L:S g/ d €, % coefficient
of resin
He | Se Hg Se Hg Se Dyyg/se
50 0.97 1210.0 1616.7 6.6 97.00 11.62 246
AM_ZB . 20 0.40 218.0 1980.0 1.1 99.00 5.23 1793
made in Russia
10 0.20 168.0 1990.0 0.9 99.50 8.07 2268
50 0.00 790.0 0.0 4.1 0.00 7.59 0
AN-31
. . 20 0.08 416.0 5.0 2.2 20.00 9.99 2
made in Russia
10 0.09 138.0 8.2 0.7 45.00 6.63 12
50 0.96 1285.0 1086.4 7.0 95.60 12.34 154
AV. 17-8 . 20 0.40 544.0 1719.1 3.0 98.85 13.06 572
made in Russia
10 0.20 292.0 1990.0 1.6 99.50 14.02 1221
50 0.98 815.0 2077.7 4.2 97.65 7.83 489
Lewatit MP-68 20 0.40 484.0 3980.0 2.6 99.50 11.62 1514
10 0.20 316.0 1990.0 1.8 99.50 15.17 1113
50 0.95 1085.0 859.1 5.8 94.50 10.42 148
Seplite MA 940 20 0.39 336.0 1313.3 1.8 98.50 8.07 749
10 0.20 99.0 1808.2 0.5 99.45 4.75 3624
50 0.25 790.0 16.7 4.1 25.00 7.59 4
Seplite LSC 710 20 0.23 366.0 27.1 1.9 57.50 8.79 14
10 0.15 292.0 31.7 1.6 76.00 14.02 19
50 0.94 790.0 783.3 4.1 94.00 7.59 191
Tulsion CH-95 20 0.40 276.0 2646.7 1.4 99.25 6.63 1865
10 0.20 390.0 1990.0 2.3 99.50 18.72 864
50 0.95 1135.0 859.1 6.1 94.50 10.90 140
Tulsion CH-97 20 0.40 504.0 3980.0 2.8 99.50 12.10 1446
10 0.20 257.0 1990.0 1.4 99.50 12.34 1414
50 0.78 1260.0 172.2 6.9 77.50 12.10 25
VP._3AP . 20 0.36 474.0 190.5 2.6 90.50 11.38 74
made in Russia
10 0.19 257.0 275.7 1.4 96.50 12.34 196
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The anions in the solution that compete for the bind-
ing sites on the functional groups of the sorbents are mer-
cury complexes, namely sulfomercurates ([Hg(SO3)2]2’,
[Hg(SO5);]*~, [Hg(S053)41°7) and selenic acid anions
(H,SeO5 with pK = 2.46 and H,SeO, with pK = —3.0).
In acidic solutions (pH < 1), only the strong selenic acid
anions SeO/~ are present, with a molecular volume cal-
culated as V,, = M/p = 144.9/2.95 = 49.1 cm?/mol. For
sulfomercurates of the specifed composition, the molec-
ular volumes are V,, = 68.4+98.6 cm>/mol. Despite their
large molecular volumes in comparison to selenic acid
anions, the preferential sorption of sulfomercurates was
observed. This can be attributed to their higher negative
charge, which ensures a stronger interaction with the
functional groups of the ion-exchange resins.

Based on the studies conducted and the calculated
separation coefficients, domestic samples AV 17-8 and
AM-2B, as well as the foreign samples Seplite MA 940
and Tulsion CH-97, were selected for further investiga-
tion of sorption under dynamic conditions. These will be
compared with the currently used Lewatit M P-68 resin.

Based on the studies conducted and the calculated
separation coefficients, domestic samples AV 17-8 and
AM-2B, as well as the foreign samples Seplite MA 940
and Tulsion CH-97, were selected for further investiga-
tion of sorption under dynamic conditions. These will be
compared with the currently used Lewatit M P-68 resin.

During the saturation of the resin, the concentrations
of mercury and selenium in the solutions post-sorp-
tion varied. The solutions were analyzed using induc-
tively coupled plasma (ICP) methods on a Shimadzu
AA-7000 spectrophotometer (Japan). Figure 1 illustrates
the graphical relationship between the mercury concen-
tration in the solution after sorption and the volume of
the solution that passed through the resin. The results
of the DEC and TDEC calculations are presented in
Table 3.

The following conclusions can be drawn from the re-
sults of mercury sorption from process solutions in dy-
namic mode:

Tabl. 3. Calculations of DEC/TDEC for mercury
Tao6nuua 3. JTanneie pacuetoB JJOE/ITJOE no ptytu

Hg, mg/dm’
254 1

20~

—t ’
T T T T T T T

R R PRI SR S NP CIINS
S ONRASIC NI ARN SN AN SN

The specific volume of the solution

Fig. 1. Mercury concentration in solutions after sorption

as a function of the specific volume of the solution passed
through the resin

1— AM-2B; 2 — Tulsion CH-97; 3 — AV 17-8; 4 — Seplite MA 940;
5 — Lewatit MP-68

Puc. 1. KoHuieHTpamus pTyTy B pacTBOpax Mmocje copommnm
B 3aBUCUMOCTH OT MIPOTYIIIEHHOTO YAeJIbHOTO 00beMa
pactBOpa

1— AM-2B; 2 — Tulsion CH-97; 3 — AB 17-8; 4 — Seplite MA 940;
5 — Lewatit MP-68

1. In terms of the DEC/TDEC values, the resins are
ranked in descending order as follows: AV 17-8 > Lewatit
MP-68 > AM-2B > Seplite MA 940 >> Tulsion CH-97.

The significant discrepancy between the perfor-
mance in static mode and the DEC/TDEC for Tulsion
CH-97 can likely be attributed to its different function-
al groups and type of sorbent. It is presumed that in the
dynamic mode, the Se macrocomponent displaces the
previously sorbed mercury compounds from the resin
phase.

2. The resins AV 17-8, Seplite MA 940, and AM-2B
display similar dynamic sorption characteristics. Un-
der comparable conditions, a breakthrough in mercury
occurs after at least 950 specific volumes of the initial
solution have passed through. For comparison, with Le-
watit MP-68 resin, mercury breakthrough occurs after

Name of resin Sorbed Hg, g DEC at a breakthrough, mg/cm? TDEC, mg/cm?
AM-2B 0.223 34 11.1
Tulsion CH-97 0.029 1.3 1.4
AV 17-8 0.256 3.4 12.9
Lewatit MP-68 0.259 2.6 12.8
Seplite MA 940 0.226 3.2 11.3
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Resin AV 17-8

N

Selenic acid, g/dm3

0.007 Hg; 157 Se; 0.15 Te; 2.9 As; 140 H,SO,

-

Mercury sorption
is 2-step

-

Purified solution, g/dm3

<0.001 Hg; 154 Se; 0.12 Te; 2.5 As; 138 H,SO,

|

| To receive selenium |

IS

Saturated resin
AV 17-8

For recycling

Fig. 2. The basic technological scheme of sorption purification of selenic acid from mercury with resin AV 17-8

Puc. 2. [TpuHuMnuasbHas TEXHOJIOIMYECKasl cXxeMa COPOLIMOHHON OYUCTKY cMoJioit AB 17-8 celeHUCTOl KMCAOThI OT PTYTU

no more than 750 specific volumes, indicating that the
number of sorption steps in the cascade for solution pu-
rification should be increased.

3. Considering the overall ion-exchange properties,
it is recommended to use the domestically produced
AV 17-8 resin for further tests in an industrial setting to
replace Lewatit MP-68 (Germany) in the sorption pu-
rification process of selenic acid from mercury. To pro-
duce branded selenium, a two-stage sorption process is
advisable, as illustrated in Fig. 2. This involves using two
columns filled with ionite. If a breakthrough occurs, the
first stage is removed for desorption or disposal, the sec-
ond stage takes its place, and a new column is added to
the sequence.

Conclusions

1. To find a replacement for the Lewatit MP-68 ion-
ite currently used for purifying selenic acid solutions
from mercury, we reviewed technical literature and se-
lected ionites manufactured in Russia (AM-2B, AN-31,
AV 17-8, VP-3Ap), China (Seplite MA 940 and LSC
710), and India (Tulsion CH-95 and CH-97). In the in-
itial static phase, we determined the distribution coef-
ficient (Cy), the degree of elements’ extraction (g), and
the static exchange capacity of the resins (SEC, g/dm3),
which led to the selection of the most effective samples:
AV 17-8, Seplite MA 940, AM-2B, and Tulsion CH-97,
with SEC values of 0.95—0.97 g/dm? and a mercury/se-
lenium separation coefficient (Dyy/se) Of 1,220—3,620
(for Lewatit MP-68 resin, SEC = 0.98 g/dm>, Dy, /5. =
=1,520).
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2. For the resins under study, the following process
parameters were established: the volume before a mercu-
ry breakthrough, with an initial solution concentration
of 4—30 mg/dm?, was Voreakthrough = 790+950 specific
volumes; DEC / TDEC = 2.6+3.4/11.1+12.8 mg/cm>.

Based on the conducted studies, the ionites were
ranged according to their mercury sorption perfor-
mance: AV 17-8 > Lewatit MP-68 > AM-2B >> Seplite
MA 940 >> Tulsion CH-97.

3. Considering the comprehensive sorption charac-
teristics determined, the AV 17-8 resin can be recom-
mended as a substitute for the Lewatit MP-68 resin for
industrial testing to identify the optimal parameters for
purifying selenic acid solutions of mercury.

4. A process flow scheme for purifying industrial se-
lenium solutions of mercury has been developed and im-
plemented into production. It includes two-stage sorp-
tion using AV 17-8 ionite with a specific volumetric flow
rate of 0.9—1.1 h™!, processing of the saturated resin,
and extraction of selenium from the mercury-purified
solution.
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