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OCHOBHBIM MCTOYHVMKOM IIONTy4eHVs
VIHJVISL CTY>KaT PacTBOPBI CBMHI[OBO-IIVH-
KoBOro mpousBoacTsa. Hambomnee addexk-
TUBHBIMJ METONAMU W3B/IEYEHUS WH/VS
U3 3TUX PACTBOPOB SIBJISIOTCS 9KCTPAKIU-
OHHbIe MeTOfbl. B KauecTBe 3KCTpareHTa,
B OCHOBHOM, JICIIO/Ib3yeTCs AVi(2-9TU/IreK-
cun)docdopuas kucnora ([J29TDPK, HR).
CymectBeHHBIM HepocTaTkoM [I29I'OK
SIB/ISIETCSI HEOOXOMMMOCTD IIPUMEHEHNsT Ha
CTaJUy PeSKCTPAKIUYU UHAUSA KOHIIEHTPU-
poBanHbIX pactBopos HCI (4-7 monb/n),
YTO IPUBOAUT K IIOBBILICHHOMY COfiep)Ka-
HUIO XJIOPU/I-MOHA B IITHKOBOM ITPOU3BOJI-
CTB€, KOTOPBbIIT 3HAYMUTETBHO YXY/IIaeT I0-
KasaTe/ly 97IeKTPON3a LVHKa.

B Hacroseit paboTe mpuBeneHbI JaH-
Hble 110 9KCTpaKumym WHAMS [u(2-9Tui-
rekcn)- GpochopHOIT KUCTOTON B CMeECSIX
¢ anudarnyecKUMu CIMPTaMyu, M Ha OC-
HOBAHMY MO/MYYeHHBIX [AaHHBIX BbIOpaHa
9KCTPAKIVIOHHAS CUCTEMA, COYETAIOIast He
TONBKO 3 (PEKTUBHYIO SKCTPAKIINIO, HO U
3peKTUBHYI0 PEIKCTPAKIVIO MHIVA.

[IpenBapuTenbHO OBUIO M3YYEHO BIA-
HIIe HEeKOTOPBIX IIPOTOHOJOHOPHBIX T0OaBOK
(HA) Ha sxcTpakuyio nHaus B cMecu ¢ [129-
I'OK. BpIAcHMIOCDH, YTO 9KCTPAKLMA MHANA
U3MEHAETCA B PANY: OKTAHOBAsA KUCIOTa >
OKTWIOBDIVI CIIMPT = 2-3TU/ITeKCaHOI. B cMe-
CSX MIMeeT MeCTO 00pa3oBaHIe YCTONYMBBIX
accoumaro Mexny HR un HA, u, coorser-
CTBEHHO, YXYJILIEHNE SKCTPAKLVIV MHVA.

Hambonpummit Hay4HBII M IpPaKTU-
9EeCKMII MIHTEpeC IS U3B/ICYEHUA VHJA
npepcraBisaoT cmecy 29T DK c amudarnu-
9YEeCKMMM CIMPTAMM, KOTOPbIE pacCMOTpe-
HbI 607Iee TOAPOOHO.

Okcrpakuya uHasa HR B okTmnoBoM
CIIVIPTe MO>KeT OBITh OITVICAaHA ypaBHEHMeEM 1:

In,** + (3+s)HR, <> (InRysHR), + 3H, (1)

B oxtunosom cnupre 29T PK nHaxo-
JUTCA MOTHOCTBIO B BUjie MOHOMepa. [Ipu
IIOCTOAHCTBE KO9(PUINMEHTOB aKTUBHO-
cTy B pasax uMeeM ypaBHEHMeE 2.

logDy,, = logK"y, 1 + (3+s) logCryg(o) -

3logChy () (2)

rie Dy, - xoadduument pacmnpepnerne-
uusg MHAUA, @ Cyreo) U Cpy, () KOHIEHTpA-
i [I29T' QK v 1poTOHOB B OpraHN4ecKoii
¥ BOZIHOIT ha3ax, COOTBETCTBEHHO.

OrTcropa cienyeT, 4To A1 3aBUCUMOCTI
logDy,, - f(logCyp(o)) TaHTEHC yI/Ia Hak/o-
Ha JO/DKeH OBbITb paBeH 3+s, a s logDy,
- f(logCyy, () paBen — 3. Okasanoch, uToO B
IIepBOM C/Ty4ae HaK/IOH KPMBOI O/IM30K K 3
(2,940,2), a Bo BTOpPOM - K -3 (-2,8 £0,15).
Takum o6pasoMm, conmpBaTHOe 4YUCTIO (S)
0Ka3aJI0Ch PAaBHO HYJIIO, ¥ COCTaB 3KCTpa-
TYPyeMOro KOMIUIEKCA MHJUA B OKTWUJIO-
BOM crmpTe otBevaeT popmyne InR;, B 01-
N4e, HapuMep, OT TeNTaHa, IJje COCTaB
9KCTPArMpPyeMOro KOMIUIEKCa - In(HRZA)fé
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PuncyHok 1 — PeakcTpakumsa MHANA B Pa3/IMYHbIX 3KCTPAKLMOHHbIX CMCTeMax

SkcTpareHT - 0,3 Monb/n 23T OK B kepocuHe; Cine) = 2,9 1/n

SkcTpareHT - 0,36 Monb/n 423 OK + 0,6 monb/n 2-3TunrekcaHona B kepochHe; Cine) = 2,82 r/n.
BogHasa dasa, peakctpareHT: HoSO4 =300 r/n; NaCl=50 r/n. O:B # const
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PucyHok 2 — M3o0TepMa aKcTpakumm MHoms

BogHas dasa; r/n: 0,75 In; 12,1 Fe(ll); 0,1 Fe(lll); 80 Zn; 25 H,SO4

SkcTpareHT: 0,3M O23IOK + 0,3 M 2-3TunrekcaHona B HedTaHbIX NapadurHax.
1- n3otepma akcTpakumy; 2 — paboyas MHUSA
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Pasnmune B cocTaBax sKCTparupyeMbIx
COe[IMHEHNII B «MHEPTHOM» pacTBOpPUTESIE
Y OKTWJIOBOM CIIMPTE BUJIHO, B YaCTHOCTH
u3 VIK-cnexrpos u criektpos AMP 3P op-
raHn4eckux as.

B cnextpax SIMP 3P B lekaHe uMeIOT-
Csl CUTHA/IBI C XVMMMYECKUMU CABUTAMU,
paBHbIMU 1,22-1,44 M.AI., IpUHAMIEXALLNE
aromam ¢ocdopa wucxopnonr 29T OK.
CurHan ¢ XMMMYECKUM CABUTOM paBHBIM
-1,83 m.j. mpuHagnexnt gochopy B IKc-
tparupyemoM komiiekce In(HR,);. Crek-
Tpbl SIMP 3'P opranmyeckux ¢as B OKTU-
JIOBOM CIIMPTE CYILIeCTBEHHO OTINYAITCA
OT CIIEKTPOB B JieKaHe. B criekTpax nMeroT-
Cs JIBa CUTHA/NA C XMMMUYECKUMU CIBUTA-
My paBHbiMK 0.05-0.21 m.j. u -6,04 -6.10
M.AI. IlepBplli cUTHan TpUHAJIEXUT aTO-
My ¢dochopa ncxomHo Av(2-3TUITeKCHT)
dbocdopHOIl KUCTOTHI, BTOpOIt - pocdopy
B 9KCTparnpyeMoM KoMmiuiekce InRs.

VIK-cnexTpbl opranmdeckux ¢asz ¢
J29TOPK B OKTMIOBOM CHUpPTE 3aMeT-
HO OT/INMYAIOTCA OT CIIEKTPOB B JieKaHe. B
criektpe camoit [29T®PK mmeercs cmabo
BbIpa)KeHHas monoca npu 1232 cml, a tak-
>Ke MHTEHCUBHbIE ITONO0Ch pu 1025, 1044
n 1052 cml, KOTOpyI0 MOXKHO OTHECTU K
cummetTpuyHbIM U (POO) konebanmsaM
POO-rpynmel. B mHAMEBBIX 3KCTpaKTax
HosB/AETCA Iosoca mpu 1652 cm!, a mono-
campu 1232 cm! mpakTHuecku ucyesaer.

Ha pucynke 1 npuBeseHBI M30TEpPMBI
PESKCTpaKUUM WHAMS, U IOKa3aHO, YTO
PEeSKCTpaKIMs VHUS PaCTBOPOM CEPHOIA
KJCJIOTBI B IPUCYTCTBUM XJIOPUJiA HATPUA
B cMmecax HR ¢ M300KTUIOBBIM CIIMPTOM
(2-atmnrekcanonom) (KpuBas 2) IPOXOUT
HaMHOTO 3¢ (deKTuBHee, YeM IIPU VCIOMb-
3oBanum ogHoit 129 OK (kpusas 1).

Ha pucynke 2 mnpusefeHa msoTepma
SKCTPAKLUI VHANA U3 IPOU3BOJCTBEHHbIX
pacTBopoB. BujHO, 4TO /11 JOCTVDKEHMA
OCTaTOYHOTO COJep>KaHuA UHAUA B padu-
HaTax 5 MTI/JI IpU MCXOHOM €Tr0 COfeprKa-
Huu B pactsope 500 Mr/n gocrarodHo 2-3
INPaKTUYECKNUX CTYIEHM 3KCTPAKLUU IpU
O:B=1:8.

Cnenyer TakXe OTMETUTb, YTO COZEP-
XKaHye amndaTNyeckoro cHypra B 9KC-
tpareHTe (0,3-0,6 MOMB//) CyLeCTBEHHO
MeHbllle, YeM MOHOKapOOHOBBIX KIUCIOT
(2,3-2,5 Monb/m), IIpeIO>KEHHBIX B Kade-
CTBe HO0aBKM paHee ¥ VICIONb3yeMbIX B
[eVICTBYIOLIEN TEXHOIOTUA.

[Tony4eHHble faHHbIE NTO3BONMIN Pa3-
paboraTh SKCTPAKLMOHHYIO TEXHOJIOIM-
YeCKyI0 CXeMy IO M3BJIeYeHUIO VHAUA U3
PacTBOPOB LIMTHKOBOTO IIPOM3BOJICTBA CMe-
camu 29T DK ¢ M300KTUIOBBIM CIMPTOM
(2-3TM/ITEKCAHOIOM).
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The main source for the production of
indium is from the lead-zinc industry. The
most efficient methods for indium recovery
from these solutions are extraction methods.
Di(2-ethylhexyl)phosphoric acid is mainly
used as an extractant (D2EHPA, HR).
However, the most significant disadvantage
of using D2EHPA is the need to use
concentrated HCI solutions (4-7 mol/L)
to strip indium from the loaded D2EHPA,
which leads to a high content of chloride
ion in zinc production. The latter has a
significant negative effect on the efficiency
of zinc electrolysis.

In this work, we present data on the
extraction of indium with di(2-ethylhexyl)
phosphoric acid in mixtures with aliphatic
alcohols, and, based on the data obtained,
an extraction system was selected that
combines not only efficient extraction, but
also efficient indium stripping.

The effect of some proton donor
additives (NA) on the extraction of indium
in a mixture with D2EHPA was studied
preliminarily. It has been established
that the indium extraction changes in
the series: octanoic acid > octyl alcohol =
2-ethylhexanol. The formation of stable
associates between HR and HA takes place
in mixtures, and, accordingly, the decrease
in the indium extraction efficiency.

Mixtures of D2EHPA with aliphatic
alcohols are of the greatest scientific and
practical interest for the indium extraction,

which are considered in more detail.
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In the presence of octyl alcohol, indium
extraction by HR can be described Equation

(1).
In, > + (3+s)HR, <> (InRs:sHR), + 3H" (1)

In octyl alcohol, D2EHPA is completely
in the form of a monomer. If the activity
coefficients in the phases are constant, we
have equation 2.

logDy, = logK!Y 11+ (3+s) logCHR(O)) -
'310gCH+(aq) (2)

where Dy, is the distribution coeflicient
of indium, Cygy) and Cpyg) - is the
concentration of D2EHPA and protons
in the organic and aqueous phases,
respectively.

According to equation (2), the values of
the slope of the logDy, = {(logCyp(org)) and
logDIn = {(logCy (oq)) dependencies should
be equal to 3+s and -3 respectively. It turned
out that in the first case the slope of the curve
is close to 3 (2.9 + 0.2), and in the second
- to -3 (-2.8 = 0.15). The latter suggests
that the solvation number (s) is equal to
zero and the extracted indium species in
the D2EHPA and octyl alcohol mixture in
excess extractant is InR;. In contrast, in the
D2EHPA with heptane and octanoic acid
extractant systems, the composition of the
extracted species is In(HR,).

The difference in the compositions of
the extractable compounds in the “inert”
solvent and octyl alcohol can be seen, in
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Figure 1 — Indium stripping in different extraction systems

1. Extractant — 0.3 mol/L D2EHPA in kerosene, Cin) = 2.9 g/L

2 - 0.36 mol/L D2EHPA + 0.6 mol/L 2-ethylhexanol in kerosene, Cin() = 2.82 g/L Aqueous phase, re-extractant:
Ch2soa = 300 g/L, Cnaci = 50 g/L, O:A # const
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Figure 2 — Indium extraction isotherm

Aqueous phase; g/l: 0.75 In; 12.1 Fe(Il); 0.1 Fe(lll); 80 Zn; 25 H,SO4
Extractant: 0.3M D2EHPA + 0.3M 2-ethylhexanol in petroleum paraffins
1 - extraction isotherm; 2 - operating line
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particular, from the IR and 31° signal NMR
spectra of the organic phases.

In the 31" NMR spectra in decane,
there are signals with chemical shifts equal
to 1.22-1.44 ppm, which belong to the
phosphorus atoms of the initial D2EHPA.
The chemical shifts at -1.83 ppm are
assigned to the phosphorus atom in the
extracted species In(HR,);

The 3'P NMR spectra of the organic
phases in octyl alcohol substantially differ
from those in decane. There are in the the
spectra of the decane diluted organic phases
have two 3P signals with chemical shifts in
the ranges 0.05 to 0.21 ppm and -6.04 to
-6.10 ppm, which can be assigned to the
phosphorus atoms of D2EHPA and the
extracted InR; species respectively.

The IR spectra of the organic phases in
octyl alcohol differ significantly from those
in decane. The spectrum of D2EHPA has a
weak band at 1232 cm! and intense bands
at 1025, 1044 and 1052 cm™! which can be
attributed to the symmetric vibrations of
the POO group. In the spectra of indium
extracts, a band at 1652 cm™! appears, while
the band at 1232 cm™! almost disappears.

Indium stripping isotherms show
(Figure 1) that the stripping of indium from
the HR and octyl alcohol mixture with a
solution of sulfuric acid in the presence of
sodium chloride (curve 2) is much more
efficient than that from D2EHPA alone
(curve 1).
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Figure 2 shows the isotherm of indium
extraction from industrial solutions. It can
be seen that in order to achieve a residual
content of indium in raffinates of 5 mg/I at
its initial content in a solution of 500 mg/l,
2-3 practical extraction steps are sufficient
at O:Aq = 1:8.

It should also be noted that the
concentration of aliphatic alcohol in a
mixture with D2EHPA is 0.3-0.6 mol/L,
while a significantly higher concentration
of monocarboxylic acids (2.3-2.5 mol/L) is
required to ensure the efficient stripping in
this system.

Based on the data obtained, a flowsheet
for solvent extraction of indium with the
mixtures of D2EHPA and octyl alcohol
(2-ethylhexanol) from zinc-containing
solutions, in particular, from process liquors
in zinc production can be developed.



