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Membrane Extraction of [ron(lll) by
Diphenylthiocarbamide in the Presence of
Palladium(ll)

Tatjana Sadyrbaevéistitute of Inorganic Chemistry

Abgtract: The process of iron(lll) and palladium(ll) extraction
from binary mixtures containing 8.1:102 M FeClkand 6.7210° M
H.PdCl, in 3.0 M HCI by diphenylthiocarbamide - 1,2-
dichloroethane liquid membranes is studied at gahnostatic
electrodialysis. It is demonstrated that the liquid membranes
ensure a profound one-stage separation of iron() from
palladium(ll) at the stage of stripping (separationfactor Brepq >
100). Transport of FeC} ions through the liquid membrane is
supposed to occur in the form of ionic associatesitiv cationic
palladium(ll) complex PdL,Cl-FeCl,. The effects of the current
density as well as of composition of the liquid nmbrane and of
aqueous solutions on the rate of metal transportra determined.
It is found out that the iron(lll) extraction degree into the strip
solution increases as the current density (0 — 5®A/cm? and
the duration of electrodialysis (0 — 80 min) increse. The
increase of DPTC concentration in the organic phasas well as of
composition of the stripping solution do not exerta considerable
influence on the rate and selectivity of iron(lll)and palladium(Il)
membrane extraction.

Keywords: liquid membrane, diphenylthiocarbamide, electro-
dialysis, iron(lll), palladium(ll)

|. INTRODUCTION

Organic derivatives of thiocarbamide are known
selective extractants of platinum metals [1]. Meansr
extraction is a promising technique for removal aagaration

of valuable and toxic metal ions from diluted aswlutions
[2].

Application of a direct electric field significagtintensifies
the transport of ions through the bulk liquid meer®s and
facilitates the stripping of metals from the orgaphase [3].
The process of PdgT and PtCf*~ separation by bulk liquid
membranes containing diphenylthiocarbamide ando- di-
tolylthiocarbamide has been studied by the authevipusly
[4, 5].

It has been demonstrated that the liguid membraneare
an effective separation of Pt(IV) from Pd(Il) whertracted
from binary hydrochloric mixtures at galvanostatic
electrodialysis. Transport of platinum(lV) is sugpd to occur
in the form of mixed palladium-platinum-carrier cplex
(PAL4CI),PtCk. The aim of the present work is to study the
membrane extraction of iron(lll) and palladium(lfjom
hydrochloric acid solutions by bulk liquid membrane
containing  diphenylthiocarbamide  (DPTC) in 1,2-
dichloroethane wunder the conditions of galvancstati
electrodialysis.

Il. EXPERIMENTAL

The experiments were carried out in a five-companim
3% eflon electrodialysis cell in the system:

FeCj
H,PdCl,

() Pt, SO,

DPTC
1,2-dichloroethane

HCI BSOy, Pt (+)

The liquid membrane (thickness 0.2 cm, volume 2, cmthe aqueous solutions were determined by specttoptairy
surface area 7.1 ¢én was separated from the aqueousising sulphosalicylic acid [6] and Sr{T], respectively.

solutions by two vertical cellophane films. Thenfd were

soaked in water before use. The electrode compattme

(volume 17 cr) were filled with solutions of 0.15 M 4$0,.

The compartments of feed and stripping solutionsrewe
by the s
cation-exchange membranes MK-40. The direct etectr

separated from the electrode compartments

current was supplied to the plane platinum eleesod

The solutions of DPTC in 1,2-dichloroethane wereduas
the liquid membranes. Reagents of pro-analysisegradre
used without further purification. The feed sabuti
containing as a rule 8102 M iron(lll) and 6,710° M
palladium(ll) was prepared by dissolving PgCand

I1l. RESULTS AND DISCUSSION

Palladium(ll) exists in the form of anionic chlemmplex
PdCL* in hydrochloric solutions [7] and can be extracksd
PPTC forming neutral coordination complex:

PdChz_ @q) t 2L(0) — PdL2C|2(0)+ 2Cr (aq) (1)
where: L — DPTC, ag — aqueous phase; 0 — orgamiseph

The equilibrium between four-coordinated neutral éixe-

coordinated ionic Pd(Il) complexes was reported [B] for
solutions of some derivatives of thiocarbamide:

FeCk:6H,0 in 3.0 M hydrochloric acid solution. The solution

of
solution. The concentrations of iron(lll) and pdilam(ll) in
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1.0 M hydrochloric acid was used usually ast@ps

PdL2C|2(0)+ 2 L(o) > PC“_4 C|+(o) + Cl_(o) (2)
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Iron(lll) exists mainly as cationic and neutral qdexes
FeCl(H0)s**, FeCh(H,0),", FeCk(H,0); in hydrochloric
solutions at G < 7 M [9] but anionic chlorocomplex FeCl

organic phase. When the electrical breakdown agcile
membrane loses its selectivity.
About 33 % of palladium(ll) is extracted by the did

permeatesacross the liquid membrane into the strip anodimembrane from the feed solution containing -B)f M

solution.
It was found that less than 0.03 % of iron(lllXriansported

from individual FeC] solution across the liquid membranetransfer of palladium(ll)

containing 0.1 M DPTC within 1 hour without electfield

application. When the binary hydrochloric mixtu@® used,
about 20 % of palladium(ll) is extracted by the ulid
membrane and 0.7 % of iron(lll) is transferred itie strip
solution. Application of an electric field signifiatly

intensifies the transport of FeClions through the liquid
membrane. Iron(lll) ions are found to be extractekbctively
over palladium(ll) ions. The extraction degree afigdium(ll)

into the strip solution is less than 0.1 % per hair
electrodialysis. The extracted compound,
PdL,Cl-FeCl,
liquid membrane layer and decomposes at the imeriguid
membrane / strip solution due to the action of lantdc field.

Without electric field application the transport wbn(lll)

through the liquid membranes practically is notesled, as
the stripping solution of 1.0 M HCI does not ensteCl,”

back extraction from the organic phase under camdit of
dialysis. The transfer of iron(lll) through the dig membrane
is accompanied by cotransport of the chloride ions.

The influence of current density on the metal gpaort rate
was studied using the liquid membranes containirig N
DPTC. The increase of the current density fronp0 5.6
mA/cn? leads to a rise of iron(lll) flux (Fig. 1). The rcant

efficiency for FeC| transport decreases when the currer

density comes up from 22 to 8 % within 1 hour o
electrodialysis. The current is transferred throdigé liquid
membranes mainly by chloride ions of the feed tgmiu The
increase of the current efficiency can be achieysidg more
concentrated iron(lll) solutions. Palladium(ll)igting mainly
in cationic part of the complex does not pass ith® strip
anodic solution. Therefore, a deep separation ¢filfFeand
Pd(ll) takes place at the stage of stripping durin
electrodialysis (separation factiy.pq > 100).

Solutions of DPTC have a low electrical conductivit
During the electrodialysis process the Ohmic rasist of the
membrane and the voltage can change considerapgnding
on the conditions of the experiment (Fig. 2). Anrgase of
voltage in the beginning of process in some casédsliowed
by a gradual or sharp decrease. In the beginning
electrodialysis, when there is an excess of theierain the
organic phase, the equilibrium (2) is shifted te tight, and
the predominant form of coordination complexPgL,Cl".
When the organic phase becomes saturated with)P¢i{d
equilibrium (2) shifts to the left, the non-dissateid complex

PdL,Cl, predominates, and a rise in voltage is observed. Tl

voltage decrease is determined by water accumunlatiothe
liquid membrane. A jump-type abrupt decrease ofagd -
electrical breakdown occurs at high current denffig. 2,
curve 3). The water accumulation in the liquid meane
phase is due to the transfer in the compositiorthef ions
hydration — solvation sheath as well as to elecmuasis [10].
The drops of water can form the through channelghin

presumab"-
is transferred by electromigration across thi

iron(lll) and 6,710° M palladium(ll) within 80 minutes of
electrodialysis at current density of 4.2 mAfdifig. 3). The
through the liquid merahes
practically is not observed. The extraction degree
palladium(ll) into the strip solution is less th@rl % per 80
minutes of electrodialysis and it does not varyimyrthe
process. About 15 % of iron(lll) is extracted

from the feed solution and more than 11 % of métal
transported into the strip anodic solution. Theekim curves
show saturation in 1 hour of electrodialysis. lbsld be noted
that iron(lll) is partially absorbed by the solidtion-exchange
membrane MK-40 in the feed solution.
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Fig. 1.Dependence of iron flux into the strip solution, (Alladium flux into
the liquid membrane (2) and current efficiencydB)current density (§rc=
0.1 M; t =60 min)
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Fig. 2. Change in voltage during electrodialysisdifferent current densities
and DPTC concentrations (i grem?) = 1.4 (1); 2.8 (2); 5.7 (3); 4.2 (4);
Coprc (M) = 0.1 (1-3); 0.05 (4)).

Fig. 4 illustrates the influence of DPTC concendratn the
liquid membrane on the rates of iron(lll) and adilm(ll)
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extraction. The increase of the carrier's coneditn from
0.05 to 0.13 M insignificantly increases the paillen(Il) flux
into the liqguid membrane, whereas the iron(lll) soflux

In contrast to traditional membrane extraction, rihéure of
mineral acid in the strip solution does not exag,a rule, a

through the liquid membrane somewhat decreases. Toensiderable influence on the electrodialytic tpors of

optimal composition of the liquid membrane is OMDPTC
in 1.2-dichloroethane. The most probable rate-lngistage of
the process is stripping of iron(lll) from the argc phase
into hydrochloric acid solution.
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Fig. 3. Kinetics of iron (1) and palladium (2) eadtion from the feed solution
and iron accumulation in the strip solution (3)=(4.2 mA/cn3; Coprc =

0.1M)
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Fig. 4. Effect of carrier concentration on iron flux intioe strip solution (1)
and palladium flux into the liquid membrane (2) =(#.2 mA/cm; t = 60
min)

TABLE 1

EFFECT OF THE STRIPPING REAGENT UPON THED(I) EXTRACTION INTO THE
LIQUID MEMBRANE AND FE(IIl) TRANSPORT INTO THE STRIP SOLUTION
(Cre=8.1102M; Cpy=6,710°M; 1 = 4.2 mA/cn?; T=60min)

o Flux Flux Extraction | Extraction
SUipping | 3,4:10° | Je-10° Reg Ree
solution

mol/n?-s %
0.1 MHCI 0.6 3.2 17.4 7.7
3.0 M HCI 0.6 3.6 17.6 8.6
1.0 M H;SOy 0.5 31 14.2 7.4
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metals. FeGl anions transfer with an approximately equal
rate into the solutions of hydrochloric and sulptuacids
(Table 1). Separation of iron(lll) and palladiuny(proceeds
effectively in all cases (separation fact®yepqy > 100). It
should be noted that the electrical breakdowmsiiowithin 1
hour of electrodialysis when 1 M ,HO, solution is used,
resulting in the extraction rate decrease.

IV. CONCLUSIONS

The liquid membranes containing diphenylthiocarlzhemi
in 1,2-dichloroethane ensure the tansport of ildn(nto
diluted solutions of some mineral acids accomparbgda
profound separation from palladium(ll) at the stagé
stripping when extracted from binary hydrochloricxiares at
galvanostatic electrodialysis. Iron(lll) is presurhaextracted
due to the anion-exchange mechanism, forming compfe
composition PdLCI-FeCl, in the organic phase. The iron(lll)
extraction degree increases as the current dessityprocess
duration increase. DPTC concentration in the oggtiase
and composition of the stripping solution poorljeef FeCJ
ions transport rate. The tansport of palladiumififough the
liquid membranes practically is not observed (th&aetion
degree is less than 0.1 %).
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Tatjana Sadirbajeva. Dzelzs(lll) membranekstrakcija ar difeniltiokarbam 1du palladija(ll) kl atbitne

Izpetits dzelzs(l11) un patidija(ll) membanekstrakcijas process no bifem gilsskabiem &idumiem, kas satur 81102 M FeCkun6,7-10° M

H,PdCl, ar &idram membinam difeniltiokarbands—1,2-dihloreins galvanostatigis elektrodialzes apgiklos. Pakdits, ka gidras
membénas nodroSina efaku dzelzs(lll) atdafanu no padldija(ll) reekstrakcijas stadij(metlu sadalSanas koeficienti gzssniedz 100).
Domajams, ka dzelzs(lll) anjonuamese caurl@dram memb&nam noris jonu asogtu veida ar katjonu, ko veido paidija(ll) koordinatvi

solvagts komplekss ar difeniltiokarbadu PdL,Cl-FeCl,. Noskaidrota uz@réjSkiduma un Eidras membinas sastva, elektrodiakes stivas
blivuma ietekme uz dzelzs(lll) amesesatrumu. Noteikts, ka paaugstinot &tas bivumu no O idz 5,6 mA/crd un palielinot
membinekstrakcijas procesa ilgumad: 80 miriitém, pieaug dzelzs(lll) jonu reekstrakcijas ppd uzterejSkiduma. Noteikts, ka
difeniltiokarbanmida koncenticijas palieliriSana organisia faze no 0,05 idz 0,13 M un skbes raksturs uzévejSkiduma maz ietekra

dzelzs(ll) un paldija(ll) membanekstrakcijagitrumu un selektitati.

Tarbsina Caabip6aeBa. MemoOpannasi s3xcrpaxuus xkeiae3a(lll) audenunrnoxkapéamuaom B npucyrcreun mamiaaus(ll)

Hccnenosan mpouece Mem6panHoil sxcrpaxiun xenesa(lll) n mamnammsa(ll) u3 GHHAPHBIX pacTBOpOB, cogepxammx 8,1:10%° M FeCk u
6,710° M H,PdClL 8 3,0 M HCI, pactBopamn mudenmnTHoKapbamuaa B 1,27MXIOpSTaHE B YCIOBHSX TalbBaHOCTATHYECKOTO
MeKTpOaNaNi3a. 110Ka3aHo, 4TO M3yUCHHBIC JKHAKHE MEMOpaHbl 00eCeunBaloT TIyO6oKoe ogHOCTammitHOe oTaenenne annonos FeCf™ or
PACl?” ma cragum pesKkcTpakiuy; Kod(G(UIHEHT pa3feleHns METAIOB Prepgrpenbimaer 100. [pennonaraercs, uro mnepenoc xenesa(lll)
4yepe3 JKUIKHEe MeMOpaHbl MPOMCXOJWT B BHIE HMOHHBIX acconMaroB ¢ KartHOHHOW (opmoit komrurekca nawtaawsi(ll) PdL,Cl- FeCl,.
VYcTaHOBIICHO, YTO cTeneHb u3BieyeHus xenesa(lll) B mpuHUMaroNuii pacTBOp BO3pacTaeT MpH MOBBILICHAH IUIOTHOCTH TOKA AIICKTPOANAIN3A
B unTepane 0 — 5,6MA/cM? i YBENIHUEHHH IPOIOIKHTENBHOCTH ponecca 1o 80 mun. Mamenenne cogepxkanns neperocunka (0,05 — 0,13
M) B xuaxkoi mMemOpaHe, a TaKKe  OPHUPOAA W KOHIEHTPALMS KHUCIOTHl B HPHHHUMAIOLIEM PAacTBOPE MO BIMSIOT Ha CKOPOCTb U
CEJIEKTUBHOCTh MeMOpanHo#t skcTpakimu skenesa(lll) u nammamus(ll).
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