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The present work is devoted to sorption preconcentration of platinum (IV) in the presence of iron
(111), copper (1) and zinc from chloride solutions on the samples of CYBBER — new samples of ion
exchangers. The initial concentrations of platinum, iron and non-ferrous metal ions were 0.25, 0.5 and
2.0 mmol/L, respectively. The acidity of the investigated solutions was 0.01 — 2 mol/L. It was shown
that the ion exchangers possess high sorption ability to the noble metal ions, and allow the quantitative
recovery of these ions. It was also found out that platinum can be isolated from the accompanying
components by means of separate elution with 0.001 M HCI (iron ions), 0.5 M HNO; (non-ferrous
metal ions) and thiourea solution (80 g/L) in 0.3 M H,SO, (platinum ions).
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CopOunonnoe usBiedenue miaaTunbl (IV)
U3 COJITHOKMCJIBIX PACTBOPOB

B npucyrcrBuu xkeJe3a (I1I), meau (II) u nnnka

O.H. Kononosa, E.B. /lyoa
Cubupckuti pedepanvbHblil yHUBEpCUmem
Poccus, 660041, Kpacnosipck, np. Ceoboonuiii, 79

Hccnedosano copdoyuonuoe konyenmpupoganue niamunsl (IV) 6 npucymemeuu sscenesa (I11), meou
(1I) u yunka uz XaA0pUOHLIX pacmeopos Ha Hosvix obpasyax uonumos mapku CYBBER. Hcxoouvle
KOHYeHmpayuy UOHO8 NAAMUHbL, Jicesle3d, Medu U YUHKA cocmaeunu coomeemcmegenno (.25,
0.5 u 2.0 mmonv/n. Kucnomnocmo uccaedyemoix pacmeopos 0.01 — 2 monv/n. Ilokazana evicoxas
COpOYUOHHAS CHOCOOHOCMb UCCAEOYEMBIX UOHUNOB K UOHAM O1Ia20pOOH020 MeMALILA, YMO NO380151em
ocyuecmaums Ux KoaudecmseeHHoe uzeieuerue. Ycmanoeneno, umo niamumy MO*CHO Omoenums om
CONYymMcmaylouux KOMNoHeHmog nymem pazoeavbrozo snouposanus npu nomowu 0.001 M HCI (uone
arcenesa), 0.5 M HNO; (uonvl ysemmuoix memanios) u pacmeopa muomodesunvt (80 2/n) ¢ 0.3 M H,SO,

(UOHBL NAIAMUHDL).

Kniouesvie cnosa: naiamuHa, siceneso, Me()b, YUHK, COp6I/ﬂ/lﬂ, UoOHUmMbl, COJAAIHOKUCTIbIE PACMBODbL.

Introduction

In recent years the industrial consumption of platinum group metals (PGM) has been substantially
grown up, which is largely related to their unique physical and chemical properties. The industrial
application of the PGM is getting broader as well [1, 2]. In Russia, the major sources of PGM are the
sulfide copper-nickel ores from the Talnakh peninsula of Krasnoyarsk Region [1-3]. Therefore, after the
processing of these ores and conversion of PGM into solution, the noble metals are accompanied with
iron, copper, zinc, nickel, cobalt and other non-ferrous metal ions. In line with the primary sources,
the secondary sources of PGM (spent automobile and chemical catalysts, electronic scrap, slag, cakes,
dusts, etc.) are also actively applied in various industries [1-4].

The distinctive feature of all sources of PGM is their multielement composition, where the
noble metals are micro components, whereas the accompanying metals are macro components [1,
3, 4]. The breakdown of these raw materials results in the low concentrations of noble metals in the
obtained industrial solutions [1, 2, 4-6]. These solutions contain complex compounds of PGM, varied
by their stability and chemical inertness [1, 2, 7-9]. It is known [1, 2, 7-10] that these complexes are
also affected by aquation and hydrolysis processes, as well as by the so-called ageing, when the
PGM solutions are kept with low acidity. For these reasons, the selective methods are essential
for the successful isolation of noble metals and removal of accompanying components from such
complex solutions. In particular, the sorption methods are promising for these purposes, given their
efficiency, environmental safety and also compatibility with a variety of post-determination methods
[4-6, 11-15].
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At present time the research in this field is focused on nitrogen-containing anion exchangers,
which possess high sorption ability and good kinetic properties. These characteristics allow to
recover even the trace amounts of PGM through their preconcentration, and also to remove the
interfering components. As a result, the obtained PGM solutions have high purification grade [1,
11-14, 16].

Previously we have investigated the sorption of platinum from chloride and sulfate-chloride
media on Purolite ion exchangers [17, 18]. The present work is devoted to sorption preconcentration of
platinum in the presence of iron (III), copper (II) and zinc from hydrochloric acidic solutions on the

CYBBER — new, previously uninvestigated samples of ion exchangers.

Materials and methods

The CYBBER ion exchangers we took for investigation were synthesized by the SYNTEZyyx
Company (St. Petersburg, Russia). Their physical-chemical characteristics are summarized in Table 1.
Prior to use, all sorbents were prepared according to conventional procedures and transformed into the
CI — (anion exchangers) or H" — forms (chelate ion exchanger) using 2 M HCI.

The freshly prepared working solutions of platinum with concentration 0.25 mmol/L were
obtained by dissolution of accurately weighed H,PtCl; quantities in concentrated hydrochloric acid,
with the subsequent diluting of the obtained solution with distilled water. As a result, the acidity of
these solutions was 2 and 0.01 mol/L.

The solutions of accompanying copper (II) and zinc ions with concentrations 2.0 mmol/L were
prepared from accurately weighed quantities CuCl, - 2 H,0 and ZnCl, by their dissolution in 0.01 or
2 M HCI. The iron (III) solution with concentration 0.5 mmol/L was prepared by dissolution of iron
(IIT) chloride shot by 2 M HCI with subsequent precise determination of its concentration according to
complexometric titration using sulfosalicylic acid as an indicator [19].

The concentration of platinum (IV) and accompanying ions in the contacting solutions was
determined by a spectrophotometrical method: platinum was determined with SnCl, - 2 H,O [8,
9], copper (II) as well as zinc — with PAR (4-(2-pyridylazo)resorcinol [20, 21], and iron (III) — with
sulfosalicylic acid [19, 22].

The sorption of investigated ions was carried out under batch experiment conditions at a solid-to-
liquid phase ratio of 1:100 and temperature of (20 + 1) °C. The equilibrium time determined by special
tests was 24 h.

Table 1. Physical-chemical properties of macroporous ion exchangers CYBBER based on styrene —
divinylbenzene

Trade Functional | Exchange capacity in the . o, | Swelling | Working
name Exchanger type group | Cl -form (H' -form), mmol/g Moisture, % grade, % | pH range
Ax 400 |Strongbaseanion |\ p 1.20 44 15 0-14
exchanger
ALX 220 | Weakbaseanion |, 1.50 50 21 0-8
exchanger
CRX 210 | Chelating resin IDAA (1.12) 55 20 1-6

QAB — quaternary ammonia base; TAG — tertiary amino-groups; IDAA — iminodiacetic acid.
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The efficiency of sorption recovery was estimated by means of the recovery degree (R, %) and the

distribution coefficient (D), which were calculated as follows:

CO_Ce
0
D:VELC, ©

eq
where C, and C,are the initial and equilibrium molar concentrations of metal ions, respectively;
WEC (mmol/g) is working exchange capacity of ion exchanger towards the recovered metal ions. The
latter was calculated from the equation:

(G -C)V

WEC = ——, 3)
m

where V(L) is volume of the contacting solution and m (g) is resin mass.

The separation possibilities for metal ions were estimated by means of separation coefficients

(S):

D
§ = 4
D ®

Me

where Dp, is the distribution coefficient of platinum and D,, is the distribution coefficient of
accompanying ion.

The elution of investigated ions after their recovery from solution on ion exchangers was carried
out by means of 0.001 M HCI (desorption of iron), 0.5 M HNO; (desorption of copper and zinc) and
thiourea solution (80 g/L) in 0.3 M H,SO, (desorption of platinum).

All the results were subjected to statistical processing according to conventional procedures. The

average experimental error for 3 parallel runs was less than 6 %.

Results and discussion

As mentioned above, iron (III) and non-ferrous metal ions always interfere into the recovery of
noble metals during their extraction from primary and secondary PGM sources. Taking into account
that the most common media for industrial conditions is hydrochloric acidic media, the investigation of
sorption preconcentration of platinum from hydrochloric acidic solutions in the presence of interfering
ions is a matter of academic and practical interest.

The ionic state of platinum in weak and strong acidic chloride solutions was investigated in detail
in works [1, 2, 4, 7,9, 10]. In these media, it is equally probable for platinum to exist in oxidation states
2+ and 4+ This is explained by the similar standard redox potentials in the systems [PtClq]*/[PtCl,]*
(E®=+0.726 V) u [PtCL]*/Pt® (E* = +0.780 V) [1].

Depending on acidity of the medium, the concentration of chloride ions and temperature, a variety
of aqua- and aquahydroxochloride complexes of platinum (II) and platinum (IV) can be formed in
aqueous solutions [1, 7, 9, 10].

The ionic state of iron (III) in strong acidic chloride media is represented mostly by chloroferrate

(IIT) ions [FeCl,]. With the increase in pH value of solution to 2-3, the formation of both cationic and

— 494 —



Olga N. Kononova and Evgeniya V. Duba. Sorption Recovery of Platinum (IV) from Hydrochloric Acidic Solutions...

anionic complexes takes place due to hydrolysis [8]: [Fe(H,0)s]*, [Fe(H,0);OH]*, [Fe(H,0),(OH),]",
[FeOHCL], [Fe(OH),CL,]-.

The ionic state of copper (II) and zinc in chloride media depends on acidity of solution [8, 23].
Both non-ferrous metal ions can form complexes [CuCl,]* and [ZnCl,]* (1 — 6 M HCI) or [Cu(H,0),]*,
[ZnCl,(H,0),)*, [Zn(H,0)s]*, [ZnCl] and [ZnCl,]° (0.001 — 0.01 M HCI).

Therefore, based on ionic states of components investigated, it can be concluded that the anion
exchangers can be used for their sorption recovery and that the slight susceptibility of iron (III), copper
(IT) and zinc to hydrolysis offers prospects for their separation by elution.

We have preliminary studied the sorption ability of investigated ion exchangers during the
recovery of components from individual solutions at HCI concentrations range of 0.001 —4 mol/L. It
was determined that the recovery of platinum (I'V) ions was practically complete, with no dependence
on acidity of the contacting solution. Almost the same sorption ability of the ion exchangers was
demonstrated towards the iron (III) ions. As for the sorption of non-ferrous metal ions, we have
revealed that copper (II) ions were extracted only from strong acidic solutions, whereas zinc ions
were recovered only from weak acidic media. Such a behavior is undoubtedly related to the ionic
states of copper (II) and zinc. Since the strong acidic media are common for industrial conditions,
the zinc ions can be separated from the other ions directly on the sorption stage.

Table 2 contains data on platinum (IV) recovery from strong acidic chloride solutions in the
presence of accompanying components. It can be seen from these data that the ion exchangers
investigated maintain their high sorption ability to noble metal ions. The sorbents also exhibit high
affinity to iron (III) by extracting of more than 80 % of these ions. However, the recovery of copper (II)
does not exceed 20 %. The selectivity of ion exchangers can be visualized in the following descending

order:
Pt(IV) > Fe (I1I) > Cu (II) > Zn (II).

It is known [24, 25] that ion exchanger is normally more selective to ions with greater charge and
smaller ionic radius. Since the ionic radii of Pt (IV), Fe (III) and Cu (II) are 0.055, 0.064 and 0.096 nm

Table 2. Sorption of platinum (II, IV) from strong acidic chloride solutions in the presence of iron (III), copper
(IT) and zinc on ion exchangers investigated (C, (HCI) = 2 mol/L; C, (Pt) = 0.25 mmol/L; C, (Cu) = C, (Zn) = 2/0
mmol/L)

Recovery of
Trade name Parameter Pt (II, IV) in presence Fe (IIT) in presence Cu (II) in presence
of Fe (IIT), Cu (IT) of Pt (I1, IV), Cu (IT) of Pt (I1, IV), Fe (IIT)
and Zn and Zn and Zn
R, % 95+5 82+4 14+1
AX 400
gD 4.4+0.27 1.7 +0.11 23+0.14
R, % 95+5 82+4 20+2
ALX 220
gD 4.5+0.27 1.7+0.11 2.5+0.15
R, % 774 81+4 12+1
CRX 210
lgD 3.5+0.21 1.6 £0.11 2.1£0.12
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[26], respectively, we can assume that selectivity of ion exchangers is higher to double charged chloride
complexes of platinum.

The separation coefficients of platinum and accompanying ions for the resins investigated are
shown in Table 3. It can be seen that these values are greater than 1, pointing out to the possibility of
separation of the extracted ions.

Furthermore, we have investigated the separation of platinum, iron as well as non-ferrous metal
ions after their sorption on ion exchangers studied. It was carried out by separate elution. The results
are represented in Table 4.

Initially, the iron (III) ions were removed by treatment of resins with 0.001 M HCl at 50 °C. Since
iron (III) ions at pH = 3 easily undergo hydrolysis [8, 23], their desorption proceeds completely within
2 h, i.e. with ~ 100 % degree of iron (III) recovery.

Given that copper (II) ions are recovered on the investigated resins to no more than 20 % (Table
2), it was enough to wash the ion exchangers by 0.5 M HNO;at once for their complete removal. After
that, the elution of platinum by thiourea solution (80 g/L) in 0.3 M H,SO, was carried out, as such
solutions are conventional desorption agents for noble metals [1, 9]. As a result, ~95-96 % of platinum
was eluted from the ion exchangers, i.e. it was the quantitative desorption.

Therefore, the investigated CYBBER ion exchangers can be recommended for technological
schemes of the recovery of platinum in the presence of iron and non-ferrous metal ions from industrial

hydrochloric acidic solutions.

Table 3. Separation coefficients of platinum (II, IV) and interfering ions during their sorption from strong acidic
chloride solutions (C, (HCI) = 2 mol/L; C, (Pt) = 0.25 mmol/L; C, (Cu) = C, (Zn) = 2/0 mmol/L)

Separation coefficients of Pt (II, IV) towards
Trade name
Fe (1) Cu (I1)
AX 400 5 137
ALX 220 4 91
CRX 210 2 34

Table 4. Desorption of platinum and accompanying ions after their sorption on ion exchangers investigated.
Sorption was carried out from 2 M HCl solution at C, (Pt) = 0.25 mmol/L; C, (Cu) = C, (Zn) = 2/0 mmol/L

Desorption degree ( %) for
Pt recovery from Fe recovery from Cu recovery from
Desorption agent - § g - § % - § g
0.001 M HCl at 50 °C - - - ~100 | ~100 | ~ 100 - - -
0.5 M HNO; - - - - - ~100 | ~100 | ~ 100
Thiourea (80 g/L) in 0.3 M H,SO, | 95+5 [ 95+5|96+4 - - - - - -
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Conclusions

Sorption preconcentration of platinum (IV) from strong and weak acidic chloride solutions was
investigated in the presence of accompanying iron (III), copper (II) and zinc ions on new samples
CYBBER ion exchangers. It was shown that the ion exchangers investigated reveal the highest selectivity
towards platinum, extracting it to ~100 %. As for the accompanying ions, the greater affinity of the
sorbents was revealed to iron (III) ions that were recovered to more than 80 %. The recovery degree
of copper (II) ions from strong acidic solutions did not exceed 20 %, whereas zinc ions, owing to their
ionic state, were not extracted from strong acidic media on the investigated resins.

The obtained results allow us to isolate zinc on sorption stage, and to separate the remaining
studied components by their separate elution. Using 0.001 M HCI (for iron) and 0.5 M HNO; (for
copper) as the desorption agents, it is feasible to completely remove these ions from the resins. Then
the platinum desorption was carried out by thiourea solution (80 g/L) in 0.3 M H,SO,. As a result,
the complete platinum extraction was achieved. Therefore, the CYBBER ion exchangers investigated
can be recommended for application in technological processes for platinum recovery from industrial
hydrochloric acidic solutions in presence of accompanying components.
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