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Abstract

Metalfix Chelamine chelating resins of two different bead sizes (150-300 and 4@x8@ere examined and compared regarding their
application for sorption of Au, Ir, Pd, Pt, Rh and Ru ions from medium of HCI, HN@d mixtures of HCl and HN® The quantitative
enrichment of Au, Ir, Pd and Pt was established for the resin of 150«808article size and for solutions acidified with HCl and HN@B:1)
up to the concentration of 0.50 mokl In the case of Rh and Ru, the uptake of these metals by the resin was lower than 50%. For the elution,
solutions of different reagents, i.e. HCI, HNOXCN, KI, KSCN and (NH),CS, were studied with respect to the complete release of the
analytes retained by the resin. In addition, influence of various base metals, i.e. Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn, on the retention of
the noble metals was investigated. Under the selected conditions for the retention and elution of Au, Ir, Pd and Pt, the analytical performance
of the proposed pre-concentration procedure was evaluated and it was applied to the determination of these noble metals in anodic sludge
sample.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction elements. Typically, column procedures or batch protocols
based on usage of different ion exchangers, chelating resins
Despite a great progress in the analytical instrumentation, or adsorption media are applied for that purpfke,5,6].
direct measurements of noble metals in geological, metallur- The main advantage of ion-exchange pre-concentration ap-
gical or environmental samples are often not possible, mainly proach is a possibility of the determination of low analyte
due to the very low concentration levels of these elements concentrations and separation of the analytes from matrix
or interference effects coming from other constituents of the constituents hampered the detection of the noble metals.
analysed samplgs]. Eveninthe case of very sensitive meth- Among a variety of commercial chelating resins intro-
ods, the detection limits of gold and platinum group elements duced in the last decade for trace analysis purposes, Metal-
depend upon the reagent blanks, memory effects, matrix ef-fix Chelamine, being tetraethylenepentamine polymer bound,
fects and mainly spectral interferences (e.g. for ETV-AAS) or merits a special notice. From a practical point of view, the
isobaric interferences from different monoatomic and poly- resin is very attractive for the pre-concentration of traces of
atomic oxide ions (for instance for ICP-M§)-6]. Thus, a metals in the measurements carried out by the spectrometric
chemical separation of noble metals is usually desirable in or- methods. It possess a high exchange capacity and a high affin-
der to increase the analytical sensitivity of the spectrometric ity for heavy metal cations as well as exposes no interference
method used and to eliminate the interferences from the othereffects by the alkali and alkaline earth metals, which are not
bound by the resin. Earlier published papers regarding ana-
* Corresponding author. Tel.: +48 71 3203445; fax: +48 71 3284330.  lytical performance of Metalfix Chelamirjé-13]throughits
E-mail addresspawel.pohl@pwr.wroc.pl (P. Pohl). high selectivity toward the transition metal ions reports very
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encouraging results. So far, that chelating resin was used fortermediate argon flow rate, 0.20 | mity aerosol carrier flow

the enrichment of various metals (Cd, Co, Cu, Hg, Mn, Ni, rate, 0.30Imin?; nebuliser pressure, 3.0bar; sample up-

Pb, Zn and V) in samples of complex matrices in which de- take rate, 0.75 ml min'; waste draining rate, 4.2 ml min;

termination of the species of interest would not be possible in vertical observation height, 12 mm above the load coil, slit

a direct way due to very low concentrations of the metal ions widths (entrance/exit) setting, 20n/50um; integration pe-

and likely interference effects, i.e. sea weg8,12], fresh  rjod, 0.1's per one data point; and photomultiplier tension,

and saline watef10] and fir wood[9]. 985V. The most prominent and sensitive atomic and ionic
Carrying very specific tetraethylenepentamine functional emission lines of noble metals were chosen and measured

groups containing donor nitrogen atoms, Metalfix Chelamine for the investigation: Au(l), 242.795 nm; Ir(ll), 224.268 nm;

should also exhibit large ability for the selective retention pd(1), 340.458 nm; Pt(ll), 214.423 nm; Rh(ll), 233.477 nm;
of the noble metals. However, only in a couple of contribu- and Ru(ll), 245.657 nm.

tions[14-16], the resin has been applied for the enrichment
of gold and platinum group elements using ICP-MS and F- 2.2. Materials and reagents
AAS. Besides, the results presented in the cited publications,
especially concerning the elution of the noble metals from  Metalfix Chelamine chelating resin of different particle
the resin, are inconsistent. In the work by Coedo efi], size, i.e. 150-300 and 40—8fn, was purchased from Fluka
wherein Au, Ir, Pd, Pt and Rh were adsorbed by Metalfix Chemie (Switzerland). The functionality of the resin is pro-
Chelamine in the form of their chlorocomplexes on a mini- vided by immobilised tetraethylenepentamine (1,4,7,10,13-
column, the recovery of the analytes was not feasible and apentaazatridecane) ligands into an organic polymer. Liquid
procedure of acid digestion of the resin was required in or- chromatography experiments were performed using Supelco
der to release the analytes into the solution. On the contrary,glass columns (1.0 cm of internal diameter) ended with glass
Iglesias et al[15] observed in batch experiments that the des- frits to support the resin and Teflon stopcocks. The flow rates
orption of Au, Pd and Pt was achieved without destruction of of solvents percolated through the resin beds were controlled
the resin, but shaking it with the solution of thiourea. How- by peristaltic pumps (Gilson, France).
ever, the recoveries found for Au and Pt were far from being  For the evaluation of the adsorption efficiency of no-
quantitative and suitable for the analytical purposes. ble metals on the resin from different acidic media, multi-
Lack of the consistent knowledge relating to the behaviour element standard solutions of Au(lll), Ir(1l1), Pd(Il), Pt(1V),
of noble metals on Metalfix Chelamine, has led us to cope Rh(lll) and Ru(lll) of volume of 200 ml and concentration
with the resin for a complete understanding of its sorption of 1.0,.g ml~1 were used. The solutions were prepared from
and desorption properties and evaluation of its analytical ap- 1000wg mi~—* stock solutions of the respective metals (Fluka
plication to the determination of gold and platinum group Chemie, Switzerland) and acidified with HCI (Merck, Ger-
elements by the spectrometric methods. In the present work,many), HNG (Merck, Germany) or mixtures of HCI and
the adsorption of noble metals, i.e. Au, Ir, Pd, Pt, Rh and Ru, HNO3 at volume ratio of 1:1 or 3:1. The final concentra-
from the solutions acidified with HCI, HN£and mixtures of tion of acid was corresponding to 0.10, 0.20, 0.50, 1.0 and
HCI and HNG; was studied using the resin of two different 2.0 mol "%, respectively. In the case of the HCI and HNO
particle sizes. In order to find the most favourable conditions mixtures, the required concentration referred to the amount
for the desorption of the noble metals retained by the resin, of H* ions in the solution. For the examination of the influ-
solutions of mineral acids and various complexing agents of ence of concomitant metals on sorption of noble metals on
different concentrations and volumes were used. The effectthe resin, working standard solutions of volume of 200 ml
of several base metals on the uptake of the noble metals by the&ontaining precious metals investigated at concentration of
resin was examined as well. Under the selected conditions,0.10ug mi—1 as well as base metals from a CertiPURCP
the devised procedure was employed for the determinationmulti-element standard solution (Merck, Germany) were pre-
of Au, Ir, Pd and Pt in the anodic sludge sample. pared. The concentrations of base metals were equal to 2.0,
10 and 5Qug mI~1, respectively. The amount of the analytes
in all the solutions used at optimisation step was selected

2. Experimental following previously published reporfd 7—20].
To elute precious metals retained on Metalfix Chelamine,
2.1. Apparatus solutions of acids (HCI and HN$) of different concentra-

tions were prepared by dilution of the concentrated reagents.
The instrument used in measurements was a JY 38S sein addition, solutions of KCN, KSCN, KI and (NHCS

quential inductively coupled plasma atomic emission spec- were also made for that purpose by dissolution of the suitable
trometer (ISA Jobin Yvon, France) equipped with a cyclone amounts of solid analytical grade chemicals (POCH, Poland)
spray chamber (ISA Jobin Yvon, France) and a concentric in water.
nebuliser TR 50-C1 (J.E. Meinhard Associates Inc., Califor-  Ultra-pure deionised water (18.3 M) obtained from
nia, USA). The operating parameters applied were as follows: EASYpurd™ D7033 deionisation system (Barnstead, USA)
incident power, 1.0 kW; outer argon flow rate, 13 | minin- was used for the preparation of the solutions of samples and
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standards. All the chemical reagents used were of analytical2 ml min—1. Noble metals retained on the resin were recov-

grade or better. ered using 10 ml of a 1.0 mott solution of KCN. The eluate
. . collected was analysed and the amounts of noble metals (Au,
2.3. Pre-concentration and elution procedure Ir, Pd and Pt) in the sludge sample were determined. The re-

sults obtained were compared with those determined before

To fill the columns with Metalfix Chelamine of inourlaboratory by means of hydrometallurgical procedures
150-30Qum particle size, a slurry method was applied. Por- hased on gravimetric methofl].

tion of the resin as received of mass of 2.5g was soaked in

water for a half an hour, and then the resulting suspension of

the resin was poured into the column. For every experiment, 3. Results and discussion

new aliquot of the resin was taken. Conditioning treatment

of the resin bed was performed by washing it with 10ml 3.1. Sorption of noble metals from different acidic media

of a 1.0mol 't HCI solution and followed by rinsing with

deionised water (approximately 100 ml). Dissolution in HNQ@, HCI or aqua regia has been recog-
For the enrichment of noble metals and separation of con- nised to be one of the most suitable method for converting of

comitant metals, synthetic and real sample solutions weregold and platinum group elements from hydrometallurgical

loaded onto the columns at a flow rate of 2ml minThe and geological samples into their soluble complgges,6].

effluents from the columns were collected and analysed by For that reason, in the present contribution sorption of Au, Ir,

the ICP-AES. In order to evaluate the efficiency of the pre- Pd, Pt, Rh and Ru ions by Metalfix Chelamine from different

concentration procedure, the concentrations of noble andacidic media, i.e. solutions of HCI, HNOmixture of HCI

base metals found were compared with the initial concen- and HNG; (1:1) and mixture of HCl and HN@(3:1), was

trations in the solution loaded on the columns. investigated in details using resins of different particle size
The precious metals retained on the columns were re-(150-300 and 40-8@m). The concentration of acids used

covered by plain elution. Consequently, the resin beds werefor acidification of samples of noble metals was varied from

flushed with 10 or 20 ml portions of a chosen eluent (solutions 0.10 to 2.0 molt? and referred to the total content of ibns

of HCI, HNO3, KCN, KSCN, Kl and (NH)2CS) at a flow in the solution.

rate of 2mlmin®. The aliquots referring to the dead vol-

umes of the resin beds were discarded and then 10 or 20mi3.1.1. Metalfix Chelamine 150-3@0n

fractions of the eluate were collected prior to determination ~ Apparently from the literature, Metalfix Chelamine of

of the recovery. 150-30Qum particle size was not used for the enrichment
To maintain the exact determination of the analyte con- of noble metals so far. As can be seen frbig. 1. depict-

centrations in the solutions of effluents and eluates collected,ing adsorption efficiencies of noble metals as mean values

the adjustment of matrix contents in all standard solutions for three independent replicates, the selectivity of that Met-

was made. alfix Chelamine for Au, Ir, Pd and Pt is very high. Gold and
palladium were completely retained by the resin from dif-
2.4. Sample preparation and analysis ferent solutions containing HCI, in the whole range of acid

concentration applied, except for the most concentrated so-

An anodic sludge from the electrolytic rafination of sil- lutions (2.0 molt?). It is worth noticing that these precious
ver, achieved from copper ores in Polish Copper Mine and metals were also quantitatively adsorbed by the resin from
Smelter Company (KGHM S.A.), was analysed. A portion of the solutions acidified only with HN§ In the case of Pt, the
0.159 of dried at 450C and powdered sludge sample was complete retention of that metal occurred from the solutions
weighted into a quartz beaker. Then, 3.0 ml of concentrated acidified with different media but only to the concentrations
HCI were added, followed by the addition of 1.0 ml of con- not higher than 0.50 mott. Uptake of Ir was quantitative
centrated HN@. The beaker was covered with a watch glass for the solutions acidified only with HCI or mixture of HCI
and heated on a hot plate until the sample was dissolved.and HNG; (3:1). In the case of medium of HN®r mixture
After cooling, the solution was filtered through a Ou4% of HCl and HNGQG; (1:1), the retention efficiency of that ele-
Nylon 66 membrane (Supelco, USA) to separate the precip-mentwas reasonably high, however, did not exceed 85%. The
itate of silver chloride. The precipitate was washed with a reproducibility of all the results achieved was very good; the
5ml portion of a 0.10 mott! HCI solution, then the filtrate  calculated values of one standard deviation were typically in
and washings were merged and finally diluted to the volume the range from 1 to 6%.
of 100 ml. Afterwards, 2.0 ml of the resulting solution was Although, the retention of Rh on Metalfix Chelamine
taken into a 250 ml calibrated flask, followed by the addition from 0.1 to 2.0 molt! HCI solutions was reported before
of 3.0ml of concentrated HCI and 1.0 ml of concentrated [14] to be from 72 to 97%, respectively, here, the reten-
HNOg, and finally brought up with water to the mark. Next, tion efficiency found for Rh was lower than 50% for all the
the solution was passed through the column packed with Met-studied acid media. The same was also observed for Ru.
alfix Chelamine (150-30@m particle size) at a flow rate of  Such a sorption behaviour of Metalfix Chelamine toward
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120 what resulted in poorer adsorption efficiencies of these two

i W noble metals.

80 It was considered that the best conditions for the pre-
40 & o concentration of Au, Ir, Pd and Pt on Metalfix Chelamine
20 m of 150-30Qum particle size were for the solutions moder-

0.10 0.20 0.50 10 20 ately acidified with HCl and HN@ (3:1) mixtures. Under
(a) Concentration of HCI, mol I”! these conditions, the retention of Rh and Rh was low but
reproducible.

120

=3 =

3.1.2. Metalfix Chelamine 40—80n

ig i f:“ Metalfix Chelamine of 40—-8(m particle size was used
20 o P before for the pre-concentration of noble metals by Igle-
B e s = 2o e B sias et al[15] who reported sorption of Au(lll), Pd(ll) and

(b) Concentration of HNO,, mol I — Rh Pt(IV) ions under a batch procedqrg from the solu'tions of
0.10 mol X HCI. However, the efficiency of retention of

Adsorption efficiency, %

158 e these noble metals was 85, 70 and 100%, respectively, for
a0 Au, Pd and Pt. Later, the same laboratory group made use of
60 the selectivity of the resin for Pd in an on-line determination
‘g‘g $ of that element using mini-column systet6]. The same

0 : ; , : . type of the resin was also applied earlier by Coedo ¢14l.

© 010 Concii?ration :f‘s:ol andh?\jo (‘I'1§.Omol . for the separation of Au, Ir, Pd, Pt and Rh retained on the

g column from different base metals. In that contribution, the

120 noble metals investigated were gquantitatively adsorbed from
100 B - the solutions containing HCI at concentrations higher than
80 1
il 0.50 mol+.
40 To verify the results achieved here with those described in
20 the literaturg14—16], sorption properties of 40—a@n parti-

‘ 0.10 0.20 0.50 10 20 cle size Metalfix Chelamine toward gold and platinum group
(d) Concentration of HCl and HNO,(3:1), mol I'! elements present in the medium of HCI were examined thor-

oughly. Unfortunately, the pre-conditioning procedure ap-
Fig. 1. Adsorption of Au, Ir, Pd, Pt, Rh and Ru from solutions of (a) HCI;  plied for the resin of 150-300m particle size, i.e. soaking
(b) HNOs; () HCland HNQ (1:1); (d) HCl and HNQ (3:1) using Metalfix in water, pouring into the column as a water slurry and then
Chelamine of 150-30am particle size. washing with a 1.0 moH! solution of HCI, failed because

the resin beds split up during the column operation due to a
the noble metals investigated might be explained bearing contracting of the resin beads. To resolve this dilemma, por-
in mind a role of nitrogen atoms of tetraethylenepentamine tions of the resin as received (mass of 2.5 g) were immersed in
functional groups which facilitate binding of precious met- solutions of HCI of the same concentration as in the solutions
als [15,22]. The nitrogen atoms of tetraethylenepentamine loaded onto the columns. Next, the resin was packed into the
could fix the noble metals by an exchange of one of the chlo- columns by pouring as slurry. After that, solutions contain-
ride atoms in chlorocomplexes and linking the noble metal ing Au, Ir, Pd, Pt, Rh and Ru ions (1@ mi~1) and acidified
atoms through the coordination metal—-nitrogen bonds or thewith HCI to the concentration of 0.10, 0.20, 0.50, 1.0 and
protonated nitrogen atoms could form ion pairs by associa- 2.0 mol -1, respectively, were passed through the columns
tion with noble metal chloride complexes. The above two at a flow rate of 2 ml mint. The content of the noble metals
processes might occur simultaneously, but in acidic con- in the solutions leaving the columns was determined prior
ditions the later one mechanism should be predominantly to the estimation of the retention efficiency (mean values for
[15]. Formerly, it was also recognisgd2] that the highly three independent replicates).
charged anhydrous chlorocomplexes of noble metals were The results obtained in the present study for Metalfix
more efficiently retained on the resin with functional groups Chelamine of 40-8.m particle size confirmed the adsorp-
containing nitrogen atoms than their corresponding aqua-tion characteristics of the resin described previoysHj,
complexes. but only for Au, Ir, Pd and Pt. In the case of Rh, the reten-

The values of stability constants of Rh(lll) and Ru(lll) tion efficiency found was about two times lower (range from

chlorocomplexes are much lower in comparison to those cor-40 to 55%). The sorption efficiency evaluated for Ru was
responding to the complexes of Au(lll), Ir(lll), Pd(ll) and of the same magnitude as for Rh. For instance, for the solu-
Pt(IV) [23], and thus, in the case of Rh and Ru, formation of tion of 0.20 mol -1 HCI, the retention of Au, Ir, Pd, Pt, Rh
aqua-complexes was much probable. It could lead to weakerand Ru on the resin was equal to 163, 99+ 2, 100+ 1,
uptake of Rh and Ru by the resin under the studied conditions95+ 4, 54+ 4 and 4 - 4%, respectively. Passing through the
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columns solutions of the studied precious metals and acidifiedTable 2

with HCI to the concentration of 1.0 mot}. the adsorption Recoveries (in %) of Au, Ir, Pd and Pt from Metalfix Chelemine of
- . . , 150-30Qum particle size obtained using KCN and KI stripping solutions

efficiencies found were as follows: 1801% for Au, 98+ 2

for Ir, 97+ 3% for Pd, 90+ 3% for Pt, 52+ 2% for Rhand 2
44+ 4% for Ru. Eluent
Au Ir Pd Pt
. KCN
3.2. Solvent elution 10mlof 0.50molt! 103+ 2 99+ 3 101+2 7242
. , 20mlof0.50molt?  102+2 99+ 3 100+3  83+2
Elution experiments were conducted using 200ml solu-  10miof1.0molr! 100+ 2 104+ 4 10244 97+ 3
tions of noble metals (1/g mI~?1), acidified with HCI and 20mlof1.0molr* 103+ 4 102+ 3 101+3 10142
HNOs (3:1) mixture to the concentration of 0.20 motl Kl
After loading the solutions onto the columns packed with  10mlof0.50molt?  11+2 08+03 ND 15+ 2
Metalfix Chelamine at a flow rate of 2 ml mifh, solutions 20 ml of 0.50 mol 2 36+t3 09+04 ND 29+ 2
of different reagents capable of forming stable complexes 10mlof1.0molt*  21+3 56£05 ND 14+ 2
20ml of 1.0mol 1 57+3 1142 ND 27+3

with Au, Ir, Pd and P{24], i.e. HCI, KCN, KI, KSCN and
(NH2)2CS, and HNQ@in addition, were used for the recovery
of noble metals from the resin. For that aim, 10 or 20 ml por-
tions of the elution solutions were passed through the columnsplexing agent led to the complete recovery of Pd and over
at a flow rate of 2 ml min. The fractions of the eluate corre-  60% release of Au and Pt but it was useless for the release
sponding to the volumes of 10 and 20 ml, respectively, were of Ir. Very similar results were reported before in REf5]
collected and then analysed by the ICP-AES method to assessvhere in batch experiments Pd was completely eluted from
the desorption efficiencies for Au, Ir, Pd and Pt. The contents Metalfix Chelamine while Au and especially Pt were recov-
of Rh and Ru were not measured due to the partial uptake ofered partially.
these two noble metals by the resin. Here, the best results were achieved for solutions of KCN,
The results (mean values for three replicates with standardwhich appeared to be very suitable for the quantitative re-
deviations) achieved for Metalfix Chelamine of 150—300 covery of Au, Ir, Pd and Pt (semble 2). Use of 10 ml of a
particle size are given ifables 1-3. As apparent from the re- 1.0 mol -1 solution of KCN provided desorption of all the
covery values obtained for different eluents used, the chloro- noble metals examined with the average efficiency equal to
complexes of the noble metals investigated (Au, Ir, Pd and 101%. Such a concentration of KCN was found to be tol-
Pt) had a very high affinity to Metalfix Chelamine, which erable by the plasma without any disturbance what resulted
bound them very strongly. Unfortunately, usage of solutions in good precision of the intensity measurements. Previously,
of such reagents as HCI, HNOKI, KSCN and (NH)2CS, usage of 1.0 moH® KCN solution was also described to be
recognised formerly to be beneficial for the off-line recovery useful for the quantitative desorption of Pd from Amberlite

ND, not detected.
Error terms are 1 standard deviation.

of gold and platinum group elements from various adsorption XAD-16 prior to the determination by F-AAR6].

and ion-exchange medja7-20,25], was ineffective for the
simultaneous release of Au, Ir, Pd and Pt.

In the case of Metalfix Chelamine of 40—Rén particle
size, the elution approach by means of column operation

Reasonably good recoveries were obtained for thioureawas unfeasible. The main problem associated with that resin

solutions. Application of a 1.0 mott solution of that com-

Table 1

Recoveries (in %) of Au, Ir, Pd and Pt from Metalfix Chelemine of
150-30Qum particle size obtained using HCI and Hil€Iripping solutions
(n=3)

was its swelling or contracting when stripping solutions were

Table 3

Recoveries (in %) of Au, Ir, Pd and Pt from Metalfix Chelemine of
150-30Qum particle size obtained using KSCN and (WbCS stripping
solutions (= 3)

Eluent Eluent
Au Ir Pd Pt Au Ir Pd Pt
HCI KSCN
10mlof4.0moltf!  50+03 35+01 9.4+05 34+1 10ml of 0.50 molt?  ND 1.1+ 02 ND 12+1
20mlof4.0molf?! 6.1+04 12+1 52+ 2 50+3 20mlof 0.50molt!  ND 55+ 0.5 ND 24+ 2
10mlof6.0moltt 11+1 24402 17+2 32+2 10ml of 1.0 mol 1 ND 24+ 1 ND 15+1
20mlof6.0molf? 12+1 10+1 60+ 2 49+2 20ml of 1.0 mol 2 1.6+03 52+2 ND 32+2
HNO3 (NH2)2CS
10mlof 3.0mol!  ND 89+08 09+01 36+1 10mlof 0.50 molt? 17+ 2 ND 95+ 2 57+2
20mlof3.0moltf! 13+02 20+2 1.3+ 0.3 48+2 20mlof 0.50molt! 28+ 2 ND 100+ 2 68+3
10mlof 5.0molf! 68+ 3 46+ 3 1.7+01 31+2 10ml of 1.0 mol 1 61+ 2 ND 102+ 3 64+2
20mlof5.0molt? 70+ 3 73+ 4 3+1 43+2 20ml of 1.0mol 1 69+ 3 ND 103+ 3 73+3

ND, not detected.
Error terms are 1 standard deviation.

ND, not detected.
Error terms are 1 standard deviation.
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passedthroughthe columns for the release of Au, Ir, Pd and PtTable 4 _ _
It resulted in break up of the resin beds and in these conditionsontents (in %) of Au, Ir, Pd and Pt in anodic sludge sample

performance of the elution procedure was impossible. Prob- Element From Refl19] This work? R.S.D. (%)
ably for that reason, to liberate noble metals from the resin, au 10.2 10.8+ 0.4 4.2
Coedo et al[14] used the procedure of its decomposition in- Ir - 2.29+0.09 3.9
stead of the elution approach. In the case of Ref], where Pd 8.8 9.1+ 0.4 4.1
Pd(Il) was adsorbed by Metalfix Chelamine of 40430 53 50+£02 35
particle size from the solutions of 0.1 mofi HCI, to avoid # Mean values for three individual analyses.

differences in the osmotic pressures of the external and inter-
nal solutions on the column, a 0.5 motlsolution of thiourea ~ metals examined. In comparison to direct measurements, the
in 0.1 mol 1 HCI was used for the elution of the analyte. detection limits (3¢ attained with the pre-concentration pro-
tocol proposed were enhanced over a one order of magnitude
3.3. Effect of co-existing metal ions and equalled to 0.5, 2, 0.8 and 1 ngThl respectively, for
Au, Ir, Pd and Pt. The enrichment factor achieved for Au, Ir,
In order to examine the effect of different co-existing metal Pd and Pt was equal to 20 and was significantly improved
ions on the process of sorption of Au, Ir, Pd and Pt, 200 m| concerning those reported so far for Metalfix Chelamine of
solutions containing the noble metals (A mi~1) and vari- 40-80um particle sizg14,15].
ous base metals (Al, Cd, Co, Cr, Cu, Fe, Mn,Ni,PbandZn)at To assess the applicability of Metalfix Chelamine
the concentrations of 2, 10 and &g ml~! were loaded onto ~ (150-30Qum particle size) column pre-concentration to the
the columns packed with Metalfix Chelamine (150—300) determination of noble metals in the solutions arising from
at a flow rate of 2 mlmin®. The solutions were acidified with ~ the digestion of the metallurgical samples in aqua regia, the
HCI and HNG mixture (3:1) to the concentrations of 0.10, devised procedure was applied for measurements of Au, Ir,
0.20 and 0.50 moH®. After that, the resin beds were flushed Pd and Pt in a set of solutions of a very high content of matrix
with 10 ml of a 1.0 molt?! solution of KCN. The effluents ~ base metals, i.e. up to 5% of Cd, Cu, Fe and Zn, and spiked
and the eluates were collected and the concentrations of Auwith the noble metals to the concentrations in a range from
Ir, Pd and Pt as well as other metals were determined. 0.10 to 20ug mI~2. The recoveries of Au, Ir, Pd and Pt from
It was observed that the accompanying metals did not af- the studied sample solutions were found to be from 95 to
fect the retention of noble metals on the resin. Under the 103%.
conditions examined, Au, Ir, Pd and Pt were retained on  Additionally, the sample of an anodic sludge from the
the columns with the efficiency being within the range from electrolytic rafination of silver (Polish Copper Mine and
95 to 106%. Furthermore, it was established that the baseSmelter Company, Lubin, Poland) was prepared according
metal ions, i.e. Al(Ill), Cd(Il), Co(ll), Cr(ll1), Cu(ll), Fe(lll), to the description given in Sectich4 and analysed using
Mn(I1), Ni(ll), Pb(ll) and Zn(l1), were not bound by the resin  the method proposed. The results obtained are presented in
under the mentioned experimental conditions. The recover- Table 4and compared with those achieved earlier in our
ies of the co-existing transition metals from the effluents col- laboratory using gravimetric methofsl]. As can be seen,
lected were typically ranged from 983 to 111+ 4% (n=3). the previous and the present outcomes are in a very good
With respect to that, it was possible to separate precious met-accordance.
als (Au, Ir, Pd and Pt) from various base metals from solutions
acidified with aqua regia. Formerly, the possibility of separa-
tion of noble metals from different concomitant metals, e.g. 4. Conclusions
Al, Cr, Cu, Fe, Ni, Mn, which were not adsorbed by Metalfix
Chelamine at low pH adjusted with HCI was also reported = The present study demonstrates that Metalfix Chelamine
[14,15]. in acid media has a high affinity for Au, Ir, Pd and Ptions over
Concluding, usage of Metalfix Chelamine in the pre- various co-existing metal ions (Al, Cd, Co, Cr, Cu, Fe, Mn,
concentration procedure of Au, Ir, Pd and Pt presented Ni, Pband Zn). The resin of 150-3@0n particle size ismuch
here had such an advantage over the procedures using ionmore favourable for column operation than the resin of lower
exchangerf24,25]that it was not necessary to use sequential particle size. The later one resin is more prone to swelling
elution approach for the separation of interfering transition or contracting by differences in pH and ionic strength of the
metals forming negatively charged chlorocomplexes and re- external and internal solutions in the resin bed. Thus, the

taining on the column together with the noble metals. recovery of the noble metals retained from the resin of that
particle size by solvent elution is problematical.

3.4. Evaluation of the procedure and analytical In contrast to the already reported contributions, the pro-

application posed procedure based on usage of Metalfix Chelamine of

150-30Qum particle size enables quantitative adsorption of
The precision of the whole procedure, expressed as rela-Au, Ir, Pd and Pt from different acid solutions, especially a
tive standard deviation, was of the order of 4% for all the noble medium of aqua regia. The quantitative recovery of Au, Ir,
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Pd and Pt can be readily performed in a quick and convenient [8] M.T.S.D. Vasconcelos, M.F.C. Leal, Anal. Chim. Acta 353 (1997)
way by means of a KCN solution. 189.

Reasonably high pre-concentration factor, good precision [ ‘i"lOP“‘SiSZ' W. Zymicki, Fresenius J. Anal. Chem. 363 (1999
and reliability of the results as well as possibility of sepa- [10] C. Gueguen, J. Dominik, D. Perret, Fresenius J. Anal. Chem. 370

ration of noble metals from different concomitant transition (2001) 909.

metals, present usually in geological and metallurgical sam-[11] M. Iglesias, E. Antico, V. Salvado, Solvent Extr. lon Exc. 19 (2001)
ples, make the described procedure attractive and suitable for ~ 315.

the determination of noble metals by the inductively coupled [12] G- Abbasse, B. Ouddane, J.C. Fischer, Anal. Bioanal. Chem. 374

i . (2002) 873.
plasma atomic emission spectrometry and other Spectromety; 51 5 poni B, prusisz, Anal. Chim. Acta 502 (2004) 83.

ric methods. [14] A.G. Coedo, M.T. Dorado, I. Padilla, F. Alguacil, Anal. Chim. Acta
340 (1997) 31.

[15] M. Iglesias, E. Antico, V. Salvado, Solvent Extr. lon Exc. 18 (2000)
965.

[16] M. Iglesias, E. Antico, V. Salvado, Talanta 59 (2003) 651.

[17] I. Matsubara, Y. Takeda, K. Ishida, Fresenius J. Anal. Chem. 366
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