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The main object of the most of the researches on chelating
resins, 1s preparation of insoluble functionalized polymers
which can provide more flexible working conditions
together with good stability and high capacily for certain
metal ions.”” The interest in this tvpe of chelating resins arc
duc to the rapid adsorption of metal ions. greater scleclivity
and less swelling compared to the analogous organic poly-
mers. Comprchensive reviews have been writlen on the syn-
thesis. propertics and application of chelaling resins % A
number of chelating resins containing aminocarboxylic acid.” !
hexylthioglyeolate'™'* and bicine'® groups have been pre-
parcd and investigated for their analytical propertics.

Since (he sorption characteristics of the melal ions together
with the complexation propertics ol the rcagent gencrally
depend upon the size of the chelate ring and mclal atom.
number of donor atoms/bonding site on the rcagent. tvpe of
donor atoms (hard or soll). oxidation stalc ol thc metal ion.
nature of the solvent. pH of the solvent sysiem cle.

In the previous work.!” the preconcentration and scpara-
tion of metal 1ons by the usc of Amberlite [RC 718 chelating
resin have been extensively reported. Amberlite 1RC 718
chelating resin bonded to the iminodiacetic acid functional
groups. which has a high aflinity lor hcavy metal ions. The
very hittle evaluation has. however. been performed on this
exchanger.

The purposc of the present work is to explore the possibil-
ity of scparation of Au(lll) iong [rom matriccs by using a
Amberlile IRC 718 chelating resin. The adsorption behay-
iour of Au(11l). PL(AV). Pd(11). Ti(V). Ag(l). Zn(11). Co(ll).
Cu(1) and Fe(111) on the resin was investigated at diflerent
pH valucs. The scparations arc based on the aflinity difTer-
ences of these metal ions toward the chelating resin as a
function of pH.

This paper describes the svsiematic investigation of col-
wmn scparation and preconcentration of Au(Ill) as their
chloro complexes from acidic solutions on Amberlitc IRC-
718 chelating resin in a column, Au(I1T) retained was cluted
with 0.23M (hiourca solution. The mcthod was used for the
determination of platinum group clements (Au(Ill). P(IV)
and Pd(11)) in PCBs samplc.

Experimental Section

Apparatus and rcagents. A Jobin Yvon JV-24 induc-
tively coupled plasma spectrometer was used for metal 1on

determination. A NOVA-310 digital pH-mcter was used for
pH mcasurcment.

Amberlitc IRC 718 chelating resin is a products of Ald-
rich. The metal ion stock solutions were prepared by diluting
the 1000 ppm AAS standard solutions of Au(lIl). Pd(II) and
P((IV) obtaincd from Junsci Chemical Co. The other chemi-
cals were of analvtical-rcagent grade. The following buff-
cred solutions were prepared: hvdrochloric acid-potassium
hydrogen phthalate (pH 1-3): acctic acid-sodium acctate (pH
3-6).

Experiment.

Optimum pH for metal ion adsorption: The adsorption
behaviors of various metal ions were examined under batch
cquilibration tcchnique. Excess amount of metal ion (30 mL.
20 pig/mL) was shaken with 0.2 g of resin for 24 hr. The pH
ol thc metal ion solution was adjusted prior to cquilibration
over a range of 1-6 with bufTer solutions. After the cquilib-
rium. the concentration of the metal remaining in the solu-
tion was determined by inductively coupled plasma atomic
cmission speetrometry (ICP-AES).

Concentration and separations of metal ions: The batch
cquilibration technique was used to concentration the metal
ions. A sample solution (1000 mL) containing 0.1 gg mL™
mctal ion was adjusted at optimum pH of adsorption with a
bulfer solution and shaken with 0.2 g of resin for 24 hr. The
adsorbed metal ions were cluted with 0.25 M thiourca solu-
tion (20 mL) and the concentration of the metal ions in the
cluent was determined by ICP-AES,

Scparation of mctal ions was carricd oul by a column
method. A fixed volume of aqucous mixing solution of the
mctal ions was adjusted to pH 0.1 and percolated through the
column (3.4 cm”x 7 cm) at the flow ratc of 1.0+ 0.1 mL
min~ . AKIID. Fe(IIT). Cu(Il) and Ni(1T) was cluted with 1.0
M HCI. Au(lIl). P{IV) and PA(II) with 0.25 M thiourca.

Result and Discussion

The cffect of pH on adsorption of (en kinds of metals in
pH 0.5-6.0 was cxamined by a batch method and the result is
presented in Figure | Adsorption of platinum group cle-
ments (Au(IID. PTV). Ag(l) and Pd(1)) begins at lower pH
and has the highest adsorption capacity at pH 1.0 compared
with other metal 1ons. The adsorption of (hese melals
slightly decrcases bevond pH 5.0, Other metal ions shows
gradual increase i adsorption with incrcasing pH and the
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Figure 1. Sorption capacitics ol metal ions on Amberlite IRC-718
chelating resin according to pH change. Metal solution: 1.0 mgi50
ml.. Resin taken: 0.2 g. Shaking time: 24 hr

optimum adsorption was observed in the higher pll region.
From the results, [t was found that the separation ol platinum
group clements (Au(lIl). P(1V) and PA(I[)) from the other
metal ions was possible by varying only the pli of the solu-
tion.

The adsorption of Au(IIl), PAII) and PI(IV) are almost
complete in the range o 0.1-4.0 M 11C1 (1.0 mL min ' (low-
rate}. Figure 2 shows the elfeet of the [IC concentration on
the adsorption pereentage of Au(111), PA([[) and Pt(1V). The
maximum adsorption of Au(Ill) is al about 1.0 M 1ICL
remained constant [rom 1.0 M to 2.0 M 1[C] and the adsorp-
tion pereentage decreased slowly thereafier. Au{lIl) occures
in chloride solutions in the form of anions AuCly . which
interact with lunctional groups of the chelating resin.

And, cach of the Nlow-rate tested (0.5-4.0 mL min ') has a
almost complete adsorption of Au(11l), PI{IV) and Pd(Il)
(FICI concentration 1.0 M). Figure 3 shows the recoveries of
Pt{I1V}. PA(Il) and Au(T1D) at dilferent Mow-rates. Obviously,
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Figure 2. Effect of HCl concentration on Aw(Ill). PH{IV) and
Pd(11) adsorption on Amberlite IRC-718 chelating resin. Metal
solution: 1.0 mgs30 mL. Resin taken: 0.2 g, Shaking time: 24 hr
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Figure 3. Lilcet of flow-rate on adsorption ol Au(IIl). P{IV) and
Pd(1l) on Amberlite IRC-718 chelating resin.
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Figure 4, LiTect of thioureae on desorption of Au(l)., Py{I1V) and
PdI1) on Amberlite IRC-718 chelating resin.

Au(11). P1V} and Pd(I[) can be adsorbed quantitively at a
flow-rate of = 2.0 mL min ',

Thiourea has long been known to form extractable com-
plexes with both Au(111) and PY(1V).'® The thiourea ligand
can coordinate with cither the *hard’ nitrogen atom. or *soft’
sulphur atom. It is quite dilferent in the relative rates of com-
plex formation cach metal ions. The scparation of metals by
ion exchange resin was different from the formation ol
metal-thiourca complexces.

Figure 4 shows the recoveries of Au(lIT). Pt(IV) and Pd((I)
desorbed with 20 mL diflerent concentration of thiourea (1.0
10.1 mL min' flow-rate) from the column. Evidently,
Au(11l). Pi(IV) and Pd(II} can be desorbed quantitively by
20 mL (0.25 M thiourca) and their recoverics are greater
than 95% when 20 mL (0.1 M thiourea) is used as desorbent.

The metal capacity values (mmol g ') determined for the
seven tested metal ion. namely Au(1lD. P(IV), Pd(),
Ti(1V}. Fe(I11). Cu(II) and Pb(I1), by the Amberlite IRA 718
resin are compiled in Table 1. The values were determined in
diflerent buffer solutions to decide the optimum pll value
for cach metal ion adsorption and evaluate the effect of the
ptl value on the metal capacity. The most impottant thing is
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Table 1. Metal somption capacity values (mmol g
metal ions in various bulter solution

pH  PuIV) Auflll)y PdiIl)y TiclV)y Fe(llly Cuclly Pb(ll)

1.0 034 069 035 - - 0.022  0.0048
2.0 032 069 050 035 - 0.25 0048
3.0 0.31 065 0350 031 0.18 026

"y of different

0.068
4.0 028 068 049 029 029 029 0074
5.0 026 065 049 025 032 032 0086

the exceptionally high platinum group elements (Au(ILI),
Pi(1V} and Pd(11)) capacity valucs demonstrated at low pllL
The adsorption capacity was lound as a 0.69 mmoles Au(lIl)
per gram of dry resin at pli 1.0,

Preconcentration of the metal ions on the resin was carried
out and the results are shown in Table 2. The preconcentra-
tion factors for Au{lI), P1(1V) and Pd(I1) were found 1o be
60, 47 and 40. respectively. The results have been shown
that the present resin can act as an cflective adsorbent for
pteconcentration of the platinum group clements studied.

The separation of trace amount of Au{Ill), PIV) and
Pd(1l) in the presence of diverse metal ions was examined by
a column method (Fig. 5). As can be scen in Figure 5, [.LOM
1ICI and (.25 M thiourea solution have been considered as
an cluent (or the separation ol the synthetic metal ion solu-
tion. Au(Ill), PUIV) and Pd(IT) were able to scparate from
AL, Ni(Il). Cu(Il} and Fe(lI) because they arc not
retained on the resin with 1.0 M TICT cluent. Au(11D), P1([V)
and Pd(ID) retained on the resin were cluted with 0.25 M
thiourea solution. Recovery is 96% and thus the separation is
quite eflective.

The proposed method has been applied to the separation
and determination of Au(lll) in a PCBs sample. A 100 g of
sample of PCBs (whole computer board) was dissolved in a
50 mL of concentrated T1Cl and 20 mL of concentrated
1INQOs by heating on a water bath. After the residual plastic
filtered through Whatman &2 paper and the solution cvapo-
rated to very small volume. The solution was cooled. filtered
and diluted to 100 mL in a calibrated [lask. A pottion of
sample was analysed in an aliquot metal ions by [CP-AES
(without scparation process). The 50 mL sample solution
was loaded through the column (3.4 em® X 7 cm) at a rate 1.0
mL onto the column. Ni(ll). P{II}). Fe(Ill), AI(III) and
Cu(1l) was cluted with 200 mL ol 1.0 M HCI alier loading
with 50 mL of sample solution. Then 150 mL of 025 M
thiourca solution was uscd to clute Au(lIl), PWIV) and
Pd(11). The results shown in Table 3 was good agreement
with those obtained by ICP-AES performed [or comparison.

Table 2. Preconcentration factors for Au(llI). Pt(111) and Pd(11)
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1M HCI _— 0.25M Thiourea ————

Concentration of metal ( mg/25mL)
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Figure 5. Elution curve of Al(11). Fe(Ill}. Cu(ll). Ni(Il}, Au(IIl),
PUIV) and Pd(I), Joading: 1.0 mg of AT, Fe(I). Cu(l). Ni(Il).
AulID. PtIV) and PA(II) in 10 mL. pll O.1. clution: 1.0 M IICI
and 0.25 M thiourca solution. flow rate: 1.0 = 0.1 mL min '

Table 3. Determination of Au(IlD in PCBs sample

I'his method 1P
Contents of PCBs Sample A1y R Au(lIT)
{mg/50 ml.) Recovered L?f,\;r'\' found
0

(mg30 ml.) (mgS0ml.)

PIIV)YO.12
Pd(I1) 0.35
Colly 1412
Al 35.6
Fe(l11) 4.13 2.36
Nigl1y 1.43
Pl 7.42
Z(1V) 0.0l
VIV 0.01

94 1005 2.51

Conclusion

These investigations indicate that the Amberlite IRC 718
chelating resin has good potential for the enrichment of plat-
inum group clements (Au(lIl). PW(IV) and Pd(11)) and their
scparation from other metal ions.
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