Available online at www.sciencedirect.com

scmNCE@DmEC're JOURNAL OF
CHROMATOGRAPHY A

ELSEVIER Journal of Chromatography A, 1097 (2005) 179-182

www.elsevier.com/locate/chroma

Short communication

Solid phase extraction of some precious metals from hydrochloric
acid to polystyrene-divinylbenzene porous resin impregnated with
polyoxyethylene-type nonionic surfactant

Tohru Saitoht, Syuntaro Suzuki, Masataka Hiraide

Department of Molecular Design and Engineering, Graduate School of Engineering, Nagoya University, Chikusa, Nagoya 464-8603, Japan

Received 8 August 2005; received in revised form 29 September 2005; accepted 3 October 2005
Available online 2 November 2005

Abstract

The solid phase extraction of gold(lll), platinum(ll), and palladium(ll) to surfactant-impregnated polystyrene-divinylbenzene porous resi
(XAD-4) was studied. The extracting media could be prepared just by mixing the resin in aqueous surfactant solutions. XAD-4 impregnated wit!
nonionic surfactant, polyethylene glycol monooleyl ether, was useful for extracting gold(l11) from hydrochloric acid. The extractions ofiflatinu
and palladium(ll) were improved in the use of XAD-4 impregnated with a nitrogen-containing nonionic surfactant, polyethylene glycol steary
amine. On the other hand, base metals such as copper(ll), cobalt(ll), nickel(ll) and zinc(ll), were hardly extracted.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction composing of concentrated aqueous micellar solution. This phe-
nomenon has been used as a kind of efficient solvent extraction
Solvent extraction of gold and other precious metals has begmamely cloud point extraction) of hydrophobic compounds
extensively studied for analytical or industrial purposes. Diethy[8—10]. When hydrophobic chelating agents are introduced to the
ether and isobutylmethylketone were wellknown solvents fommicellar solution, metal ions that can complex with the chelat-
extracting gold from acidic medifl—4]. The extraction was ing agents are extracted into the surfactant-rich pfiasé?2] In
explained by the interaction between gold(lll) salt and proto-gold extraction, nonionic surfactants can act as both of extract-
nated oxygen atom of these solvents. Such interaction is aldag solvent and chelating agent. Applications of cloud point
successfully utilized in the solvent extraction of gold(lll) from extraction of gold(lll) from hydrochloride have been success-
hydrochloride with the use of polyoxyethylene-type nonionicfully demonstrated13,14] Another micelle-mediated separa-
surfactants as the extracting agdbis Protonated oxyethylene- tion method is micellar-enhanced ultrafiltration. Since surfactant
moieties of the surfactants seemed to act as a chelating agent foicelles can be separated by passing the solution through an
gold(lltetrachloride anion. ultrafilter, the ultrafiltration of micellar solution is an effective
On the other hand, separation methods using surfactamiethod for separating hydrophobic solufgs,16] A success-
micelles as separation media have been extensively st[@lied ful application has been also performed for gold separation in
Aqueous solutions of a certain polyoxyethylene-type nonioni@queous solution by the use of the interaction of gold(lll) salt to
surfactant separate into two distinct phases above its critical tenpolyoxyethylene-moieties of surfactant molecyl&g]. Differ-
perature, termed by cloud poif]. One is aqueous phase con- ent from the conventional solvent extraction, micelle-mediated
taining few amounts of micelles, other is surfactant-rich phasseparation methods eliminated the use of volatile, toxic, and
highly flammable organic solvents. However, difficulties lie in
the use of these methods because of the requirement of heating,
centrifuging, or compressing the solution. The handling of vis-
* Corresponding author. Tel.: +81 52 789 3579; fax: +81 52 789 3241. cous solution containing highly concentrated surfactant is also
E-mail address: saitoh@numse.nagoya-u.ac.jp (T. Saitoh). troublesome.
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Recently, we have designed a simple and efficient metho800 mg of XAD-4 and prescribed amounts of nonionic surfac-
for collecting gold in watef18]. The method is based on the tant (520 mg or 0.45 mmol for {gEO,g, 510 mg or 0.70 mmol
selective complexation with a polyoxyethylene-type nonionicfor C1gsNEO; ), were precedently placed. After the tube was
surfactant, polyethylene glycol (10) mopeiso-nonylphenyl  gently mixed for 30 min, it was stood for sinking the resin. All
ether (PONPE), impregnating in porous polystyrene resins. Golgrocedures were performed at room temperature (CZC25 he
in water samples was efficiently extracted onto the surfactanextent of metal extraction was calculated based on the deter-
impregnated resin. In the present study, the extractabilities ahination of the metal in the supernatant with a Perkin-Elmer
other precious metals, platinum and palladium, were also studAAnalyst 600 graphite furnace atomic absorption spectrometer.
ied. Since it is reported that PONPE possibly decomposed tdhe wavelengths (nm) for the determination of the respective
phenolic compounds having estrogenic activity during sewagenetals are 242.8 (gold), 265.8 (platinum), 267.6 (palladium),
process[19,20], polyethylene glycol stearyl alcohol having 242.5 (cobalt), 232.0 (nickel), and 324.8 (copper).
no phenolic moieties was used. Polyethylene glycol stearyl-
amine having nitrogen atom was also used for improving the. Results and discussion
extractabilities of precious metals.

3.1. Sorption of nonionic surfactant on XAD-4
2. Experimental
Nonionic surfactants, {gEOyg and GgNEO,o, were well
2.1. Materials sorbed on XAD-4 resin due to highly hydrophobic properties
of their alkyl moieties. The strong sorption of polyoxyethylene-

Fine particles (75-14@m) of porous polystyrene—divi- type nonionic surfactants onto polystyrene-type resins has been
nylbenzene resin (Amberlite XAD-4, pore diameter 5.5-8 nmyeported in the areas of colloid and surface scief2223] At
Rohm and Haas, Paris, France) were prepared by crushingom temperature, the time for their equilibrium sorption was
the resin with an 18-34-type ball mill (Mitamura Riken, within 2 h. The sorption of the respective surfactants to XAD-4
Tokyo, Japan) and fractionating with stainless sieves. Théncreased with increasing the amount of the surfactant added
particles were washed with 99.5% (v/v) ethanol until neg-and, then, became constant in the further additi€ig.(1). The
ligible absorption (Abs. <0.001) at 254nm was observedmaximum sorption of GgEO,gand GgNEO;gon 1 g of XAD-4
in the eluate and subsequently rinsed with water. Nonionigvas 0.9 and 1.4 mmol, respectively. On the other hand, negligible
surfactants, polyethylene glycol (20) oleyl etheri1§835  (<0.5%) surfactants were eluted by washing with 50 ml of water
(OCHCHz)200H, C18EO20), polyethylene glycol (10) stearyl or acidic solutions.
amine (GgHz7N(OCH;CHy),-(OCH,CHy),OH (x+y=10),

C18NEOQy), were obtained from Tokyo Kasei (Tokyo, Japan). 3 2. Extraction of metals to surfactant-impregnated XAD-4
N-(Dithiocarboxy)sarcosine ammonium salt (DTCS) was pur-

chased from Dojindo Lab. (Kumamoto, Japan). Other reagents The extraction of gold, platinum, palladium, and some base
used were of analytical grade. Water was prepared with a Milli-Qnetals from different concentrations of hydrochloric acid to

reagent water system (Millipore, St. Louis, MO, USA). C18EOy¢-impregnated XAD-4 was shown Fig. 2 The extrac-
' . . tion of gold(lll) increased with increasing the concentration of
2.2. Preparation of surfactant-impregnated XAD-4 resin hydrochloric acid. Thisis explained by the interaction of increas-

ing formation of anionic gold(lll)tetrachloride and protonated
To 1.0 ml of agueous suspension containing 100 mg of XAD-

4 was added a prescribed amount of the agueous solution of
a nonionic surfactant. The mixture was gently shaken for 2 h.
The amount of the surfactant sorption was estimated from the
concentration of the surfactant remained in the bulk aque-
ous solution. The nonionic surfactants were determined on
the basis of micellar enhanced fluorescence of 1,8-anilino-
naphthalene sulfonate (excitation: 385 nm, emission: 475 nm),
that was the minor modification of the method reported by Lucy
and Tsand21]. After the suspension was gently mixed for 2 h,
the surfactant-coated polymer resins were washed with water at
six times and equilibrated with acidic solution.

1.0 L

Surfactant sorbed /mmol

2.3. Extaction of metal ions

A 10-ml portion of 0-4M hydrochloric acid contain- 0 05 10 15 20
ing 50pgl~t each of gold(lll), platinum(ll), palladium(ll), Surfactant added /mmol
cobalt(ll), nickel(Il), and copper(ll) was poured into a 15-ml Fig. 1. Sorption of nonionic surfactant on 1g of XAD-4. Surfactari)(
glass tube in which surfactant-impregnated resin, composing;sECzo, (M) C1sNEOso.
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Fig. 2. The extraction of metal ions to §EOyp-impregnated XAD-4 (500 mg)  Fig. 3. The extraction of metal ions ta §NEO;g-impregnated XAD-4 (500 mg)
from 10 ml of hydrochloric acid as a function of HCI concentration. Metal ion from 10 ml of hydrochloric acid as a function of HCI concentration. Metal ion
(50pg1~h): (O) gold(lll), (O) platinum(ll), @) palladium(ll), @) cobalt(ll), (50pg1=b): (O) gold(l1), (O) platinum(Il), @) palladium(ll), @) cobalt(ll),

(&) nickel(ll), (0) copper(ll). (A) nickel(l1), () copper(ll).

) ) tory (10+ 2% for platinum and 42 6% for palladium). An
polyoxyethylene moiety of GEOzo. In contrast, the extractions aqueous solution of sulfur-containing chelating agent, DTCS

of nickel(ll) and cobalt(ll), and copper(ll) were negligible. In 4 55 M), was effective for eluting gold (261%) and palla-
cloud point extraction, the extraction of these base metals coul ium (78 3%). However, the elution of platinum was still low

not completely be eliminateld 4]. As previously reported, the élS:i: 2%). Platinum may form inert chelates with gNEOyo.
concentration of surfactantin the surfactant-rich phase separated

from the aqueous solution of PONPE-7.5 was ca. 128%. 4. Conclusion
This indicates that the surfactant-rich phase is normal micel-

lar splution confcaining considfara_ble am_ount of bulk aqueous Surfactant-impregnated porous polystyrene-divinylbenzene
solution. Metal ions can be distributed into the aqueous pofiacins were useful for extracting precious metals from

tion of surfactant-rich phase regardless of the interaction wit : . . :
the surfactant moIecuEas In thg resent study, because of t'?]ydr ochlorlde.. Se_paratlon media -COUId be -p re_pared Just by
' P y: ixing the resins in aqueous solution of nonionic surfactants.

complete resolution of surfactant-impregnated resins from b“"Without chemical synthesis, chelating functionality was easily

aqueous solution, only the metals that can interact with SUri4,ced on solid surfaces. Easy introduction of specific func-

fa“?”t molecules were extracted. Howe_ver, recoveries of Ot_hetfonalities would greatly extend the feasibilities of the prepara-
precious metals, platinum(ll) and palladium(ll), were not satis+ion of separation media

factory.
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