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Comments on technical progress in separation and
concentration of precious metal elements
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Abstract The latest ten years technical progress in separation and concentration of precious metal ele-
ments was introduced in this paper. Applications of a few techniques including fire-assay, co-precipitation,
solvent extraction, ion-exchange, extraction-elution resin, liquid membrane, absorbent reagent methods in
separation and concentration of precicus metal elements were reviewed. Finally, trends for future technical
development of separation and concentration of precious metal elements were discussed.
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Table 1 Common extract reagents for precious metal separation

®kH & HHNE & # 41’ 44 KPR/ (gL D)
BEM = T Bg TBP TBP 0. 38
HOEL A R A P218 DAMP 3.39
=TEER TBPO
FHERR B ZFEEEAR P201 TOPO 0.09
TR TR P205 DBBP
ZT AR T B P203 BDBP
T(2- O HIBR P204 HDEHP 0.02
4 1 1 25 2 B 5 1 5 o P538 0.05
FEEBE LR ER P507 PC88A 0.08
i Zials N192 AM19 0. 04
ZIE¥H N204 TOA
i 2 3 B “RER TIOA(Adogen381)
=5 E R N235 Alamine336( Adogen368) 0. 01
AP R =REE N263 Aliquat336(MTC) 0. 04
AR 5,8 B T-BE-6-T BB (B ER N509 LIX63 0.02
" 2 BMS T REENEE (BER N530 N530 0.001
B Et; O
S =% 331 R Octanol-2 1.0
Tk A A BOGR PERTHER MIBK Hexone 19.1
TihEREZBK N503 0.01
CTHELE(CZ M ITED DBC DBC 2.0
b R A $201
ERSR THRETER DOSO
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Table 2 Common ion exchange resins for precious metal separation
9 52 51 e X9 EH s LA E/ (mgeg™t) [ 4 %t 8
BMUEELEER 50, 001X 4 4.5 Amberlite IR-118(& Dowex 50X 4)
BB T AC B A : 0017 4.2 Dowex 50
BMER ] BELRE N (CHY 201 X4 3.6 Amberlite IRA-401(# Dowex 1X4)
F3GF S8 300 oo 201%7 3.0~3.2 Amberlite IRA-400
—NR;,
BHMUERZREH
) —NH;, 303X 2 5.0 Amberlite IR-45
BT XHMIE _ NHR
FWH R N
) =NHR, 331 9. lite A-
5 T A 3 0 Duolite A-30B
_NRz
BHENLBE IR
—N*(C . m i S
B T e e B (CHj3)s JK208 3.3 Amberlite IRA-400
BREKAL T I BR . .
LR TR N* (CH3)3 D201 3.0~3.6 Amberlite IRA-900
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BB B AR B B H 75 3 BOR bl &
TR, B BT IR, LLSCE G B K, 1B
AERRPMAL =M EEZMUAST, & BEEMRN
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Table 3 Previously used impregnated resins for precious metal separation

REMEK B BAETHE
Amberlite XAD-4 TOA(ZFHE) Pd()
KB _LIHERS N1923 Pd(
KB _LHMERS N503(N, N-" P ZE Z BERED Pd(l)
KB LHBERS TOA,TIOA Pd(l)
Amberlite XAD-2 DEHTPA(Z-(2-Z #E B) RIACE AR Pd(I)
KR _IRERS S-201( R B AL AuD . Pd(ID)
HZH LR ERS PSOCK i L) + TBP(BE R = T B5) Au(l) . P
KB LW ERSE PSO+N503 Audlh . PA(I
e Uik 3 N235C = he M) J Rh{D . Pt(V)
Amberlite XAD-2 J e 3 - S Pt) . PA(ID . Ni(I)
BRI TOA Au(lD . Pt(V) . Pd()
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Amberlite XAD-2 Alamine336 (1RF1 B %% = St 3 0%) Pt{y) . Pd{l) .Rh{D
EofAZKE N263 Pt(¥) . Pd(ll) \Rh(D.Ir[
B TBP AullD . Pt . Pd(Il) .Rh{).Tr[V)
OB TOA Pt(V) .Pd(ll) .Rh{ll.1r(¥)
¥ BR N263 Pt(¥) . P} R .1r(V)
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BRI RELHEWIR 378 ANk Aull) . Ag(l) . Ped¥) Pd(Il)
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W BHEETREBHERSE£. EE
Xt B0 B8 R R AR IR £ B 4 vh B L R Ay
TiER. LLN7301(—FiBUE, 47 FRTE 400 Z24H)
R sh Ak Span80 Ay 2 W PR L B A B A
EDTA(Z — %W Z &) R W AR R . &l 5 2L R &
B2 AR B 4 B PAD). HIERHLE N [E R
XE#% » 75 7 0% 19 A0 BB ST B &k 4 R . 96 % 1L b Pd
M AWM, FEARMLE Cd" ., Zn"" [ Cd',
Pb* Ni*' \Fe?* %88 708, Kargari &5 HRT
A e R R 4 B Au(TID, S B R 3K
100.0% , R MEE 7 AuID M4 B . Al-
iquat336 (E 4L = EH %, RRN"Cl O+ i
W T MERRR A AR Pe(V), A BUA R A T &
RSP A B Pe@V)Y . W X EEAR R
B EEE R 125 pm, RN 0.2 pm, BIEA
B 8K Aliquat336, B 7+ ke, B R K EE R,
Hel 2% ~10% - BB F a5,

2.7 RHFREE

IR R 4 0 vk R P VO B R0 R 3 4 S - 4
I5rEs. WM HLE LB 2% A6 50 T IR L e R
KRBT B A SR ER Y AR, B
LT BT IR MBS AR U & R £ 50 [E] B
OB S FHEEELTNHRRE. AiteR

A EEAHES.

R ELAEBMWERER, TNF 0.1~
10 mol/LEL @ i LiCl #1 H,SO, 7 W+ W Mt Pt.
Pd.Ir 1 Au®™, 7EEEER A B P, AuCl, FIlF £l
M PL.PdEAMEMS S TR LR, EHREN
b 4 B R A R R R T ELRR A B LiCL A
Pt )RR H TEEBA . EERA TP, HE R
IR e 5 B A e 3R 6 0 a5 bk e R IR R £ 1R o R0 T i
ff PeQV).Pd(ID).Rh({D . Rull) .RuF1 Aul) # &
Yy, Vel T R BR AL E A A . TSR O vk
B HAL T B E SR b Ot B AT S A IR R
MR RPN BB, Y AHFE SaD i, Rh(D
JUE AR Bt s X4 47 7€ Sn(lD) #f, Rh 59 0 Bt 2 3% 1%
. 7E = R R BE BT, Rh Ay I B B R AR, B R IR W
BN 0.92 mol/kg TN ., BREEMHEEMNR
A B PA(D, H#E W pH X% 5 7 a0
SO TR MHERER m oK, Bt A AR ERES
RS> EREN, AWML BRETLH
B AERKES R @R 16 h, REHILIREG
BRESREEEEEM 72 h, i K% TRES
BN REEH.

BEAYEMPLA R R B WM et 7 X —
Pk, 7E pH3 B, HHE WHREM G A 45 R
B —Fh TR (N-E 3 2 50 W IR R I 2 & eF 4,
e & ERE Ao, Pt(V). Pd) . Ir(¥) . RulD . Rh
. 5 mol/L HCI+50 g/L BRI W v & & ¥R
Au(lD . PtV) .Pd{l) . Ir(V) . Ru{D, M Rh{l} & i 50 g/L
KCIO; EE BB, MW E R 962 ~100%, Au.Pt,
Pd.Ir.Ru.Rh It A2 25K 2.67.1.45,1. 67,
0.80,1.01,1. 11 mmol/g M|, B £ I BEi iz B
G HYEXT Pd By A B A B R 451.9 mg/g T4F
%, 50 g/L BiR 0. 50 mol/L SR A] #RL ; & 18
KRB EREESTE, KBS R
RGN EFMELF . 5 A, Pd 01 F0 IR B A &
9 383.3 mg/g T4 4k, 50 g/L B +0. 10 mol/L



%1

FREBE RERIURTEERBEABRE 1

R T B

It 5 BT 00 IR S 5 O BT O B TR ) R R S s
BB TARK KRR, T b 79 K 3R 5 0 W% o 50 4 e ) 2
FE Y, XUF BRI R (50 s st Ear .
W FRENE S B AMEL . REAETHF
ZH R E HE A R I BT 5 308 £ P 0 3E 5
5 5 P 1 ) A U A BN SE R BOR
2.8 HbAEESEFE

JLAFR » B T30 B RE S B SR L B AR 20 4T O 1
A K SR B T KR B R I Al
VRS EEEE MEYIEREE BITRREE
W VRBESHTER B BHAE UK R RO A
WA, Bl TXEFHLEARMREFAS B ERYE,
KIREFFRHA L . YRR R IT & ik
B A B H N . Gamez GV B IR M M S H 15 2%
FirtFE 90 CHT — A, B . i3 100 H 5 i 14 B 78
BORLAE A B0 b ek, K 0 [l g . pH2 B 3l
SRR RY P, Cull) Zo(D)» Cr D, Cd(I) #1
NiIDAFH AulD BB BE DRI R &R 2
i P 6 B4 55038 B0 1 AR 0 A K R A = . 58
i ER R T  F SR LA R S RN R R
W BT AR T A RER RS PR A
FE B ARG, B BAF W PR R A A 0F L HLR
BB 518, AR TG, B ZBAMKE K. %
FRBAEY R R AEE HE EE BEEY

3 RE

AR RS RAE VAL F T RENEYE
FHEGHBT MM KRB ENTF RS REE
BREF R R . BRI TAEE FHRE M
PREE HET KL BE ) 58 B X AT 7 i, AT BOR 5 4
BEEELARNARE A, MR & R TR T
BRETEZERE. ARTR. REREERTE T
RERBEHEUTILA TR (DE—FEEE
S5 T SR R B IS P S B R X KR
BEENARREMTE BHEESTORB R,
WX T 2% T A B L RORE B S B R A BB JT
DN EEEFEAR BT EEEMBHBRE. 1
WIS BB B BRI BT i — PR B TR
AR IR R EBUN B T AR, LR &4
BEENRR., QORI EEERAR
BHo HEGEFIRRMBERET MR, S E &
B RERaTFR o RBRBEL . MAEMMTRAZ,
G ERARER., (DORERER/T

EHNBEEEBANR GRS FEFA, 4
FRVGEAMAS TP HRERERNSNFE
SRS i, A R B9 43 B8 AR B R B AR T E R
G RERBITERMSBEEHEARVR, UES R
£ 6 E MR A 41 ICP-MS.ICP-AES £ 4 Hl45 4.
OAWESTEEEXNE.HTHEEERER
KN R BBEANA S, FEH LU RE S
M BB EEAMG L,

(X% % SiRer M ESRBy RESE TS |01
S ATk %, 2007,26(21) : 111-115.

RIBR. AERETPR2BRAAHMEHSBIRENITR
(V1. & E T#E#2,2007,9(5):11-15.

BIHER . V&R ABX. SRLEERBEHUNE 1
BEEf P ng/g REBIME L] 4 #T 42, 1988,16(1):
1-4.

[4] Gomez M B,Gomez M M, Palacios M A, ICP-MS deter-
mination of Pt,Pd and Rh in airborne and road dust after
tellurium co precipitation [J]. Journal of Analytical A-
tomic Spectrometry,2003,18.80-83.

(5] D8R, REM. SR R AT M 5t & R 4047 b iy i A
[J]. #4/&.2000,21(4) :57-62.

[6] Soylak M, Tuzen M. Coprecipitation of gold(l, palla-
dium([l)and lead(Il)for their {lame atomic absorption spec-
trometric determinations[]J]. Journal of Hazardous Ma-
terials,2008,152(2) . 656-661.

(7] ZE€E . FHL.F & . HESEENFERSBHER
[J]. %&£, 2001, 25(4):297-302,

[8] Poole C F. New trends in solid-phase extraction[]].
Trends in Analytical Chemistry,2003,22(6);362-373.

[9] Iwao S, Abd El-Fatah S, Furukawa K,et al. Recovery of
palladium from spent catalyst with supercritical CO, and
chelating agent[J]. The Journal of Supereritical Fluids,
2007,42(2) :200-204.

[lo] 248 FHEL.F R. HIESEETFIRS KA

BRI HEEEGRH . 2001, (3): 32-35, 43.

(1] %5 .48, AFL. ALBRENEFXREIESE
HE R OTR . R RIH ER—8B-LtELaS
FEFMFRXEIM] AL R4 Tk & s 4k, 2003,
19-23.

[12] LI Huachang, ZHOU Chunshan, FU Bin, et ai. Study
on the behavior of gold adsorption by big-aperture weak
alkaline tertiary-amine resin. Beijing: Proceedings of
International 10th Beijing Conf. and Exhib. on In-
strum. Analysis, 2003, D137-138.

[13] =45, 57F &, AF L% KILFBERE AR T



12 AL A

2011 4¢

BRIRRMSMBRL]. AERLRE, 2003,55(3):41-
45.

(14] 248 .50, AH L% —HoBHEKEM % $
B, 2102129627, 8(P]. 2004-12-1.

[15] Atia A A I. Adsorption of silver(I)and gold(l) on resins
derived from bisthiourea and application to retrieval of
silver ions from processed photo films[J]. Hydromet-
allurgy,2005,80(1-2) ;: 98-106.

[16 ] Warshawsky A. South African Patent Application,
1971. 71/5637.

[17] Grinstea R R D. Final Report by the Dow Chemical
Co. On contract no. 14—12—808 to the Water Quality
Office of U.S. Environmental Protection Administra-
tion, January 1971.

[18] Kroebel R and Meyer A. West German Patent Applica-
tion 2, 1971. 162,951.

[19] Cortina J L, et al. Ion Exchange and Solvent Extrac-
tion. J. A. Marinsky and Y. Marcus, Eds. ,New York,
vol. 15, ch. 5,1997.

[20] ZHE , BREL.F & XHNEEAREERK SR
SEFME AL sft&R, 2001, 22(4): 49-53.

2] 2458 AL .F R BEIEERARKERKSRE
SEsp R AL &, 2001, 22(2): 40-43.

(22] £¥3, DEW, MEES AREABEIB R HE
(IO EPFFELT]. XV ,1998,14(2) : 157-161.

(23] Kargari A, Kaghazchi T, Soleimani M. Extraction of
gold (III) ions from aqueous solutions using polyamine
type surfactant liquid membrane [ J]. The Canadian
Journal of Chemical Engineering, 2004, 82 (6): 1301-
1306.

(24] Fontas C,Salvado V, Hidalgo M. Solvent Extraction of
Pt(lV) by Aliquat 336 and its Application to a Solid Sup-
ported Liquid Membrane System[J]. Solvent Extr. Ion
Exch. ,1999,17(1):149-162.

(25] Kumar S, Verma R, Venkataramani B, et al. Sorption
of Platinum, Palladium, Iridium and Gold Complexes

on Polyaniline[J]. Solvent Extr. lon Exch., 1995, 13

(6):1097-1121.

[26] Myasoedova G V, Shcherbinina N I, Zakhartchenko E
A, et al. Sorption of Platinum Group Metals and Gold
Chlorocomplexes by Amine Polymeric Sorbents [ ]J].
Solvent Extr. Ion Exch. , 1997,15(6):1107-1118.

[27] Shafiqul Alam M, Inoue K, Yoshizuka K, et al. Ad-
sorptive Separation of Rhodium () Using Fe({l)-Tem-
plated Oxine Type of Chemically Modified Chitosan
[J]. Separation Science and Technology, 1998,33(5);
655-666.

(28] Guibal E,Ruiz M, Vincent T,et al. Platinum and Palla-
dium Sorption on Chitosan Derivatives[ ]J]. Separation
Science and Technology, 2001 36 (5 & 6). 1017-
1040.

[29] Xijun C, Yanfeng L,Guangyao Z,et al. Synthesis of Po-
ly-( N-aminoethyl) -acrylamide Chelating Fiber and
Properties of Concentration and Separation of Noble
Metal Ions from Samples[J]. Tanlanta. 1996, 43:407-
413.

[30] Bkl L4 .%8 . SRENRIENEFESSA
HRMENTRI]L FHFHEREE5TR, 1998,
14(1):55-57.

[31] shEdl, &, HEWNE. RZHBEEEQTEY
AREMENRKII] B4 FHERESTIRE,
1999,15(1) .23-28.

{32] Gamez G, Gardea-Torresdey ] L, Tiemann K J, et al.
Recovery of gold(l from multi-elemental solutions by
alfalfa biomass [J]. Advances in Environmental Re-
search,2003,7(2);563-571.

[33] Mack C,Wilheimi B,Duncan ] R,et al. Biosorption of
precious metals [ J]. Biotechnology Advances,2007,25
(3):264-271.

[34] Dogan C E, Turhan K, Akein G, et al. Biosorption of
Au{lll and Cufl) {rom aqueous solution by a nonliving
Cetraria lalandica (L. ) Ach[J]. Annali di Chimica,
2006,96(3-4),229-236.



