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Fig.1  Effect of HNO, concentration on the extraction of metal

ions

2.1.3 DDTP fil Triton X — 114 ¥ (AL

SEEEEE T APUAZR T DDTP B3 4 & 0 &
BB ES I . 24 DDTP ¥ EE 0.6 ~ 1.3 mol/L
YN, TR B LR AR 2 . XY DDTP Yk &R 1.0
mol/L i, TH4I8 B i Ko >4 DDTP 75 ¥k i) vk B 4k
SRR, THEGER B A i BEAR. X A] B JE B2 DDTP
AETK, Rk 2 S R SRR S
ZIE R B G, T BOLR R S U
£, RS X85 3= — e g, B, (R &R
DDTP ¥k LA 1.0 mol/L N AESL B 45

R T AR R RO, — R R
T R AR R A B 58 4, o5 — 5 1D, 2R 11T
I S e R E BRI R R AR S



53 4

VT 25 IO I A — O s AR H TCP — MS I 532 Ml IR AL 252 R b o 06 A4 S T

$35 &

88T Triton X — 114 Y B X A6 BUSCR (152 0, 45
SR U000 5 1 G B o % T T T R0 108 48 o i 3
o2t T, Mk Bk 2 0. 05% i) ik 3]
KA, HHBIE-G o 7558, A YRGS RE Bk
SELRARIL, B Triton X — 114 4 B A4 0, 26 B
SE4r, PGB0 B bl 2 3, SR, 2k — 2 4
IS PR, 2 S B O S S B RS
) A A ) A R A A AN T 3 A A7 A R
TR ES TR B T M. [, W sh vk, % F 50K
FH—EE H . FHiL, %8 0.05% 1Y Triton X — 114
VE R AL 551

2.1.4 PR At a]

TR S AR I R B O E R, — 7 I, A
SN R R R A SR A st AR AR T B AR ELHE R Y
WA, Bt R T A T B M 5 ] o T e ) —
FETREERT, AE B R s MR SN2 K i — T T,
7K B4 L 5, 2 i L T g T T B, A 4 45 5
JRK L AR X i LY & g R B 1 S5 A
FE s 2P, Sz Hh i g 20°C ,25°C .30°C
35C 40°C 45%C ,50°C .55°C 60°C {1 5L FF 47
HE RIAE A0°C AT RS A BUSCR e i o TESE
BRATHT R, R T 5 AR i 5 40°C AN 358
BN E

N T B N % S B R s, 6%
ST o T A TR 6T S0 B A R, 43 ) 2 B
2.5.10.,15.20 25,30 min 47 i Biof 7] SE 5, 25
FE RN T 23 AR B A 4 B B i 5 T [ 11
SN 3G T, 24 P-4 1) K F 10 min B ) 3K )7
&, LS50 BE - ) 4 10 min,

2.1.5 B.LAHE

Bl DUE K AR S S KA R B A,
GO RN 1 o e 2 S T £ B e o = R O i E =T
] (30 , VA TR S R ARG, 25 3 BOA A Bl s L
T fB8E 1 i KR 8 3 A, DR T 2 3 B0 U 58
S AR BEE 2.5,10,15.,20,25 30 min ff
S st () S5, R B OF- T B E) K F 10 min B, A
BUse 4, R 10 min 7 Ry 25000 8]

2.1.6 SEAFETRTIENR

SEFRFE S SR L #5224, W0 K Na, Ca, Mg,
Fe Sr % 0K & B, v RE S X B A X b 17 58
A0 XA B 7 A S, DT S P Pd
Rh Ru A 5CAEHL, PR IE %88 T AR J5 3% T ax 260
RN SZ PR 505 UL H B X TR TR

ISR A S & B, K Na ™ Ca®* 1 Mg”" 45 16 1l
BRAE A L H S R TR X T Pr.Pd (Rh Ru
MY IETSCR S AN K (2 KT Na™ ¥ <10 mg/L,
Ca’" Mg " <5 mg/L B}, Pt .Pd Rh Ru 19 [A] e 1
95.3% ~106.8% Z[f]) . (HAFHERME, Fe'" 25
5 DDTP Az i A= T UE , 5 B0 a5 26 BUR W]
R, B, 7ESE PR ] [ S I A —
R BE ()BT I R T VR A G 1 — T L o

2.2 Jiikitor

2.2.1 JiLE LT LM R R

TEESE 1) F R B FESC 0 25 E T, 0 Sl O B2 Oy
0.0005 ~0.3 pg/mL A9%H A5 5T EEAR RS IR, UG
TAEMZR, B A AT VB T AR G R BL(R?)
435114 0.9990 0. 9989 0. 9990 0. 9993, Hi 25mL
— R HYE A BT ARV TR A A S T 1Y
THER B S 1R — Wk BEAT VB8 AR EARR TV WK ' 2R
S B AR A L, BT B 1Y AR 43 )
45 33 .18 F1 35, K HFE 435124 0. 05 .0. 02.0. 10
F10.03 wg/Lo DA A B, 1 G i 25 BUA 22 B
R AR R RO 13, 2 A AR i s AR
T4 20. 2, 3 S AEBCEA B A3 xR E R
GRS T & A RE ALY, ST
TR RIS 55 B IR Z AR R 3, R e R
R, AT BRI LU RRAIG . SEBRctin F WT, —d o
ZEIUAT DA & AR IR, NI i BR (L3R 1) 6
2.2.2  JyiEAERREE NG R

{1 T IAR BN 7 v AT R 56, 23 A 100
501,10 ng/mL (%A A AT B AR IS W 2 L [m]
W, RS 0 TS %A 86. 1% ~102. 1% Z [H]

i 3k 6 b 3Bk Ak A A E ) i GBWO07291 I
GBWO07293 4TI (n =3) , HE5 1A T3 2, M
S5 R SR E(EAR LR AP, = W0 7 A A X o o4 s 22
(RSD) 7£ 6% LA

3 bR

U L BT BE S RVE EIAE 0.5 ~ 20 ng/g Y
o AR A (WL V) | 3 0 A T A - L
AL~ TCP — MS XAt P B3 V42 BT BB EAT
M M5 25 2R SO GE AT HEXT, W 3 (&
SERYI N 3 N RE P IME ) o W LU Y ASBE T
AL Ak 1CP — MS 37 7 3 vl LA A2 52 Pkt
il AR RE 20K



iy

ey

W

meaK

53 2016
H3m http; // www. ykes. ac. cn F
# 1 ARSI S AT A e
Table 1  Comparison of analytical results of PGEs determined by this method and other methods

FEREEL MEITE  REEHER A ke R TER EHENT KK A SCHR

Cd** 48 1.4 ng/L
en BB , B N 39 2.8 py/L
FRGRERL . Tt X-114 2 - ORI L G FEE  FAAS 32 e ﬁyL - [14]
Ag* 42 1.4 pe/L
. Pd e 52 0.12 pg/L  0~125 pg/L
ffgﬂ Az Triton X - 114 24 _uiﬁ%K%%l cge TR ETAAS 46  0.08 pg/L  0-~50 pg/L  [15]
k) ] Au (2 - MEmE) - 2 BEAR Ik 56 0.30 pg/L 0~100 pg/L
WA A Au _ 1,8 - 40 -4,5- I 86 0.5 pg/lL 0.5 ~1000
bR Pd Triton X =114 — B -9 10 - 1 i f4fE  ICP - OES 20.2 0.3 pg/L e/l [16]
ik Pt Triton X -100  F/Nkedt =H M e HEE  ICP-MS 13 10 pg/g 1oon~gj(£ooo [17]
P 21
PRI P:l Triton X - 100 2 - BRI I Ems thiig  ICP - MS 2 8. p ni;i _ (18]
Pt 45 0.05 pg/L
Bk pd . 0,0-—23% N . 33 0.02 pg/L  0.0005 ~0.3 .
B Rh Triton X — 114 — A POElA ICP - MS 18 0.10 pg/L i/l ViNg'y
Ru 35 0.03 pe/L
TR -7 RS ARSI
2 JiiBAEnnIE ROk 4 g
Table 2 Accuracy and precision tests of the method AT T ORI R — WUt 5 A6 R e e A
GBW07291 GBW07293 FE HUERAG 2R Al P AR ST I TR . SRS R R
FUROUE | Bkt WEE RSD | bR WER RSD A, R A BRS04 R ol
(ng/g) (ng/g) (%) |(ng/g) (ng/g) (%) - § e
e e (0 e (R LT T T LG 1 O RR e 4 6L
Pd 60 51 3.3 | 568 497 3.0 P iEDO R e VNG R a7 W& X = S DR TRR vy S T
Roo| 250 s STl 9S el RFENAN A AU R, 5
Rh 4.3 3.2 4.9 22 16 3.9

B3 SRRRER ST

Table 3 Analytical results of the actual samples

ReE TR ENEHE (ng/g) ICP-MS(n=3) X%k
Hhi's d-CPE  Jak4/Msmm  WEE (%) @z
P 1.3 1.1 2.9 0.03
Pd 2.1 2.5 2.6 0.06
SThg, 0.58 0.49 3.3 0.10
Rh 0.89 0.86 4.1 0.09
Pt 6.3 6.6 2.2 0.07
o, M 3.3 3.1 2.3 0.06
Ru 2.1 1.8 2.9 0.10
Rh 2.6 2.6 3.5 0.07
P 29 30 1.9 0.01
Pd 16.8 15.9 1.5 0.03
7 g, 0.83 0.77 3.0 0.10
Rh 0.53 0.49 3.6 0.11
P 18.3 19.2 1.9 0.03
o, M 13.6 12.8 1.2 0.05
Ru 0.66 0.64 3.6 0.13
Rh 1.9 2.3 2.9 0.09
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— 46 —
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B S B AR 0 TR SR AR N A 8 LA
Je EARRE R SR A, Lk O 1 1 48 Jet A A HUAE T
SEA PR BRI 1CP — MS I (R, 3529 7 20 i
TR FITIHFE A 8], S — P g PR R DR ] i 1) &
ET7 ko AT Y M R A DAL AR T By 1
(19 5 FEE FISE R 1AL 10 Py R 3
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Dual-cloud Point Extraction for Simultaneous Determination of Pt, Pd,
Ru, Rh in Geochemical Samples by ICP-MS with Microwave Digestion
Sample Preparation

SHEN Yu'?, ZHANG Ni'*, GAO Xiao-hong', LI Zhan', LI Ri-sheng'
(1. Northwest Geological Research Institute for Nonferrous Metals, Xi’ an 710054, China;
2. Institute of Analytical Science, Northwest University, Shannxi Provincal Key Laboratory of Electroanalytical

Chemistry, Xi’an 710069, China)

Abstract; Traditional cloud point extraction methods enrich the elements to be determined in the viscous
surfactant. However, the viscosity of the solution will adversely affect the detection signal of the plasma. Harmful
agents such as Methanol are usually adopted as thinner to reduce the viscosity of the organic phase, while their side
effects on the plasmas stability and the unwanted enhanced elemental memory effect due to their adherence to the
inject tube limit the widespread application of ICP-MS in cloud point extraction. This paper establishes an ICP-MS
based dual-cloud point extraction method for simultaneous determination of Pt, Pd, Ru, Rh in geochemical
samples. After the microwave digestion procedure, first cloud point extraction is performed on the sample solution.
Then Nitrate is added into the organic phase, and second cloud point extraction is performed by heating so that the
Pt, Pd, Ru, Rh enters into the water phase from the organic phase. Enrichment factors of 45, 33, 18, 35, and
detection limits of 0.05, 0.02, 0.10, 0.03wg/L were obtained for Pt, Pd, Ru, Rh, respectively. The proposed
method overcomes the problem of organic reagent in the traditional methods, realizes the simultaneous enrichment of
trace platinum group elements in complex matrix of geochemical samples, achieves high enrichment factors
compared with single cloud point extraction methods, and improves the stability of the ICP-MS measurement.

Key words: geochemical samples; platinum group elements; dual-cloud point extraction; organic phase; aqueous

phase ; Inductively Coupled Plasma-Mass Spectrometry



