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STk FE10% 69 BB T, VL LSC - 400 2 AR S Ao id b 5 4 %
BB A R B B KT # o P 4 PrPd Au 5% 5 &, A Lu 4f
AARLE, PP AU Pd AR R AL E O R T AR TR AT
W, ZAFZHEKEHY KT 96.4% . F ik# B (30):Pt 4 0.06 ng/g,

Pd # 0.08 ng/g,Au 4 0.12 ng/g, T KX F R BEEFT EEER, LA TN B RFEH R,
Pt Pd Au 690 & 25 R 5 AREALARAE 12 RNE 6 AR AR AR £33 T 16, 1% , ith %X HILIRAL T8 & 4 o
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I, A5 AR A BN TR 3 e A - RO £ A B A TR S R A P B

B3k

AR, 3R A AR = BRSO , R B Sk
] R o PR R, A AT tn R i
VERL ARG R BB, S HT A R o 2011 45, 2= Fp4gH
R 717 B B 12 e i BR i Ak T Ve T8 R AK T
OIHTAS s AF TR S SRR TR A TR R 010 , T
HAr BRI AR 717 A4 s o3 29w AR AN 4, [
ALK TF 93% , K i FR Pt 2y 0. 125 ng/g, Pd Jy
0.15 ng/g,Au }0.175 ng/g, A LI IR BEIHT
FERER 1 SR A AL A - SRR AL S, T
BFPE B SR Y LCS — 400 25 B4 G FHIE MR IR 5 40 25
AR T UM T8 A R A R S AR T
SN KT PUPA Au (1 AR L AR B4R R
fd g, FIF ICP — MS 0 5E s R i rP 40 4
G, 3 A R AR A 1 BRI R A R,
P SRR A ISR

1 sy
L1 R TS

X Series I FiL I H 4 45 15 A 40 ( 1)
Thermo 4 1)) (X3 T-AE SR T3¢ 1. BRI (7 %
2P P A R L BRI

e e AR (S

Table 1 ~ Working parameters of the instrument
TAESH Ak TAESH A
A g% 1300 W KA EAR 1.1 mm
R PIE S 1.0 W B R 0.7 mm
BRI 0.8 L/min ik g
AWM 13.5 L/min HHs 50
A 0.85 L/min R4 ] 20 s
AR 150 mm

1.2 %A

LCS - 400 i K B fig ( 74 42 5 W B4 A IR 2
F)) FRER 100 g W RE, B i S5 2k 80 H i, i A 2000
mL 0.5 mol/L R R WIBR AT, &L U, Kk Z=
PR, BRI TR, RS

WP T A 4G Pk 1 kg, fITA 3000 mL
757K 300 mL £ 45 ¢ AL A B, it ) CE
10 K, BRI 4 o IR I 5% EhmR vk ik,
FEZERACK G e = vk T4 .

Pt b UERE AT p(Pt) =1 mg/mL: FRHL 0. 1000 g
GBI 22 8 T 100 mL BdR, fiImA 20 mL F£K,
o R, T A BRI RS A 0.2 g 54
i, K75 T IR SR 3 K. A 10 mL

WAL R FN 20 mL K, REER BB RIS M IHE B A
100 mLAS R, FZK G BE 2 20 B2, #8550 % o

Pd FRERE S p(Pd) =1 mg/mL: FRHEL 0. 1000
g ik aif 22 % F 100 mL ARH, A 20 mL FIK,
o5 LR, F L #A AR RS A 0.2 g 51
FRAN, KIRZE T, FIFhFREEAH IR 3 WK A 10 mL ¥
R AN 20 mL 7K, FEERISIA IR IS KA RS A 100 mL
e, KRR R 20 P25 .

Au FRUfERE R p(Au) =1 mg/mL: FrHEL 0. 1000
g W45 42 (99.999% ) B F 100 mL BEHF . A
10 mLFE /K, 3 &m0, Tk K L g A
0.2 g b, ZZ ZiR R, L MRAL RS IR 3 K. M
A 10 mL VR ERFRF1 20 mL 7K, R $h IR I I TR
A 100 mL 2RI, KRB B 208, 32514 .

Pt Pd Au B G ARE TR 8% Pr.Pd | Au b5
HEAH 55 W05 O BT T B B2l p (P, Pd, Au) =
1.0 pg/mLAYTR A PR U TAEE . 10% 8 B2 A
T R4

Pt Pd | Au JE A5 b5 ME VW R 9 VR B 43 5 R
0.10,0.50.1.0.5.0.10.0.30.0.50.0.100 ng/mL.

WHRAT :p(Lu) =10 ng/ml.,3% FRSERA I o

ERIR AR SR A Sy A A, S HIAKCOh K
FKo

JE S UEARARHE PRI 100 g HidiE g AR, nfk
IKFRHE  #MIMZEIE K 22 10000 mL, BIFS 1% A94RHK

W BRFAE B8 4 < ) 20 AW BfFAT ( @32 mm) Hr 3
FMA 15 mL 0. 5% % 38 404UR I R 5K . 1) 600
mL 0. 5% 40K in AL BRAT ) LCS — 400 i FE A%
JE3 g BadtEmk 2 g, 859, 485 Bk 15 mL 43 2 IR
S35 A 20 AW B AT, B B R AT IR S
(@ 70 mm) B F W% B AE B, A R EE 1 U AR
(@ Tem) A 30 mL 0. 5% 7 & JE 4040 , 4l
U8, PR 10 ~ 15 mL/min,
1.3 945705k
13,1 — B oot & i) o i

HEFAFRE 10.0 g AR5 T AP B B S HE TR
R THEE] 650°C K58 2h, BUREH KRR
mnfEl A 250 mL BEARH, I 10 mL K TETE, FOMA
40 mL LR A1 10 mL i HAL S, Wi, B T H IR
INFRE R ZARFCN 25 mL 2247 BT 184,
1.3.2  ME LTRSS (CBSERTT DAl A 5F) i

HEFIFREL 10.0 g #ES TR AP B S HE TR
RSB FHE R 650C K5 2 h, BUE A H, ¥
FESELA 100 mL 5 PU G 20 0 e b, oK e
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FEMA 30 mL R A1 10 mL i S AL, 05, T
150°C HEF B AT 1 h BOR %3 FTH I e
i, BT AR A g AR S BT R A
1.3.3 HEMN7 e E %

TE e B FE S W, A 7K 2 100 miL, 43
57 PR B TTE — S G 1% A8 AT AR 47 A W B A |
A Bl <o RS IE . T e, 1 5% EhiR vk %
PR KA IR S ITvE 45 3 U, BOT A IR <.
A 20 o/ L AL S5k S AT 5% ERIR 53 356 s I B
FE 3 UK, PR AR R /K DR VR G AE 2 Wk BB W ffY
FErP AR, B H A 10 mL & H B PR D 9
P FHER S 650°C KA e 4. B B I, A
ST N 2 T ZE A, PRI S mL i i) K
FHL P AR, #8525 mL @A KR
BRZIE 55,
1.3.4 44 n e

PL P Pd T Au g A 2, 10 ng/mL (1)
Lu PR UES AR M AR TR, fEZ 5] AL ICP - MS [f]

HINE B R AR B

2 eSS P
2.1 AR ORI B R

IR 5 B LA FLBRAR W &k, HZ ok
JF LB, FeER AR E K, B R R BE . 1E
o K S ER B A e, Au it Au( T 3854 Au(0)
TR R, P Pd 32 B2 44 [ 85 7T T, W2 B Au
(RE ST L P Pd 3850 S [R]INFR 85 Pr.Pd o [a]
W AR FTEEB I T LCS - 400 FiEm NG, 176 thfa /i
TR SRS 5[ AuCl, ]~ ([ PCL ]*" ([ PdCL 1" %
A B S RINE AV BV, 12 5 A 2 0 o 2 iz T A
1, BE A BUAR fE S [ AuClL ] > [PACL 177 >
[Pl 170" 550 M 2H TR A B B2 WOREX P,
Pd  Au 347 BRI B, TGI8 5 Pt Pd  Au f [ 5
S o T AR AL T TR S S
Fie—E U FE 4318 5T, I A0 V7 U8 AR AR 3 AE Ry W of
A IR BT, U 3 8 AR VA TR, — IR T
TSR St 0 A TR 5 R T 1 3 B S R P Pd L Au
) e R VR P T TR A, R A bR v
WY 5t SR MEES TRIEA T AN IR B 4R 5 VA X)L SR B, 445
R 2, N R BCR LA T, 7w E R A
RABEME(TZ) 347 Pr.Pd Au I,
2.2 Ao e BRI R PSR B R R 4 s i)

B IGH GE RE R 4 R R B B Tk
IS W B, 122 0 7 52 I A7 7E (441 Jo B TR B i
— 422 —

WA Xt Pt Pd, Au IR . B 100 ng ) Pty
Pd  Au YA FREIE WA T3, 43 BIIAK [l e B2 1
ERIR K K, $ 52 5 1 HEAT W R G, 45 R LR
3, SLURRM 1EF KA T, Au B R A Z A B
(2, T PdF R B 56 BH S AR AR, P 1% W o3 Bl
IR FE F) B R T FAARG 5 7EER R A B P, P A 54 9% fff
TR L /N, E R RV JEE 9 1% ~ 20%
P B8R B g BEARL, T P B W B 3 A 1R vk
H 5% ~20% It 1K B MR, 24 9 900 10 TR B 4k 4
R B U S sl o TR, AR S 3 e 4% 10% Y

TR it

62 ANFEIMREERE R E R A e B BOR

Table 2 adsorption effect of the different adsorption materials
on Pt, Pd, Au
wy/(ng - g™ )

Beh - ER g TRIERC IR REER ek

WERR MR RS AR
Pt 0.26 0.20 0.21 0.26
GBW 07288 Pd  0.26 0.25 0.27 0.27
Au  0.90 0.90 1.00 0.90
Pt 1.60 1.10  1.35 1.62
GBW 07289 Pd  2.30 2.22 2.28 2.35
Au  10.0 10.6  9.80 9.7
Pt 6.40 5.20 5.89 6.32
GBW 07290 Pd  4.60 4.57 4.61 4.64
Au 1.10 0.99 1.20 1.21
R Pt 5.00 3.62  4.38 4.82
pyp/ (ng - mL~") Pd  5.00 4.63 4.89 4.93
Au  5.00 5.02  4.97 5.01

3 WU R ORI G PR
Table 3  Effect of medium and acidity on adsorption of Pt, Pd, Au

IR ‘ﬁh@aﬁ@ mp/ng
WL/ % 1 3 5 10 20 30 50
Pt 98 100 99 101 98 96 95
BN Pd 95 97 9% 97 9% 8 176
Au 96 98 101 100 101 100 97
Pt 100 97 98 8 8 70 45
Tk Pd 89 82 79 68 62 53 23
Au 98 97 100 99 101 101 99

2.3 BRI S e R B SR A PR M

N EROE AR VA N 1T N £ ST S B R N
Pd  Au A ECA R B 5 (EUARS BEDRLEE /DN , R0 il 6
AR U, LY LCS - 400 S g
@ 1 mm Y ERTE ORE, 5 045 43 55 20,40 .60
80,100,150 H fbRES , I bR A [FDREEE B g e
— B BTG A ORLE N 74 pom) RS, 43 B



38 TR, &5 TRA R 20 20w A — R A A TR TR I N M TR R AR 4 EORVE S
Pt.Pd Au 2y 100 ng (AR UE T 10% $hIR A T 1o
H IR AS [ BE 1A I 6t P Pd L Au I 2R (1 5 100 | e |
W, HPE 1 RS RLA R R EE 7R 20 ~ 60 H B, ) o T "
IR FBE P/ PP R B S 84, 7 60 [ I 20 7
RS BIT05 Au R 5 LI 32 A = 7 ST
SN/ AR TT IS BEFERIIE Y 80 HAGREAG . N Bt
120 60 fi i i L L L
0.025 0.05 0.10 0.15 0.20 0.25
100 } S g /g
: //*7/ Pl 2 BRI SRk B L 2y B
§ 80 // — Pd MR Fig.2 Effect of resin dosage on adsorption of Pt, Pd, Au
“/ = PRI
60 —— Au R IHE T = <k ) 28 T
R v FRERASIR I 2D FBER 2 h DL E A RE IS 505 2 10

20 40 6 s 100 150
WRRRLEE/ B
Pl 1 BRI PR P a5

Fig. 1 Effect of grain size of the resin on adsorption of Pt, Pd, Au

2.4 B0 T DRI R B S

R AR A e AN BRI P B R, 3
SRR BROCR . SR, RE R
K IRACI T IR B8R R A S A5 A Tk 5
PR/, PP I BiE AR, JE XS Pd 152
AR, ASLI FRE 0. 025.0.05.0.1.0.15.0.2,
0.25 g it 80 Hfiff MG S dm b , A SRR i 111
BEFAE, B Pr.Pd  Au JR-GFRE AR 100 ng T 100
mL 10% PRI, IR et i b, 35 5096 05
LI IR o 18] 2 55T, AR Y R T
0.1 g if, Pt Pd n] gt [, [AIAE Au A5 4K
Mo I, ARTTEIET 0. 15 g il
2.5 WRBH DT AR IR B SR B Ak s

) 785 M RS SR B A 8 16 75 2 R e i e
T 2 A R RS0 T P R A, DT 28 381 0 D T v B 4
Ji B AT M N T 05 o e S I R 45 1o £ 5 2 1Y
B TR FFIIA -5 2l 2858 A ) S5 6 Py R B 50 D IR
FEXFEE, 23 03K 100 ng [ Pr.Pd, Au {5 45 1 TAE
T TS 100 mL /Y 10% £R R #Y HETE I
SrAIINA 0. 15 g Bflig e 0. 1 g { PR 3¢, fEdR B L
#470.5.1.0.2.0 4.0 h FASUEF . O R 1R
I B3 P R A R B A, K 4 ) P 9 R LA D 15
mL/min i 5 W IR FEASEh SR, 3% 4 ZRRIT R

MR 23 1 30 255 B S A5 R 18 T PRy BT 9 A2 20K
L, AR T7 i Bl 2SI B o

EE W ) U R AN A

Table 4  Effect of adsorption way of the resin on adsorption of

Pt, Pd, Au

W it EirseinaL] T U R
PN t/h m/ng Pt Pd Au
0.5 100 82 65 89
1 100 90 85 98

I

s 2 100 100 9 101
100 101 97 100
s - 100 100 96 101

2.6 JLEME NPT LR

e 1CP - MS J3#frid B, 23 M {5 5 Bl i ] 23
R TR BN G 2 (155 2t B ) s 5
W EHEIERAPRICER , 1A RO & 55
TR SRR SRR 5 T BAb r 25 1)
P SBO0 A6 R 28 5 S ) 1R 22, DT AR A5 B ME
3BT . AR S0 5] 10 ng/mL f) Re \In [ T1,
Rh Lu fE R NFRICR 5 7 A F MR TR X R
KT MR EAE . BC12 0 — bR Y T GBW
07294 , $& A ik il 28 D 7 0L, 45 B il e o 5
SR TLAH (BE2H 12 By ) AR [R] A 0300, 2 S AR 4
A 10 ng/mL f#] Re \In Tl . Rh . Lu WARIE , 55N
PRRCIEXIR 3 R RS . SEER R B, 5 PN AR TR
Xf Pt.Pd Au $4 KIEAMEE T, JCH: Tu F1 Re %)
JER PP Au (5 HTRE A B S . — RS0
L AEHUEAE A Lo Y& T Re 593 i
I, S AR L A5 AR B A
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2.7 UL

ICP — MS I % Hly 5 A% i o Y P Pd | Au 1], 32
BAPEIE R T HAAEIS L T . 5L T4 3245 1R
HRMRTIMZIEFE T, 5 B ICP - MS
M5E PP, Au BT A )7 2 R T4, fi g s
RPN, T4 Pt.Pd Au U & IR FEE A : Cu Zn,
Sr.Zr .Cd \Hg W Mo Hf Ta ,Yb %570 %K M t H 4 i,
M2 )& T Wil mT M, 76 1% ~20%
)RR i, Se (Bi \Hg Sn Sb Te RE# #i S g
W BT, (HLEX 6 56 28 7E b TR i & S ARG T Lk 2
S @ 1) AN Pr Pd  Au F2 1 1000 f5EF, A T
PLIE 5 A S P AEAE R 1Y Cu Zn  Cd XF 7€ Pt
Pd Au R BT, — 5 T, AT DL 5 e W) 3R vk
JERE I P Au ' Pd R BR Cu . Zn X * Pd 1)
T 75— 71, T Cu.Zn Cd B SR A 08 B 11
b /b i H S EUERA 500 £5 49 Cd RT3 Pd ()
WZE o AR T 248 B TR A AR . 38
IR B S B ProPd | Au, BRI AR H /)N, AT Z 0% AN
T, P ERT AT DGE S AE LA Lu BRI AT BR .

YUSH G SR CE M KT (Na® [ Ca®" Mg™" |
AP* Fe’* Pb** [Co™* Mn®* Ni** ¥R T4t Pr.
Pd  Au 15355 & S E o

5 HBOCEMEAE ICP - MS P R T2 5 T2
TN T
Table 5

Isotopic interferences by monatomic and polyatomic

ions in the determination of PGE and Au by ICP-MS

Jri=g e JCER (LR % ) THewr
102 Ru (31.6), Pd (0.96) 88,0
104 Ru (18.6), Pd (11.0) OAZn, Y80
105 Pd (22.2) 8Sr0H, ¥ Yo, ®Cu “Ar
106 Pd (27.3), Cd (1.2) 07:0, ¥ YOH
108 Pd (26.7), Cd (0.88) 070, **MoO
110 Pd (11.8), Cd (12.4) %710, **MoO
190 Os (26.4), Pt (0.01) Yo, "*HfO
192 Os (41), Pt (0.8) 76Yh0, "HIO, '"°Lu0O
194 Pt (32.9) 178 HfO
195 Pt (33.8) Y HiO, " HIOH
196 Pt (25.3), Hg (0.2) B0HfO, WO, Ta0
197 Au (100) 8720, " HOH
198 Pt (7.2), Hg (10.0)

3 srBrbiARTihs

3.1 JjikieR
I 10. 0 g 5% IC R MR fb 2 — G bR HE W)

GBW 07290 , il A—E 5t PP Au IR A bRifE LA

— 424 —

T, PR SLIR T A AT AL BN E , AR [T Wi,
GiRFTH 6. =ADICRA NIRRT 96.4% .

* 6 JiikmeRAL
Table 6 Recovey test of the method

wy/(ng - g™")

R — I %
PR AR e iR
5.0 11.50 5.10 102.0
Pt 6.4
10 16.26 9.86 98.6
5.0 9.51 4.91 98.2
Pd 4.6
10 14.24 9.64 96.4
1.0 2.15 1.05 105.0
Au 1.1
2.0 3.14 2.04 102.0

3.2 JjEREIR

TESAERI AR SR AT AR SR T 0 20 A
25 FUIEA TN , A S (B 3 A8 v A 254 Sk ik
Rt B ] B 2 R R PR AR 1 SR R 4, 3R
Tk R . Pt pgA R 0. 06 ng/g, Pd £t FR
4 0.08 ng/g, Au ¥ iR/ 0. 12 ng/g,

2T U LA )BT R R . Ak
ARGt BRAG T 22 B K il EE A 73 9 ' 4 0 =X
AR H B

# 7 AR B AT KRR

Table 7 Detection limit of different separation and enrichment

methods
. i K/ (ng - g71) ] )
s E R BRI
Pt Pd Au
il 3220 2750 5810 [17]
Bt 4 1.0 1.0 5.0 [19]
B4 - - 0.1 [16]
PTE 2.0 2.0 1.0 [22]
it e 0.026 0.06 - [14]
ik 0.15 0.20 0.20 AT
717 Hifig 0.125 0.15 0.175 [23]
Bi s NG - ISP K 0.06 0.08 0.12 Ak
3.3 JiTEUEBAVE RN %)

FI AR SO 7 % X ITE 3 M BR AL 2 v
P )% GBW 07288, GBW 07289, GBW 07294 . GBW
07340 *FA7 o HrilAE 12 U, J5 5 1 B FORS 5 J5 DL
8. Pr.Pd Au BYMIXTIR2E (RE) /NTF 22. 0% , A
XHPRUENZE (RSD) /NF 16. 1% , ARG R L X
S PR AL S U8 A Y 53 B R (B4 Je Y RSD
>33.4% ),
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Table 8 Accuracy and precision tests of the method

PRSI wy/(ng - g™")
. % ——————— RE/% RSD/%
Gt FRUEM B
CBW 0788 PL 0.26 023 -11.5 13.2
o Pd 0.26  0.28 7.69  10.4
(50 Aw 09 L1 222 161
CBW 07204 Pt 147 154 476  4.26
N Pd 152 147 -3.29 3.88
(50 Au 1.8 1.6 -11.1 12.3
p . 62 6. 10.1
CBW 07340 . 0.66 0.6 6.06 10
P Pd 0.66 0.64 -3.03 7.3
(50 Au 23 2.5 870 9.57
p I I 2. K
GBW 07289 ' 6 8 589
ot Pd 2.3 2.1 -8.70 6.43
KRRTLB) Au 10 9.8  -2.00 6.24
1
4 ik

ABI TR FHRAE 70 R i, i B0 B 57 0 7
455 ICP - MS JIE 5 A S B R Tk, AU
ey S INTIEVES T MITIERERURCES € LA aelll}a
AR B, BEAR T O E R I PR T iA 4R AR TR
o VR o, o B BE R, AR, — A SR B s 1
AT

AU SS T ike, BLE )iz as F 2
Jo A TARUR, O A i A By —E
AR TITEZ —. HAT, BHATT 4 B 58 P

EERAT TR L DX RCR R P 4 X R e
DX IROT L ER A 2 B AR R 0 48 LK T
Vi, 2 rp [ A J= G ALV AT BRI, B I R 2 0 1
75 o I T RGAEEOTF 12 10 JT Y IX AL
TREES, DRI AR SRR T BTk
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Determination of Platinum, Palladium and Gold in Geological Samples by
Bomb-inductively Coupled Plasma-Mass Spectrometry with Concentrate
and Extraction by Mixed Adsorbent

WANG Lin'"* | TANG Zhi-zhong'*, LAI Xin-ze'”*, LIAN Wen-li"*, HU Jia-zhen'*, ZHOU Lan’
(1. Henan Province Rock & Mineral Testing Centre, Zhengzhou 450012, China;
2. Key Laboratory of Precious Metals Analysis and Exploration Technology,
Ministry of Land and Resources, Zhengzhou 450012, China;
3. Qinghai Province Geology Ore Test Application Centre, Xining 810008, China)

Abstract; Fire assay separation enrichment technology has been applied to precious metals analysis, however, its
ingredients are complex, time-consuming, analysis costs are relatively high and blank controls are more difficult. A
new method was set up such as the samples were dissolved with H,0,-HCI before Pt, Pd and Au were determined
by Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS). In 10% hydrochloric acid solution, LSC-400
mercapto resin and activated carbon were mixed as the adsorbent. Pt, Pd and Au in the sample solution were
separated and enriched by using dynamic adsorption. Lu was selected as the internal standard element to eliminate
non-spectral interference and spectrum interference along with tracers of 'Pt, ' Au and '™ Pd. The recovery rates
of each element were more than 96. 4% . The detection limits were 0. 06 ng/g for Pt, 0. 08 ng/g for Pd and
0.12 ng/g for Au. Compared with the detection limits, this established method was better than the fire assaying
method and other separation and enrichment methods. The method has been applied to the determination of these
elements in National Standard Materials for PGEs and results were in agreement with the certified values. The
relative standard deviations (RSD, n =12) was less than 16. 1% . The method is simple, low cost and greatly
improves the speed of analysis,and effectively reduces the blanks of the chemical processing.

Key words: geological samples; platinum; palladium; gold; LCS-400 sulthydryl resin; composite adsorbent;
Inductively Coupled Plasma-Mass Spectrometry
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