202041 H
January 2020

a0 W
ROCK AND MINERAL ANALYSIS

Vol.39, No. 1
15-29

EHE, FWHE, EHE, % RS R & B TR WA s gt R [ T]. A ,2020,39(1) <15 -29.
WANG Ye, YU Ya —hui, WANG Lin, et al. Research Progress on Pretreatment Methods for Analysis of Precious Metal Elements in
Geological Samples[ J]. Rock and Mineral Analysis,2020,39(1):15-29. [DOI. 10. 15898/j. cnki. 11 —2131/td. 201905160064 ]

M FORE b B 4 8 o 2% 1 A B 5 T 2 3k T

EM, TRIET, Bk, RO, &, XAE
IR A1 I L, [ VR e A 5 B e AR B S, T S 450012)

BE: AR THEFRIFHR T T BTE SR ZERGH IR A o B 3R, ST AE e o R A2
P OKGR A R U R R R R AR S B E R AR P ek AR RITIR E B T Rk LR
FRk RAEE AMBWESFFERAATTHALE S TEFTEOF LS RE  EZTHARAFT ERRLE
Tl S RET kP8 KK AR B 5 M TAEH RTIR & ARt , TR A o M A B 8 SR T B R A X
FHAER RAS ABRFHREBERERTOBILF AR AR, R EHERAFEREN
H, 52— TSRy Rk I BAZ[EERNA TS EQE BT XA L 2B HRERGH L, @
RR 8GR FEARBLABIRGA AT, o B W% S A T Au Pt Pd 89F £, %485 0EA F Os Ru #9
Do BT REBATELABEAE R REH XL L SHARARRTFHRNE, F R4 g £ A4 &
HBEARE BT T ik, AXRE, B S EIAGTEEN M5 kA b oS iT#e Sk &k
S, FRE MG G BHER, PRER ARG RKEAENRTOFTERR, TR SHEK. S H K
R it R SR AT R TR

KA HEHER; TEBETE; KiXek,; wlasik; RoWE;, 28354

T

(1) 3K T WA P 2B LE SR K GFFRILIK,

(2) BT T ARG EF ka4 5,

(3) Rk RFEBIVF RGHR T ARETRZ,

FE S 0652.6 SCERFRIRED: A

b

W4 B FE Au.Ag Pt . Pd Os Ir . Rh Ru A\
JGE, i Pr Pd Os Ir Rh Ru fH: i h H230, 8%
PRI OCR SRS IR . KRSt B TR
SRR R IR h DS T E X
T71E Bk Au Ag K352 Pt P BB 1355 10 7°4%
S Tl R w2 Ah, AR TR M F B — e A
1077 ~1077, B4, i FREBT YR HLERZK,
TEFE A TR A AT AN 5], U HDE Au Pr Pd BA R
RIS R Pk, 2 B0t 4 J@ T R AERE S A AE ™
GENIUR Uk v O ST S T e € 5 v B W AP A D) [| NG =
HORE AR, TR s BT BB AR M . 9 4h, Bt 4

JRICER 58 VA B R R AL R SRR, 7E 5
R E S A fE—, I H SR RAeN
AR T T RE , A S s R, WA 5y 5 i—
MR WS o DRI, AR 23 ik 53 4 SR LR I R I, K
(1 < LR [R) I BE AR I 0, AT HE 3 1 38
5510 B 4 AR T, = BT ME N K | 45 R e 22
R

Bt X 5 i 5% < S 7 PR A AN R ABIE ST, 1HERfG
AR SRR IU R TR E O H AT T AR
HEATSF o 54w ou A AR R BRSO,
LI IR ZRERRAEIE 2, X 5t 4 T 14 23 B O ik e

R EHA: 2019 -05 - 16; {EE HE: 2019 -09 - 12; HEF HHA: 2019 - 10 -21

BEETE : I8 W B BRI H (BRI 1584 (2018 198 5 - 10)

TEE R FME, B P TR, 8BS Bl 78 TAF . E — mail: wangyehn@ 163. com,

BEIEE: T, S TR, T2 20 BRI 15 45 B TR S5t R e M i 7S o E — mail : 68523749@ qq. com,



%1 o

http; // www. ykes. ac. cn

a0 Wt

2020 4

M P BOR WM R o 1 B T4 2R S i v
FE VRIS ELAORE Al 0 00 B e A T B, SR IR A
A T8 4 AR BR AR B 1 SRRSOV T
Wi St BT R MG 5 AR R RN L b 2
AR GEHPA T HUBRE b b 53 BB LR i I
YUBEIES o/ NI TP g R U DAS TN R E N [ a3 A
R OY 1L VLK B R BB P IR IR B i R IL DL
BT S RN A O R R ik
S5 IR X AR B A S SR TR

1 B IRTk
1.1 K&k

KRG R 4 S A 2R 45 A i
2, T RS o i R RERE S, 8 IRORE 42 850, i B
FER AR E /N . BT, &0 TAE & AT
TR Lt , R E kB R R &R e R E
FEFBr, At A BIE TR R R i HE N S 2R
PR, FE R R LA T AR S & TR T R S
RS I SEAR B 40 85, 9K Bt 4 R T B B
A AR BT R B E RN EHN,

JORA 1k FEARE AR AR R A
B ET B TR M SRS, T etk
LIUEN A E B FRR SRR T e, X
FEdh R Au,Ag Pt .Pd Os Ir .Rh Ru [ 5 fft 70 B5 &
YR B
1.1.1 g4k

R4 RS R R g O a0k, B RE
FRRES M 07 Y A SR AR 1100°C 28 Bk R
BLIRED | R AR RE A A5 I A BRI AR 5, DA
PhO £ T8 B S PN REAE B IIL R e, PR 43 B 4
R RSO TE 1 (AAS) | L IERFE & 55 B TR &
ST (ICP — OES ) o v SR £ 55 5 14 i ik ik
(ICP — MS) 25 HfER A1 Au Pt . Pd, BHR 4 5 76K
MR B A 1 PO Z8 S0, AN ATk A b 23 77 A IR S
Yo 3 RNMSEE  IEE B E AR Z AL 5
SCIEES SR i BB AP IR 19 77 30f P Pd 1 Rh
Ir [) i & 4 7 3mg 22 45 F A8, S I i AR R
Eh R HOE AR B T B KA B AR
PR L A T BEL Lk 3 it R A 7 [ s R Wit 72 7
A TR T R AR A VR VA 174 3 RS SR A 4 1 3
WU R T, fi PhO 28 M, A AR D T K L
KBRS AN TG Y8, (HIE2E 7 A H B e
e BT, BT Os Ru 8 & R A RE B
FE A

1.1.2 Bk 4ik

B R AR 2 0 S — RS A KGR
41, BEfR) Bt 4E Au Pt .Pd .Os Ru . Rh.Ir, B 1977
4F Williason F1 Savage B UCR FH BB AL 48k H™,
ZEWIMAE A TAEE 290055 1l &1
Fet S TR e B B I & E R AR T
Ry R A S NG (E Ni
A B, a0 kPR ER A AL R PR FEER 55 ) T 1000°C
Jeml, AR R AR A B AERR Ag LISAMW T 1 5t
GJEICE . BT R KA (5.3g/cm’)
REMET SiEEsE, il &k i o i vk
FEARGRACER i AR R A S5 i o 5, 1 BB IS 1Y
Bl BRI R 5% 4 i JG 2R AR D B R T A B R 4 R A AL
W, BRI 4 KRG 456 A N I AES R 4 R
AL E B Ag AN T St & @ e &, ik ERAE R
. AN, B a4 i X A [R] TR i (33 o7
NG 5 W BB BT iy — e A B ME o il B B AR A
kWl 55, AR VR 4 W BCRE EL 31, (5 RE A 4T Hb
SEMAE TP SR T R RS B E A

Oguri 257 75280 h R B 90% 1) 5 4 JB T £ 5
LRI A 10% 5% B AEfE IR Eh I i v 32 4
TRHAZRES O EEB T, B REEITR
Y EDSCR AR B 2 97 % (HIZ T R R E B, A 5 %
B PIFTEE T 2l AL R, 45 R E R
25 6 AN AR TR I IRDSCR R R 2 94% UL b,
Sun Z& OB B A Fe B 1, 523 U EUK H ED
ARSI AL, 48 5 o P i e B e 1 A8 S5 4y ]
2T B R DA U R B A AT 54 R B AL B I i
I F R R F B 5E Os, AT AL T 204 42,
T ELAR 10 B HERR B, % TR OB BE R AR
Jrik(GB/T 17418.7—2010) . X T8t 4 Fic B
PR B, b AT R B ARG YPA, 4 AL
SRUEAT $ 4, i IS B FE AR 1 {E (ng/g) M P
<0.05,Pd <0.05,0s <0.01,Ru<0.05,Rh <0.05,
Ir=0.002, B %254 051 % 2 4wk
YPA, BRIREE AW DT 5 4 i e S5 )
FALBRI T T — RPN B4l 5250, A AR T 2
S A, 5t &)@ oo R Wk Bk 2 0. 002 ~
0.02ng/ g, KHEL IR 4 ICP — MS 3 17 JH B & L 18
I E B ITE .

718, T HRBRES RA RMERD BT a R
A Au - PGEs S50 IR & B, 15 L2 AL 48 0t 4
JEH IR SR o BB A R IE TR & A Pk S
PG It - RERE S RIR L e A



14

T, A MR R SR R OT R A AL BT AT

539 %

AR AS U A A B PR, BTk b & K
WY (B BRAey)) , B Py ok 4 , an i ig
BRI A L 7 S BB B B A A0, T EL R
M| 55t 45 TR T 2 T 45 SR o X R4 8 e T A
ST 8 I ARE R B 2 AR B A A AL A
TUKER A RN BT BRI A FeCLES R, A
REAR T St @ n R BUR K BT ah it e s
TLEM RIS E 83% ~104% . TR E&%" %
BT HA R FE MR RS - NN E SR, &
TFFIE AR Ty ke 1 RE Bl AR I T A R
X} Os Ru g2 2] 7 A AR EH, TTH A Os [[lfi
RERRA . I E B R e = iE AR AL P DT
FIORFESARE, VA Lu 1E N N ARAZIE, ICP — MS il 6 4~
GG, ICRA 2] 85% ~110% |, fif ok | B 5
FARE b A G 2 I R B 22 1 e

HEER S WAFE I B A, R ELRIAE
Ok 4 e 2 sh A R, 34y 5t 4 )8 o K Tl
WCRRAG; @ F T AR A 2 L2 HARFE 5K,
MAEZS ARG 3, OB RO RE 5 2 B Z i, 2015
T IS
1.1.3 ke

B i LR ER 2 R E . BT
B A0k BT B AE ) Sn KX EREETS YN A5 A 24
Aot b2z i R RS KR E %7 TR
T4 A BE S o Ay T EL A R W & A R
SEBT p RR A Y DUB FE A AE ) a R
SrPRL, K s TR B 3 1100°C, vk T ik 4
FEPREME RS A AN O R E B, I Hoal
T Y0 Bl SR RN 55 0], e T O Bl e MR
s A PRI, 2014 AE 2R 4 SUAE LR A E AR
PR AR XA A O AE Bt 4 T R AR P A
TG Ko P ) S AR RS, BRAIG T I i LU, 3
T s i T sk , ) Bt A SR B A B 355, VR TR
BAR 5 B R —AH , 7 B 26 25 S TR) B 7 L 0 T
RIS, AR T Os Ru 250K, DL Lu A
bR, ICP — MS [R]BHE 6 NMAEITE .

Rt B0 R 5t 4 SR On R S A i e AR S
AR SRR B, FREED Fains
B S A E RN H T RS A AT
W DABRERSN RIERET WD | S ALRE O B
TR (A 5 40 5:2:2: 22 2) AR
B AAALEE — AL REAVE B S50, AN OGEE G T Uk
AR COS A ML R AL A A
WA BB . TR B, R B A 7 A

BT BEE T 5 NEL A AR R A
T, AR 1L T Os \Ru 8L FE 4 2. IR
AU, FHERER G0 23 i , 0. Tg Bk ikl ,
Tl AL DTVENE Bt 48 ST R BESR , 1b U8 5 K i ik
AU T RS 5 AR o R AR E ()
LIRS T Au Ag Pt . Pd Os Ir [Rh Ru A\ 54
J& JCE A AR I 2 1 B bR, #4590 3= 10 7 ek H PR
(ng/g) 35K : Ag27.8,Au Pd 0.11,Pt0.10,Rh,
Ru Ir . 0s 0.02,

Bk BT 8 AR u R M R B E
B BRI T e,
A5 T PEAR 58 A AT AR b A T AR
1.1.4 4k

MR IE AT DU AR T A R B oc R, HEk
FIREAE S IIL_F IR WK, 5 5% 455 Jeg 5 s ] ol b 8t 592 TR
SRR BR A AR AR — SR TR A, 5 1%
ey ik A A L, A B Y AR BUIREE /N T Cd U NT
Sb . As .Pb LY, BRI, S8 Ak B0 22 LU AR AL B TS
GyRR R84 g o 1 H, Pb  Cu Ni 5464 i Bl 1 52
TR, 765 A A RE I U 25 T 4 A B 2R
RERRER I , TS IR B A BT 4% 20, A RAsi N 1 i
ETH . [FI, AL REE /DN BB 2 A S R
PR HTAZA I ZEK 7 Au P Pd (9 20 Hr Heops 2 U
I ZARE T 2 (A 85) o

T TUAE Bt 3 X I8 4 1 9 56 1, 2R ) g 4
XA S8 K W B AT 1 ek, 72 B K R 2 H AR
Smm ZEATE K AR 2B 20g B I S IR 55
HEF T ZROK K, ff Pt.Pd (Rh Ir Ru &4 F Imm
(34 A e, ISR TG0 TH e {SORs 40 il o %007
Dol el ik 4 i B 241 i 5 6 1 FE KRB X 5 4
IPRAPVEFIAIZS &, 15 3 7 80y i 3, AR Bl
J 0 2 D OB 78 < [ O O N S s 1 = 2
Os £ KR 3 #8 g Ak B OsO, T4 & 1 0%, Rk
EEE . AT AR EHA A W R E A Os [Al4i
RIBEN, 5% Os R . H7E Os 1Y
T [ WSO TSR AAAE R ik
1.1.5 #ik4ik

BRI AR Tt 4B Y RE ) RO, HERFTRE KK
IR FE Os £E NPT A 5t 42 @ T 2% JLF A i
S0 A AR B Y T A K, TE S R T
Cu Ni Co ,Pb Bi 85It 4 J@ tho [FI BB SE 20 840 b,
AR5 5 4 R PRI T 36 ™ E A I T, Lt
a1 P T L S 2 i LU B T B R o, AN
LB, DA e A b A R AR A R s



%1 o

http; // www. ykes. ac. cn

a0 Wt

2020 4

it R B R I E o AR AT R 2 Bt 4 AT
TR, HER S BOR 5 ARG 7S ISR
4 I FH B ME I 10 B ™ v, B 4 R WA R
R8T Pt.Pd Os . Ir Rh Ru NPt 4B oC R, [HIE
TRIE R 2, BB 77 AE ng/g R Pr(2.5) . Pd
(5) \Rh(5) 175 [ [l {5 F R i — 2 4l

25 LR, JOR G RES IR T SR &,
HEA B R OE ., 3 2 oAt 7 77 75 i A Rg
FUAMA o SERIRERR JGR 407 3 910 45 , 7T A Bugbee
PR IR A T N Y HLAS 1 SR R RS R4
TAEE TR A AT I 7 B 75 240G 1 o 0 - (D R B
A A YRR B R AR A R B, BT A iR A
IO T2 RIR £, BEL 1 £ BI040 T FR R 42 700 4 D L T I
T E 54 R TR MBI B 2 25 AR S v B
ok, H-SHEN SR LA S 1k @GR E
N FIE a2 b, HIEE R 2 T sh
(), 1 4 A 411 5 TR s I xl 5t 4 J BT /N v
A FEH R A 58 2o, B X HI3R A i
BUN; @O ERR, 8 514 M- oy 5 ; O
N YA S AW A R A, i H RS BT, Y
A IE B 58 4207 W o

B IR B IEAFAEU T LA OB R R,
A AERTHE 155 5 @b 250 7™ A 425 il 1k 3R A IS B it i 23
F, A REA R 7 2 A FR s B g T34, 55 3
5 R DI AR, T A KR TAE A L8
1.2 GRisRE

K E AL el E AL A BB &Y
VERIER, — M ARE S & S ~ 8 f5 2240 I 751 T NI
T, 700°C =l AE R, POK SR, ShR IR LS &
I SE | AT R ILT- B HUFoRE & . 2001
4F Sun 25 SR BB 5 [R) 7 2 0 B AR 45 4 10 7 12
WS TREG T Os &, EWREED O 1amis - 78
TR A b 38 e bt A R AR A B TR R L
Os Ru [ BRI 2 0. 02ng/g, I ¥51% 05 12 B ) i
T HER L 2 B RE S A b v . s 20 Lt R
AEENI RRE i, L D0vE JE & 4 R 2= R —
ICP - MS ¥l Pt.Pd Ir,Ru, PIAR¥EIE Au, Rh,
i 5 S 2R3k 90% L |, 2015 428 i fh 2 g
FHa S A A RN S E A MR B 16 50 44 Fil, ICP — MS 43
Br TBRER B b 8 N &R oo R, Hikk R
>4 0.005 ~0. Ing/g,

{H R T 52 BURE A BR 1 , AR MERE 95 Au (Pt Pd (1Y)
SORIRONE , T AR S B 2 R, SO TR B
% DI, %05 AUE FH T TG 0k %L B ke 4

BRI 5 & B YR B e 53 Fh, Sl m s
PRI & A R, T R L e s S F
Britt—alifl , Bl infi LU 3E R ZE I B T aS i
& LR EI B EENE T
1.3 &k

R s 5 O & A B, AT 28 (AR 48
VERIE AR A7 ZE R R R 25 S R A, 2 BT
VRS IR C R BN BT W
firi R B SRR SR L AR ER | e R L AR AL
B BRER BEIRSE . ARPETHE AT AT, R
BRI R H R AR | e R 8 P T A s R
A8 2 A T A

FoK ERIR - A AL EE I AR 2 Au P,
Pd JEARIE R 1 7 00T o K R
FESL ) Au 7 HbER AL 22 8 A b 4% T SR
2004 4F: Niemela 21" SR FIRMCI T i v 2 i s 22 A
FHPIRE R ) P AT Rh, 5 20547 B9 RTIBCR . X1 4
S e G SR R AR R I 5 PATE 43 1) LA
EhR - i E AR - AR A E KNI R R ICP -
MS % T Au Ag Pt .Pd .Rh fl Ir, K I BR (ng/g) 43
W% Au 0. 097, Ag 0. 082, Pt 0. 14, Pd 0. 17, Rh
0.014,1r 0. 012, F&AIG 1A FH 2, 9D 1 X5 A BE 1
e, AR AR N 1 2 REEIR A
P, v F 2 PR ik, DA I kA 3 D 740, S 3 T At
XHdE Os 7EN BRI T R M ULTE & 4, ICP -
MS U 5E 6 4~ JT 2 B9 A X A fE IR 2= (RSD, n =6) 7£
2.7% ~8.4% Z[A], Qi 2 s Rk WA B T
6 NMBEITE M Re W40 47, IR HE TRIEET,
WEGR TR T R AR KE R fE R, AR H A TR R
Vo5 Ak R R SR T A ) IR L AR SR AFAE 4% ~ 15%
PIEIICR , & G I e 4 R B & .

ZAR, BT TR TE O &R B Th R AR 4
R IVE R (EN T 3R e XS0 Al ) B R R S
T4 JRIARE , WS s Atk S RIS, AR
X5 4 B TR W i AT R L T SR AR
1.4 Ao Jiik

4 B TR I 0 R L e R A A R R
ek AL MR Tk

ER AR R SR AT A E S
IR 5% 4 JE A o SONE, A SRR R 1) S AR B 2 3k 31
FEAE R I B o I T R R AU A A e ) 5 (H 5|
AR R EFHALEN, XF ICP — OES | AAS S5 4% 4% 1 I &
AF o

HEFEH T R4 Rh Ir e (50k) Al



14

T, A MR R SR R OT R A AL BT AT

539 %

Pt —Ir Pt — Ru - Ir [Pt — Pd - Rh 2554256 S 10 4y
fiff, 207 LR R TR R I ELAERE , A S R AT
FAIE R = AL IR A A S e KB, 4
DA R 7R, TR AT A R M SORE e (s PR T
) o M= FALTREBERI 1T, HAFER R R 42

2 FENV SRR

FE S4B AT T, 2R B Ak R I R AR
T BEEE A RAE I 1 T B, E AL W B L
B VB T ACH L U AR O 2R AR R R
S St A R OC R SR AR U R R SRS S L 4
A RS ARG I T B, S B M RS PR A B SR
4 J@ IC R W HER I E
2.1 WePHL

M 6 53 B 12 S AR PR A e 5 390 %
BT T BT, B E E R AR TR E AN
T AL < 5 5 W BT B A W B 3
FA R0

T PE R B & 4 Au P Pd i E B, Wt
I 35 73 Ay 0y PR 6 R A 2 R o o 4 R o 3= 2
R A AR ] 5 A2 W B2 B 13 P AR R T A
i v I A S T I LA DT R B 5% 4 T 45 B
BT x5 B AN A I P s W B A R R A
0. 6mL 20% (1A , R 1 ) i A5 AE 45 G i) W et
J5 SO BEAE A Y Au P Pd T8 4 IR
%K 90% L |,

FED R R - WAL - AL E R - A
PR A 22 5 TS T 285 PR 0 g R o, SR FH 3 A1 0 331
AT, IAAL HUS DL =S b — il o AR
IR, LA DDO Sy St 650 2 B LY 2300 7 Pt Pd i &
L SRR Pd 1 IR AT 5K 98% , A AL T
By - KA BECGRIE) J5, BB P IR £2 5 2
99%

T TR B 5 4 TR R RE B T 9 S B A
B T TR RN 4% B ARV T BT RO R IR
B P HOE SN R HAn W EET Au
(IR B 5, bl I SR Au J5 5 eIk i, S
BIE H AT Au BT B X s
5 2015 4E e F 7K (50% ) 1535 7K 1 v 25 P 31 fi Aok
i, SR 7 3 R KR TR Y (R B o AR A
Au FI Ag K R (ng/g) 4351 Au 0.02 Ag 0.007
2.2 kPl

FEPOPE R I FAE R DTIE Y SR A5 70 4% v for

(15 P, 7 6 2 T P S T PR R A, AT 7 2 1
FLITVE RGBT TE . HuBR AL AR 5 2 I 5, a1
I AT LT ) B OB DR S A B, B4 TR
W JF IR TR — R UUsE, A5 BT R B,
H %0535 7T LR 465 Ag . Os LASM BT AT 37 42 )@
TRE T B2 W 13708 e o) g
T ST A i A AT [ AR HE W) 5t ( DZCr, T
DZCr,) , 1 JERR 2= Cr F1 SiO, , [ ZR A 1e/L i
T A M 1mol/ L @A N3 1, JInFA R W (o L VE 5
B, LAEKIEMRUTHE, K ICP — MS & 45 1 5A
EMEVI G . Gomez 2577 LM W i 1O 26 1F R, LLE
K — FIRIR R 2 0 i 28 /SR TE B Ry 22 R i P P
Rh, R L PTHETE 20 85 T 95% LA b 0y 381K T4
JLE

KRG TIIE B Tt &R/, AR T Fe AR
T TE A JE ) G AL T 85 I, B i R
Fe HAEMHAGE AR h, KhE Fe®* A7 164 581 Te
YUHE , S RFITIE To i R BEA T, T35 4 1T i % g
o Qi 267 UG IR A IR %5 11 43 e RE it , Fe 15
NO; S48, Fe (4 B2 170 V€ 1 4 2=, A 3050
T EA M Y R R B A
2.3 BTk

I B A4 i 5 3 1 B R AR A8 4 I
R TS84 00 5 120 B 1 7 R B s e o R
TG PEIE ARy 2 AN [R] 4 25 S8 4t g 43 ok BRI
B TR I R B A e g

SR FH BH S - 28 #0460 SR A4 RN e 4 i
TCE M B AR b T 54 SR T6 2 U LS B s
W A THW o (HBH 240 A% i 1) W2 B fig
A B, ELSRE I BT 5t 4 B A P T4 Ze FHE
PR T2, 2R LB T8 AGSOW x 8 4%
Pt Pd Ir Ru 5 3B 5 BE A BH B 540 8, 1500 < 48
WA # AWK Ze HE W Mo 88 T 908 R 2,
oAV 5 5 4 R T 2% ) I 4 S S AR

FHES - Ac e W IR E 52 4 8 Ju 28 43 15 | 4R 7 T Y
BB Z . B3 R R B - i S AUy
FEFE S, 7E 10% ERFR A i, L LSC - 400 % LA g
T 2% S TR A W B 391, 2R PR 50 26 W% B 7 =X i 4
Au [Pt Pd, [t KT 96. 4% , kit FR (ng/g) 43 5]
F7:Au0.12,Pt 0.06,Pd 0. 08, ¥ il 5 25155 5¢ H
Do 5 B P B 525 - S 4 4 i — 35 R i TR 5 W R
BN A T AR Y PRI P

SAh, T 4 B 5 4 R ot K I U 3h 1 S
(FIA) 2t B 1 22 #1550 4G D00 T BEFR 265 4 1 — P



%1 o

http; // www. ykes. ac. cn

a0 Wt

2020 4

TELRBIHARY ™ %I B A S AL TR B 5 bk
B R PRERTE AN R DS BN, 2=
B R ST SR LR 0y B 4 S T O R T
WO B A, 43 AT HBR AL 22 R i Y Au,
Pt Pd, Dimitrova 25 FT 85 7% W 5 H 485 11
WOLTERARASE &, 528 1 Pd BTELLTNE 5. B
BREE L GDXS01 — TBP £ UMK i Ay 0 43 B A%
FEAH R RS 5 5 IR OO TS I R B AR 43 A
Pt JGE,
2.4 HFIEIL

B4 Y SEUNC B B R R 5 RO A
Y1, WA Y C1 4kl e A7 356 1A sl e 25 5 T
B TE BB B, R ot 4 i AV TR 2R By 2 B4
E T HNS IR AR5 54 R RO AE R SR AR
K153, 2GR AT 43 & A2 ORI L 3 i 2 B L 2
(B ZEBOR) R RZEBUR) 1™, Pearson 25 i
PR R 20 BRI R 25 B R, 0 B8 S k™ b 1
SR ICE, R F ICP - MS W 5, Jr 3K B
(pg/g) 43 M. Os . Ir 3,Ru,Pd 5,Pt 15, Z4EE
AL R R A e B R 5 B A Y e A
AAZE G XA R I 7E 5% 4 J8 JT R 43 B $E o (4 iz
FEAT TVER . FRIPEARSE" LU F KA, R
CZBRAEI Au, >R B4 A MLIEAE R G211 ICP - OES
AT, Au B9 R 0. 02mg/L, T FH T 7 4
T£0.25 ~38. Opg/g Z (B HE f AL A . HAE
D4 JE TR B[R, N7 2 3 B A S5 YL i [r)
W% 2 R AR AR W 2L 5 R 8 [ I AC I
s R A I 5 AR 2 ok ol 22 3t 17 T 5t
&8 AT e
2.5 &L

ZRIREFEN HF R & mIt R T Os Ru, F)
FH Os Ru [y 70 484k 99k i 304K L 20 45 K 1 e 1k,
AL ZEIE K Os  Ru AR 2% (1) FE A4 B 43 v 40 15
R, TR RGN 05O, \RuO, i AE7EMISOR
PR Al B — TR A R SR R T R R 1
Os Ru IR A EALFI R IR — JREREMFN Os i B 77
AR - R, AR T RS RS T
Os Ru ik As’ - Ce* "R R R, Qi %155k
FHAR W 8 X R b R A7 T8 A, P DA ZE IR L s il
Os, PSR KT 90%
2.6  H:ngfrk

A BEHE B R — T B )R A SR T Y
TR E R, T R A W R A - A
PR 2B o (AN - £F 2 7 R0 ) &5, FLE AR

B BT AR B IR, 5 32 0 TR
PR Creamer 25T R SR Y — B i AR ) ——
JE AR SINER , & REFE R & Cu( 1D ) FEAEMIA BT A R0
MR Au i1 Pd, BEES STk R B R 0T 5
( Providencia vermicola) 1E by W [} & i, 4K 5 41 ity B
FIATE MR M SR 6 PACTL) Ao B 4
13 TR, S5 R3] pH MRS 15 B2 X5 2 g6
PR PA (1D ) B2 ma ok, HOR AR Pd (1) Bk
B T2 AR T 240 L B 3 1 R AT R 2 B VR L T S R
PRAS B Y35 P TG 56 By D251 ) A 9 T
(THHY) Z B ) A MRS 22 o0 2 S 25 0 00 e e, i B
THEY T R AT A AR R B 4 TR AL AN A%
o BEXS AR BT A R PR 0 R UR 2 SR AR
PREEARF, BN A= Py B HL B A BIFSE , § RTE Bt
b 23 B 7 TR B o

3 fHERERUE g Jim)

TR T 53 4 I8 T 2 A B i AR R T vk
ANTR) ) A RN oy e A T B A AR . 7
S B A SR A AT A R, I TR B 4 A A Y
PERRE R, SR A B0l B 1 00 1 S o B s SR T
B, JE SAH R B A RS 1 A 5 A, VR S A I 4%
4, UIE I Y A 25 e @ A i A i 75 oK o

H FR T — 26 5% 4 J Ak By vk A 3T I ) A
BT 24 B ARG 4% 1 B R BT, AS RE TG A2 11K 25 ok
i R HES AT s 53 A1 BE % Os I [Rh \Ru A943 58 & 4R
WFFEARX D s A I St & IR AR E R A 2, &%
Y BN BB A 25 T M SRR A R A BT SR, AL, R
S 5t 4 B A AT I3 T A By ke 7 3 T AR LA T
AT A 2 R

(D) FEBUA 1 5% 42 )8 o0 fff 7 i w1, 85624
T I S B0 150 4 B S0 450 , A SN s 8 AREE 1Y)
OYFR T, AR TR G A IS S 45 S 3R 95 e
A, SR AR 2 07 IR 2 B A TR T I
B3R,

(2) BA 1 548 4 B 4 O 1k AR 2 4 X
Au Ag Pt .Pd %50 &K, MixtF Os . Ir . Rh Ru #F 53 4%
A RSB SE S R R B 1 5 & R T R Ay B R
Tiid, R TR E B HAR , ina AE i B 7R 45T R AR
B HEM B A AR 5T

(3) Jsi 5t 4@ e EAREY) BB . ARvED)
o e Ay — Rl 0 FUA B AR BE 5 I8 4 M ELR Y
REEE KRN EE T, IREIA M R4EET
FAREY R AT /b, 2N 1 K R U



14

T, A MR R SR R OT R A AL BT AT

539 %

Yy RS BB AE, SR R A AU R, A
RETE 701 2 3t S5 A XA 75 5K, IR W T

4 BEHK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

Farago M E,Kavanagh P,Blanks R, et al. Platinum metal
concentrations in urban road dust and soil in the United
Kingdom [ J ].
Chemistry,1996,354 660 — 663.

bl ST, B, AR Bl - OGS I IR
HOJSORE R A T R IR R [T . St , 2004,
25(3) .45 -48.

Sun Z H,Zhang Z R,Mao Y, et al. An exploration of lead

Fresenius > Journal of Analytical

fire assay — AES determination of PGE in geological
samples[ J]. Precious Metals,2004,25(3) .45 —48.

i scil, 22 WEBA AL, 4. Bvil e w AR - R A
PP B SO R I R 7 R P R B R R T ]
R4 H1,2010,30(3) ;23 - 26.

Ni W S,Meng Y L, Yao M X, et al. Determination of
platinum, palladium , rhodium and iridium in ore samples
by lead assay — Pieter Zeeman graphite furnace atomic
absorption spectroscopy [ J ]. Metallurgical Analysis,
2010,30(3) :23 - 26.

LU RER L I DN DL e Sl )
TGS (ICP — OES) J& 3 3 L vh 19 51 4
(3], spETENLHr a2 ,2018,8 (1) 253 - 56.

Shi B Y,Wang H Y, Xie D W. Determination of platinum
and palladium content in sub - silver by ICP — OES with
fire assay preconcentration [ J ]. Chinese Journal of
Inorganic Analytical Chemistry,2018,8(1) ;53 - 56.
Oguri K, Shimoda G, Tatsumi Y. Quantitative determina-
tion of gold and the platinum - group elements in
geological samples using improved NiS fire — assay and
tellurium coprecipitation with inductively coupled plasma
— mass spectrometry ( ICP — MS) [ J]. Chemical
Geology,1999,157.:189 —197.

INEFT, B ATl il R RS mITR 1.
S5 B A B T 0 2 SR i R AR OT R [T,
HHIER,1997,16(1) .12 - 17.

Sun Y L, Guan X Y, Du A D. Preconcentration of
precious metal elements by nickel sulphide fire assay.
[ . Determination of platinum group elements in
geological samples by ICP — MS[J]. Rock and Mineral
Analysis, 1997,16(1) .12 - 17.

b SO, A2 IE , A AR A BRI TR 4R
H TS A 3T I S R A~ A o B 5T R ) BRI T R
[J]. e #rfk2#,1999,27(5) 566 —569.

Gao H T, Qu W J,Du A D, et al. Low blank nickel

sulfied fire assay preconcentration of platinum group

(8]

(9]

(10]

[11]

(12]

[13]

[14]

elements in geochemical standard samples for neutron
activation analysis [ J ]. Chinese Journal of Analytical
Chemistry,1999,27(5) :566 —569.

iTer 2, SR I%, R el , 45 BA g - 458 A
T S L BR AL 2 B SRR A R Y A R T R RN G

L. oA m i 4k [T ], 25 8 s, 2001, 20 (3) -
191 — 194.

He H L, Lii C F,Zhou Z R, et al. Determination of the
platinum group elements and gold in geochemical
exploration samples by nickel sulphide fire assay — ICP —
MS. 1. Simplification of the analytical procedure [ J].
Rock and Mineral Analysis,2001,20(3) :191 - 194.
PHRA R TT, BHEE, . BB EL AP T
I AT LR 5 25 B R B i I e B T R [T ]
Stk a#,2001,29(5) 534 - 537.

Li C S, Chai Z F, Mao X Y, et al. Determination of
platinum group elements by neutron activation analysis
and inductively coupled plasma - mass spectrometry
combined with fier assay preconcentration [ J]. Chinese
Journal of Analytical Chemistry, 2001, 29 (5);
534 -537.

Sun Y L, Zhou M F, Sun M. Routine Os analysis by

isotope dilution inductively coupled plasma mass
spectrometry : OsO, in water solution gives high sensitivity
[J]. Journal of Analytical Atomic Spectrometry, 2001,
16345 -349.
PINIEAT, IV, TLZ AR /B B SR T R W 4R 07 ik
[J]. 7 #rfk2%,2000,28(8) : 1010 — 1012.
Sun Y L, Sun M, Gong A H. Pre — concentration of
platinum group elements with about 2. 5g nickel sulfide
button [ J ]. Chinese Journal of Analytical Chemistry,
2000,28(8) ;1010 - 1012.

Juvonen R, Lakomaa T,Soikkeli L. Determination of gold
and the platinum group elements in geological samples by
ICP — MS after nickel sulphide fire assay: Difficulties
encountered the different types of geological samples
[J]. Talanta,2002,58(3) :595 - 603.

Gros M, Lorand J P, Luguet A. Analysis of platinum
group elements and gold in geological materials using NiS
fire assay and Te coprecipitation: The NiS dissolution
step revisited[ J ]. Chemical Geology,2002,185(3 -4)
179 - 190.

BRI AL R S, 45 A 5 8 1 R i
TR E M KA 7 B R AR b AR B T R A T
Srbri e R )] e i, 2002,21 (1)
7 -11.

Li C F,He H L,Zhou Z R, et al. Determination of the

platinum group elements and gold in geochemical



B

I ]

HoO

meaK
http; // www. ykes. ac. cn

2020 4

[15]

[16]

[17]

(18]

[19]

[20]

(21]

exploration samples by nickel sulphide fire assay — ICP —
MS. [I. Reduction of reagent blank [ J]. Rock and
Mineral Analysis,2002,21(1) .7 —11.

Sun Y L, Sun M. Nickel sulfide fire assay improved for
preconcentration of platinum group elements in geological
samples: A practical means of ultra — trace analysis
combined with inductively coupled plasma — mass
spectrometry[ J ]. Analyst,2005,130:664 — 669.

A5 MG SO, 2. BRI AR - SRR T
PR BRI 2 PR B A e R A s R [T .
HI,2007,26(2) (113 - 116.

Shi G Y,Sun X M,Qu W J,et al. Determination of the
platinum group elements in cobalt — rich crusts from the
West Pacific Ocean by nickel sulfide fire assay — ICPMS
[J]. Rock and Mineral Analysis,2007,26(2):113 -
116.

B, M TR, 2. SR TUS AR i TR B A T
FMBRAL A R EY T [T ] 5 8P, 2010,
29(4) :419 -424.

Zhao W, Wang Y, Xu J, et al. Prepraration of
geochemical standard reference black shale samples for
trace platinum group element analysis [ J]. Rock and
Mineral Analysis,2010,29(4) :419 -424.

R A, SR TR A, A5 BRI W AR - RS
S5 TR B I MR A P R AT R [T .
L, 2011,30(6) - 723 - 726.

Zhao S L.,Zhang X,Wen H L, et al. Determination of the
platinum group elements in black shale by inductively
coupled plasma — mass spectrometry with nickel sulphide
fire — assay [ J]. Rock and Mineral Analysis, 2011, 30
(6):723 -726.

ERE, B IR, & BOS RN P HROTR
WA HT [ T]. #6542 ,2011,32(7) :62 - 64.

Wang J] Y, Wu Z, Hu J Z, et al. Analysis method of
platinum group elements in black rock samples [ J].
Gold,2011,32(7) .62 —64.

Savard D, Barnes S J, Meisel T. Comparison between
nickel — sulfur fire assay Te co — precipitation and isotope
dilution with high — pressure asher acid digestion for the
determination of platinum — group elements, rhenium and
gold [ J].
2010,34(3) :281 -291.

ST, R E, IR, A Bk S e 4R - ICP
— MS 3 [ I A o SR ot b i B [T ] SRR,
2013,34(2) :51 -60.

Tang Z 7Z,Wang J Y,Sun H L, et al. Determination of

Geostandards and Geoanalytical Research,

Au, Pt and Pd in geological samples by inductively

coupled plasma mass spectrometry with tin fire assay

[22]

(23]

[24]

[25]

(25]

[27]

(28]

[ J]. Precious Metals,2013,34(2) :51 - 60.
FEEMEE,ZHE, % GRS EE - BB s
S5 B T B R I E PR S R BRI TR [T ] B
ALK (fk2F5 ) ,2013,49(8) 972 - 978.

Wang J Y, Sun Z J, Yuan R L, et al. ICP - MS
determination of platinum metals in black shale enriched
by tin fire assay [ J ]. Physical Testing and Chemical
Analysis ( Part B; Chemical Analysis), 2013,49 (8):
972 -978.

T2 U S B R e iV R
T B I R S R PR R [T ] R,
2014,34(3) .7 - 12.

LiZ W,Hao S T, Sun Z ], et al. Determination of
platinum group elements in chromite by inductively
coupled plasma mass spectrometry with tin fire assay
[ J]. Metallurgical Analysis,2014,34(3) .7 —12.
L0 2350, THOE, . BREE R PSR/
RIEmE )], 5t4:)8,2016,37(3) :66 - 71.

Yan H L, Li Z W, Wang M J, et al. Simultaneous
determination of eight precious metal elements in black
rock samples [ J ]. Precious Metals, 2016, 37 (3):
66 -71.

TSR ASHRE XA, A R BB ) AR
GAHZS ICP = MS A I A LT ]. Ak, 2017,
36(2):107 - 116.

Lian W L,Lai X Z,Liu J, et al. Phase analysis of Pt,Pd
and Au in black rock - type platinum group element
minerals by ICP - MS[J]. Rock and Mineral Analysis,
2017,36(2) :107 - 116.

0] N, X, YO A B - B S AR e T
PRI 2R A1 IR RSB )] R B0,
2013,33(8) .19 —-23.

Li K J,Zhao C H,Fan J X. Determination of trace gold,
platinum and palladium in lean - platinum ore by
bismuth fire assaying — inductively coupled plasma mass
spectrometry[ J ]. Metallurgical Analysis,2013,33(8):
19 -23.

R R, XU, , A B a4 T 2 AL SR AR v
FTEeskinl ). 2rbr ik, 2014,42(6) 1909 - 912.

Li K J, Liu S J, Shao K. Determination of ruthenium,
rhodium, palladium, iridium and platinum in copper —
nickel sulfide ores by bismuth — antimony fire — assay
[J]. Chinese Journal of Analytical Chemistry,2014,42
(6):909 -912.

BRI s R P AR [ ). T ER
WL #rfk a4+ ,2015,5(1) 49 - 52.

Xia B W. Determination of silver in high bismuth slag by

bismuth fire assaying method [ J ]. Chinese Journal of



14

T, A MR R SR R OT R A AL BT AT

539 %

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

Inorganic Analytical Chemistry,2015,5(1) ;49 —52.
2] e . Bk — R A B T B
TERERA P EIBOTR [T ]. 23 Hrik 2, 2018,37(4)
428 -431.

Li K J, Zhao C H. Determination of platinum group
elements in chromitite ores by inductively coupled
plasma mass spectrometry after antimony fire assay [ J ]
Chinese Journal of Analysis Laboratory,2018,37 (4) :
428 —431.

R VM, . BRI - B S S R T
J i 2 SR RE R S B T R [T ] iRy
#r,2018,38(5) ;18 - 24.

Shao K, Fan J X, Yang C Y. Determination of platnium
group elements in vanadium - titanium magnetite raw ore
by inductively coupled plasma mass spectrometry with
antimony fire assay[ J ]. Metallurgical Analysis,2018,38
(5):18 -24.

Bt WA S B T UR B 1 R I M A i P Y

IR T R M [T]. A0 Wk, 1999, 18 (4)
267 -270.
Qi L, Hu J. Fast determination of platinum group
elements and gold in geological samples by ICP — MS
[J]. Rock and Mineral Analysis, 1999,18 (4):267 —
270.

Sun Y L, Zhou M F, Sun M. Routine Os analysis by
isotope dilution inductively coupled plasma mass
spectrometry ; OsO, in water solution gives high sensitivity
[J]. Journal of Analytical Atomic Spectrometry, 2001,
16:345 -349.

BUBTES , AR PR £ S5 B 1 (A I 1 0 i
FESL AL BT B BRI [T ] 40 BTk 2, 2001,
29(6) :653 - 656.

Jin X D, Zhu H P. Determination of Pt,Pd, Ru, Rh, Ir
and Au in geological samples by double focusing high
resolution inductively coupled plasma mass spectrometry
[J]. Chinese Journal of Analytical Chemistry,2001,29
(6) :653 -656.

Qi L, Gregoire D C,Zhou M F, et al. Determination of
Pt,Pd,Ru and Ir in geological samples by ID — ICP — MS
using sodium peroxide fusion and Te co — precipitation
[J]. Geochemical Journal ,2003,37(5) :557 - 565.

Ik R e B AR B B R R T B E [T ]
#4:,2004,25(6) ;50 -52.

Wang L. Determination of osmium and ruthenium in
carbonaceous shale and mineralized carbonaceous shale
[J]. Gold,2004,25(6) :50 - 52.

Tk, KB, A, AF. MR 2 R 5 PR
GBI T ESE LT ). B4R, 2004,25(3)

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

49 -53.

Wang L,Lai X Z,Wu J Z, et al. Determination of ultra —
trace ruthenium and osmium in geochemical exploration
samples[ J]. Precious Metals,2004,25(3) :49 - 53.
KB, I, A, 55 BSR4 B - RSOt
JE I S IR AR ET [T ] St ), 2014,35(2)
50 -58.

Lai X Z, Wang L, Niu N, et al. Determination of ultra
and ruthenium by alkaline fusion

trace  osmium

distillation separation - catalytic spectrophotometric
method[ J . Precious Metals,2014,35(2) :50 - 58.
B, FARE, KU U - B A R T
S DN S R B Wy P A VR RIE TR T .
HAL RS (fe22 o0t ) ,2015,51(1) 102 - 104.
LiZ W, Gao Z J,Zhang M W. Determination of gold,
silver and platinum group elements in pyrite single
mineral by alkali fusion inductively coupled plasma mass
spectrometry[ J | . Physical Testing and Chemical Analysis
(Part B;Chemical Analysis) ,2015,51(1) 102 - 104.
SR, XUBIL, B8y, 55, KA - SR A Rk E
BRERERH TR A P [ ] a7, 2014,33(2)
236 - 240.
Zhang Z G ,Liu K, Huang J, et al. Determination of gold
in carbonate geological samples by hydroquinone
volumetric method with aqua regia digestion[ J]. Rock

and Mineral Analysis,2014,33(2) :236 —240.
BHOME. EKIEFE - JE TR OGS B H I E

Fn LB AT (] A 0TI, 2014,33 (4)
491 - 496.

Ge Y M. Direct determination of high grade gold in ore
by flame atomic absorption spectrometry with aqua regia
sampling preparation [ J ]. Rock and Mineral Analysis,
2014,33(4) :491 -496.
Niemela M, Peramaki P, Piispanen J, et al. Determination
of platinum and rhodium in dust and plant samples using
microwave — assisted sample digestion and ICP - MS
[J]. Analytica Chimica Acta,2004,521(2) ;137 —142.
Sadik O A, Wanekaya A K, Yevgeny G. Pressure — assisted
chelating extraction as a teaching tool in instrumental
analysis[ J ]. Journal of Chemical Education, 2004, 81
(8):1177 - 1181.
Simpson L. A,Hearn R, Catterick T. The development of
a high accuracy method for the analysis of Pd,Pt and Rh
in auto catalysts using a multi — collector ICP — MS[ J].
Journal of Analytical Atomic Spectrometry, 2004, 19
1244 - 1251.
RFE, BARKSF X 2, 45 AT A B AR A 20 A AL
G Jm S R A Bk A SERIBESE S R LT ]



B
&

HoO

et

http; // www. ykes. ac. cn

2020 4

[45]

[46]

[47]

[48]

[49]

[50]

[51]

(52]

H4 40 47,2005,25(75) .11 - 14.

Zhu L Y,Hu Q F,Liu Y,et al. Research and application
of microwave — assisted digestion technique for analysis
of Rh,Ir,Pt,Pd in difficultly decomposed precious metals
and their materials[ J ]. Metallurgical Analysis,2005,25
(75) :11 - 14.

Qi L, Zhou M F, Wang C Y, et al. Evaluation of a
technique for determining Re and PGEs in geological
samples by ICPMS coupled with a modified Carius tube
digestion[ J]. Geochemical Journal ,2007 ,41.407 —414.

Qi L, Zhou M F. Determination of platinum — group
elements in OPY — 1. Comparison of results using
different digestion techniques [ J ]. Geostandards and
Geoanalytical Research,2008,32(3) :377 —387.

BV, BB, TIT PR 1SS N5 = 4R — A R
S B RS I A M SR i rhR S B LT .
{44787 ,2011,31(4) ;14 - 19.

Li D,Wang D,Li B. Determination of gold, platinum and
palladium in geological samples by inductively coupled
plasma mass spectrometry after concentration with 717

anion exchange resin[ J ]. Metallurgical Analysis, 2011,

31(4):14 - 19.
EHERBE, S Bk BCR LI E A W 55 K
JE PR B LT ] A ik, 2012, 31
(6) :954 -960.

Wang L, Lai X Z, Tang Z Z. Determination of chemical
species of platinum, palladium and rhodium in roadside
surface soil with a modified BCR method[ J]. Rock and
Mineral Analysis,2012,31(6) :954 —960.
RS PR, P B E S TR MR A A R
I S SRR ITE[ ] #42,2013,34(6) .71 - 73.
Tang Z Z,Chen J,Sun Z ], et al. Leaching conditions for
determination of mobile forms of gold in deep -
penetrating geochemical samples [ J ]. Gold, 2013, 34
(6):71 -73.
B W50 L e R N A R SR
SRR 45 B AR VR I E b SRR S P AR [T .
A ,2013,32(3) 1420 - 426.
Wang L, Tang Z Z, Lai X Z, et al. Determination of
platinum, palladium and gold in geological samples by
bomb - inductively coupled plasma — mass spectrometry
with concentrate and extraction by mixed adsorbent[ J].
Rock and Mineral Analysis,2013,32(3) :420 -426.
Inzelt G, Berkes B, Kriston A. Temperature dependence
of two types of dissolution of platinum in acid media[ J].
Electrochimica Acta,2010,55(16) :4742 —4749.
XA JEDERE N, A5 55 8 PR T ik B R
JELJ]. 848 ,2013,34(4) .65 -72.

[53]

[54]

[55]

[56]

[57]

(58]

Liu Y,Fan X X, Dong H G, et al. Dissolving techniques
of precious metal materials and their development[ J].
Precious Metals,2013,34(4) .65 —72.

IR RBE AR, SF IR IR - A WA R
B — SR 1 D A DX AL R ity v R A R
Au Pt Pd[J]. $i4: )8 ,2013,34(3) .55 - 62.

Wang L, Lai X Z,Niu N, et al. Determination of trace and
ultra — trace Au, Pt, Pd in regional geochemical samples
by wet decomposition enrichment of combination
adsorption materials — emission spectrometry [ J ].
Precious Metals,2013,34(3) ;55 - 62.
PINELHR, 3K, BRI R, 45 HLUIEE & 55 B TR TR
SO I M B R AR [T R e
2015,35(11) :8 -15.

Sun H L, Wang L, Chen H F, et al. Determination of
platinum, palladium and gold in geological samples by
inductively coupled plasma atomic emission spectrometry
[J]. Metallurgical Analysis,2015,35(11) .8 -15.

T INEEE N, AR B R AR - OB
0 by 3R A 2 e v B AL 0 BB A R S A 7 R BIE Y
[J]. 50,2015 ,34(4) 1459 - 463.

Wang Y, Sun A Q, Li Z W, et al. Field rapid
determination of platinum and palladium in geochemical
samples by spectrophotometry with sulthydryl cotton
enrichment[ J ]. Rock and Mineral Analysis, 2015, 34
(4) :459 -463.

TR, FILLIE BRI R, 25, LIRS £ 45 B 7 1A
TEIE MR R A P AL ] @ﬂd‘"h(ﬂ:“ﬁ
W) ,2016,52(7) :834 —836.

YuY H,Yan H L, Chen H F, et al. Determination of
silver in geochemical samples by inductively coupled
plasma mass spectrometry [ J ]. Physical Testing and
Chemical Analysis ( Part B; Chemical Analysis) 2016,
52(7) :834 -836.

Wang S X, Peng J H, Chen A, et al. Progress in

microwave technology applied to the recovery of precious
metals from secondary resources[ J]. 54 J&,2012,33
(B 1) .33 -39.
Wang S X, Peng J H, Chen A, et al. Progress in
microwave technology applied to the recovery of precious
metals from secondary resources [ J]. Precious Metals,
2012,33 (Supplement 1) ;33 -39.

XNZE FILLWG | e SCHT, 2. B PR — HLUBRE 5 25 B
T B I R SRR P B AR ARSE L) ] R o,
2016,36(7) :25 -33.

Liu J,Yan H L, Lian W L, et al. Determination of gold,
silver, platinum and palladium in geological samples by

inductively coupled plasma mass spectrometry with



14

T, A MR R SR R OT R A AL BT AT

539 %

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

sealed dissolution [ J ]. Metallurgical Analysis, 2016, 36
(7):25-33.

TRAHT, TN, BRWG R, 4. % P R - ICP — MS 12
0 Hb SR i B IR R R KD ] D4 IR, 2017 ,38
(4) :56 -60.

Zhang J K,Yu Y H, Chen H F, et al. Sealed digestion
and ICP — MS determination of trace Rh and Ir in
geological samples [ J . Precious Metals,2017,38(4):
56 -60.

R S, A, S DUTE SN B — BT A - HLE
A B 1 A ST VR I R B R T AR OT R [T .
Sl = ,2018,37(9) . 1049 - 1052.

Shao K,Fan J X, Yu T, et al. Determination of platinum
group elements in chromite by inductively coupled
plasma — mass spectrometry with precipitation treatment
and closed — digestion [ J ]. Chinese Journal of Analysis
Laboratory ,2018,37(9) :1049 - 1052.

Mitsushima S, Koizumi Y, Uzuka S. Dissolution of platinum
in acidic media[ J]. Electrochimical Acta,2008,54(2) .
455 -460.

Satyanarayanan M, Balaram V,Sawant S S, et al. Rapid
determination of REEs, PGEs, and other trace elements in
geological and environmental materials by high resolution
inductively coupled plasma mass spectrometry [ J ].
Atomic Spectroscopy,2018,39(1) .1 —15.

Perry B J, Speller D V, Barefoot R R, et al. A large —
sample , dry chlorination, ICP — MS analytical method for
the determination of platinum — group elements and gold
in rocks[ J]. Canadian Journal of Applied Spectroscopy,
1993,38:131 - 136.

Perry B J,Barefoot R R, Vanloon J C. Inductively coupled
plasma — mass spectrometry for the determination of
platinum group elements and gold[ J]. TRAC—Trends in
Analytical Chemistry,1995,14.388 —397.

Mitkin V N, Galizky A A,Korda T M. Some observation
on the determination of gold and the platinum - group
in black shales [ J ].
Geoanalytical Research,2000,12.227 —240.

BRIE, BT, R e, 4. HUBORE PR B T R 1923 B
MRE Jrik[ D], #2F i 2% ,2009,16(1) ;181 - 193.
Zhao 7.,Qi L,Huang Z L, et al. The analytical methods

elements Geostandards and

for determination of platinum group elements in
geological samples[ J]. Earth Science Frontiers,2009,16
(1):181 -193.

BAEE R T, 45 S R U R o 8w AR
ABERELT]. R ETCHL i ,2011,1(1) .7 - 12.
LiHC,QuT Y,He F D,et al. Comments on technical

progress in separation and concentration of precious

[68]

[69]

[70]

[71]

(72]

(73]

[74]

metal elements [ J ]. Chinese Journal of Inorganic

Analytical Chemistry,2011,1(1) .7 -12.

XUSEIE, J5 G 2R WG VAR W B — vi B 5 55 8 T IRk
SEEREE I E AR IR S [T ], St R,
2002,23(1) .33 -35.

Liu X G, Fang J D. Determination of Au, Pt and Pd in
geological samples byinductively coupled plasma — atomic
emission spectrometry after preconcentration using active
carbon[ J ]. Precious Metals,2002,23(1) ;33 -35.
SRR, F RS, R, S ORI AR A ]
XM PERE R B FE [T ], A I, 2014,33 (4)
528 —534.

Guo L Z,Wei R J,Wang H C,et al. Study on preparation
and Au( Il ) adsorption ability of nitric acid modified
activated carbon[ J]. Rock and Mineral Analysis,2014,
33(4).:528 -534.

i) % , SCHHWE, FhSC4, 45 SR 24 MR 290 ' R i R
JBd — A7 8 J5L T R W' Tk T E Ml BRE o v 4
[J]. A&wiis ,2013,32(4) 576 - 580.

Liu X L,Wen T Y,Sun W ], et al. Determination of Au
and Pt in geological samples by graphite furnace atomic
absorption spectrometry with concentrate and extraction
by foam plastics and thiourea [ J]. Rock and Mineral
Analysis,2013,32(4) :576 - 580.

A o 5 , P SCEE, ST, 45 B 8000 90 ' 4 — Wt SRR
B S A T T 0 A SRR R R A AR (]
oAk ,2015,43(9) 1371 —1376.

Liu X L,Sun W J,Wen T Y, et al. Determination of trace
Au and Ag in geological samples by load foam plastics —
inductively coupled plasma mass spectrometry [ J ].
Chinese Journal of Analytical Chemistry,2015,43(9) .
1371 - 1376.

Guibal E,Ruiz M, Vincent T, et al. Platinum and pall —
adium sorption on chitosan derivatives [ J ]. Separation
Science and Technology,2001,36(5&6) :1017 —1040.
FLLH  XHELL, BT . 2 5E 1 I8 A 5 B LV
TEEM TS PR E S )] A0, 2016,35
(4).409 -414.

Wang H Y, Liu Y H, Xue D S. Synthesis of amino
polyurethane foam and its application in trace gold
enrichment in geological samples[ J]. Rock and Mineral
Analysis,2016,35(4) ;409 - 414.

AR RLTE) T, 5K, AF. LAY T A AR i 8 I
FAEH BT € g AT LT ] S50k, 2018,
37(5) :533 - 540.

Ma Y F,Wang G H,Zhang N, et al. Preparation of carbon
— loaded foamed plastics in ethanol medium and its

application in determination of gold in geological samples



HoO

et

w1 http; // www. ykes. ac. cn 2020
[J]. Rock and Mineral Analysis, 2018, 37 (5): BEBTFREIDEGEENE ST AR A
533 -540. ik ,2014,34(3) .314 - 318.

[75] FLoB. B2 S I TR S R W B — KM IR 7 IR Wi s 1 Chen ] W,Li Y M,Song S X, et al. Determination of gold
M AT AR R 4 [ T]. 1R 44T ,2017,37 content in gold ores by carbon foam adsorption —
(3):29 -33. inductively coupled plasma emission spectrometry [ J ].
Kong H M. Determination of gold in beneficiation process Rock and Mineral Analysis,2014,34(3) .314 —-318.
sample of copper by atomic absorption spectrometry after [83] Makishima A, Nakanishi M, Nakamura E. A group sepa
polyurethane foam plasticadsorption [ J ]. Metallurgical — ration method for ruthenium, palladium, rhenium,
Analysis ,2017,37(3) ;29 -33. osmium, iridium, and platinum using their bromo

[76] 5%, 5AFEE. RN 2 R — 25 3 IR B i ok e ) < complexes and an anion exchange resin[ J]. Analytical
BRI R BIEOT R [T ] 07 W0 a 1 s ER AL Al 4 Chemistry,2001,73(21) :5240 - 5246.

2000,19(4) :414 —415. [84] Kovacheva P, Djingova R. lon — exchange method for
Qi L, Hu J. Rapid determination of platinum group separation and concentration of platinum and palladium
elements in chromite by isotope dilution — inductively for analysis of environmental samples by inductively
coupled plasma mass spectrometry [ J ]. Bulletin of coupled plasma atomic emission spectrometry [ J ].
Mineralogy , Petrology and Geochemistry,2000,19 (4) : Analytica Chimica Acta,2002,464(1) .7 —13.

414 -415. [85] Whiteley J D,Murray F. Determination of platinum group

[77] Gomez M B,Gomez M M ,Palacios M A. ICP — MS deter elements (PGEs) in environmental samples by ICP -
— mination of Pt,Pd and Rh in airborne and road dust MS. Acritical assessment of matrix separation for the
after tellurium coprecipitation [ J ]. Journal of Analytical mitigation  of interferences [ J ]. Geochemistry;
Atomic Spectrometry,2003,18:80 — 83. Exploration,, Environment, Analysis,2005,5(1) :3 - 10.

[78] Balaram V,Mathur R,Banakar V K, et al. Determination [86] Shinotsuka K, Suzuki K. Simultaneous determination of
of the platinum — group elements (PGE) and gold (Au) platinum group elements and rhenium in rock samples
in manganese nodule reference samples by nickel sulfide using isotope dilution inductively coupled plasma mass
fire — assay and Te coprecipitation with ICP — MS[J]. spectrometry after cation exchange separation followed by
Indian Journal of Marine Sciences,2006,35.7 —16. solvent extraction[ J |. Analytica Chimica Acta,2007 ,603

[79] Qi L,GaoJ F,Huang X W,et al. An improved digestion (2):129 - 139.
technique for determination of platinum group elements [87] ZE7R, &b b Wbk, 2. M R —fb# s 0 i b
in geological samples[ J]. Journal of Analytical Atomic JEFE T A TR A — R EI N R [T ], HhER
Spectrometry ,2011,26(9) ;1900 - 1904. fk2#,2011,40(4) :372 - 380.

[80] RISCHE, M AL, BN, 45, Bl — T L0 0E 2k - Li J,Zhong L F,Tu X L, et al. Platinum group elements
FL SRR 5 45 B AR D S I 1 R 0 s A il Ak R and Re — Os isotope analyses for geological samples using
LRI B S A4 (T ]. 144 H7,2016,36(2) . a single digestion procedure[ J]. Geochemistry,2011,40
43 -48. (4):372 -380.

Tan W J, Zheng Y, He X T, et al. Determination of [88] WA, A FAEE, (R, /:ff Dooo B 1 — T 1 2% W &
platinum and palladium in insoluble slag of waste catalyst A AR A A B AR R R I S RS A A AR [ T ]
for petrochemical industry by inductively coupled plasma L ,2013,32(4) 1572 - 575.

atomic emission spectrometry after alkali fusion - Hu D X,Gu S H,Ren H,et al. Determination of Pt and
tellurium coprecipitation enrichment [ J ]. Metallurgical Pd in copper concentrate ores by ICP — MS using D,
Analysis,2016,36(2) :43 -48. anion exchange resin and activated charcoal for

[81] HHE=. ks - mrLUiIE S B - ICP — OES 31 52 I concentration[ J ]. Rock and Mineral Analysis,2013,32
SAREAL R T R B S R LT ] b AL B Ao, (4) 572 -575.

2017,7(1) :47 - 50. [89] Rk, 4% , RZAERT, 5. BB R FUREHE 52 5 WY R XS

Cheng C X. Alkali fusion — tellurium co — precipitation FARE 4B W R A [ 0 ] 2RI T AR R 2243, 2015,

separation — I[CP — OES method for determination Pt and 37(1):1-5.

Pd in deoxygenation catalysts [ J]. Chinese Journal of XuY L,Guo G, Yu J X, et al. Adsorption behavior of

Inorganic Analytical Chemistry,2017,7(1) :47 -50. platinum group metals using novel silica — based
[82] Frsfl, 2L, R, 55 8 s ¥ B — vh macroporous adsorbent[ J]. Journal of Wuhan Institute of



14

T, A MR R SR R OT R A AL BT AT

539 %

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

Technology ,2015,37(1) ;1 -5.

Dundar M S, Kaplan F, Caner C, et al. Enrichment of
some heavy metals with cloud point extraction via 5,7 —
diiodo — 8 — hydroxyquinoline ligand and detection by
ultrasonic nebulizer — ICP — OES using internal standard
method [ J ]. Atomic Spectroscopy, 2018, 39 (6):
229 -234.

A AT . U Sl TR B R A - T
WAL T 000 7 3t KA~ R ot P R R B AE [T ]
St ,2003,22(3) .8 — 12.

Li Z X, Zhou L P. Flow ingection with electrothermal
atomic absorption spectrometry for determination of gold
platinum and palladium in geochemical samples [ ] ].
Chinese Journal of Analysis Laboratory,2003,22 (3):
8 -12.

Dimitorva B,Benkhedda K, Ivanova E. Flow injection on
— line preconcentration of palladium by ion — pair
adsorption in a knotted reactor coupled with
electrothermal atomic absorption spectrometry [ J ].
Journal of Analytical Atomic Spectrometry, 2004, 19
(10) :1394 - 1396.

JEL 5B, B A, A U Sl T R R A I 1 )
BT WO 3 I R R AR [T ] il
2003,22(4) :8 - 10.

Zhou F Q,Huang Y A, Yang L, et al. Flow — injection on

— line extraction chromatography for determination of
trace platinum by flame atomic absorption spectrometry
[J]. Chinese Journal of Analysis Laboratory, 2003, 22
(4):8-10.

Pearson D G, Woodland S J. Solvent extraction/anion
exchange separation and determination of PGEs ( Os,Ir,
Pt,Pd,Ru) and Re — Os isotopes in geological samples
by isotope dilution ICP — MS [ J]. Chemical Geology,
2000,165:87 - 107.

BALE TR, FFAR. B0 R 73 B T A AS R i
BARLI]. 5t4: )8 ,2001,22(4) .49 - 53.

Li H C,Zhou C S, Fu B. Separation of platinum group
elements by solvent impregnated resins [ J ]. Precious
Metals,2001,22(4) :49 - 53.
JEIVEAR, E W00, B, 55, LR SR A IUGIEAE - v )k
MGG TR T R eI R E B A A [T ]
R4 Hr,2018,38(10) :28 - 33.

Zhou X L, Wang J N, Liang B, et al. Determination of
gold in ore by ethyl acetate extraction injection —
inductively coupled plasma atomic emission spectrometry

[J]. Metallurgical Analysis,2018,38(10) ;28 —33.
Poole C F. New trends in solid — phase extraction|[ J].

Trends in Analytical Chemistry, 2003, 22 (6 ):

[98]

[99]

362 -373.

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 Supercritical Fluids,
2007,42(2) ;200 -204.

T, KJE , /AL, S5 TR A — X0 R 2E R ICP
— MS {0l 7 3t B A 24 R P R R AR ETRE L) ).
A ,2016,35(3) 1259 - 264.

Shen Y,Zhang N, Gao X H, et al. Determination of Pt,
Pd,Ru, Rh in geochemical samples by ICP — MS with
microwave digestion and dual — cloud point extraction
[ J]. Rock and Mineral Analysis, 2016, 35 (3):
259 -264.

[100 ] Oral E V. Comparison of two sequential extraction

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

procedures for trace metal partitioning in ore samples
from the Keban Region in Elazig, Turkey [ J |. Atomic
Spectroscopy ,2018,39(5) :198 —202.

Bagda E, Tuzen M, Sari A, et al. Thermodynamics and
kinetics of biosorption of vanadium with macrofungus
(hypholoma fasciculare ) and determination by GFAAS
[J]. Atomic Spectroscopy,2018,39(4) :170 - 177.
Wang X S,Li Z Z,Sun C. A comparative study of removal
of Cu( I ) from aqueous solutions by locally low — cost
materials; Marine macroalgae and agricultural by -
products [ J]. Desalination,2009,235(1) ;146 - 159.
TE R, T, 45 A O R 3 [ A T B
BIBEPIFRVERELT]. St4a)8,2017,38 (B 1) 1)
163 - 168.

Tan L, Tan Z B, He J, et al. Research progresses on
platinum group metals’ recovery by biosorption [ J ].
Precious Metals,2017,38 ( Supplement 1) ;163 — 168.
Won S W,Mao J,Kwak I S, et al. Platinum recovery from
ICP wastewater by a combined method of biosorption and
incineration[ J ]. Bioresource Technology,2010,101(4) ;
1135 - 1140.

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

Dobson R S, Burgess J E. Biological treatment of precious
metal refinery wastewater; A review [ J ]. Minerals
Engineering,2007,20(6) :519 —532.

Creamer N ], Baxter — Plant V S, Henderson J, et al.
Palladium and gold removal and recovery from precious
metal solutions and electronic scrap leachates by
desulfovibrio desulfuricans [ J ]. Biotechnology Letters,
2006,20(6) ;1475 - 1484.

RH B LR WRF-. W B R R I P
PR AL 2/ R R [T, 1 55 22 A o 2 4l , 2003, 24



B

I ]

HOW
http; // www. ykes. ac. cn

iy

2020 4

(12):2248 -2251.

Liu Y Y,Du T S, Chen P. Physio — chemical properties of
adsorbing Pd** by saccharomyces cerevisiae waste
biomass[ J ]. Chemical Journal of Chinese Ersities,2003,
24(12) :2248 -2251.

[109] Yi Q,Fan R,Xie F,et al. Selective recovery of Au( Il )

[110]

and Pd ( I ) from waste PCBs using ethylenediamine
modified persimmon tannin adsorbent [ J ]. Procedia
Environmental Sciences,2016,31:185 —194.

TRLE  FHOHFI AT, S5 35 2 08k TR0 4 (D) g 0%
FREWFELT]. 5142)8 ,2016,37 (H4 ) 1) 105 - 109.

characteristics of Pd( [[ ) by providencia vermicola[ J].
Precious Metals,2016,37 ( Supplement 1) ;105 - 109.

[111] Wang Z ,Li X ,Liang H,et al. Equilibrium, kinetics and

mechanism of Au’* ,Pd** and Ag® ions adsorption from
aqueous solutions by graphene oxide functionalized
persimmon tannin[ J ]. Materials Science & Engineering

C,2017,79.227.

[H12] GyPoF VFITAE, S0 B, 45 ALY B0 7 BRI I 52 4

JRINBTFE ()], 52428 ,2018,39(4) :90 - 98.
Yi Q P, Xu K H, Guo M M, et al. Advance on the

adsorption of precious metals by plant tannin — based

Tan L,Dong H G, He J, et al. Study on the biosorption materials[ J ]. Precious Metals,2018,39(4) :90 —98.

Research Progress on Pretreatment Methods for Analysis of Precious
Metal Elements in Geological Samples

WANG Ye, YU Ya —hui® , WANG Lin, ZHANG Ming —wei, HUANG Jie, WU Lin — hai
(Henan Province Rock and Mineral Testing Centre, Key Laboratory of Precious Metals Analysis and Exploration
Technology, Ministry of Land and Resources, Zhengzhou 450012, China)

HIGHLIGHTS

(1) The research situation of pretreatment technology for the determination of precious metal elements in geological
samples was summarized.

(2) The characteristics of different decomposition and enrichment methods were revealed.

(3) The future research direction of the precious metal analysis method was prospected.

Geological samples Decomposition Separation and enrichment

Analysis H
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ABSTRACT

BACKGROUND: This article reviewed the research progress of pretreatment techniques for the analysis of
precious metal elements in geological samples in recent years. The fire assay, alkali fusion, acid decomposition and
adsorption methods used in the separation and enrichment of samples and absorption, tellurium co — precipitation,
ion exchange, solvent extraction, distillation, and biosorption methods commonly used for sample decomposition
were reviewed. The characteristics and deficiencies of each method were investigated, and the future development
direction of the method is prospected.

OBJECTIVES: In order to make the analysis results accurate and reliable, it is necessary to select the appropriate
means of sample decomposition and separation and enrichment to ensure complete sample decomposition, effectively
eliminate the interference of co — existing ions and matrix effect, enhance the precious metal element test signal,
and improve the signal — to — noise ratio.

METHODS; The fire assay method used for sample decomposition has been continuously explored and improved
by analysts, and has become the best method to decompose precious metals. However, it still has the disadvantages
of large reagent consumption, high cost, and long procedure. Although the alkali fusion method can decompose
almost all geological samples, the resulted solution contained a large amount of sodium salt, which needed to be
further purified. The acid decomposition method was mainly based on the high — pressure sealed Carius tube
digestion, but it was limited by the nature of the sample. Different separation and enrichment methods were highly
targeted. For example, the adsorption method was mostly used for the enrichment of Au, Pt, and Pd. The
distillation method was only suitable for the analysis of Os and Ru.

RESULTS: Precious metal elements had features such as strong particle effects, complex and diverse forms, and
ultra — trace amounts, so it was necessary to choose a suitable pretreatment method according to the type of
samples.

CONCLUSIONS : Based on the existing precious metal decomposition methods, in combination with the current
new experimental equipment and conditions, more efficient and rapid decomposition technologies should be sought
and the background of the procedure and pollution problems in each step strictly controlled, realizing multi —

technology and multi — method integration and meeting the requirements of precious metal analysis.

KEY WORDS: geological samples; precious metals elements; fire assay; alkali fusion; acid decomposition;

separation and enrichment



