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BER SO AEIK, LS4 M B0 EGT 1 png/stmay 3 TR Ay g, AR AL
BAANBBIE , FRIG MmN 0. 8% AT BRI R LSS A BB RERBILASM, VA8 ~9 g B TH g #
DB ENEFR S FARFEIELE,RADREABEX A MA NN L REBEFETH
JR AL B ) AL AR By AR AR AR 0 A E . B JE RSN AR RN ZH T 96% , £ EAN TR T
EIRRE S 0.192 ng/mL ~1.28 pg/mL, ARKKEB®RT EELFHTH, SHFUNLEZ R MX EHK
4 0.9994 ~0.9999 £ T A & F At A% 4L 25785 0. 9923 ~0.9992 . 247 4 ft Ba ik , A4 Z M 2 AR 2%
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FA W A S U R R R Bk /D, AT BR T .
FROCER A 4= BEAR, J 0 i 8 o i 8 70 1 g 4, X IE
SR AR BOR A TRE S BUAL BT, LA B TR
WA T I 7 ol ) 5 o G o PP SR IR TLE 73
B, MRS S T 1 wg/g B AT HE TP
TE o ATWBUA M T I M B R AL AT
R VR I 25 TR 0 4 s A 0 E 1) 7
A, ZOCRICIE RIS o, #R R oi BE R ORI, HAT
FEAN R GRE G 1) T3 DU T, SR 1 0 A 114 v 1 2
IR

K H ICP - MS JE YA i 6 R fFAEICE,
WFFEN G R TR BR T AL BRRE G o O T B IR
WEICHE 56 200, AR S (W) {1 R 7 1 0 725
SRR i U BT A, P AT R 180°C B2 TR A it [m] Fh
0 4 VBH B A AL SR TR R 4 R A L
B, HL5) %2 FROCE T, BRI R 2 A
JRCR A R o0 AT R AR . B AT A E T
TEXMELAHEIIN 6 Fhos R (Y[Rl F RN E . AR
JHBBE R R 507 S5 I BB 5B IR 52 e B
IR A R B BR A S i u R A B
TE R 0 B A S NS A AN A R B B T
Yo, 57 7L ICP - MS % B8R S B 8
RGP RS

1 SEEEs
1.1 SRR TS

iCAP Q 7 JR A & 55 85 7 1K ik X (35
ThermoFisher A7) , FE TAES KA « 2 4 5
i KED #5; RF 2y 1150 W S8 <& 15.0
L/min; 4 B S & 1.0 L/min; 5463 i 1. 0
L/min; JERE IR R 30 v/ min; JEAF YT A] 20 s;
w7 OBk ; FROTE BN 1 s,
1.2 R

AN = ORI TR R Ay BT Ak, = LR
Jiie KRR E R 4 A R0 o

PRI W N 0. 8% T K .

732 RIBHES TSI « ESCWK R T % (2K 20
- ORI AT ER L (—SO,H) B BHES T 52
e hE o

% (GSB04 - 1746 —2004 ) 5% ( GSB04 - 1745 -
2004) A ( GSBO4 — 1716 —2004) . #5 ( GSB04 — 1741

—2004 ) HITERBRERE E IR WE T 1000 pg/mL,
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flit( GSBOS — 1137 — 1999 ) FAIT 2 bin MEV W : VK B2 hy
100 pg/g. VA EHICRIRE SR B E R A 6
& Ja B TR B i o i A, 35 R R S D
B S 36 FH AR IR, Bk VR EE O 0.5 pg/mL, B
W VR 1.0 pg/mL,

S K R Atk (FELBHZE 18.0 MQ + em)
1.3 SEusJiik
1.3.1  SZRESD

SO R R BT EE A bREY T, 5 S BR R S
HAEME AR SN ERE TR S &, B
GBWO7170 V43K H 6 X M5 a = 2 o & sy ol
S 55 = W R LB A A o A B T A
GBWO7164 F11 GBWO7167 Ay v [ iy i k24 e s Bk 4
P BR b~y 35 2 5 T A L 7 ] (R 0 A R
K& 3 o3 M AR AEY) 51 s BYOL10 — 1 S m Bl 2
AR A ERAE D BLo o AT FR HE ) 5T, 0 ) 2R A0 4R
b ; GBWO7234 FlI GBWO7235 A 1 I His J5 52 46 F
FERTWEH A E B 2 AT A 18 o A I
1.3.2 FEamAbs

PREUEFINAHE 0. 4000 g FWI E 3 b, FH K
ATITA 2.0 g 33 S AR4h , SR B T A 500°C it
KR FCE S min, FEEERS B THE 2 500°C 1 5 o b
HL THIR 2 750°C, R IR 10 min, U F R HI £
100°C , 3 it A 100 mL ZPUGR 2 4 Bt b, A
80 mL FAIK (£ 80°C) 421, MIA 2 mL = Z Wz, fin
A 0.5 pg/mL BRNFRIEIK 5. 00 mL, fiiFEE 5] B
I, RG24 100 mL A H i AR
1.3.3 e w4

i Pt B A 10. 0 mL AEYE F 50 mL 3R PY
O A 0. 8% PP R W 8 mL, $25),
FEIA 8 ~9 g FHE TR, #8515 T Il iéd 7 % -
PIYRIE 150 ~ 160 1t/min §£¥% 15 min, 7550 B F354% ,
JA 8 mL 7K, 4k&E TR LR 20 min J5 , %
T 50 mL ZEmif A5 R
1.3.4  ARUETAER R T i

£ 100 mL 25 A B B 5 18 VB
B VB I RREARTEVA TR, A 2.0 g R4 N AR
I 5.00 mL( NAR TR AT Re:0.5 pg/mL;B:1.0
pg/mL) Fl 2 mL = 2 FE e, 8 7%, 257, Bl ) A4S
BH L HE I T TR s o R A T, B R R
D (1.3.2 95) dl & B TAE M2k . BT RWE
W1,
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Table 1

Standard working solution of tungsten, molybdenum,

tin, germanium, selenium and tellurium

IRA bR W (ng/mL)

eS| W Mo Sn Ge Se Te
Sy 0.0 0.0 0.0 0.0 0.0 0.0
S, 4.0 10.0 4.0 2.0 2.0 1.0
S, 8.0 20.0 8.0 4.0 4.0 2.0
S3 20.0 50.0 20.0 10.0 10.0 5.0
Sy 40.0 100.0  40.0 20.0 20.0 10.0
Ss 80.0  200.0 80.0 40.0 40.0 20.0
Se 120.0  400.0 120.0  60.0 60.0 30.0
S; 200.0 1000.0 200.0 100.0 100.0  50.0

2 #ikb5ie
2.1 Wi

ZICR ARG, R A sk 2L
FEE W) M RS E IO MEAR R R o8 R
6 FEFIITCH P SR B LR TR R R

(BilR) - IR - SRR - (FhIR) LU IRE 19 )5
BEATRE S 0 B b R RCR A (ER T IO BRI

LT B AU AT AR ) o A SE I A
W, FLJ 3 P b3t B o g e A R T 11
A8 T M 58 4z, (H R 18 S A0 SE R Il T A
[0 3 A B RCRAR HLIGHE KA i A B

Xt B MR S AR A, R S A
R AT DLBEAE Rl 0 oE 4o (HBRPERR S IA T R
KU ARy oA —E R NEE A mAR
Jot, T B0 A A O o Al o o e ) o O
(10 H) AT T 7 5 500 A8 /9 J7 30 25 B
RFF—E
2.2 PSR AR R

Sk A MBI T, A i A RS 2 v B B T AT
it (TDS) %R (KT 0. 5% ) , il i AR R STt
FRTSRAEHE EIBCHE A0 88 53 B2, 52 ICP — MS ]

AR EE " o Herb A R i S B
TRHL B RE , AR O A TR R RRI G R = A
B

FEDE W AR R RR il it N 5k O HL B i
BRI FER T8 VH B 2R M E s Ig
FE R AW 35 AT R 1 i A VA Y P o ol A
WAL (GeO3™ ) iR AR (SeO; ™ ) (R HR (H, TeOg ™ )
TG AFAE . SRR AL PH B T IR b i H ZE i lh
5 Na' RS, AR T 2R 2 i ™) (o v 4k oy o
BRLPE B A o S5 B I, B T 3C ¥ ) TR TR pHL =
4 ~5; [RIEH I A TR ER R S VB DL A TR
S B W TR TR . = O AR AR
KR A BT BRIT R RS, (VAR

e B AR E ¥ i GBWO7170 . GBWO7167 #
BYO110 -1, % £ F i oo R4 4 BF R L PR 1S
B, 2% 2 WP BAE SR I F AR S G D A PR A
TCEM LB T 96% , X 4 F 7 70 £ /5 & A
SRR SEFRM JE N 0. 192 ng/mlL ~ 1. 28 p,g/mL,Xff
FRNTTER By TP AT He A 22
2.3 JRig Pkt
2.3.1 WHRTRMEERINA

VEPRBR VB8 B B A7 5 R 5T AR I 1 B
W TR (AR A DB B IR A 7R ) #E 1T
WIRRES . XEENPRTR STFNOCERE 15 4 .
Tl il 55— rL B LS Y B A 7. 460 ~ 10. 486 eV 5
7.099 ~9.752 eV, %4 @ MAE 4 BT R i1
H PRI, 53R 5 ZE A R AL 25 R RUAS [R] B i)
B VB AR RS AR TR T E R L A
2 TR D (R AE X HE A 25 (RSD, n=20) , i3
R 3,

FEAS IS TIRE S b, Bk VB IIC 2 i a
KT 10 pe/g, Mi# A B AR F B F 100 pe/g.
SRS EEHB -5 AT 1 22 U I R 1 A X R o

2 BRI HEERIAL
Table 2 Removal tests of the principal components
Cu Pb Zn Fe
*/]:\‘iﬁ‘:%)ﬁ N e d ) B N P d P E N ) B N =g P .
e EME Sl RERFE | EE SIS R RBRE | AEE SEE RBRR | AE[E SEE LBRE
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
GBW07170 | 12.59 1.28 x107* 99.99 224 8x107°  99.99 .21 8x107°  99.99 - 8x107° -
GBW07167 0.028 9.6x107* 96.57 57.1 8x107%2  99.86 3.3 1.84x107% 99.94 12 0.16 98.67
BYO0110 -1 0.135 2.4x107° 99.98 0.35 3.44x1073 99.02 42.98 8.24 x10°* 99.99 - 7.2x1073 -

" =" FRILICR T E B RBR R T
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Table 3 Selection tests of internal standards

f;; RERIFFIITEE  RSD(%) A REdh UG 2 4 ik

BRI 47:0.24 ~3.5 pg/g

Re W.Mo.Sn.Ge 0.92~2.20
€ N RO BE - 3AE 0,074 ~0.53 ng/g

Rh W Mo.Sn Ge 1.03~3.55 $t&:J@# £1:0.017 ~22 ng/g

B Se.Te  1.66~2.43  LHEEER 4.6 ~155 pg/s
P Se.Te  3.68~4.94  FHERES: 140 ~ 1490 pg/g
I Se.Te  3.93~5.81  FHEAE:0.3~2.9 pe/g

T A TTR RS MU 2% K RAREY) BUE (.

2.3.2 JRiETHE

pini S R IR A E R e X N R R Wi IE
BTEAW(A VR BEZAYE T R
Jrk, [l S E T Se X Ge BT LS,
Hr PR 2R 5 K 4% Se B3 5E T4 10 2 IR 1 8 742
AT W 2 HY Ta g T4, Mo 2
A Mn 9T, " Sn AT RESZE)'" 0" Ru F € Pd
T3, B AL ™ Fe'® O FER A ALY NI O T3k
M Geffill g, % Zn'" O F ™ Se By E, " Te 7 g2
#'HPT AT

X ) & S R TR E AR I, BT u R
(1 S S [ o7 PR AT B E , AR T e K [l &
ISR 2 = Y GG /N w Sl s O R
1 A St TR T bR, THACIE R UL 3R 4,
ZIRFETFEAYNTIRB N E 22, HEE AW
T-HOME LA 3kt A, 78 B 18 3 30 B A ( KED ) 48
2[RI AR R 75 B S 1 i A2 e 2 R A
KB4 B + o0 £ L Fe’t Nt Mot K A R
Cu’" \Pb*" Zn®" ST FHHEA T AT FR
2.4 L EARYRRR
2.4.1 TAREMMZAH M BTy ek th FR

il & TAE Ml S R R 17 LR VE IC , PR B T
AR R BE I AN o AR A P B A g
AbEE T AE 2R AW, s AR fh 26 i A SR T A8
JPHES 4 B b 3 J7 i, 5 W 2R RIS O S8 A L,
Bl Bl AR A SRR o T A K
RSN HEA TAE db A, 3280550 25 e, 85 H V8ot
— 660 —

6 B T I G vy e AR IR B — 7 R
WSO EREAS HBR 0. 20 pg/g F10.055 pg/g™, il
LA BT T R R 25 4, 2 BB SZBRAE
BICRI Sl AT IR AR G TR 2 TR I
BRI

4 WIRLE RDCRE % TR B i
Table 4

Isotope, correlation coefficient, mass spectrum

interference deduction and detection limits

P IS Jr ik R
WG ALBERT AR AL LIS (neg/g)
W W 0.9981 0.9995 - 0.50
Mo *Mo  0.9990 0.9999 - 0.15
Sn 8spn 0.9954 0.9994 - 0.29

Ge  TGe 0.9992 0.9997 -0.0407 x®Se  0.15
Se  $28e 0.9989 0.9995 -1.0010 x*¥Kr 0.05
Te  Te  0.9923 0.9995 - 0.03

" = " FRTLR I T B AR T, 7T 20

2.4.2  JyiRuERG TR

e B A E ¥ i GBWO07234 . GBWO07164 K
GBWO07235 %18 1.3 15 5L J7 ¥ AT Wi B i X 6
TR 525 AR (B 55 5 % RE 5 AT BT 204
(n=8) , o MM AR IR 22 (RSD) , 0745 1 51 F
5, FRUEY TN E MR XHE 22 15 Bl - 8.33% ~
7.00% , AR EIACE R 94.9% ~107. 5% , 2 RN E
FXRR SR 22 (RSD) $59/N T 8% , J7 v v 1 38 3 J2
LR 7 S 06 2 5T e 45 BEALE ( DZ/T 0130—
2006) BUESR ($2 AL i 45 T B 8 W E T il
B/ R 2 0 16.98% ) o S5 IRATRIR I 17 14
R EE , 45 5 185 B4 R X s o 4 2% (RSD) W &5 T
ICP — MSyE (£ SHFE 3N 2.9% ~3.6% 2.4%
~2.9%M2.7% ~3.9% )", Hrr 5 AR I A X
YA 22 (RSD ) WAF T R 24300 AR T A
NG F B TR EIHEIER 1.5% ~5.4% 1 1. 4%
~5.7% ",

3 45k

R B A [ SR e D7 I AL e i J5 %
TGk RN E 55 G185 B A R, PR OO R
i 2O B AR T RCRAR AR K LA AN kA
M ERICR T ATEER M Ao ik 3
TERE fty BT AL B 1 30 2o P 8 A R S de o g iy 5
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Table 5 Accuracy and precision tests of the method

REMEHS | TR | BEME(pys) WEM(py/s) MXERE(%) | Iibrit(pe/s) WEME(pg/g)  EER(%) | RSD(%)
W 3.9 3.88 -0.51 5.0 8.69 95.8 4.7
Mo 2.4 2.32 -3.33 2.0 4.51 105.5 2.2
GBWO07234 Sn 3.8 4.05 6.58 5.0 8.93 102.6 3.5
Ge 0.93 0.94 1.08 1.0 1.91 98.0 2.7
Se 0.89 0.86 -3.37 1.0 1.84 95.0 6.1
Te 0.13 0.12 -7.69 0.2 0.34 105.0 7.6
W 56 54.5 -2.68 50.0 105.5 99.5 2.2
Mo 137 137.6 0.44 150.0 282.3 98.3 1.5
Sn 9.7 9.2 -5.15 10.0 18.7 94.9 4.6
CBWOT164 Ge 3.3 3.1 -6.06 5.0 8.90 107.2 2.6
Se 24 25.1 4.58 30.0 55.3 102. 4 1.8
Te 1.8 1.65 -8.33 2.0 3.71 95.0 5.7
W 17.6 18.35 4.26 20.0 38.22 103.1 3.2
Mo 1.6 1.65 3.12 2.0 3.63 101.5 4.8
Sn 3.0 3.21 7.00 5.0 7.97 99.4 5.6
CBW07235 Ge 0.90 0.88 -2.22 1.0 1.91 101.0 3.1
Se 1.7 1.66 -2.35 2.0 3.85 107.5 5.3
Te 3.9 4.09 4.87 5.0 8.88 99.6 2.2

BAER AN AT RE AL TP R S R, SEB T A

Wl o R E 2 RoTR . AdfseE (4]
AR 5 ¥ A Y B A 77 T R sie s LAY R D7 1

YW o ATT LR ARG 70 B W R HOR LB T, I

AT I E A BT, AR i MES 0 3R R I A SR A

T RE G [R) AR ) 2 B8N T TR e PP LSOO

9 Bl it o

4 BEL .
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Determination of Tungsten, Molybdenum, Tin, Germanium, Selenium

and Tellurium in Lead-Zinc Ore by Inductively Coupled Plasma-Mass

Spectrometry with Resin Exchange Separation

ZHANG Jie,

YANG Guo-yun

(Geology & Mineral Analysis & Test Research Center of Guangxi Zhuang Autonomous Region, Nanning 530023,
China)

HIGHLIGHTS

(1) Sodium peroxide alkaline fusion was used to decompose multiple elements in lead-zinc ore simultaneously.

(2) Separation of sodium, copper, lead, zinc and iron by cation resin to reduce matrix effect and major element

(3)

interference.

Coexisting tungsten, molybdenum ,

tin, germanium,

selenium and tellurium in solution were simultaneously

determined by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS).
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Standard material

Sample melting

ICP-MS analysis Cation resin exchange

ABSTRACT

BACKGROUND: Lead-zinc ore often co-exists with sulfide ore to form polymetallic deposits. The content of the
associated beneficial elements can provide an important reference for the comprehensive utilization evaluation of the
mineral deposits. Using current methods, tungsten, molybdenum, tin, germanium, selenium, and tellurium were
analyzed by grouping or separate melting and analytical methods with strong operation and low analysis efficiency
were employed. Moreover, copper and lead with high content, and selenium with the content higher than 1 pg/g
interferes with the determination of tungsten and tellurium, respectively, when using current methods.
OBJECTIVES: To establish a method for the determination of tungsten, molybdenum, tin, germanium, selenium,
and tellurium in lead-zinc ore by ICP-MS.

METHODS: The samples were melted with sodium peroxide. After extraction, 0. 8% citric acid solution was
added to complex tungsten, molybdenum and tin to form metal complexes. 8 — 9 g cation resin was used to
exchange sodium, copper, lead, zinc, iron and other major elements. The content of tungsten, molybdenum, tin,
germanium, selenium and tellurium was determined by ICP-MS using a kinetic discrimination model with thenium
and boron as the internal standard.

RESULTS: After the resin treatment, the removal rate of copper, lead, zinc and iron is higher than 96% , the
actual concentrations in the measuring medium are 0. 192 ng/mL — 1. 28 pug/mL, which effectively eliminates the
interference of the main elements. The correlation coefficients of the working curve are 0. 9994 —0.9999, better
than 0.9923 - 0. 9992 before cation resin treatment. The method is verified by standard material, the relative errors
are —8.33% —7.00% , the standard addition recoveries are 94. 9% - 107. 5% , and the relative standard
deviation (RSD, n=8) is less than 8%.

CONCLUSIONS: : This method can be used effectively to separate the main interference elements from the solution
by sample pretreatment, optimizing the measuring medium and determining the accurate and rapid values of

multiple elements in lead-zinc ore.

KEY WORDS:: lead-zinc ore; sodium peroxide melts; cation resin separation; Inductively Coupled Plasma-Mass

Spectrometry
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