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#0.75 L/min, 465 (Ar) i i# 0. 85 L/min, Rk
HE(ND) AR 1.2 mm, B (Ni) N4% 1.0 mm, i
FEAEHE 29 v/ min, A TTR BTN [E] 0.5 s, JEAE pf
BEFA] 30 s, 73 HE42 0.6 ~0. 8 u, FH4 = F Bk

B A E (R PUSR A AT 10 mL)

FERBEAE (PR 2 250 £1°C)

1.2 brEii 2 2505

PRUE W :p(Re) =1 pg/mL,

PFRETR :p (" Rh) =10 ng/mL,

IR , SRR , 1 E LA AR (50% ) o

ISR :p(Li,Be,Co,Ni,Bi,In,Ba,Ce,Pb,
U) =10 ng/mlL,

732 5 R AU H A AR (@150 wm) : K
YeF g g, JoH 50% L BEIR I 24 h, K PEE A
P11 200 o/ L A A AL BIA W= 6 24 h, U B
KppE 2 K pH=~6, )5 H 30% $hERIZ L 24 h £
o R 2% ~ 5% i3 12 U 5 B0R 2480 25+
e, FEKVE R pH (EIR Bk, BT A0 K <F
B2 R UE LA 2= TOK

G (AEE 99.99% ) 5 /K —IREBF K
1.3 SE8s Uik

FREL0.05 g(A5HEZ 0. 001 g) bk B T 25 50
fEHER) R IU LI N, T T ~ 2 /KA i
SRIGHCK NN 2 mL ASER AN 2 mL SR (AR
AR T A GEHUE]) o MR IRA B E T, 47
BEE THRIRAAE T 190 £ 5°C ik 36 h, f#iH
FRGEVRHN T35 5 N A SR DU IR & M e B T F AR I
7T, H 1 mL 50% (RS ER 320, FHACKFE i i i
A 25 mL I E R B2 5] AR
WS T 50 mL BEARH ALY 8 ¢ BHES T34t g
PR S TCE 2 1.5 h e B E 2 RN E
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PPk G CE 2 1.5 h, & B, B2 W
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Hpk S AR MEE N 0. 24 we/g, HE M 0. 19
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O3 AN 5E 4 (41 il Ja AF o 15 U TP A AR R 03 il 1 40
W), R RIBEIT S R B BN RE 58 4 o0 kL
i o 1 HE PR 3 i 1 35 3 3t A7 0 BR AR o 58 42 0 R W)
Gro BIIL, BRVE I3 1A R AN 58 3 £ 34 P A o
2.1.2 PGSR
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Table 1

Effect of dissolution temperature and time on the

determination of Re

Bl
IR — & _”E(”g/ff S
(C)  (pye) WEOWEOWE WS BT W W
12h 18k 24h  30h  36h 4k 48h

140 0.179 0.18 0.192 0.200 0.206 0.202  0.205
160 0.194 0.201 0.207 0.216 0.222 0.218 0.221
170 0.204 0.212 0.219 0.228 0.235 0.231 0.234
180 0.2 0.206 0.214 0.221 0.230 0.237 0.232 0.236
190 0.206 0.215 0.222 0.231 0.238 0.233 0.237
200 0.203 0.211 0.218° 0.227 0.234 0.229 0.232

2.2 JAEE TR T

TR TS B BB B B
BESIR TIOR8 2.0 ng/mL BRERER I,
I3 IIAAN [T BE 1) % 70 3R HE T I, 15 [/ — 2% 1F
AT, 222 N SRR R ] 3k
#7100 pg/mL PUF BB 845 86,50 pg/mL DIF
S BY VREVREBRL L 10 pe/mL LR BYEH, DL
2.0 pg/mL LA 98X BRI 2 32 B4 40 KT
2 pg/mL (RS2 BRAGINE 7 AR IE T
2.3 oy iPHIRSE R R oy B AR

A BRI 7 B e A BTN BT ST AR 2O
FIPRICER R M B 23 25, Jr UL A1 3 79 SCRR o 24 4



55 6 4] FRIE, A5 B PATF A — PR TS0 8 — R SRR 1 45 B 1 A B 2 000 S S R B 4 v A R 534 %
PRS- 5 e 6 55 96 Y1 9 RO 775 B 100 —
: %
Wi, SR SRR ReO, HEARHEVEIE oK , 5514 050 ’%\ e
pes -16] N N NI ~ 90.0 ——Pb
BRI E Y ASOR T B T AR R e PR R S ~7n
e N = N ~ 850 r
PEHIFFE R R, B 4% 732 5 MR T FH 5 1~ S H B i o it &
= W -
WA REAT AL = v
T ke R 700 |
#2 2.0 ng/mL ABR AR IEAE BT T ROMIE 858 650
Table 2 Analytical results of 2 ng/mL rhenium with different ' 1 1 L L L
concentration of coexisting ions 0 1 2 3 4 5 6
\ WRRRRE (%)
N BRI 5E (B (pg/mL)
TR 1 2 5 10 50 100 250
(b) MR
K 203 1.9 - 206 1.9 2.00 1.9 900 |
Na 2.02  2.05 - 2.01 1.99 2.05 2.08
Ca 1.98  1.97 - 2.06 1.96 1.99 2.06 ;'\ 85.0 r
Mg 2.06 2.04 - 2.01 1.99 1.95 1.98 g‘- /
Cu 2.04 2.06 - 2.10 1.96 1.98 - EI 80.0
Pb 2.01 2.04 - 204 1.96 206 - = |
Zn 2.04  2.07 - 1.99 2.03 2.05 - =l —a— Cu
Co 1.98  1.98 - 2.15 2.07 1.97 - 70.0 - ——Pb
. —— 7n
Ni 1.99 1.97 - 1.95 2.09 2.06 -
cd 201 1.99 - 206 1.94 2.04 - 65.0 : - . . : .
w 2,00 2,07 2.27  2.59  2.75 - - 00 05 10 15 20 25 30 35
Mo 2.14 2,08 2.11 1.92 2.07 2.38 -

T FAR A " FORRMAT IR LA T BTt R R

2.3.1 WS RMTRBE W B EsF e R BB A R DA
FCHil e 22 500 pg/mL fy Cu Pb Zn JR& ¥
HEAT IR R A T CRHTR ) TR JEE | W5 RS T [Fa) TR A i
iR, B HE R R X Cu Pb Zn By HE R, &1
FRAET R () 732 Y5 PH B A A N 43 B 4R
FREH R A R 25 )5 (pH =3 ~4) B
5 SN A oA R BE AN IR, B 4% 2% MY TiF IR
VI RE L 43 B3 R B 335 1) 909% RIVAT ; it 5 W B B[]
ARSI, VB2 RS o B RBOCRAT T iy {HL 1.5 b JE IR fff 5%
FERETE 90% Zedv o T340, 3 I RS i FHT A2t ml 4 g
W B I B R 8 g FH AR P (R ff 70 8 3R 2 90%
2.3.2 BTSSR AR B TR
AR A B B A P B CR MR A TR Al
B, FE AP IE AR T, SR T 732 SRR R P 5 - 52 ik
BN, TE VR R RRAE Z5 A T W B R T R AT 58
#5385 R JH ICP — MS 5 324 J5 FE il iR R 4 0 R
AU TR BIRCR . 33 SR ETRRY], 2l
PH S 1S He M B A, 268 98 0 4 T D03 19 73 B 2
FIRFN 95% , EIREG BH IR IR BRI 22 (EAE i 3%
WP TR RS B T B A 2 X PR AN E 3 AT
(IRAEIAFE T 1 TR LE A 10 pg/mL DUR Y
BRI 2.0 pg/mL PUR ISR BRAGINE BEA T4

LAY

95.0
(c) MR BRHAR i FH 2
90.0
S
~ 850 |
#
E
= 80.0 r
—=— Cu
75.0 | ——Pb
—— 7/n
70.0 1 1 1 1 1 1 1 1

W& (2)
Pl 1 WRRRRSE AR BRI TRDRIME B BRI T 0] 53 BRI 532
Fig. 1 Effect of acidity, exchange adsorption time and amount of

resin on separation effect
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TR IR TT 0 R Re BN SE A ST,
— BRI T AL IR S R B

3 P TS BHIR TR Fi 2 B 8OR
Table 3  Adsorption and separation effect of the cation exchange

resin

BB At s 5 46 FH B TR A5 1Y N N

T WmE T PRI (pemt) PRI
(pg/mL) LW B2 PHE (%)
Al 10.07 -1.21 -1.22 -1.22 100.0
Cu 50.56 0.665 0.585 0.625 98.8
Fe 50.30 -1.55 -1.60 -1.58 100.0
Mn 10.13 0.0955 0.0822 0.089 99.1
Mo 5.04 1.76 1.78 1.77 64.9
Ni 10.01 0.128 0.128 0.128 98.7
Pb 49.70 0.428 0.407 0.418 99.2
Ti 9.97 0.427 0.405 0.416 95.8
v 10.05 1.36 1.35 1.36 86.5
\% 4.07 1.72 1.74 1.73 57.5
Zn 50.00 -0.147 -0.151 -0.149 100.0

TR TR 1 T 2 1 B 7S5 iR 23 8 J5 30 2 SR T R 1
(AU T o 2 S e T A 2 2R g 7 W 0 2
100%

4 RPN T2l 7 25 55 A i i
Table 4  Analytical results of Re separated with cation exchange

resin and direct determination without separation

BENEE (pe/g)

R B — —
P (uele)  REZHH S
SR HEENE
GBW07162
. 0.061 0.070 0.070 0.060 0.062 0.065 0.060
(£ )
GBW07164
. 0.24 0.210 0.195 0.205 0.253 0.232 0.245
(HHE) T )
GBW07166
3.50 2.92 3.07 2.98 3.45 3.51 3.48
(5HE)

2.4 JiERIBR

H T2 ER I B I O R, R — A
A% ik Re BORESh , A7 95 T80 (i 5 442 0T Je G
TR 28 4 IR SO IR A1 BRI 12 4, $
HRALLAE B0 W 7 EE 4 12 A 2 FURE R VAR, OF
Sy BIHEATIN E (IS AE 892 ~ 1044 cps 2 [f]
AL AR T B ARAR VA M BE 0. 1 ng/mL B it
$UAH 1040 cps) , 235 12 /N0 5 (1 (4580 i
SYBO BIRRUEM 22, L 3 A5 bR HE i 22 155 A 05 4
HER N 0.004 we/g, (% TAL &M R E 19 ICP -
MS B 45 00 G 410 40 RE S b BR Y 7 B A R
(0.0124 png/g) o
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2.5 SERSSS BT IT IR A AR S A

BREAF & R®ACEH 6 N A Z 8@y A
B3 43 B B AR E ) BT (GBWO7162 . GBW (E)
070073, GBW ( E) 070075, GBW ( E) 070076,
GBW07166 ,GBWO716) , 4% 48L& 1Y 43 A1 77 4 il il
LRV 12 Oy, EAR AL AL RS TAE 200 T
Re & 8,6 AFRUEYI BT 12 W43 B 45 3L 0 AR X
2% (RSD) 43514 :3. 8% 5. 1% 4. 3% 3. 6% .
3.0% 4.6% . k5K % 2190 AR [F] i Ar v ) o
B PATFREL 2 A3 A7 IR 1SR 35, A E R A
i SEREYI T Re A9 HEAH Y, X Bk 6 MARiEY)
JoT A fin s Tl s 3k 4 285 2R 43 ) - 96% (99% L 99%
104% 103% 96% .

3 &g

ARSI ST 3 P IR A — PH 2 152300 2 ICP -
MS 5§ By RO A1 Re (95087 J5 ik, R A R |
SUIRR S P R, PRAIE T AR A P Re Y58 2274
L A58 G O T A X Re A% 440 2%, 0820 T TR
L PR TR A 23 U SR 732 7 B S T S
i, 7E 2% BITEBR A B2 1F T i A IR 1.5 h, Uy
3 B AR i T R 1) < i PH S 1, A RO R T
BRI P REAST R AT INE Re OS2I, AT k45
LGRS 1 S i 70 78 ' 4 Re AR 8K
AU TR E T YEAR L, 4 T o i , TR e

RITEEIG 41 82 B R B E AR D) S5 %
TIE 8 B T A 8 T A ) B B 00 A PR A ST R R
B A P T B, sz ICP — MS 7 5 44
BER A PR AR E S T R B T AR s AR T
J7 G BR A A 0 TP SR T 2 0 (7 3 i BRI
SR RL AT F, R o T AR 2 Bk
Mo M 7 1A H R PR X, S ] 2 B A 5 i A6
FRA R S 4t 1 ] il S 14 REL IS o
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Determination of Rhenium in Copper-Lead-Zinc Ore by Inductively
Coupled Plasma-Mass Spectrometry with Closed Decomposition and
Cation Exchange Separation

XIONG Ying"*, WU Zheng', DONG Ya-ni'*, PEI Ruo-hui'”, LIU Xiao-Yan',
WU He'*, ZHANG Yan'
(1. Shaanxi Institute of Geology and Mineral Resources Experiment, Xi’an 710054, China;

2. Shaanxi Key Laboratory of Exploration and Comprehensive Utilization of Mineral Resources,

Xi’”an 710054, China)

Abstract; Anion exchange resin has been applied to Re separation after acid digestion of Cu-Pb-Zn ores and Re
was determined by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). ReQ, in solution was adsorbed by
exchange resin and was then eluted from the resin by eluant. This method has a long process, which affects its
stability and accuracy. Matrix elements are selected as the goal and 8 g of 732 cation exchange resin in 2% nitric
acid medium for 1.5 h static adsorption is used. This method can effectively eliminate the influence of matrix
elements on the ICP-MS determination of rhenium. Quartz was used as the blank and mixed with low Re samples.
The acquired detection limit was 0. 004 wg/g, the precision (RSD) is less than 6% , and the recovery ranged from
96% to 104% . The 732 cation exchange resin under the acidic condition has the recovery of >95% for most
matrix elements except tungsten and molybdenum, which reduced ionic strength and the concentration of
interference elements. Rhenium can be directly determined by ICP-MS, which is simpler and faster than the anion
exchange resin separation method.

Key words: copper-lead-zinc ore; rhenium; closed dissolution; cation exchange resin; Inductively Coupled

Plasma-Mass Spectrometry
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