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Table 1 Working parameters of the ICP-MS instrument

TAEZH BOE A THEH BOE A
SRR 1250 W R 115 mm
FHA(AD FE 0.90 L/min || BdiR&E T P
eEIAC(Ar) it 13.0 L/min || A4 BTRER0E % 3
WO (An) JEE 0.80 L/min || A4 ] i st it (8] 15 s
S Bl 2 R 30 v/min || FERERE G 40 s

1.2 255

EX NN R G RN e

S K R 18 MQ - em [ 4K (Milli Q
Element , f8[F Merck A\ 7]) o
1.3 FERTALRE

SRR A EE R B R B R A
Hh A Ao B A B9 87 A BR fE B (GBW 07240
GBW 07241) FI45# A trvEY) i ( GBW 07281 ,GBW
07282) .

Bl : FREX 0. 5000 g iXAE & T 2 HA 2.00 ¢
b AR BN B W R S b, A S B AR o), P e —
R AL RN, BT IR b b 700°C 1H IR R FF 10
min, R RS, @ A5 A 200 mL BERR
A 30 mL /K SREOE R, T RIZN R N it I, i 2
INERER 2 UCTENE U o8 2V, FEad it 3 ~5 7%, &
B KRG IR KRS 2 100 mL 25 5 7
R B AT W E I

ERIR + SRR + IR + o SR U R0« U
BFRI 0. 1000 g 44t T~ 50 mL R PUIR LA Beir,
LK. A 20 mL 512, B T 230°C HL #4
M _EHn#A 30 min, BN FER IS, FEIIACS mL gz .10
mL SRR 1 mL 5 5R , 4k SE B T i VB E
AR T E R U RS, A 3.5 mL 50% £h iR
LR . BT AE A 2 100 mL 25 6
i A R e /N 1 e s I

AR + WEIR + = AR = BRI METR AR
0.1000 g # 5t T 50 mL 5 PU3R & M bekt b, L
KR , ARUANA 3 mL 3R .2 mL 2 .1 mL
1R AR TR 230°C HL Bl Bk fr ELIE R AL
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JERVRE R o S T AR 8 A A% o U 5 45 SR 1)
M) , ARSI R B AR A IE B 2, A U i (5 5
(R EEAS FH AN AN [RIRE i (0 AR5 o DT, 76 F 0
FES I E SRR A 10 peg/L AYEE BRIE S AR E
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SETRR. &4 RIC M T2, 45 REW, %00
R ALK R KT 0. 99915 SCk 4R 8 145 0 %
({45 H BRAE 0. 05 ~55.2 pg/gt %2 A
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Table 2 Isotopes, internal standard isotopes, correlative coefficients,

detection limits and interference corrections

43 JTIERORS SRR

Table 3  Precision and accuracy tests of the method

i MK KR JRE TR T

s T RN e e mERE
Li '®Rh 0.9999 0.009  0.03 - -
#8c 1®RK 0.9997 0.012  0.04 - -
2Cr 'Rh 0.9997 0.072  0.24 - -
¥Co '™Rh 0.9998 0.006  0.02 - -
ONj 'Rh 0.9999 0.066  0.22 - -
SCu ™Rh 0.9996 0.087  0.29 -0.655 % YTi'®O7ELRLIE
7n '%Rh 0.9995 0.036  0.12 - -
Rbh '®Rh 0.9993 0.006  0.02 - -
SMo 'Rh 0.9994 1.64 5.48 - -
1215 185Re 0.9991 0.015  0.05 - -
3 Cs 85Re 0.9998 0.003  0.03 - -
08p}, 185Re 0.9993 0.108  0.36 - -
29B; Re 0.9999 0.006  0.02 - -
227 185Re 0.9998 0.003 0.0l - -

T =" FORRIUR I TS AR TS, AT 20 AT 5 %o 1
=" FR TR IE

2.3 JiibkhE I AERn Y

PRI 58 — AR fE Y it GBW 07240 . GBW
07241 .GBW 07281 .GBW 07282, ¢ I A 52 06 1 it (1
TH AR ARy i A B VRS 11 0y 76 R 45 e AN AR 55
PR AT E IR I . X 45 8 bRUE(E Y
TR I AT AR BRI 22 (RSD) FAXS 3R 22, R 45
FEFREM A TCR I RSD, 3% 3 45388 ,RSD (n
=11) 7 0. 1% ~3. 1% Z[a], #E#i & K /N F
10% , 156 W 5125 (4 A7 5 T RN HERA J3 20t

bR g PREEL WAL A RSD
Gy TR (wwe) (ue) (%) (%)
Li 200 206 2.96 1.9

Se 1.8 1.95 8.00 3.1

Cr 6.50 6.44 -0.94 2.6

Co 2.70 2.74 1.47 1.6

Ni 4.10 4.33 5.55 1.5

Cu 790 770 -2.56 1.8

GBW 07240 Zn 2900 2977 2.62 1.7
(5 47) Rb 800 813 1.61 0.9
Mo 4.20 4.45 5.78 0.3

Sh 5.10 5.11 0.27 1.8

Cs 36 38.32 6.24 1.0

Pb 2600 2563 -1.43 1.0

Bi 110 101 -8.53 1.1

Th 2.20 2.37 7.48 2.2

Li 300 289 -3.74 0.8

Se 5.40 5.19 -3.93 1.4

Cr 30.00 28.33 -5.73 0.6

Co 3.70 3.68 -0.54 0.5

Ni 2.80 3.02 7.56 1.4

Cu 960 983 2.37 0.4

GBW 07241 7n 1030 1100 6.57 0.6
(555 47) Rb 500 489 -2.22 0.4
Mo 980 926 -5.67 2.8

Sh 3.10 3.13 1.06 1.8

Cs 41 45.40 10. 16 0.6

Pbh 81.2 75.26 -7.59 2.5

Bi 680 677 -0.35 1.1

Th 28.30 28.81 1.80 0.4

Li 39.10 36.93 -5.69 1.6

Se 16.40 14.58 -11.75 1.0

Cr - 83.15 - 1.7

Co 26.20 25.81 -1.50 1.9

Ni 70.9 72.96 2.86 1.2

Cu 2600 2385 -8.59 0.7

GBW 07281 Zn 7400 7263 -1.87 0.7
(’JE%IIT“E) Rb - 36.82 - 1.2
Mo 270 269 -0.37 0.8

Sh 180 177.5 -1.40 1.0

Cs - 10.35 - 0.6

Pb 27200 27610 1.49 0.6

Bi 80. 30 81.52 1.51 1.5

Th - 14.74 - 1.3

Li 33.7 30.76 -9.13 0.7

Se - 5.90 - 1.3

Cr - 45.18 - 1.0

Co 9.60 9.90 3.11 0.3

Ni 44.10 45.54 3.21 0.1

Cu 3200 3015 -5.97 0.5

GBW 07282 Zn 9100 8751 -3.91 0.2
(B ) Rb - 33.62 - 0.6
Mo 330 328 -0.61 0.7

Sh 120 123.6 2.95 1.3

Cs - 7.16 - 0.7

Ph 28200 27920 —-1.00 0.6

Bi 80.9 77.76 -3.96 1.1

Th - 7.01 - 0.9
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Table 4 Recovery tests of the method

e - FEE inbiE s BeR
(ng’g) (ng/g) (ng/g) (%)

Li 200 100 294 98.0

Se 1.80 0.5 2.17 94.3

Cr 6.50 3 9.29 97.8

Co 2.70 1 3.51 94.9

Ni 4.10 2 6.20 101.7

Cu 790 300 1069  98.1

GBW 07240 7n 2900 1000 3904 100. 1
BT Rb 800 400 1187  98.9
Mo 4.20 2 6.16 99.4

Sbh 5.10 2 6.99  98.5

Cs 36 10 45.82  99.6

Pb 2600 1000 3550  98.6

Bi 110 30 130 93.1

Th 2.20 1 3.21  100.3

Li 300 50 349 99.7

Sc 5.40 3 8.44  100.5

Cr 30.00 10 39.68  99.2

Co 3.70 1 4.68  99.6

Ni 2.80 1 3.78  99.5

Cu 960 300 1222 97.0

GBW 07241 Zn 1030 300 1350 101.5
(T Rb 500 100 587 98.1
Mo 980 300 1283 100.2

Sh 3.10 1 4.00 97.6

Cs 41 10 50.44 98.9

Pb 81.20 20 97.05  95.9

Bi 680 200 848 96.4

Th 28.30 10 37.50 97.9

Li 39.10 10 46.25  94.2

Sc 16.40 5 20.74 96.9

Cr 83.15 30 110.32  97.5

Co 26.20 10 34.57  95.5

Ni 70.9 20 94.80 104.3

Cu 2600 1000 3610  100.3

GBW 07281 Zn 7400 2000 9353 99.5
(BT E) Rb 36.82 10 45.55  97.3
Mo 270 100 361 97.6

Sh 180 50 224.7 97.7

Cs 72 20 93.65 101.8

Pb 27200 10000 36605 98.4

Bi 80.30 20 99.30  99.0

Th 14.74 10 24.00 97.0

Li 33.7 10 42.61 97.5

Sc 5.90 3 8.4 94.4

Cr 45.18 10 55.01 99.7

Co 9.60 4 12.81  94.2

Ni 44.10 20 64.04  99.9

Cu 3200 1000 4208  100.2

GBW 07282 Zn 9100 2000 10323  93.0
(BFH) Rb 35.62 10 45.20  99.1
Mo 330 100 432 100.5

Sh 120 50 164.56  96.8

Cs 71.6 20 90.2  98.5

Pb 28200 10000 37512  98.2

Bi 80.9 30 103.14  93.0

Th 7.01 3 9.78  97.7
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(B 4)

FEa inkim Wzs BeR
(ng/g) (ng’g) (pg/g) (%)

Li 111 100 200 94.8
Sc 4.65 1 5.31 94.0
Cr 13.33 5 18.32 99.9
Co 7.62 4 11.51 99.1
Ni 5.71 2 7.38 95.7

Cu 1201 300 1500 99.9
Zn 3785 1000 4750 99.3

L

P 1 Rb  45.67 20 62.23 94.8
Mo 6.5 2 8.2 9.5
Sh 53.2 20 70 95.6
Cs 4.2 10 52.36  96.6
Ph 3720 1000 4800  101.7
Bi 121 30 154 102.0
Th 3.33 1 4.44 1025
Li 398 100 499 100.2
Se 4.23 3 7.42 1026
Cr 22.3 10 3.1 96.3
Co 5.66 2 7.23  94.4
Ni 4.03 2 6.00  99.5
Cu 1010 300 1313 100.2

. Zn 2100 500 2610  100.4
Rb 566 100 663 99.5
Mo 1037 300 1327 99.3
sh 5.63 2 7.7 100.9
Cs 55.4 20 7.2 94.4
Pb 103.2 20 120 97.4
Bi 876 200 1088  101.1
Th 30.3 10 39.8  98.8

2.4 Iksmiiescys

N T BT 5 B AT AR ) IOhR v o
A FIBIET A7 AR FIAE il HEAT i S0 3R B AR [l Wi s
B, F HERE AR IR ) 4 D7 IA AT IRERE IR 1
A IR B FAAR R, BN 36 4 452050,
FICE W INAR IR TE 93.1% ~ 104. 3% Z [H], [u]
WS R, R AL SEPR AT 2R o
2.5 JilkSiE

BEBLHIR S A0 A1 B0 A0 AR FAE i, 23031
R TR (AAS) IU5E S A A VB B 3
JEF2E L (AFS) Y E 85 8k, ICP — AES 3l
SEBE Al VB B B VBRI (ICP - MS) i E
214 NICER . FIEMIELR (WK S) £,
ATT LML GERIT R S M 7 ik i D s A R AW 5
WA AR 7 1 P B PR A o

3 45

AN T —MTEOT A R, R TSR -
AR — e BRI A5 TR A B9 07 1 A 07 41, LLER IR
RIS HAL A ICP - MS J5E 541 Hh 14 Ffisie:
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Table 5 Comparison of different measurement methods
B TR (pg/g)
Tk
G5 Li Se Cr Co Ni Cu 7Zn Rb Mo Sh Cs Pb Bi Th
ATk 100 2.4 8.1 4.7 5.1 510 2600 700 8.2 5.1 39 1720 120 3.2
. AAS 98 - - - - 501 2566 685 - - 37 1700 - -
AFS - - - - - - - - - 4.9 - - 109 -
ICP - AES - - 7.8 5.2 5.7 532 2619 - 8.9 - - 1750 - -
ENy RGN 72 7.4  10.8 3.1 2.8 36 85 475 56.5 1.18 18 157 148 56.3
) AAS 69 - - - - 35 82 462 - - 16 166 - -
AFS - - - - - - - - - 1.23 - - 155 -
ICP - AES - - 12.31 4.0 3.2 35 88.3 - 57.3 - - 162 - -
VN7 29.1 18.4 15.2 6.2 118 3150 306 145 1.70 130 50 1270 99 12
3 AAS 28 - - - - 3170 300 149 - - 46 1198 - -
AFS - - - - - - - - - 142 - - 92.3 -
ICP - AES - - 16.1 6.5 123 1255 296 - 1.89 - - 1159 - -
VN IRTS 111 4.65 13.33 7.62 5.71 1201 3780 45.67 6.5 53.2  44.2 3720 121 3.33
4 AAS 102 - - - - 1190 3720 47 - - 46 3690 - -
AFS - - - - - - - - - 55.7 - - -
ICP - AES - - 12.50 8.00 6.02 1250 3850 - 6.8 - - 3750 - -
¥NYIRVN 398 4.23 22,3 5.66 4.03 1010 2100 566 1037 5.63 55.4 103.2 876 30.3
: AAS 410 - - - - 1000 2130 542 - - 51.3 113 - -
AFS - - - - - - - - - 5.32 - - 912 -
ICP - AES - - 24.6 4.8 4.0 1050 2160 - 1001 - - 110 - -

Ve =7 ORI R X RE R M
TCRWIINTTT I o AST7 ik — I RE , Z 0 R [R] I
SE , A PR 1R T A, 57 Sl BEAIR , REAS 1 12 45
LTI A A0 A i PP AR 3 SR 0 3R Y PR )
SR A HARA A RE A AR AR SC L 2 1 A BRI 4
HI T 41 B T2 PRI b AR 7 IR
VS SR AR PRV RCRE (74 o DAR ) BEATIR R , ELAOR %
AR 14 RO STR AT TS, 2RI B
ARTREARTTIF BB 41 B 2R A R T BT A Xt
RZMELT RIS ORI . A J7 X 804 18
B AT R 1l A e — P SRR o
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Simultaneous Determination of 14 Trace Elements in and Tin Ore with
Open Acid Digestion by Inductively Coupled Plasma-Mass Spectrometry

YANG Xiao-li, YANG Xiao-li, LI Xiao-dan, SHAO Xin, YANG Me:
( Wuhan Institute of Geology and Mineral Resources, Wuhan 430205, China)

Abstract; Tungsten and tin ores have abundant paragenesis or associated elements with complicated composition.
At present, the contents of these trace elements are detected respectively by the national standard methods for
tungsten ore and tin ore, which have a great labour intensity and low efficiency. The tungsten ore and tin ore
samples were dissolved by mixed acid at normal pressure and extracted by hydrochloric acid (50% HCl), and 14
trace elements of Li, Sc, Cr, Co, Ni, Cu, Pb, Zn, Rb, Mo, Cs, Sb, Bi and Th were simultaneously measured by
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Three sample pre-treatment methods were compared
among alkali fusion method, HCI-HNO;-HF-HCIO, method and HNO,-HF-HCIO, method. It was found that the
HNO,-HF-HCIO, method is a simple operation and requires fewer reagents than traditional methods, which was
chosen to dissolve the tungsten ore and tin ore samples. In the measurement, Rh and Re were selected as the
internal standards to compensate for analytical signal drift. The results indicate that the detection limits of this
method are 0.003 - 1.64 pg/g with a relative standard deviation (RSD, n=11) in the range of 0. 1% -3.1%.
The recovery rates were between 93.1% —104.3% . This method has been verified using practical tungsten and tin
ore samples, and the results are in good agreement with the certified values. Comparing with the traditional
treatment, this method has improved analysis efficiency, and is more suitable for analysis and detection of tungsten
ore and tin ore samples in large batches.

Key words: tungsten ore; tin ore; trace elements; open acid digestion; Inductively Coupled Plasma-Mass
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