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Table 1 Studied samples HNO; +-HF 120~140 C
;(2) s Pt
D97—9 s 1100 C s 120~
D96 —3 140 C ;(3) HNO, + HF
HY98—20 I'TG PTFE ,
YK98—05
D96—17 :
D95—39 105 C 50 mg
MWo8—2 1.5mL HF 1.5 mL HNO;,
M2—7
HXD98—7 ’
2 ICP—MS HF 1.5 mL HNO,, ,
Table 2 Operation parameters for ICP—MS 190 C 12~60 h. s
/W 1150 1. 5 mL HNO; 3~4 mL
/(L +min 1) 0. 86 40% HNO,, 190
/(L > min—) 1. 00 .
/(L + min™1) 14.0 C 12k, :
/mm 10.0 . 2% HNO;, PET( )
/mm 1. 00 ( 1:2000),
/mm 0.70
/v 3000
/(mL « min—1) 1. 00 2
/s 2.00
/ 16. 00 o "
Pulse 2.1 F
/ 10. 00 Nb.Ta.Zr Hf ,
ICP—MS s
1.2 HCI HE®,
Thermo Jarrell Ash , Zr .Nb
POEMS [[I . ICP—MS HF
2. XRF Zr .Hf \Nb, Ta
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3 Zr H{Nb,Ta
Table 3 Ratios of measured results to reference values for Zr, Hf, Nb and Ta of some international standards measured
using different standard solutions with different acid conditions wp/1076
2% HNO; 2% HNO;+0. 126 HF
AGV—1 GSR—3 BHVO—2 GSR—1 G—2 AGV—1 GSR—3 BHVO—2 GSR—1 G—2
Zr 1.32 1. 26 1. 25 1.47 1. 54 1. 36 Zr 1.01 1. 06 0. 98 0. 96 0. 95 0.99
Nb 1. 34 1. 42 1. 44 1. 56 1. 54 1.45 Nb 1.01 1.08 1. 00 1. 04 1. 05 1.03
Hf 0.99 0. 95 1.19 0.93 0.92 0. 99 Hi 0.97 1. 14 1. 16 1. 03 0. 90 1. 03
Ta 1. 88 1. 81 2. 00 1.82 1.75 1. 85 Ta 0. 97 1. 20 0. 95 0. 85 0. 90 0. 96
[11].
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Fig. 1 Effect of elemental instabiliby on analysis results 2.2
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4 . Lu.Zr Nb Hf Ta
Table 4 Comparison of Lu, Zr, Nb, Hf and Ta obtained by different sample-digestion and analytical methods
) wp/1076 ) wp/1076
/C /b Lu Zr Nb Hf Ta /C /h Lu Zr Nb Hf Ta
160 12 0.23 84 14.0 2.27 0.84 160 12 0.42 141 10.8 0.59 0.63
190 12 0.52 224 14.4 5.54 0.92 D96—17 190 12 0.55 198 10.5 5.54 0.60
190 24 0.45 293 13.4 8.54 1.02 190 36 0.60 282 10.5 8.32 0.63
D97—9 190 36 0.45 330 13.7 10.2  0.93 XRF
190 48 0.56 344 13.7 9.91 0.93 AK 0.68 294 9.91 7.67 0.44
XRF 295 12.0 normal 0. 55 60.210. 8 0. 58
AK 0.60 330 11.4 10.2  0.68 D95—39 160 12 0. 36 42.4 8. 60 / 0.61
normal 0.48 34.0 13.1 0.94 0.68 190 36 0.49 131 8.51 3.76 0.71
160 12 0.54 11.7 5.67 0.18 0.35 . AK 0.50 124 7.06 4.10 0.52
190 12 0.61 53.6 5.66 1.51 0.31 TG normal 0.43 7.298.06 0.29 0.45
190 24 0.61 120 5.58 3.51 0.31 160 12 0. 44 17.0 2.82 0.33 0.33
D96—3 190 36 0.60 138 6.06 3.70 0.37 190 12 0.43 34.4 2.73 0.86 0.37
190 48 0.57 165 6.03 4.22 0.35 MWO98— 2 190 24 0.43 53.1 2.84 1.41 0.41
190 60 0.60 178 6.19 4.92 0.38 190 36 0. 44 70.8 2.76 1.89 0.37
XRF 151 5. 00 190 48 0.42 68.4 3.20 2.03 0.31
AK 0.58 177 4.30 4.90 0.22 XRF 69.0 2.00
normal 0.48 20.4 6.04 /  0.35 normal 0.07 19.8 5.00 0. 45
160 12 0.10 74.8 10.1 2.21 0.50 160 12 0. 59 40.2 5.28 /  0.62
190 12 0.14 149 9.97 2.82 0.52 190 12 0.53 54,0 5.28 0.90 0.57
190 24 0.14 155 9.90 2.62 0.51 M2—7 190 36 0.55 69.6 5.82 1.54 0.53
HY98— 20 190 36 0.10 161 10.8 5.04 0.40 190 48 0.52 82.1 5.45 2.45 0.53
. 190 48 0.11 169 10.0 5.72 0.49 190 60 0. 45 75.4 5.80 1.88 0.49
TG 190 60 0.10 164 9.90 5.62 0.49 XRF 86.0 4.80
XRF 143 9. 00 normal 0. 48 10.3 5.12 0.35 0.44
AK 0.10 156 8.88 4.60 0.41 190 12 0. 28 17.2 1.36 0.42 0.11
normal 0.08 41.7 9.96 1.24 0.35 190 24 0. 30 18.8 1.38 0.45 0.11
160 12 0.05 26.3 11.5 / 0.07 HXDIS—7 190 36 0. 27 19.8 1.39 0.50 0.10
190 12 0.50 72.8 11.1 1.50 0.91 190 48 0. 26 21.5 1.34 0.52 0.07
YK98—5 190 36 0.46 117 11.0 2.77 0.89 190 60  0.27 22,1 1.31 0.57 0.08
190 48 0.49 167 11.1 4.37 0.95 XRF 23 <2
190 60 0.49 136 11.6 3.64 0.98 normal 0. 23 19.0 2.50 / 0.14
AK 0.47 176 9.77 4.50 0.89
normal 0.42 7.68 10.46 0.31 0.74
: XRF. XRF s AK. ICP—MS ; normal. ICP—MS ;
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Fig. 2 Effects of digesting time on analysis results of Zr 7y (  4).
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Hf s ICP—MS XRF
5 XRF, ICP—MS
Table 5 Method evaluation by comparing the analytical results by different methods wp/1076
D96—3 D97—9 HY98—20 HXD98—7
XRF AK RSD XRF AK RSD XRF AK RSD XRF RSD
Lu 0.58 0. 58 3.01 0.6 0. 57 1. 22 0.10 0.11  2.49 0. 26 1. 66
Zr 151 177 177 6. 77 295 330 340 0. 87 143 156 165 2.21 23 21. 60 1.91
Nb 5.00 4.30 5.98 3. 30 12.0 11.4 13.7 2.98 9.00 8.88 9.93 0.71 <2 1.35 0. 88
Hf 4. 90 4.93 9.28 10. 2 9.91 4.25 4.60 5.68 1. 06 0.53 5. 85
Ta 0.22 0.34 8. 30 0. 68 0.93 2.68 0.41 0. 49 1. 38 0.09 4.21
3 s AK ICP—MS
6 3 3 RSD 6%,
Table 6 Limits of detection for the method (D96—3) RSD 10%. “Bomb”
5Ly 9BNb  181Ta 1BH[ 97 “F~ ” ICP—MS
/1076 0.001 0.023 0.024 0.013 0,022 ( HY98—20 ) ,
, XRF
. ; —6%~16%.
XRF , Zr(  HD HNO, 2% 11
ICP—MS 36~60 h ’ 3 C 6
/ ( 3
)
XRF (D 190 C.12h
ICP—MS (8] /
Nb Ta \ : (36~48 h)
( lod ), ICP—MS (2
(190 C.,12h) 7v Hf
( ) ’ , . » Zr Hf
C . ) Nb,Ta
Nb,Ta ,
" F i ) 190 'C .48 h
Nb Ta ICP—MS “R »
XRF ( Zr Hi Nb, Ta. 0. 1% HF
MW98—2 . M2—7 Nb), ( ) ,
, XRF ,
2.4 M G Barth
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Compilation of working values and

Accurate Analysis of Zr, Hf, Nb and Ta in
High-Grade Metamorphic Rocks with ICP-MS

LIU Yong-sheng', HU Sheng-hong', LIU Xiao-ming”, GAO Shan'*
(1. ICP-MS Laboratory . Faculty of Earth Sciences, China University of Geosciences, Wuhan 430074,
China; 2. Open Laboratory of Continental Dynamics, Department of Geology s Northwest University ,
Xian 710069, China)

Abstract: This study indicates that to obtain the accurate contents of Zr and Hf in the high-grade
metamorphic rocks (e. g. , gneiss, granulite and eclogite) with ICP-MS, the rock-digesting time must be
>>36 h at 190 C in closed Teflon Bomb. Unlike Zr and Hf, the most important factor limiting the ana-
lytical precision and accuracy of Nb and Ta in ICP-MS analysis is their instability in the medium of dilu-
ted HNO;. Our technique of rock-digesting at 190 C for 48 h in high-pressure sealed Teflon Bomb in-
corporating with "F~ matrix" match effectively solve the problem of accurate analysis of Zr, Hf, Nb and
Ta with ICP-MS.

Key words: high-grade metamorphic rock; Nb, Ta, Zr and Hf "F~ matrix" match; ICP-MS analysis.



