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Determination of Rare Earth Elements in Wolframite by Inductively Coupled
Plasma-Mass Spectrometry with Nitric Acid-Hydrofluoric Acid Discomposition

XIONG Cai-hua, CHU Qin" , ZHAO Zhi-fei, XIONG Yu-xiang, LIU Jian-yi
(Hubei Geological Research Laboratory, Wuhan 430034, China)

Abstract; Wolframite is the rare earth elements (REEs) bearing mineral and was mixed with Cr, Ca, Mg, Co, Sc and
REEs. The accurate measurement of REEs in wolframite is very important to study ore forming in wolframite deposits. A
method has been developed for the determination of REEs in wolframite by Inductively Coupled Plasma-Mass
Spectrometry. Samples were dissolved by nitric acid-hydrofluoric acid in a sealed bomb under high pressure. The
hydrofluoric acid was then evaporated. REEs were dissolved using nitric acid. Tungsten was precipitated from the
solution in the form of tungstic acid and the matrix interference of the tungsten substrate was eliminated. By dissolving
precipitation it was shown that the relative residual rare earth amount was less than 10%. The results of this method were
consistent with the results by sodium peroxide melting. The double internal standards of Rh and Re were applied to
reduce the effect by the drift of analytical signals. Fu and "Gd had interferences from Eu, and the polyatomic ion
interferences from Gd were calibrated using Ba, Pr and Ce oxides and hydroxides. The interferences from Eu and Gd
were calibrated by using pure standard solutions of Ba, Pr and Ce with on-line analysis software. Recoveries ranged from
94.2% —104.0% , detection limits were less than 0. 026 pg/g, and the relative standard deviations were better than
10% (n=10). The established method was simple and had a low detection limit with high accuracy.
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Table 1 ~ Working parameters of the instrument

TS BOEE TAESH Wl
VIETRIIES 1200 W e T7 5 ke
BHIR (Ar)a 1.5 L/min ERET /€8 40 ¥k
HA(Ar) it 1.2 I/min BRI Bhls 3 5/ R
FAS(An) ikt 0.86 L/min || 44N ki 8 3
RAEHE(N) 1O mm || BSRAEM ] 48 s
R HUEE (Ni) 0.8 mm WARICE 103 R, 185 Re

1.3 FEShR SR

TEVLVE K LSRR B PhnA 1 B, i
WL BARBLRAE A, LA A 0 S Ao 1 3
W MR, FE SRS B i, il SRS 5 A K
BB ARG FL AR R o RV VG, SR JE FEXCH ST
PR T T Pk, B k3o G 1) g 4l 5 A PR A
FEAREZE 74 pm (200 H) T2 Hriiis
1.4 98575k

FRELO0.05 g &, (6% HIVEREPIREF A T mL
HNO, #12 mL HF, f BN 55, 37 B Ih55 . 7E 180°C 4t
i 6 h, BUR A, 4T 9F, B T AR b A
200°C 26 F, Fl 1 mL HNO, # HF Bk, il 6 mL
50% ((RF %0, T [\) (1) HNO, , 35 B N 35, 47 B Ak
T, T 130°C B ik 3 b, BUE A HL FT IR R A
100 mL ¥ i, 2 25, $550, JUE W i, ICP — MS
N e 1 N i s S R L .8

2 AR5
2.1 RESH IR P ai)E

BTl e (Fe ,Mn) WO, o 15 Jcid i &
R YA BRI ORISR, TR
SRS R R AL . G SRR ER He kI e 1,
HLJEOR 5 S S TR R SO (ICP - AES) 237 8k
Hhf . HE RN 60.16% BN 8. 09% , fif &
7910.00% , %8 (Mn, Fe) WO, 35, ™M 415 0
97.56%
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W, H E I CDUTE , 175 B AR, 10k A R v

— 603 —



%54 o

a

http: // www. ykes. ac. cn

2012 4
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Ko RS BTh M TR 2 AT Y, T A 4
BT IR BTHE , I8 245 51 LUK i 0 B . e
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H13% 2 4528 AT LUIFE i, Na, O S5 07 i 5 3 A IR
SERIEW) G, UK PRl 5 0 RS T )
fifp ke e RN AZE 2 nT I i, Na, O, 450735
DGR R, R s i e HANEEE , R e A
= Chngal) Bl =S FE M 0.4 pg/g Zad, S4Fah Pl
FRBARE VNT 1 ne/g) XN 25 2R 1 52 A G
BR o PRI D, B b IR - SRR
1o LA PR i, 70 SRR AT AE 9 A5 7 N #52 s k
M, 285 A 1 mL HNO, -2 mL HF,F 180°C 5
F# AT 4 ~ 6 h LUK 0.05 ¢ SREGH S8 23
TS0 S el e = Bk (/T 0.03 pe/g) .
PIESERe £ 1 HNO,; - HF %8 P IR VA 5 0 TR A 77
BE AT I

%2 NayO,BR{EH HNO, - HF S PIIE0" 0 HraoR
Table 2 Analytical results of REEs with sodium peroxide fusion

and acid dissolution wy/ (pg - g'] )

it N O, st HNO, - HF Sl

LR R ORER A Hih o MM 2R Z2H

H¥
juny

12 0.526  0.67 0.102 0.252  0.354 0.384 0.016 0.010
0ce 1.629 1.73 0.382 0.283 0.686 0.76 0.026 0.022
4ip 0.249  0.30 0.021 0.071  0.246  0.248 0.008 0.006
HoNg 2.407  2.55  0.062 0.900  2.30 2.296 0.016 0.018
9, 8.66  8.82 0.019 0.435  8.892 8.776 0.004 0.010
3py 0.302  0.38  0.014 0.018  0.348 0.366 0.008 0.008
157G4 30.020 29.61 0.188 0.204  23.34 23.34 0.000 0.006
197}, 6.406 7.087 0.004 0.023  6.82  6.714 0.002 0.002
19Dy 38.69  40.06 0.072 0.153  39.20 39.00 0.002 0.004
165, 5.334  5.711 0.029 0.059  4.99  4.92 0.000 0.002
166F, 13.17  14.83 0.008 0.031  13.694 13.65 0.002 0.006
19Ty, 2,55 2.833 0.002 0.012  2.468 2.386 0.002 0.004
172y}, 19.45 20.02 0.043 0.145  18.578 18.432 0.004 0.002
TSy 2.748  2.769 0.016 0.02 2,622 2.598 0.002 0.002
89y 3122 285.0 0.347 0.186  304.2 294.8 0.010 0.008
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ICP — MS 43 #7022 16} BR800, 2358 W 43 A
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AR HCT o XF LRI 5k B R AT ICP -
MS Pl A 2R W2 3. t3 3 al LUA Y, B9 4T %
PR EEZOUR  FEREE MIRPEAF LSRR X
DLV, R P A 0 35 P 2 £E 1. 68 pg/mL, 5% B i
2979 0.55% , X LIRS BT I AN

#3 IRESH” HNO, - HF %I PRI IR FIRY B R
Table 3 Residual quantity of W in solution pretreated with

HNO, -HF
mag WEMes  skEE  SREHe, REx ATYNE
/(

B /(pg - mL™)  m/ng pgeg) /% ERwy%
BEHT 189 189 3776 0.62
BEF2 166 166 3320 0.55 76.69
WG 174 174 3482 0.57
BEE4 140 140 2808 0.46

H VAR R WA ERUTIEAFAE T, 0 ORI A
TCREANR . ASCHEA MR T HEHBOT 5 Fh A
1 A FEFRAE i FRER YRR 2 FR BRI R E PE
R R EOT 2 PR O R R R A
FEZAE R FREL 0. 05 g £ 5, LA 6 mL 8 mol/L
HNO, ,130°C 25 [A1¥%5#% 3 h,

23t Z AR, B A DT TE BU% |, DR
FEPR DTVEMR I /N DEVE & a9 3R I IO Ve Hh s 1
/N T 10% o X5 3R W, Na, O, Bl 45 19 45
5 HNO, - HF & 5% AR 25 R 2 &1
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ICP — MS 23 #7#s 1ot % ,La .Ce .Pr .Nd .Sm . Th
Dy Ho Er Tm Yb Lu.Y #BAF4ETC T 9019 43 AT ik
28 ;" Eu "' Gd 435152 5] Ba Pr Ce S b E E AL
Y T4 ; 20 B Ba Pr Fil Ce 1Y 570 R A5 HE 1A VR AE
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PEELANER T8, P EuCyp = P EuCyyy —0.0011 =
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0.012 # “ PrCyy o 15 A~ Fis 1 70 2 40 #7 1% £ 43 5
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PRIL10 73 0. 05 ¢ MBAS G B4, 42 FRSL G 7
T A8 T I I A, W A SR I A R AR T e 22
(RSD)# 1.68% ~9.28% ,

DARE s A W% 20 8 10 A s HE A 22 1Y)
345, TR BR 2 0. 003 ~0. 026 pg/g, Hrh 2 H
+IC%& La,Ce Pr Nd Sm Eu.Y (£ H R /N F
100 ng/g, EHs + 62 Gd . Th Dy Ho .Er . Tm . Yb Lu
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Table 4  Accuracy test of the method

- pp/ (ng - mL~") ] %
TR maR BAMEEST bR R%
¥ La 0.21 0.69 0.5 96.6
140 Ce 0.33 1.37 1.0 104.0
4l py 0.18 0.38 0.2 102.0
146 Nd 1.14 5.86 5.0 94.2
47Sm 4.53 5.73 1.25 96.2
153 By 0.18 0.43 0.25 102.0
57Gd 12.0 31.52 20.0 97.6
1597} 3.51 13.66 10.0 101.0
163 py 20.2 41.02 20.0 104.0
15 Ho 2.56 7.32 5.0 95.2
166 oy 7.08 17.42 10.0 103.0
19T m 1.26 6.17 5.0 98.2
12y} 9.59 19.35 10.0 97.6
5 Lu 1.34 3.25 2.0 95.4
¥y 154.0 361.0 200.0 104.0

5 JTIERTE AR

Table 5 Precision tests and the detection limit of the method

22 3 A A A
P uﬂﬂmi—ﬂj{% RSDY/% &erﬁt%/
wy/(pg- g™ ") (pg-g™h)

La 0.37 6.62 0.020
40 e 0.68 9.28 0.026
14l py 0.24 3.56 0.006
46 Nd 2.28 2.89 0.018
47Sm 8.86 3.09 0.008
53 Eu 0.36 4.22 0.007
57Gd 23.64 1.98 0.013
1397}, 6.87 1.84 0.003
193Dy 39.81 2.24 0.008
155 Ho 5.02 1.68 0.003
166k 13.92 1.83 0.006
19Tm 2.47 2.08 0.003
12y} 18.84 2.14 0.006
1 2.65 2.05 0.003
8y 303.0 1.69 0.016
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JUER , A S AR H R L DTE , K 0 R (4
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