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Abstract  Accurate determination of rare earth elements (REEs) in high tungsten-bearing samples is
significant for geochemistry research and synthesis of high-performance tungstate laser crystals. In order to
investigate the influence of matrix compositions including high tungsten and high content of cations,on the
results obtained by the inductively coupled plasma-mass spectrometry (ICP-MS), several high tungsten-
bearing samples such as Na, WO, , CaWO,, NaY (WO, ), , MnWO, and (Fe, Mn) WO, were digested by
HNO, and HF, were doped with REEs and diluted by 2% HNO, solution. It was treated as the matrix-
matched solutions,and the relative sensitivity coefficients (RSCs) of REEs in which were compared with
those in the non-matrix-matched solutions(i. e. ;2% HNO, only doped with REEs). No obvious difference
of RSCs was found among these solutions with relative deviation less than 15% , which indicated that the
influence of matrix effects induced by high tungsten and high content of cations in high tungsten-bearing
samples was negligible. Then,a methodology for accurate determination of REE contents by ICP-MS was
developed with good liner relationship (R* >>0. 9997), low detection limit(0.5—27.9 pg/g) and desirable
accuracy(relative error: —6. 2% —10. 7%). It was further used to determine the REE contents in the real
CaWO, single crystals. The results were close to those determined by matrix-matched ICP-MS with relative
deviation of 0. 80% —12. 8%. It demonstrates that the proposed method can be used to accurately determine
REE contents in the high tungsten-bearing samples.

Keywords ICP-MS;rare earth element;high tungsten-bearing sample
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NexION 1000G) 2k H] # i # (Be, Ce, Fe, In, Li,
Mg .Pb fl URG W . 1 ng/g) F A& 2 e Ak
25 (Be JLEBRBEE >4 500 cps.In JCZ I8 >80 000 cps,
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Table 1 Main operating parameters of ICP-MS
Parameters Values
RF power/W 1 600
Auxiliary gas(Ar) flow rate/ 1o
(L« min™ 1)
Plasma gas(Ar) flow rate/ 15
(L + min~ 1)
Nebulizer gas(Ar) flow rate/
(L * min~1) 098
Dwell time/ms 50
Replicate read times 3

S, %Y, In, ¥ La, " Ce, "' Pr,
Measured isotopes

165 Ho, ' Er, ' Tm, " Yb,and ' Lu
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WA BT T AR AR R B A R /LB A R b

146 Nd, 11751‘[17133 EU;I‘W(}dg 159 ’I‘b,lGS I)y,
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Figure 1 Comparative histogram of REE relative sensitivity

coefficients between the high tungsten-bearing sample

solution and 2% HNO, solution; (a) REE concentration 1 ng/g;

(b)REE concentration 10 ng/g; (c)Relative deviation of RSCs

between two solutions.
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F 2 R LA L B R OT R MR R AE 0. 5~
27.9 pg/g. WL UL AR SCE S B o0 R 7
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Table 2  Analytical performance of the proposed method

Calibration curve

Elements . R? LOD/(pg+g 1)
equations
Sc y=60104x—4294 0. 999 96 27.9
Y y=385460x—2574 0. 999 97 4.7
La y=381147x—4747 0.999 91 6.4
Ce y="79576x—3847 0.999 89 1.7
Pr y=90938x+1568 0.999 99 1.7
Nd y=145042+176 1. 000 0 7.2
Sm y=12361x—876 0.999 77 2.6
Eu y=38344x+1130 1. 000 0 0.8
Gd y=12737x—781 0. 999 85 1.6
Th y=381035x—2357 0. 999 98 1.6
Dy y=12948x+448 0.999 98 2.4
Ho y=062774x+4652 0.999 85 0.7
Er y=20905x+1363 0. 999 88 2.2
Tm y=60569x+6137 0.999 72 0.5
Yb y=146712+673 0. 999 89 3.6
Lu y=062447x+2539 0.999 96 0.7

N T 78 AR SCHT S 3 M O 1 B HERR R L S AR
DA T [ G AR T (GBW 07241) b i b . R
AR SCHE S WY 3 M 07 1 8 1 %R d h 14 B
JLE (Sc. Y Fl P A ) By o, D 25 5 S b 1
fEAan 3 s, MR 3 Al LUE i, Ml 45 2R 5 A 1
(AT AR 224 — 6. 2% ~10. 7 %0 . 1 B i 4k &%

ER A SCHE ST B 0 A 7 A E R JEE AT S

®3 RARXFHEIHNDNAENG

GBW 07241 F L L RHEE

Table 3 REE contents in GBW 07241

determined by the proposed method /(pg- g™ ')

Measured values Certified values Relative errors®

Sc - 5.4+0.6

Y - 128427

La 24.9 23.7+0.2 5. 06

Ce 59.7 60.3+£1.8 —1.00
Pr 8.1 7.9£0.6 2.53

Nd 33.4 32.942.2 1.52

Sm 12.7 12.5+0.8 1. 60

Eu 0.15 0.16740.03 —6.25
Gd 15.4 14.84+0.3 4.05

Tb 3.4 3.340.2 3.03

Dy 22.2 20.7+1.1 7.25

Ho 4.5 4.540.2 0. 00

Er 14. 2 13.14+0.9 8. 40

Tm 2.4 2.2+0.2 9.09

Yb 16.5 14.9+1.0 10. 74
Lu 2.4 2.4+0.2 0. 00

Note: P the unit is % ,the same below.

2.3 BEBSARPHLITERE

R A SO st S i 0 A O i € 7 M L os R 48
R AR T Y A1 La~LuCRE Pm) 3t 15 Ffi
T ERMEE AR ML 4 Fros, BT PR M I
SR L RN L FT S DA AR DG IRE VR I SE B 45 2R
Z: bR R DPAk 52 B A it 0 3 235 2R ) o 2 25 2R
B BRT Nd(18.4%) .Dy(21. 4% Ho(16. 8%)
FEr(27. 6 20) Z Ab SE 5 5 f 45 24 5 3 AR T B i
W) 5 245 2R H 30T L T A AR NS R 2 0. 8026 ~12. 804,
Wa AR SR A 57 64 23 A 07 0k TR L REH T I A I
[ERCE N S R T ST S s

£4 BHAENELRE LS
XEERPHRITENEE
Table 4 REE contents in the real CaWQ, single crystal

determined by two analytical methods(n=2)

/(ng-g")

Elements The proposed Matrix-matched Relaliver

method method deviations®
Y 17.5£0.0 17.7+1.5 0. 80
La 14.04+1.9 15.442.9 9.8
Ce 16.7+2.6 15.34+0.3 8.5
Pr 19.0+2.8 19.3+2.6 1.8
Nd 20.7+2.8 24.942.5 18.4
Sm 24.5+4.3 24.4+1.4 0.52
Eu 31.6+3.6 27.840.1 12.8
Gd 28.8+0.2 27.44+5.1 5.1
Tb 22.7+1.5 22.140.5 2.5
Dy 24.47+0.5 19.7+2.8 21.4
Ho 22.2%2.1 18.7+2.2 16. 8
Er 21.14+1.0 16.0+1.1 27.6
Tm 17. 040. 15.342.4 10. 6
Yb 13.4+0 14.6+1.1 8.6
Lu 9.6E1.1 9.3%+0.4 2.8

3 %Hig

S e B R A SR RE v A R R K B B
BT A B A AE R O R A R EUE R BN
WA B & AT 2% HNO, ¥ 8 h # 1+ 90 Z 4
Xt R B P E A R 22 AN F 150, B
BE L AR 296 HNO, S 344 il il 1 =JE 3 44 DT i bR
WERWOT a8 ST T b 23k, HE MM E 2B R K
F0.999 7, K HFRAE 0. 5~27. 9 pg/g; IESH A HEK
PRUEYI T GBW 07241 Sy Jo7 45 B 2 52 FL ki 2, I3k
{EL55 A VA 0 R G 152 25 BE AR HE — 6. 200 ~10. 7%, it
W i ME R AT . OB O OE T S R S B i S B
BESRAIHT AR £ 00 2R (14 & f 15 L (AR DG i 74 45 SR A
2 W K 4 o0 F A X R 22 R 0. 8026 ~12. 8%, i
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