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BB T3 B0 8 43 88t A 42 700 5 L AR s, St
T LA 45 B TR R ST HE B (ICP-OES ) X483 4
A BT BB T R I . TR
i U5 U S 3 B RS R0 TR S LA B B T R T TG 1
I s S BRURE (i H B0 T 2% B B B , SR 0.5 T
TR A% 3 T 04 2 B A 1 B 350, DRl T 4
S HICE MG, 92T ICP-OES X 43401 11 h
BRHTE 2 AL ST AR TE NI 11 R AR T2 I
SR G B 4 7 | AT A Ak BIAE TR I 3k 6 4
B P T, DU AT P38 PR Ve i A R T b
TR VA 10 1 1S P T 6, EL DAY =2 04 1 7 T T
TEAEM B T2 A I . T 3B L0 SR P K-
SRR M TR TR 1A 28 16 55 2 PR E VR SH ™ HEA T 24h
TEfE, SCHL T ICP-MS X HEERT 15 #hfs -0 R 1Y
WSE ., WS T SR AR - AR - R - SR -
WRIRAAR AR | EFT 16 ~ 20h WifiE, 5230 T ICP-
MS 85 410 1SR R R OL E W E . B
I8 SR T - R - SR R - SRR A 2R A -
SR v SRR R 4 ST vt BRI s A, Tl
W 7 R S8 A VR 1 RE R (B3 IR Bk
T I 5 A% 25 3 DU R 2 M PR o 1 PR U0
R AR VR , SRS AR 70 22 26 UL S et Free
39 45 P, PR DU R VY i, SE PR T ICP-MS KR 1
16 Fiff LT R mmlsE . w0 SR A R i
FATE O TP T R A SR RE B, 2 RS S R
b, PSR- SR - BRI T 22 R AL B R IR PR T B
BRSPS ke, S 4 T e R TE R B
35 o T 2 AR R, e S e e R PR 1 T
AR R R . SRR 1O SR MO T
SR PR TR, e D T S Y Ak
AT, PO e TR A BT e R
P

Fh DAL RS B0 T L, B N A R 2
TR 5 S VA RE R, AT SO T A R 4, (B ]
SE B 25 | AT ) L T (0 4 S0, Ay e 3
XA IC 2 0 T4, TSR HRA B 4 k5 0 %
PRI R A s TR A I JE 843 B LA,
EL G Pl PR 1 I 85 P 85 A i A 0 T R A T
— 864 —

SIS B S N S A S TP, AR v T A —
SRR P o H AR 3 S Y ) R, (L RSB AT A
TE TAEIR A PR G 9 200°C) 1) FIRR PEEREE R
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F1 ICP-MS UETHESHL

Table 1 Instrument operation parameters of [CP-MS.

IR TAESEL W IR TAESEL WEAE
ST 1400W A= eSSt
S 1.25L/min IF B Hsf i) 20.0ms
B 1.00L/min RAFIRSE 2.70mm
e IEwih 14.0L/min A B <1.0%
Tl S 1.35mL/min XUHLTT B F P 5 <1.0%
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Table 2 Heating digestion procedure of microwave.

- TN & T A BEE AL ]
THEA B . .
(MPa) (min) (c) (min)
1 4.0 8.0 150 3.0
2 4.0 8.0 240 3.0
3 4.0 10.0 270 40.0
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BT RR 22 o 4 6 HE | AlgC < 0.1,
2.2.2  Jy KGR RTINS [mI

AR SCXF = AT SR A () SEBRARE A (14, 2#, 3#)
s oo R SR T 3 YCOPATINR, X SEBRAE S
()T 7 UOPAT TR TR, v i = Fo [al vk
FE 2 DA ImbR Ik, Pl ah R L2 5. SEBRAE A
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Table 3 Method detection limit, quantitation limit and linear equation of analytical elements.
I SpEI R LIPS T R T R
r (ng/g) (ng/g)
#Sc »=0.0019x+7.81x10° 1.0000 0.0087 0.029
8y =0.0094x+13.6x107° 1.0000 0.0015 0.0050
¥La y=0.0197x+39.7x107° 0.9999 0.0077 0.026
2Ce »=0.0107x+15.4x10"° 0.9999 0.0064 0.021
141pp =0.0275x+3.20x107° 0.9999 0.0017 0.0057
Nd =0.0053x+4.50x107° 0.9999 0.0058 0.019
9Sm =0.0027x+2.52x107° 1.0000 0.0024 0.0080
8By y=0.0112x+142x107° 1.0000 0.0009 0.0030
19Gd »=0.0067x+48.9x10° 1.0000 0.0025 0.0083
Tb =0.0263x+0.01021 0.9999 0.0054 0.018
19Dy =0.0080x+4.56x107° 1.0000 0.0005 0.0017
19Ho =0.0276x+4.55%107° 1.0000 0.0004 0.0013
0By =0.0054x+2.37x107° 1.0000 0.0018 0.0060
19Tm =0.0311x+1.50x107° 1.0000 0.0002 0.0007
) y=0.0108x+1.22x107° 1.0000 0.0009 0.0030
Ly y=0.0246x+7.93x107 1.0000 0.0005 0.0017
e RPN x BITRREE, y HITEE S WNE (cps) 5 NARTCEAE SN (cps ) HYIAE LA
F4 PP ERMIRG R (n=3)
Table 4 Results of analytical elements in the samples (n=3).
GBW07239 GBW07238
ST
PR (ug/g) I HIEESD (ng/g) AlgC FRfE(E (ng/g) M EHI{ELSD (pg/g) AlgC
3¢ 8.40+0.80 8.57+0.37 0.01 3.40+0.30 3.14+0.08 -0.03
Yy 34.242.20 32.240.10 -0.03 11.4+1.20 11.1+0.42 -0.01
La 37.4+1.90 36.0+0.24 -0.02 7.10+0.60 7.22+0.20 0.01
#2Ce 60.3+3.30 62.4+0.93 0.02 20.8+1.80 19.7+0.28 -0.02
14ipy 7.40+0.60 7.29+0.56 -0.01 3.00:£0.40 2.75+0.18 -0.04
6Nd 29.8+2.10 30.6+0.82 0.01 11.3+£2.20 9.84+0.52 -0.06
9Sm 6.40+0.50 6.50+0.23 0.01 2.10+0.40 1.84+0.06 -0.06
S Ey 1.50+0.10 1.53+0.05 0.01 0.59+0.11 0.587+0.07 0.00
190Gd 5.80+0.40 5.70+0.07 -0.01 1.90+0.30 1.65+0.03 -0.06
Tb 0.98+0.08 0.983+0.06 0.00 0.34+0.05 0.325+0.03 -0.02
1%py 5.80+0.40 5.89+0.42 0.01 1.80+0.30 1.64+0.15 —0.04
1Ho 1.20+0.10 1.23+0.04 0.01 0.36+0.06 0.330+0.04 —0.04
178y 3.20+0.40 3.35+0.35 0.02 1.00£0.20 0.837+0.04 -0.08
Tm 0.44+0.06 0.491+0.01 0.05 0.14+0.03 0.117+0.004 -0.08
"Yb 2.80+0.30 3.00+0.13 0.03 1.00£0.20 0.857+0.03 -0.07
'Lu 0.41+0.06 0.416+0.02 0.01 0.16+0.05 0.118+0.007 —0.13

T e A A Bl o T s P O i 2 . LR A
£ T i 329 D O AT i, R EE 9 T RE DA BR BLAN TR
{37 Bl B2 AN E, XoF T 2 B 4 e ST 3R AT RE PR R 22
S A AR R LT R AR R AN WA e R K5 AT
RETI A —LE5) 15 Y U Z A5 5 DU i D % 3R T
P e i o T AR AR, T AT S8 /b L AR T £ )
JELAR, (LR L A A ol P o Rt o o P i (0
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Table 5 Measured values, spiked recovery and precision of analytical elements in the environment samples.

K 14 REdh 2# R 3# R 1# B B
. . . . FEM 1# FES AR ERIE bR miceR
SHIEE  SEEMESD  SRESEESD  ARIEWMESD (=) m‘j;g " ( ’2) - /20/)
VANEEN n=. (4
(ng/g, n=3) (ng/g, n=3) (ng/g, n=3) RSD(%)

0.5 6.22 86.0
*Sc 5.79+0.24 12.4+0.24 10.4+0.12 0.90 5.0 10.4 92.2
25.0 313 102.0
0.5 21.0 80.0
¥y 20.6+0.34 28.2+1.03 41.240.23 0.36 5.0 25.9 106.0
25.0 477 108.0
0.5 13.3 100.0
%La 12.8+0.60 24.5+0.35 27.5+1.57 0.79 5.0 18.0 104.0
25.0 37.6 99.2
0.5 13.0 100.0
92¢e 12.5+0.49 35.8+1.56 28.1£1.65 0.83 5.0 17.3 96.0
25.0 35.6 92.4
0.5 3.92 84.0
4pr 3.5020.12 10.4+0.54 5.92+0.31 0.67 5.0 8.41 98.2
25.0 273 95.2
0.5 10.6 80.0
146Nd 10.240.42 23.2+1.15 23.2+1.27 0.67 5.0 14.9 94.0
25.0 33.3 92.4
0.5 4.13 92.0
*Sm 3.67+0.10 5.39+0.28 5.35£0.25 0.97 5.0 9.03 107.0
25.0 311 110.0
0.5 127 105.0
18Ey 0.744+0.02 1.18+0.07 1.27+0.07 1.13 5.0 6.19 109.0
25.0 28.1 109.0
0.5 3.67 82.0
'“Gd 3.26+0.01 5.54+0.19 5.39+£0.26 0.65 5.0 8.71 109.0
25.0 29.4 105.0
0.5 1.01 105.0
5T 0.485+0.01 0.886:0.03 0.899-0.03 1.00 5.0 5.87 108.0
25.0 26.4 104.0
0.5 3.64 110.0
'*Dy 3.09+0.03 5.35£0.15 4.48+0.24 0.65 5.0 8.51 108.0
25.0 29.0 104.0
0.5 1.19 113.0
19Ho 0.627+0.01 1.10£0.05 1.23+0.03 0.69 5.0 5.90 105.0
25.0 26.3 103.0
0.5 2.34 112.0
7OFr 1.78+0.04 3.19+0.14 3.4440.05 0.81 5.0 6.96 104.0
25.0 27.1 101.0
0.5 0.708 102.0
9Tm 0.198+0.01 0.462+0.02 0.477+0.01 1.17 5.0 5.35 103.0
25.0 25.2 100.0
0.5 2.02 114.0
"yb 1.45+0.07 3.02+0.11 2.19+0.11 0.88 5.0 6.55 102.0
25.0 26.2 99.0
0.5 0.759 109.0
Lu 0.213+0.01 0.4410.02 0.4610.01 0.65 5.0 5.56 107.0
25.0 26.3 104.0

300°C), HLiF s I, RERRR B 45 24377
FHEFERAERE], & 20 TR 2, L3R
e N RGBSR CE 2 X 370 21 1

T T TR T A A A R B /DN, 0 A ot N 2L
TE TR A B R ZUREE , By 1 SO 24

T EORE i

SR RS O SR K | U R Rt
A A SR AR TR O T A% - S B ME ) 5, ICP-
OES &M +- 4 18 oL & i . FLAEDL AL it
1R 28 A i PR 2 7 - S IR - 1o 4 A S A % T A
J 7 R 0 S SO A B HE Y Y T e A 7 i A 2R 4
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ST DLV foe b SR B A RN R BRI
Ay AR RIS A B0KE T K B K T8GR N
FEEE . DR, ot GO0 i A5 B A A 7 3 i S5 I
Ak T B 0 A AR O o AR SOk B 18
1R VUK 24 T AR A AR 270°C N TSR A
FE AL i EA TR AR B, PR YR A PHE R RTIA 18 A, W)
PR = A5 A A A AL B
3.1.2 JHRTRIAR

T M TSR T R R R AR L ERR . A
WIR . SRR SRR SH BRSO .
i F e R A ok R AL YER , RERS A R J: PR A AL
J R = ik & Y. AR BE IS AR & E AL RE S
AR SE R ) I, A R L bR R A R T
iz IR PR 2H At RE AR A b 388 580 V1 At 1 0, 12 20 30 fi
HRT AR A RN S FARE A AE . RIS B2 B4
AP EAREE. HEE, AR TR A, 5.
AT R AESR IR MEA BT AN RBRRUE A 7E, DL AETH
i Jo T B I AR R AR A T . B
ai (25 )t T AE AR 0 R AT AR RS KR O
FHERE ) 5% HeASBR AN 10% S RIRIE A WA Al
i 83508 B 19 7S M B A 9 (WH2HNOs+6HF=
WEF+2NO+4H,0) i e AE7E T i s {2 SRR
X s 702 I A2 0T BE ST A - AL DO I
MR, R D200 KA LT SR ek AL e
65, P AR PR -Fr G IR $2 O S R A A% 4H .
Jrm s L e E A BRI, SR P R A R
T 2 8 A e o i B T R A B ROR, B 4 S
FUA A AT A 35 RS e VR

FEBEHICR &R R, BRIEAREE T AR
IKFERT R DTVE, LA SR TR IS 554 T, mT ey~ A4
T EALITTIE RS B U120 AR S B TR A R i
F IR DA S TR A I AR 5 TR 5 A R A2 T TR
(T AR . e 25 R (R 6) R, FE KR RTF,
TH A5 A LR R A G UTREAATE; T E T KA
FIRIAR T, MG DLvE 2 B Wb, R AR

#o BRIPRMMRCRNLE

Table 6 Comparison for digestion effect of acid systems.

FEEREIR T RE A b S A 25408 R AR 5 i o0 fidt o T
FRF N R SRR FH DL RO A s R IR R T e DL
VE R D, (AR R TOUE . B S 7E UL AL E3E
TTEERR R, 20 0k FHANRR . S Ak R -y i
FRIR A S WGHATRE LI , 25 L R B R AT IR IR
B ESCR R, AR T, T
U UE (E VA TR AT ¥ ik, T B4 B0 o0 2K i A e 1R
TE TR, A R AR, BB T &, R
WA IR B e R AT AT B T 4R 0 R AE TR I 3 8
THRREAFTE
3.1.3 Tk

B i it A SO R g« B ik A 2 g s
() 357 5 MDA ot T AR AR o TN I R YR 3K 70 1) s
ST, PERRVR AR S T SR T A e Ak SR
BNl WO D) (| VA S DA % 1 = A A 4 N £ 2
Fh IR 2 R R AR R RE IR T 44,
TELRUET RO e L IR D RE IR BRI 251 T, AR
WFFE T AR i SR O T AR SR . BT s SR (R 7)
R TAEIREFE 270°C 1 280°C T M MR SR 4,
T £ 5 [RIFE 40min F1 60min IF 7 f% V8 1 , T A
4MPa il SMPa B 5 fif 15 5, Foe 28 2 Tl e e T i
60 R: TN 4MPa, 270°C {5 40min.

BTV T AR, AR SCHE RV VA (RS R -5 % -
SRR - 1= R R ) HEATRE ST AC B, 36t G T Bt
FIIE1 A HR FH RO 247 05 3 KA oD
Rt RS FE R IAE 10mL A2 475 76 = il e
FEZAET, A it iy A P R Ji5 452 6 R s [ 4 1l 7€ 3h
ZEAT IR i A BB B 5 W) AR 18 o T i 4
AT R RE A AT BD T S R I A AR T
e 2 ot &R,
3.2 SHINA TR R R
3.2.1 TR MNRICR S

B HR AR S HT G 2R 0 1E 426 1 R AT R b i A2 [
(A S 8= IN  7 WA NN 0 - = ) U
ICP-MS 43 A1 I il 38 8 BE B FE LM A ARG R 7

[IPGES ST R R AL HES TH AR
2mL fi§fR+6mL 575 S TG SR KTt
2mL flR+4mL FhR-+2mL SRR 75 TH I ICHRA a i
2mL A4+ 1mL Eh#R-+4mL SRR+ 1mL &5 5% 75 - TR A e e
2mL fil§fe+1mL EhfE+4mL S+ ImL B P TBRY TG M5 TSR e L
2mL fi§fe+1mL E:fE+4mL SR+ ImL &A% P EhER I TG A R UIE, SV v IR A Ve
2mL fife+1mL E:FA+4mL SRR+ ImL B AR =& LR BRI TG A ORI, Vo VA s
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FRoGEEE(Rh) X+ 16 FhocE A7 =
R sc 4 128 SR Ak (Re) JE 2 B JK AT o 16 Fhe
TR IERGE TIRRIE ., SEes 7 Rk
(Rh) A (Ir) TR X EHT T 16 FPfG Lo R b 738
RAE S EBRIE . ST AT AR S50
WA bR E(GB/T 14352.20—2021), 3% & F4H 5"
i Re fll In 450K 1, A SO IT 244 (Rh)
(IR A AR LS PR TR, S AeEin
() N BR TG R R 40 BT TC R AT AR IE, NARITER i
RN S0pg/Lo SCPRAE Sl A vp R =l A
LG AWIRICER, AT MR ST SR ROE, #E—
A AR UEARE b 43 BT v A e, R TP R 43 B o
F IR BOGE MR TR L 8.
322 THHEZEF TR

ICP-MS £ AT TR R F 2 A2 —J2 i
T, BTES A 55 B RS PR S RN R
LS8 42 43 B 1) — 6 AH [R) S0 ff LE R T, G0 22 )T
T AR OB far AR i S R AF 3 AR

X7 WAL
Table 7 Optimization for digestion conditions of microwave.
BUMASIES  TARRE (5 E

(MPa) (c) (min) HEERNRBOR
4.0 260 40 TR 1 5 A e e
4.0 270 40 TRV Ja TS W T
4.0 280 40 TRV Ja TS W T
4.0 270 20 T 1 5 A e e
4.0 270 60 TRV Ja TS W T
3.0 270 40 T 1 5 A e e
5.0 270 40 TH IR S S VWV i

# 8 BT R MR B bR TR

Table 8 Mass number of analytical elements in the samples and

internal standard elements.

SMTEE BEE AROCE || AbotE R WRcE
4 La 139 Rh i Dy 164 Ir
fili Ce 142 Rh £k Ho 165 Ir
% Pr 141 Rh # Er 170 Ir
£ Nd 146 Rh % Tm 169 Ir
4 Sm 149 Ir B Yb 174 Ir
i Eu 153 Ir % Lu 175 Ir
£L Gd 160 Ir 7Y 89 Rh
£ Tb 159 Ir T Sc 45 Rh

TETHE, T R R AR S AT e SR B AR T R 1
B SR A, A R R T L 2T
T4 FEE FHRIEHE SRS T, DL Ar, HL O
SEE AR . R E Y, In"°CeOH M
IGd; ALY T H I R R SR A 5F 4 i B A
FETHREBHALCHE TR SAS BN E T
(MO") Xt HARMIC R =4 T4, 11 Nd"°0 F1' ¥ Tb;
[ S o7 2502 T ICP-MS H e UL HLME LA %
() —Fp 3, 2 B R A hAEAE S BT H bR S T
o A LA ) 9 AS [R) G 36 7 7= A A T 4, 'S m Al
Ny BEPRBION R T A A P R B A S T
FL fr 500 6 B AR AT T 3R A9 R A BT A A A
SRS AR X TN E, 20
OB T X0, Wl BRAG IE v | b 5h
AR, BUAR B . MRS A bRk e 2036

AR D7 AR TG 0 2 B MO AR
BHEAT AL, ACEF 14 S 10 0 A SRR i EE SR AR /N
1.0%, TEAL R PERE bl 2 76 45 2 1 iR s 3,
o AL A s TP R 2R, AR A TR B de £
Gy Mr a8 H SR FH 7S MR R A 52 7 3t 3 R IE R (KED)
R, 3 ) ST A FE SR SR (He) 5+
P & AT R, SR 5 A B8 ik 7S ORI R
HEA DURR T 15 Al it BE 42 R AT B BRI, i f 48
TR 2 )5 RE IR 2 R TR AR B RO A
DU AT, 5 KRR b ) 3 A 2o 2 1T R ™ A 1) 2 I
FROETRE RS AR LR FIERH =@
ZR 51 PIBR T 3BT 04 SRS A5 R o T e it
T3 SR REAE, AR P

B RR T AN IER BT, brifEp o
BURMZ TR P& a2, WP EEH,
AR IE A G & i (41 GBW07239 H1 S, Y & &
35N 6.98pg/g 1 26.2ug/g) B WA FAS 1E I ) &
(Sc. Y &%k 8.57ug/g 1 32.2ug/g), HAK TR
HEAE JE B (GBWO07239 H Sc. Y & & 43 %~ 8.40+
0.80pg/g Fl 34.2+2.20pug/g) . T WLE L N bR 5] A S
IS T £ S 25V, AT S G TE 20 2o A o A A4
RN 5T, A MAE B AT S AR . 705 B0 UE i
BB 15 A P BR JG 2R BEA SO A IE AL T (5 5 i J
W5 KRS, I S B A v e 1
3.3 SbRAEShE LA

A SCMEA ) T R 3 BN T 2% (3% 5), R T[]
SRR SRS 10 T AL R ONT 5% ),
A5 ML T8 7 A7 Ml s o b B 5 S5 6 3 90 3K T
T HHLTE Y(DZ/T 0130—2006) H (148 %5 B 35k,
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Fig.1 Comparison for contents of Sc and Y in reference
material before and after internal standard element

correction.

b [T e 2 A 25 S 5 () 28 i Jo A o 25 R AR —
S0 A 80% ~ 114% 2 J8] . SR E T RG2S )1 1 52
BREE S I & HE 0.198 ~ 41.2pg/g, 5 5 bREF 22 K22
ERIEEHE O R LT R A i 0.013 ~ 5.53pg/g MlEK
T B S, SR X
= A R SE S B R R M X R (g
) BT 4902 4 ik 0.68 ~ 107pg/g AHEIE G
HAE [l — 7K, P e AT DA (] st 35 ) B0 7 H s 0
R R I I A RRE . M X 2
RBEA BB, T e X A 2 o B - R
ZaRE PN S RSO X A £ )
WRA. GYER AR A%, BER T Bhseh
Xif PR SE M L R B FH b X OR [R) 5 A 28 B (A R
TR RKE, NFAE AT RY
28 SR EOR, QIR S LA 5 (0.071 ~ 2.1 pg/g)
FUHE 4 A1 17(0.27 ~ 5.10pg/g) 5 2z Hifth 47 35 H 25
(0.68 ~ 107pg/g) FLIY K45 (0.43 ~ 63.6ug/g) 55 A HE
FICE AL, HORFEA A R B i
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Determination of Trace Rare Earth Elements in Tungsten-Molybdenum
Ore by Inductively Coupled Plasma-Mass Spectrometry with Microwave
Digestion System

CAO Junfei, WANG Ting, LIJian, LI Ying
(Hangzhou Expec Technology Development Inc., Hangzhou 311300, China)

HIGHLIGHTS

(1) The addition of citric acid helps to stabilize tungsten and molybdenum elements in an acidic environment after
tungsten-molybdenum ore is digested with microwave and acid-driving treatment.

(2) The distribution of rare earth elements in tungsten-molybdenum ore in different rock types and regions has
spatial distribution characteristics and differences.

(3) This method has a low detection limit (<0.0087ug/g), high accuracy, and high-throughput sample analysis
capability.

ABSTRACT

BACKGROUND: Tungsten-molybdenum ore and rare earth are both important strategic resources. It is of great
significance to evaluate the contents of rare earth elements in tungsten-molybdenum ore for the development of rare
earth resources in minerals. During the pretreatment of tungsten and molybdenum ore samples, the alkali melting
flux will introduce the salt matrix, and the tungsten and molybdenum elements in an acid dissolution condition are

easy to hydrolyze into tungstic acid and molybdic acid and produce rare earth fluoride.

OBJECTIVES: To establish an analytical method for accurate determination of the 16 rare earth elements
including La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y, and Sc, in tungsten-molybdenum ore by
inductively coupled plasma-mass spectrometry (ICP-MS).

METHODS: Tungsten-molybdenum ore samples were fast digested by microwave with four acid system (HNO;-
HF-HCIO,-HCI) in a high temperature and high-pressure environment. Then the digestion acid solution was
evaporated to the viscous state, and the mixed solution (citric acid-hydrochloric acid) was used to dissolve the
complexed tungsten and molybdenum at warm temperature, which effectively avoided the introduction of salt
matrix in the pretreatment of tungsten-molybdenum ore samples. The problem of tungsten and molybdenum easily
hydrolyzing into tungstic acid and molybdic acid was also solved, and rare earth fluoride in an acid environment was
produced. Online internal standard and kinetic energy discrimination (KED) strategy were used in real-time to
calibrate the sample analysis by ICP-MS, which solved the interference problems of matrix effect and polyatomic

ions in the analysis process.

RESULTS: The 16 rare earth element contents of tungsten molybdenum standard material (GBW07239 and
GBWO07238) and real samples (1#, 2# and 3#) was efficiently measured. The results showed that the concentrations
of 16 rare earth elements were within the scope of the standard value, the contents of real samples were 0.198-
41.2pg/g. Relative standard deviation (RSD) of method precision was lower than 2.0%, the method detection limit
was 0.0002-0.0087ug/g, and the spiked recovery of real samples was between 80.0% and 114.0%. The absolute
value of the logarithmic error between the average value of sample testing and the standard value of reference
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materials| AlgC|<<0, meet the requirements of the geological and mineral industry. The measured contents of rare

earth elements in tungsten-molybdenum ore sampled from Henan are 0.198-41.2pg/g, compared with 0.013-

5.53pg/g in molybdenite ore from Jilin, 0.68-107.0pug/g in tungsten ore (quartz schist) from Yunnan and 0.071-

2.11pg/g in tungsten ore (tourmaline) from Yunnan. The content distribution of rare earth elements has spatial

distribution characteristics and research significance for differences in rock types.

CONCLUSIONS: The tungsten-molybdenum ore samples are completely dissolved by microwave with the four-

acid system. This method satisfies the requirements of the geology and mineral industry and can provide reference

for the analysis technology of trace rare earth elements in tungsten-molybdenum ore for high-throughput sample

analysis capability.

KEY WORDS: tungsten-molybdenum ore; rare earth elements; microwave digestion; inductively coupled plasma-

mass spectrometry; kinetic energy discrimination
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