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Table 1  Operating parameters of the ICP-MS instrument
TAESH BOE KA LEZ% BOE AT
Bk 1300 W L EmI EAS S 40 r/min
BHR(A) R 13 L/min gy B
WP (A A 0.7 L/min W 3
FHA (A i 0.9 L/min EEER/e 30
FRAEHE (N fL1Z 1.0 mm U BRI )./ 308 10 ms
AR (NI fLA2 0.7 mm SRR A 15 s
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Table 2  Concentration of the element calibration standard solutions

fitIng o/(png- L7 Wtnx p/(pg+ L1
Y 100 Th 5.00
La 100 Dy 50.0
Ce 100 Ho 5.00
Pr 50.0 Er 10.0
Nd 100 Tm 5.00
Sm 50.0 Yb 5.00
Eu 10.0 Lu 1.00
Gd 50.0
1.3 9857051k

FREL 0. 1000 g ik TR M, AL
T, AR A 6 mL b B2 2 mL A§lZ .10 mL
ZHIR 2 4 mL 9 mol/L BifR, 55 FHH T, B T

263 FRAEERAIE &5 0
Table 3 Analytical results of REEs with different sampling mass

R H AR | 110CHNFA 2 h, TR 2 130°C, JinfA2 h,
WCR HiH s, FHIR % 250°C , TRamR M 'S R . TR 4]
Jei s IS mL B BC i Y F K IR RS, AR = I
PR 2 mL, A K PR RREE , B S min I
WG SE o HONHIR, @ S 25 mL 3R 20 SR
WE T HEE TR REEZIE, B
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N T 5 L ICRAEARIFREE B ) 4 o0 4
FERE 6 FHRE S5 IR W ™ AR 4 i GBW 07212, 43 51
FREL 0. 0500 .0. 1000 .,0. 2000 .0.3000 g, ¥ 1.3 5L
TR AL B, 3 3 I 5 SRR Y FR AR R K
F0.2000 g i}, & E R ETE (WY La,
Ce Pr Nd) (9 I 2 25 ¢ W] 5 455 225 FRRF 4 2h
0.0500 g% 0. 1000 g HHll 2 45 R 0T . A7 i e
PRFEEE N 0. 1000 g,

Bt ot PR it w/(pg+g™")
' m/g La C¢ Pr Nd Sm FEu GI T Dy Ho Er Tm Yb Lu Y
0.0500 20.10 30.20 5.71 25.20 5.38 1.27 5.17 0.99 5.69 1.15 3.11 0.44 2.31 0.40 42.30
GBW 07212 0. 1000 19.70 29.80 5.63 24.20 5.21 1.25 5.16 0.96 5.67 1.16 3.03 0.43 2.30 0.37 40.60
(FEEETRWE) 0.2000 17.90 25.42 5.38 22.30 5.03 1.15 4.98 0.85 5.29 1.10 2.79 0.38 2.12 0.33 35.90
0.3000 15.80 23.50 5.18 20.40 4.89 0.95 4.79 0.75 4.98 0.89 2.43 0.30 1.87 0.30 32.70
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B A TP F L OCE B — AR N A, RE A Table 4  Determination isotopes and correction equations for
T Ba FIAEHG LOCR A& B & T HEM TR interfering ions
B, R b 25 % 1& BaO  BaOH 2 + A AL | £ TR ik Jrfe
. X 151 _ 135
AR TR TR LRI T fEL ey 0.0015 % W00 0,019 % B
B ERITR MK IR & = u e 1597y, ~1.47 x ("' Dy -0.76 x '*' Dy)
S Eu 5 Gd T S Ho 3547 T THAGTE, i 15 Ho -0.0002 x “*Nd —0.0034 x ¥"Sm
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B ATEIT PR T8 AR A THEBE T B A Table 5 Detection limits of the method
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ALV B S e
2.3 JiiERHR Ce 140 0.021 Ho 165 0.001
N JE NN, 5 Pr 141 0.012 Er 166 0.039
A LOD =K FER R (R0 bs 5 11 il sm 197 oo | b 2 0.00s
—wn N e - Eu 151 0.002 Lu 175 0.001
MRS K WREREK =3), £oemyy D 1 0 e s o0
PR BR I S, Th 159 0.015
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Table 6  Recovery tests of the method

p/ (g mL™")
otk sk %
AIRE AR AEINEH
La 19.7 20.0 40.1 102.0
Ce 29.8 20.0 51.2 107.0
Pr 5.63 10.0 15.2 95.7
Nd 24.2 20.0 43.5 96.5
Sm 5.21 10.0 15.1 98.9
Eu 1.25 2.00 3.31 103.0
Gd 5.16 10.0 14.9 97.4
Th 0.96 1.00 2.01 105.0
Dy 5.67 10.0 15.4 97.3
Ho 1.16 1.00 2.24 108.0
Er 3.03 5.00 8.15 102.0
Tm 0.43 1.00 1.50 107.0
Yb 2.3 2.00 4.42 106.0
Lu 0.37 0.50 0.90 106.0
Y 40.6 20.0 59.8 96.0
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Table 7 Analytical results of REEs by two methods

w/(pg-g™")
GBW 07210 GBW 07211 GBW 07212
it (Bides) (WA (REEERTED)

TR kY EiEk Ay EbRE Ay EbRk
(ICP-MS) (ICP-AES) (ICP-MS) (ICP-AES) (ICP-MS) (ICP-AES)

La 11.3 10.7 29.5 30.4 19.7 19.6
Ce 21.0 21.8 26.9 25.4 29.8 31.1
Pr 2.70 2.68 6.00 6.13 5.63 5.79
Nd 12.4 12.5 24.8 25.7 24.2 23.6
Sm 2.80 2.71 5.00 5.22 5.21 5.33
Eu 0.80 0.85 1.10 1.25 1.25 1.13
Gd 3.10 3.21 5.40 5.26 5.16 5.24
Th 0.60 0.57 1.00 1.13 0.96 1.04
Dy 4.00 4.09 7.00 7.15 5.67 5.57
Ho 0.90 0.94 1.50 1.61 1.16 1.23
Er 2.80 2.63 4.70 4.81 3.03 3.14
Tm 0.40 0.44 0.70 0.67 0.43 0.41
Yb 2.50 2.42 4.20 4.11 2.30 2.21
Lu 0.40 0.44 0.70 0.66 0.37 0.41
Y 37.4 38.9 69.2 71.2 40.6 41.7
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Table 8 Precision tests of the method
GBW 07210 GBW 07211 GBW 07212

Bt gy (BE) (RERERRRED)
LR w/(pg+g™") RSD/% w/(pg-g™') RSD/% w/(pg-g~') RSD/%
La 11.3 2.6 29.5 6.0 19.7 2.1
Ce 21.0 2.4 26.9 5.6 29.8 3.0
Pr 2.70 1.6 6.00 2.4 5.63 2.7
Nd 12.4 2.5 24.8 5.5 24.2 2.5
Sm 2.80 3.6 5.00 4.4 5.21 2.6
Fu 0.80 1.6 1.10 2.6 1.25 2.6
Gd 3.10 3.7 5.40 5.5 5.16 5.4
Th 0.60 0.4 1.00 3.5 0.96 3.9
Dy 4.00 1.5 7.00 5.2 5.67 4.6
Ho 0.90 1.4 1.50 5.4 1.16 4.0
Er 2.80 1.6 4.70 3.3 3.03 4.2
Tm 0.40 0.6 0.70 1.1 0.43 1.9
Yh 2.50 1.7 4.20 3.1 2.30 4.8
Lu 0.4 1.7 0.70 1.2 0.37 3.4
Y 37.4 2.3 69.2 2.4 40.6 3.9
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Determination of Rare Earth Elements in Phosphate Ores by Inductively
Coupled Plasma-Mass Spectrometry with Mixed Acid Dissolution

GUO Zhen-hua, HE Han-jiang, TIAN Feng-ying
(Analysis and Testing Centre, China Chemical Geology and Mining Bureau, Zhuozhou 072750, China)

Abstract: It is known that a large amount of rare earth elements (REEs) is contained in phosphate rock, making
it an important reserve of REEs after ion-type REEs ores. Therefore, it is significant to analyze and study the
determination method for REEs in phosphate rock. Phosphate ore samples were digested with HF-HNO,-HCI-
H,S0,-aqua regia. A method for the determination of 15 REEs in phosphate ores by Inductively Coupled Plasma-
Mass Spectrometry ( ICP-MS) was established. Some parameters affecting the determination, such as sample
weight, sample digestion method, selected determination isotopes and interference correction were investigated.
Matrix effect and sensitivity drift were monitored and corrected by an interior isotope of '“Rh. The recoveries of the
method are 95.7% —-108.0% , detection limits are 0. 001 —0.021 wg/g and precision (RSD) is less than 6% (n
=12). The method is suitable for analysis of rare earth elements in phosphate ores.

Key words: phosphate ores; rare earth elements; interference correction; Inductively Coupled Plasma-Mass

Spectrometry



