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Determination of 16 Rare Earth Elements in
Rare Earth Ores by Inductively Coupled
Plasma Mass Spectrometry

SU Chunfeng
(BGRIMM MTC Technology Co. ,Ltd. ,Beijing 102628 ,China)

Abstract The method of inductively coupled plasma mass spectrometry (ICP-MS) was established for
determination of 16 elements in rare earth ores. The method with nitric acid, hydrochloric acid, hydrofluoric
acid and perchloric acid has been developed, which is based on the comparison of microwave digestion with
acid digestion. '*Rh was used as the internal standard to eliminate the interference and the optimum
determination conditions were determined. The detection limits of 16 rare earth elements were 0. 002 9—
0.009 9 ng/mL, the determination range was 0. 0005 % —0. 020 % and the recovery of indium is 92. 6 % —
118%. The feasibility and accuracy of the method are verified by the national reference materials. The
method is simple, easy to operate and reliable, which can meet the requirements of experimental analysis.

Keywords rare earth ore;inductively coupled plasma mass spectrometry;rare earth elements

Y8 B 81 : 2020-02-04 f& B H #5:2020-03-10
EEWB :FHXE KRB ARSI R E S L 02016 YFF0102500)
TEEB N AR L DRI FENET A LA OE)R P HA R BT ZENAH IS . E-mail:scf759@126. com

35| AR A R B A A B R RS (ICP-MS) 35 5 £ 16 Al oo R & &01]. B B4 Hr 2,
2020,10(6) :28-32.

SU Chunfeng. Determination of 16 Rare Earth Elements in Rare Earth Ores by Inductively Coupled Plasma Mass
Spectrometry[ J]. Chinese Journal of Inorganic Analytical Chemistry,2020,10(6):28-32.



56 1 T A R - H R A 25 B TR S (ICP-MS) i E R 0w 16 fifs Lo E &8 29

]

L

Bl

m

i + (Rare Earth) , J& fk 2% J& 0] % Bl R o0 %
MBI 17 P& B U R M AR, BRET. M+ B
RGNS . B oM e A RS R T
T % BT (ICP-OES) kM | i J8HE & 4 3 71K i
T (ICP-MS) I s F W 3% (AAS) 35 L9
T CERANAT ULy O B T AR L e b A B ik
T B RIS CRRVE O R R . AR
SR FHT VU 375 At s 0 R b SRR B B AR RS vk
M ER £ A4 B0 o VES VBr 42 L EL VER L .
BB EE B VEE RN BUAE 16 FP AR O Ik AR,
FE Tt A2 S 56 A TR

1 KIEEH

1.1 FEiRH

IR, R AR . B AR (U gl [H 25 4R
AD s FEBHAR KT 18 MQ + em BB AIK ; iR (wan =
99. 996 %0) 5 E Kb iE Y Ji (GBWO7158) ; fi + 1R A #x
HERE BRI (100 g/ mL, W 5 AN WF 40 52 28 )DL IF
T VAt 46 V5 AR T S A v ARV IR A0 g/ mlL)
Lt AR UE TAER W B(L pg/mL) o 57 3% 9 38 K
FHCLD A5 CYCo) A2 (YD) VAl (M0 Ce) VR TD
% 1 ng/mL IR G . WHREW:10 ng/mL £ (" Rh)
W10 ng/mL A0 (P In) ¥ WL 10 ng/mL £k ("% Re)
B
1.2 FEUH

Agilent ICP-MS 7700x Hi JEHE 4 45 8 7 4 i 1%
I CEFERRHE A AL SR ED .
1.3 XWHE
1.3.1 A4 ny il

UL 0.0.10.1. 00 mL # + 1R A ¥ W B.0.50,
1.00.2. 00 mL # HIR G W A T—4 100 mL %
s I S mL fE R KRR B 2= 20 B IR 2.
WRIIFRERS W 1 mL & 42 00 4l RS L 82 LB
ELVBRL B BB LB HE L BU e il o 04 1000,
10. 00,50. 00,100. 00,200. 00 ng,
1.3.2 FEfHALBE

FREL 0. 10 gCEH E 0. 000 1 @) iRXKFET 200 mL
BIUR Z A, A 10 mL 58,5 mL 4 2.
5 mL AR .3 mL & &R . T iR o AR i
ZiE+. T AHMEZRE. A5 mL iHER, HK i
VEAREE AR . IR R E=ER. B A 100 mL
A HAKERZZE 5,

1.3.3 &
TEA i foe A TAR AT 422 i 6 4% T8 &K 4 5t
TR DUEE O B« SR P FRL TR 5 25 B M o i ok
SETR WP R S B B2 VER VEL VBB BT
BUEVEAgUE R IR EM LB RS TR
o BB 3L
L4 SHERTE
P CO TR Bl RS B B2 VB L EL R
BB ER VEE HE L BU IR R AR B WL BUE DL
R
(‘0‘, *po) XV xX107°

W, = X 100 (D
m

K

x BE TR B2 004l BS VE 2  H AL

BB VEKVEE EE BB B0 s

o- DU A5 20ORE S W Bl D T & A BT R VR R
ng/mL;

po— 4525 3 Bl OT 2R A o o vk B
ng/ml;

V——3W 1 SR, mL;
B T . g,

JIT A 45 AR B8 WA RUEUCT .
2 #RE5iTie
2.1 NBRIESH

SR FH 8 8 38 90 22 ARS8 T T M e A 8% T AR 2
AT i e FE . RS H TAR SR IR 1,

x1 NESETEEG

Table 1 Reference operating conditions of instruments
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Table 2 Optimum isotope mass numbers of

elements and internal elements

TLE S A TLHE Jo i A TLH S A
Y 89 La 139 Ce 140
Pr 141 Nd 146 Sm 147
Eu 153 Gd 157 Th 159
Dy 163 Ho 165 Er 166
Tm 169 Yb 172 Lu 175
Se 45 Rh 103

2.3 T {EmnZHyBECH
FHEL0.0.10,1. 00 mL # HIR &AW B.0. 50,
1.00.2. 00 mL #i HIR W A T—4 100 mL %&
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IR FIBRMER R 1 mL 552 0 Al 55 i 82 L
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Table 3 Recommended detection limit and

detection lower limit

_ Kt BR/ W E TR/
JLE

(ng * mL™ 1) (ng e mL™ 1)
Se 0.009 9 0.033
89y 0.005 7 0.019
139 La 0.004 0 0.015
10 Ce 0.007 4 0.025
Ulpy 0.004 0 0.013
146 Nd 0.009 1 0. 030
147Sm 0.005 4 0.018
153 Eu 0.004 4 0.015
157Gd 0.006 2 0. 021
159Th 0.002 9 0.010
165 Dy 0. 006 6 0.022
165 Ho 0.005 0 0.017
166 By 0.006 1 0. 020
169 Tm 0.003 7 0.012
172Yb 0.006 2 0.021
5 Ly 0.004 3 0.014
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Table 4 Working conditions of microwave

digestion apparatus

LR i ] /min /W Wz /°C
1 10 1 000 100
2 10 1 000 160
3 10 1000 200
4 5 500 220
5 20 500 220
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Table 5 Mass spectrometric interference

in rare earth determination

LR Ppigrg i R R/ VA

Sc 45 100 90 Zy2+

Y 89 100 BGeO

La 139 99.9 123 Te(), 122 ShO

Ce 140 88.5 120 Te0), 124 SmO

Pr 141 100 125 TeO

Nd 146 17.2 128Te()

Sm 147 15.0

Eu 151 47.8 135 Ba0), 13 BaOH

Gd 157 15.7 HIPr(0), 10 CeOH

Th 159 100 HINdO, 2 CeOH, "2 NdOH
Dy 163 24.9 TSmO, 1" NdOH

Ho 165 100 U SmO, 8 SmOH

Er 166 33.4 159NdO, %Sm0, " SmOH
Tm 169 100 53 Eu0, 52 SmOH, "2GdOH
Yb 172 21.9 156 GdO, " GdOH

Lu 175 97. 4 159 ThO, 8 GdOH, " DyOH
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Table 6 Rare earth element content in samples(n=11)

/%
iz R 17 e 27
T RSD ¥ {H RSD
Sc 0. 000 40 2.9 0. 000 45 2.9
Y 0.002 34 2.5 0.005 46 3.7
La 0.008 48 0.77 0.010 75 1.8
Ce 0.010 14 1.5 0.017 99 1.6
Pr 0.001 70 1.4 0.002 14 2.9
Nd 0.005 76 1.7 0.007 35 2.4
Sm 0. 000 94 1.3 0.001 29 2.9
Eu 0. 000 24 1.6 0. 000 23 2.9
Gd 0.001 22 1.2 0.001 91 1.4
Th 0. 000 14 3.0 0. 000 23 3.5
Dy 0. 000 52 2.1 0. 000 98 1.8
Ho 0. 000 09 1.5 0. 000 19 1.8
Er 0. 000 28 1.8 0. 000 56 2.8
Tm 0. 000 03 2.6 0. 000 07 3.2
Yb 0. 000 22 5.0 0. 000 48 3.6
Lu 0. 000 03 3.2 0. 000 08 3.2
F7 AEYE GBWOTISS HE L EE
Table 7 Content of rare earth elements in
certified reference material GBW07158 /%
W W7 fiL bRfiL
Scz O3 0.001 2 0.001 1
Y204 0.018 0.018
La; O3 0.030 0.031
CeO; 0.009 2 0.009 2
PrsOn 0.005 2 0.004 9
Nd; Os 0.017 0.017
Sm; Oy 0.003 4 0.003 4
Eu, O 0.000 87 0.000 81
Gd; 04 0.003 6 0.003 2
Tb, Oy 0. 000 56 0. 000 54
Dy, 0; 0.002 9 0.002 7
Ho, O4 0.000 57 0. 000 57
Er, O3 0.001 7 0.001 6
Tm; O3 0. 000 23 0. 000 24
Yb, Oy 0.001 5 0.001 4
Lu, O3 0.000 22 0. 000 20
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Table 8 Standard addition and recovery experiment
S =NE % Hoos
ek /g , LR , i 2
WA /ng Y & /ng Il e R/ % WA & /ng U & /ng s/ %
Se 10 000 9 716. 25 9323 93.2 10 156 9 695 97.0
5 000 5 239.77 4 847 96. 9 5185 4735 94.7
v 10 000 13 837 11 539 115 15 456 9 820 98.2
5 000 7 425 5127 103 10 581 5077 102
La 10 000 20 184 11 868 118 20 353 9 256 92.6
5 000 13 229 4 914 98.3 15 982 5 143 103
Co 10 000 21 753 11 805 117 27 498 9 930 99. 3
5 000 14 820 4 871 97.4 23 452 5315 106
Pr 10 000 13 065 11 401 114 12 230 10 020 100
5 000 6 732 5 069 101 7 270 5112 102
Nd 10 000 17 303 11 656 116 16 988 9 405 94.1
5 000 10 663 5016 100 12 473 5 066 101
Sm 10 000 12 114 11 187 112 11 121 9 788 97.9
5 000 5912 4 985 99.7 6 250 4 949 99.0
Eu 10 000 11 607 11 374 114 10 198 9 964 99. 6
5000 5272 5039 101 5155 4926 98.5
Gd 10 000 12 400 11 200 112 11 612 9 641 96. 4
5 000 6 125 4925 98.5 6 801 4 875 97.5
Th 10 000 11 519 11 383 114 10 174 9 940 99. 4
5 000 5 247 5111 102 5 250 5021 100
Dy 10 000 11 709 11 202 112 10 753 9 743 97.4
5 000 5 480 4972 99. 4 5 880 4 893 97.9
Ho 10 000 11 428 11 337 113 10 114 9920 99. 2
5 000 5 218 5126 103 5180 4 990 99. 8
Er 10 000 11 377 11 104 111 10 308 97 28 97.3
5 000 5 200 4927 98.5 5427 4 861 97.2
Tm 10 000 11 325 11 294 113 10 031 9 955 99. 6
5 000 5 127 5 096 102 5 059 4 985 99.7
b 10 000 11 258 11 058 111 10 104 9 609 96.1
5 000 5153 4 953 99.1 5232 4 748 95.0
Lu 10 000 11 424 11 392 114 10 172 10 094 101
5 000 5 082 5050 101 5017 4 941 98. 8
~z
3 B S Mk ,2019,9(3) . 23-27.
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