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Determination of Rare Earth Elements in Geochemical Samples
by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) with
Ammonium Fluoride Rapid Decomposition

GUO Zhenhua, WANG Murong, WANG Yanchao

(Experimental Application Research Center , Institute of Geology s Sinochem General Administration

of Geology and Mining , Zhuozhou, Hebei 072750 ,China)

Abstract Determination of trace rare earth elements in geochemical samples is usually carried out by mixed
acid decomposition method or alkali melting method. These conventional methods often have disadvantages
such as large amount of reagents, large matrix effect, and long operation period. A new method for the
determination of 15 trace rare earth elements in rock, soil and stream sediments by inductively coupled
plasma mass spectrometry (ICP-MS) was established by using ammonium fluoride as flux to melt the
samples in a capped polytetrafluoroethylene crucible at 220 °C and then using 2 mL nitric acid and 0. 5 mL

perchloric acid+sulfuric acid (1+1) to decompose on an electric heating plate. This method can decompose
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the samples quickly and effectively. After verification by three national standard materials (rock,soil, water

system sediment) , the accuracy of the method.,Algc,is between 0. 001 and 0. 02,and the measured value is

consistent with the certified value. The detection limit of the method is between 0. 001 and 0. 04 pg/g,and

the precision RSD is between 1. 1% and 4. 9% , which can meet the analysis requirements of trace rare earth

elements. With the characteristics of simple and fast, with less reagent consumption, low detection limit,

good precision and accuracy.,it is suitable for the batch rapid analysis and determination of trace rare earth

elements in geochemical and other geological samples.
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ICAP Qa 7Y 1 J&HE A 55 85 1 1R i ik A (& H
ThermoFisher A F]) .

ICP-MS FZ TAESHCh T2 1 500 W, 2 H1X
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1.3 XWHE

FREL 0. 10 g 2 0. 000 1 @ & T TR 1Y
20 mL R PUF LI AL A 0. 50 g FAk B, TiE
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RHIMA 5 mL 33 K 1+ 1), F e #8004y $4
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mn B ELARERE L R A BE U (Y La) .1 (Eu . Gd) \HE
(Yb.Luw i 10 FK 2 Wi E % EXT 4, 43 0 R HL
GSR-5 brifEW Bt 6 f3. &y FE i 0.1 g R i 2
0.000 1 @ F T 20 mL RIUR LI I™N, 4
i A 0.20,0.30,0.40,0.50,0.60.,0.70 g ik #.
PLUR D B[R] S 56 5 1, A5 R W3R 1, 8080 Wl s s 94 71
HRTAET 0.30 g B T A # 1 o0 3 S HEA 53 i 5
4 GRO5 25 TR R U BE B s Y ] fe A eI
FH &R 0.50 g,
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Table 1 Selection of ammonium fluoride dosage

/(png-g')
. AL/ g o
T , : PR
0. 20 0. 30 0. 40 0. 50 0. 60 0.70
Y 18.2 21.5 24.5 26.1 26.0 25.9 26

La 53.5 58. 6 59. 6 61.3 61.5 61.3 62

Eu 1. 46 1. 56 1. 66 1. 69 1.71 1.70 1.7
Gd 5. 61 5.97 6.56 6. 66 6.69 6.72 6.7
Yb 2.12 2.39 2.54 2.59 2.61 2. 60 2.6
Lu 0.32 0.38 0.40 0.41 0.41 0. 41 0. 41
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220 °C, FHE T SCHRE HE i g Ak U8 o) A 1k 1Y
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Table 2 Selection of digestion temperature

/(pg-g™")

- T fif R %/ °C _
TTHE —— - b o (E
180 190 200 210 220 230 240

Y 19.1 22.1 24.9 26.6 26.1 25.8 26.2 26
La 51.4 59.9 59.9 60.1 62.5 61.9 62.3 62
Eu 1.49 1.59 1.64 1.69 1.70 1.71 1.70 1.7
Gd 5.83 5.92 6.65 6.69 6.71 6.71 6.72

Yb 2.06 2.43 2.48 2.61 2.62 2.61 2.63 .
Lu 0.35 0.39 0.40 0.40 0.41 0.41 0.41 0.41
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F5 Rl SF [ 0 2 R R A0 R B I R
R TR E AR T o0 R R R e AR B ) AN [ B ]
F0.5~3 h)JH 0.50 g &7 43 ff 0. 10 g (K5 g &
0. 000 1 @) By bR HEY) 5T . 3 0 BRI 4 1y 5 A1 bR THE W)
5T GSR-5, HoAx (Rl 52 56 7 v o 25 % 0 il B[] % 3000
MYSEM 25 R W3R 3, R LW, W E 2 0. 5 h i),
FE Al BE A S i 58 4 IR OR T755 75 1 b A i 58
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Table 3 Selection of digestion time

/(pg-g™")

. Sy f A /b -
JLE 0 . 5 3 bR

Y 24. 4 26.1 25.9 26.2 26

La 58.6 61.8 61.2 62.0 62

Eu 1. 66 1.71 1.71 1.70 1.7

Gd 6.61 6.68 6.71 6.72 6.7

Yb 2.55 2. 60 2.62 2.61 2.6

Lu 0. 39 0.41 0.41 0.41 0.41
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TCRA B AR Z A 0 R B T4 AR 5O R In,
" Re 2 BRI AR AL IE TR H R H T In 7
o JRE il HR R B AT IS L 1 Rh YT Re M Bk A
SERE R R A L AR I 4 R Re XA
PRORASIEA Z8 B ERRS MR IR T4 . 3R 4 25l 1T 15 b
Fi b 0 2R I E T ORISR B I BR TR
2.5 MEREBH . ARTENEERTERHR
i MERE Al 20 AR 05 18 L BE TR ARE i A 11 A IR
W Wl A 1ICP-MS W &, >k M & broad A 5
IUPAC. 243 Ly =KS. 2 SO 11 Wl 5E bR

gy A BEBECA AL 118 oK R UL GSR-5,
GSS-16.GSD-19 =Ftr i = % Wy B /F Ry S50 X 4
FE PG 22 J5 0 52 56 25 10 T HEAT 20 BT 0 A L S 56 45
RUWE S, R ERFER T 15 FffE TR Alge
FE 0. 001~0. 02, KW 5 vk B A B4 09 00 B L 3 2
GB/T 14506. 29—2010 il & 7 £ J0 &K 19 i i 225K .
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Table 4 Determination of mass number,selection of

internal standard elements and method detection limit

/(ng-g")
e 22 pg/ s K B AR RBGHC3 SRk i BR Ly i i 4 e P 4 b i R
pg/g. A ICER ML R W R 4, kb R Y 89 "Rh 0-02
. . _ La 139 103 Rh!¥7 Re 0.04
0.001~0. 04 pg/gyﬂ\% 4 ﬁﬂ%%@% ’1z7j‘/21§ﬂ3:‘|:ﬁéﬁﬁ Ce 140 13 R} 187 Re 0.02
A IR L 45 O R IR PR ALK 15 Fh ARG £ oT R Pr 141 105 Rh 197 Re 0.01
(¥ R tH BRI T GB/T 14506. 29—2010 #3754 Nd 146 RRITRe 0-04
. . Sm 147 103 Rh!¥7 Re 0. 009
A bR 2K Eu 153 13 Rh'$"Re 0.002
2.6 FEMNRBEESAMELR Gd 157 103 RB157 Re 0. 001
A 35 B A 3 KoK R DU Y [ K bR HE W) b 159 “’Rh'¥Re 0-003
i GSR3.GSS16.GSD19 /£ Jy 43 Hr £ 5 . 42 18 53 #r by 163 URRRe 0.014
Ho 165 103 RK17 Re 0. 003
AR oy ) R RE SRR 6 1 TR AR AR A5 1 Er 166 103 RR197 Re 0.014
T E 15 Mot R A s BT RAS JT R 6 Kl E 4 Dy 169 [ RhTRe 0. 002
SR B A B fE R 22 RSD. 45 L I % 5, ¥odie & 07 o g B, .
RSD 7E 1. 150 ~4. 9%, Jy ik A% % B R4
x5 AENBERESEWRE
Table 5 Precision and accuracy of the method /(pg+g™")
. GSR-5 GSS-16 GSD-19
LR W2 RSDY  MEE Alge #etE  RSDY  MEE Alge e RSDY  MEE Alge
Y 26 1.1 25.5 0. 008 38 1.2 37.9 0. 001 34 2.4 34.4 0. 005
La 62 1.7 61.6 0. 003 67 1.1 65.9 0. 007 15 2.2 13.8 0.011
Ce 109 1.1 107 0. 008 133 1.1 129 0.013 90 2.0 87.8 0.011
Pr 13.6 1.9 13.7 0.003 14.6 1.3 14.8 0. 006 11.0 2.5 10.9 0.004
Nd 48 1.2 18.2 0. 002 57 1.6 56 0. 008 10 2.2 38.2 0. 020
Sm 8.4 2.1 8.34 0. 003 10. 4 2.2 10.8 0.016 7.5 2.7 7.33 0.010
Eu 1.7 3.2 1.71 0. 003 1. 66 3.6 1. 69 0. 008 1.4 1.0 1.37 0. 009
Gd 6.7 2.6 6. 72 0.001 8.5 2.4 8.45 0. 003 6.58 2.8 6. 37 0.014
Th 1.02 3.9 1.01 0. 004 1.3 3.1 1.32 0. 007 1.14 3.5 111 0.012
Dy 5.1 2.2 5.22 0.010 7.4 3.6 7. 41 0. 001 6.5 2.6 6.35 0.010
Ho 0.98 1.0 0. 99 0. 004 1.41 3.5 1. 44 0. 009 1.27 1.0 1.29 0. 006
Er 2.7 3.4 2. 69 0. 002 3.8 2.6 3.79 0. 001 3.7 2.7 3.67 0.003
Tm 0.43 4.51 0.42 0.010 0.57 1.0 0. 56 0. 008 0.59 1.7 0.58 0.001
Yb 2.6 3.52 2.62 0. 003 3.8 2.7 3.81 0. 005 3.8 3.7 3. 84 0. 005
Lu 0.41 1.9 0. 42 0.010 0.58 1.0 0.59 0. 007 0. 60 1.0 0.61 0. 007
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