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Table 1  Operating parameters of the ICP-MS instrument
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Table 2  Detection limits of the method
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ke RV T [ivaes
¥y 1B3RhL  0.014 0.011 ||"Th "SRe 0.023 0.003
¥La SRh 0.031  0.012 |'Dy '"Re 0.008  0.005
40Ce 1R 0.058  0.016 |'Ho '"SRe 0.019  0.003
4lpy 193RL  0.007 0.005 ||'Er "SRe 0.006 0.004
HoNgd 1®Rh  0.040  0.010 |[®Tm '®Re 0.016  0.002
47Sm ' Rh  0.009 0.007 |["YhL "SRe 0.007 0.003
5'Ey Ry 0.007  0.006 |PLu '"Re 0.011 0.003
57Gd " Re  0.015 0.009
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Table 3  Precision tests of the method
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Table 4  Accuracy tests of the method

p/(ng + mL™")
JLH T RS IIbRIG IR %
e TR s
8y 30.5 50.0 81.22 101.4
197 6.18 5.0 11.08 98.0
140 Ce 11.0 10.0 20.65 9.5
141 py 1.21 2.0 3.33 106.0
MONd 4.22 5.0 9.38 103.2
147Sm 1.09 1.0 2.13 104.0
BlEy 0.55 0.5 1.04 98.0
57Gd 1.58 2.0 3.49 95.5
197} 0.28 0.5 0.76 96.0
193 py 2.29 2.0 4.38 104.5
1% Ho 0.72 1.0 1.66 94.0
166y 2.73 5.0 7.88 103.0
19Ty 0.56 0.5 1.11 104.0
12y} 5.18 5.0 10.56 107.6
1 1.09 1.0 2.12 103.0
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Table 5  Analytical results of REEs with sodium peroxide fusion

and boric acid dissolution
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¥ La 6.18 1.0 || Dy 2.36 1.9
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141 py 1.15 2.0 166 oy 2.71 2.2
H4ONd 4.23 0.9 | '®Tm 0.60 2.7
47Sm 1.12 1.2 || "Yb 5.22 2.0
Bl gy 0.55 2.1 1 1.03 2.1
57Gd 1.55 1.3
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2 6.44 16.17 14.63 9.28 6.12  16.30 16.30  9.60
140Ce 12.00 29.64 30.55 16.12  10.7 27.40 29.60 15.60
Wip 1,21 2,94 3.52  1.65 1.91  3.07 3.46 1.77
MoNg 4.35 11.33 11.44 6.17  4.26 11.90 13.30 6.64
“Sm 118 4.08 3.93 1.83 11 402 435 1.9
SlEg 0.56 2,18 2,22 0.90  0.57  2.19 249 0.9
5764 1,69  7.49  6.95 3.49 1.5 7.5  7.67  3.55
971h0.32 1,59 1.50 0.8  0.31  1.55 1.63  0.85
19Dy 2.46  11.58 11.04 7.20  2.38 11.80 12.70 7.81
1o 0.68 2.83 2.78 2.20  0.68 2.92 3.22 2.4
1%F 2.81  9.98 10.14 9.30  2.69 10.0 11.30 9.84
9T, 0.60 1.76  1.82 1.80  0.59 1.77 2.07  1.95
2y 5.47 14.16 14.76 14.76  5.21  14.1 16.50 15.90
"5y 1,08 2,59 2.68  2.71 1.05 2,61 3.08 2.93
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Table 6  Accuracy tests of GBW 07108

) e .ol

- w/(pg-g ) - w/(pg-g )
PR D PRUEM DI
¥y 9.10 9.06 197 0.35 0.34
¥ La 15.0 15.03 163 Dy 1.60 1.58
140 e 25.0 24.98 195 Ho 0.33 0.32
141 py 3.40 3.42 166 1.10 1.13
HONd 12.0 11.97 18 Ty 0.17 0.18
47Sm 2.40 2.45 12D 0.90 0.92
51y 0.51 0.53 514 0.14 0.15
57Gd 1.90 1.92
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Determination of Rare Earth Elements in Fluorite Samples by Open Boric
Acid Dissolution and Inductively Coupled Plasma-Mass Spectrometry

WU Lei, ZENG Jiang-ping, LIU Yi-bo, WU Liang-ying, ZHANG Li-juan, HAO Shuang,
WANG Jia-song
( Tianjin Institute of Geology and Mineral Resources, China Geological Survey, Tianjin 300170, China)

Abstract: The research of rare earth elements (REEs) in fluorite has very important significance for determining
the source of ore-forming materials, the nature of ore-forming fluid and genesis. The determination of REEs in
fluorite can be solved by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) with sodium peroxide fusion,
but the sample handling process is complex; sodium peroxide is difficult to purify and matrix interferences derive
from high salinity solution, making it unsuitable for processing large numbers of samples. Nitric acid and
hydrofluoric acid, which are used for the conventional method, do not react with calcium fluoride, which can be
dissolved in sulfuric acid and boric acid. To this end, a method for the determination of 15 rare earth elements in
fluorite by ICP-MS has been developed. The fluorite samples were decomposed with boric acid solution ( media with
10% H,SO, and 25% HCI) and hydrofluoric acid in PTFE beakers, and then dissolved with nitric acid. Two

f '“Rh and ""Re were selected to compensate the drift of analytical signals and correct matrix

internal standards o
effects by ICP-MS. Compared with the traditional sodium peroxide alkali fusion method, this method adopted the
reagents of high purity which can reduce the background effectively. The detection limits were 0. 002 — 0. 016
wg/g, which is lower than that by sodium peroxide fusion (0.006 —0.058 wg/g), and the precisions were 0. 7%
—2.7%. The results of this method were consistent with the results by sodium peroxide fusion. The new
established method was is simple and had has a low detection limit for processing large numbers of fluorite samples.
Key words: fluorite ; rare earth elements; boric acid solution; open acid dissolution ; Inductively Coupled Plasma-

Mass Spectrometry



