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Table 1 Working parameters for ICP-MS instrument.
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Table 2 Temperature program of microwave digestion.

- Y = N R -V T E
HRAE i) (min) (C) W)
1 5 2 100 1400
2 5 5 150 1400
3 5 30 180 1400
4 5 10 120 1400
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Table 3 Detection limit of the method.
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¥y '%Rh 0.016 0.016 Tb 'Re 0.007 0.015
%La '%Rh 0.015 0.013 Dy 'Re 0.007 0.006
140Ce '%Rh 0.029 0.021 '%Ho 'Re 0.003 0.001
14lpy '%Rh 0.009 0.012 '5Er 'Re 0.006 0.039
146Nd '%Rh 0.003 0.010 '“Tm 'Re 0.006 0.002
7Sm '%Rh 0.009 0.008 Yb 'Re 0.007 0.005
BEu '%Rh 0.004 0.002 Lu 'Re 0.004 0.001
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Table 4 Determination values and precision of REEs in phosphate rock reference materials.

Wt GBWO07210 GBWO07211
o2 I JA R i g A MR RSD SEHIE RSD
(ng/g) (ng/g) (ng/g) (%) (%) (ng/g) (%)
La 11.51 10.00 22.21 103.3 2.28 30.25 3.22
Ce 21.73 20.00 42.56 102.0 1.36 27.64 1.98
Pr 2.86 2.00 4.97 102.3 1.83 6.31 1.53
Nd 12.33 10.00 22.46 100.6 1.97 25.42 2.66
Sm 2.95 2.00 4.86 98.2 2.08 5.20 4.52
Eu 0.82 1.00 1.76 96.7 2.16 1.12 1.28
Gd 3.05 5.00 7.89 98.0 1.57 5.26 3.55
Tb 0.60 1.00 1.51 94.4 1.36 0.96 1.13
Dy 4.11 5.00 8.87 97.4 2.65 7.32 2.78
Ho 0.86 1.00 1.97 105.9 2.41 1.41 2.32
Er 2.76 2.00 4.51 94.7 0.68 4.57 3.69
Tm 0.41 0.50 0.97 106.6 3.38 0.70 4.12
Yb 2.67 2.00 4.35 93.1 2.05 4.32 1.47
Lu 0.43 0.50 0.98 105.4 1.78 0.72 3.21
Y 38.57 40.00 80.42 102.4 1.38 71.31 1.12
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Table 5 Comparison of determination results for REEs before

and after adding saturated boric acid.

W | GBWOT7210 M (ng/e) GBWO7211 (il (ng/g)

TEE | R AERE AR | AR AR
La 8.08 11.51 18.42 30.25
Ce 14.10 21.73 15.66 27.64
Pr 1.87 2.86 4.27 6.31
Nd 8.61 12.33 14.20 25.42
Sm 2.15 2.95 3.14 5.20
Eu 0.45 0.82 0.68 1.12
Gd 2.16 3.05 3.15 5.26
Tb 0.38 0.60 0.57 0.96
Dy 291 4.11 5.02 7.32
Ho 0.51 0.86 0.82 1.41
Er 191 2.76 2.71 4.57
Tm 0.23 041 0.40 0.70
Yb 1.82 2.67 3.02 4.32
Lu 0.28 0.43 0.36 0.72
Y 23.53 38.57 52.75 71.31

Table 6 Comparison of determination results for REEs under different conditions of secondary digestion holding time.

Wt GBWO07210 72 {4 (pg/g) GBWO07211 MZE{H (ng/g)

R THfmEE] Smin TH RS ] 10min T ] 20min THfEHE] Smin THAEEEE] 10min T E] 20min
La 10.23 11.51 11.31 26.55 30.25 30.53
Ce 19.4 21.73 21.35 23.71 27.64 27.16
Pr 2.43 2.86 291 5.34 631 6.15
Nd 10.52 12.33 12.54 22.78 25.42 24.82
Sm 2.36 2.95 2.87 4.52 5.20 5.26
Eu 0.69 0.82 0.84 0.93 1.12 1.08
Gd 2.57 3.05 3.07 437 5.26 531
Tb 0.55 0.60 0.58 0.82 0.96 0.98
Dy 3.76 4.11 4.07 6.58 7.32 747
Ho 0.73 0.86 0.88 137 1.41 1.42
Er 2.57 2.76 2.78 3.26 457 4.61
Tm 0.34 0.41 0.41 0.55 0.70 0.72
Yb 2.38 2.67 2.71 3.68 432 4.41
Lu 0.36 0.43 0.41 0.66 0.72 0.74
Y 32.71 38.57 37.62 63.72 71.31 73.56
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Table 7 Comparison of determination results for REEs under two pretreatment methods.
Wt FEidm P1 e P2
T AN E A IRATRRR 2 HEXT fi 22 ARSI N E TRARRIR I 2 E AER i 2
(ng/g) (pg/g) (%) (ng/g) (ng/g) (%)
La 22.71 23.56 -3.74 16.51 15.88 3.82
Ce 35.63 34.85 2.19 28.34 28.01 1.16
Pr 5.87 6.01 -2.39 3.82 3.93 —2.88
Nd 26.03 25.12 3.50 14.45 13.98 3.25
Sm 6.62 6.48 2.11 3.39 3.58 —5.60
Eu 1.52 1.47 3.29 1.01 1.04 -2.97
Gd 597 5.85 2.01 3.56 3.68 -3.37
Tb 1.12 1.11 0.89 0.64 0.67 —4.69
Dy 6.64 6.46 2.71 4.05 3.87 4.44
Ho 1.33 1.27 4.51 0.87 0.86 1.15
Er 3.67 3.45 5.99 2.26 2.28 —0.88
Tm 0.59 0.56 5.08 0.35 0.37 —5.71
Yb 3.61 3.82 —5.82 2.48 2.55 -2.82
Lu 0.57 0.55 3.51 0.38 0.36 5.26
Y 35.88 37.24 -3.79 21.16 20.81 1.65
100 100
(a) —n— AL EE - () —a— AR (E
—e— IRATRVA I E [ —— IR E K
g g
& i
L S S S S o b e
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Chondrite-normalized average distribution curves of REEs in (a) sample P1 and (b) sample P2.
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Determination of 15 Rare Earth Elements in Phosphate Ores by Inductively
Coupled Plasma-Mass Spectrometry with Atmospheric Pressure Closed
Microwave Digestion

ZHANG Nan'*?, ZHENG Zhikang'*, WANG Jiasong'?, ZENG Jiangping™"
(1. Tianjin Center, China Geological Survey, Tianjin 300170, China;
2. North China Geological Science and Technology Innovation Center, Tianjin 300170, China;
3. Key Laboratory of Coast Geo-Environment, China Geological Survey, Tianjin 300170, China)

HIGHLIGHTS

(1) Two steps of microwave digestions were used to dissolve phosphorus ore samples, to avoid the loss of some
volatile components and reduce exogenous pollution, which prevented deviation of results caused by
volatilization and environmental pollution.

(2) During the second microwave digestion, a complexing agent saturated boric acid was added to combine the
insoluble fluoride produced during the sample dissolution process, allowing the sample to be fully dissolved.

(3) During the determination process, '’Rh and "*’Re were used as internal standard elements to compensate for

matrix effects and sensitivity drift. The detection limit of the rare earth element method was 0.003-0.029ug/g.

ABSTRACT: It takes a long time to treat ore samples by traditional alkali fusion and acid dissolution, and it is easy
to cause environmental pollution. Microwave digestion directly releases energy to the sample with high efficiency,
and volatile elements are retained in the digestion solution to prevent volatilization from causing deviation of results
and environmental pollution. In this experiment, 0.2g of phosphate rock sample was taken and placed in a
microwave digestion tank. 3mL hydrochloric acid, 3mL nitric acid, and 2mL hydrofluoric acid were added and then
dissolved in the microwave digestion instrument. Then, 2mL of saturated boric acid solution was added for a further
microwave digestion. After cooling, the sample was diluted in a 100mL volumetric flask with deionized water.
Online addition of rhodium and rhenium as dual internal standards for inductively coupled plasma-mass
spectrometry (ICP-MS) determination of rare earth elements in phosphate rock was performed. The relative standard
deviation (RSD) of 15 rare earth elements was between 0.68% and 4.52%, the recovery was between 93.1% and
106.6%, and detection limit was between 0.003-0.029ng/g. Two phosphate ore samples were selected and compared
with the mixed acid dissolution method. The relative standard deviation was —5.82%-5.99%.

KEY WORDS: phosphate ore; rare earth elements; microwave digestion; saturated boric acid; complexation;

inductively coupled plasma-mass spectrometry
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