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Table 1  Digestion conditions of ultra — fine sample
A o TH AR JEE PRAF IS 8] (min ) TER T
&1t oF it PR R
(mg) 120C 150C 180°C (mL)
1 50 1.5mL A& ,0. 5SmL (3R ,0. 5SmL XA K 3 5 10 100
A2 10 0.3mL fiffig ,0. 1mL & FRER ,0. 1mL BU4A K 2 4 8 20
53 5 0. 15mL fi§f§2 ,0. 05mL S 2 ,0. 05mL XA K 2 3 5 10
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Table 2 Particle size distributions of ultra — fine samples under different grinding methods
. T TR CRAEZM ) T ( ZBEAF A BR))
FRAEV B R
D5y (pm)  Dos (um) Dys (um) | Dsg(pm)  Dys (pm) Dos(pm) | Dsy(pm) Dy (pum) Dos (pm)
GBWO7404 ( f1 K1) 4.58 6.93 17.53 2.92 4.37 9.15 2.85 3.91 8.90
GBWO07447 (Eh98 1) 4.40 6.64 19.61 2.86 4.15 8.62 2.76 3.93 8.71
GBWO07104 (“Z11%) 5.15 7.85 19.96 4.17 6.08 13.56 2.83 4.27 9.79
GBWO07121
. " 5.39 8.01 20.53 4.26 6.25 12.24 2.96 4.3 10.13
(HERI PR BRE)
T D FoRRAR RN BIGE T 23 A o B13 Dos =8.90 KR 95% RYRE M RLAZ/N T 8. 90 pum,
23 NIRRT AR R 5 A
Table 3  Particle size distributions of ultra — fine samples under different grinding time
o WFEE Smin WFEE 10min WFEE 15min W 20min
TR ) B
Do (pm) Dys(pum) Dos (pm) [Dso (pm) Dys (um) Dos (pm) | Dsy(pm) Dos(pm) Dos(pm) | Dsp (pm) Dos (pum) Dos (pum)
CBW07404 3.39 5.17 12.36 2.85 3.91 8.90 3.09 4.51 10.23 3.17 4.96 10.98
(kAL ] ) ' ' ] ) ) ] ' ] ] )
CBWO7447 3.14 5.06 10.75 2.76 3.93 8.71 2.93 4.60 9.68 3.15 4.71 9.34
(b4 3. . . . . . .97 . . . . .
GBW07104
U 3.32 5.30 11.26 2.83 4.27 9.79 2.73 3.86 8.64 2.91 4.15 9.57
(Zilrs)
CBWO7121 3.44 5.85 12.15 2.96 4.3 10.13 2.90 4.01 9.01 3.05 4.22 10. 03
L I s . . . . . . . . . . .
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Table 4 Experimental design with 1.9(33) orthogonal array

e Ykl i TR B SRR AR
B
(g) (™) (mL)
K1 5 300 15
K2 7 500 30
K3 10 700 45
1 5 300 15
2 5 500 30
3 5 700 45
4 7 300 30
5 7 500 45
6 7 700 15
7 10 300 45
8 10 500 15
9 10 700 30
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2%t oL AR it P BRI R 7 A PR AR A
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Table 5  Particle sizes of ultra - fine samples under 1.9(33) orthogonal array

Dys (um)
G
GBWO07404 GBWO07447 GBWO07104 GBWO07121

1 12.64 12.85 13.65 14.01

2 9.31 8.93 10.32 10.71

3 9.94 9.53 8.57 8.63

4 9.52 9.01 13.89 13.79

5 7.51 7.05 9.23 9.55

6 13.73 12.94 14. 60 15.02

7 11.62 11.90 13.60 13.97

8 15.01 14.76 15.26 15.88

9 10.96 11.02 14.05 14.75

K, 10. 63 11.26 13.79 10.44 11.25 13.52 10. 85 13.71 14.50 11.12 13.92 14.97
K, 10.25 10.61 9.93 9.67 10.25 9.65 12.57 11.60 12.75 12.79 12.05 13.08
K; 12.53 11.54 9.69 12.56 11.16 9.49 14.30 12.41 10.47 14.87 12.80 10.72
R 1.90 0.93 4.10 2.89 1.00 4.02 3.45 2.11 4.03 3.75 1.87 4.25
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Table 6  Analytical results of ultra — fine standard sample GBW07104 with different preparation procedures

F P& T2 &3 3t P T BRI
it WM 6 YR S YR A S 448 VR 5 4% S YR S 4% S
(ng/g) CNESEE RSD | 6 i@ F394E  RSD | 6 (RINGEFHIE RSD | 6 i@ F349{E  RSD
(ng/g) (%) (pg/g) (%) (pg/g) (%) (pg/'s) (%)
Sc 9.50 £0.7 9.35 3.71 9.63 4.85 9.58 5.09 9.41 4.10
La 22.022.0 21.5 5.04 22.4 5.21 20.8 2.91 23.2 4.72
Ce 40.0 £3.0 42.3 4.25 39.5 4.83 40.6 3.20 43.1 4.11
Pr 4.90 £0.40 4.71 2.72 4.86 2.94 4.77 3.30 4.94 2.86
Nd 19.0+2.0 19.8 4.43 17.9 4.36 18.4 4.93 19.2 4.35
Sm 3.40 £0.20 3.45 3.10 3.27 4.07 3.48 3.72 3.32 3.27
Eu 1.02 £0.05 0.98 3.52 1.15 3.91 1.10 4.17 1.07 2.65
Gd 2.70 £0.40 2.82 4.56 2.91 4.25 2.76 2.15 2.87 2.14
Th 0.41 £0.05 0.43 3.03 0.38 3.35 0.45 3.32 0.42 3.32
Dy 1.85£0.17 1.89 3.17 1.76 3.71 1.92 4.05 1.79 2.93
Ho 0.34 £0.03 0.32 3.92 0.35 4.62 0.31 5.21 0.37 4.05
Er 0.85 £0.13 0.89 4.71 0.91 2.11 0.79 1.64 0.82 4.41
Tm 0.15 +£0.05 0.14 3.94 0.15 4.22 0.16 3.82 0.15 3.96
Yb 0.89 £0.13 0.85 3.81 0.79 4.43 0.83 4.50 0.90 3.40
Lu 0.12 £0.03 0.11 3.77 0.12 3.92 0.11 4.16 0.12 2.70
Y 9.30 +1.20 9.05 3.82 9.70 2.18 9.10 4.05 8.90 2.16
®7 JjEMEE
Table 7 Accuracy tests of the methods
GBW07404 GBW07447 GBWO07121
WETE | el WM ARE | AEE WM AIxEZE | AEME WEE HXRE
(pe/s) (ne/g) (%) (ne/g) (pg/s) (%) (pe/s) (pe/s) (%)
Se 20.0£2.0 18.2 4.00 9.70 +0.40 9.48 2.27 5.00 4.0 5.22 4.40
La 53.0 4.0 51.5 2.83 30.0£1.0 28.6 4.67 25.0£2.0 23.7 5.20
Ce 136 =11 132 2.94 57.0 2.0 59.1 3.68 48.0 £3.0 49.5 3.13
Pr 8.40 +1.70 8.00 4.76 6.90 +0.30 6.75 2.17 5.80 +£0.80 5.81 0.17
Nd 27.0£2.0 27.2 0.74 26.0+1.0 24.7 5.00 21.0 4.0 21.9 4.29
Sm 4.40 £0.40 4.22 4.09 5.0+0.2 5.20 4.00 3.30 +0.30 3.18 3.64
Eu 0.85+0.07 0.88 3.53 1.06 £0.05 1.09 2.83 1.00 £0.20 0.98 2.00
Gd 4.70 £0.50 4.39 6.60 4.40 £0.20 4.63 5.23 2.40 £0.30 2.51 4.58
Th 0.94 £0.09 0.91 3.19 0.74 £0.04 0.72 2.70 0.29 £0.03 0.30 3.45
Dy 6.60 £0.60 6.47 1.97 4.20£0.20 4.11 2.14 1.52 0. 14 1.57 3.29
Ho 1.46 £0.12 1.38 5.48 0.84 £0.06 0.87 3.57 0.27 £0.03 0.28 3.70
Er 4.50 £0.70 4.38 2.67 2.40 £0.20 2.29 4.58 0.76 £0.08 0.73 3.95
Tm 0.70 £0.10 0.66 5.71 0.39 £0.03 0.38 2.56 0.11 £0.02 0.10 9.09
Yb 4.80 £0.60 4.69 2.29 2.50 £0.20 2.56 2.40 0.69 £0.08 0.71 2.90
Lu 0.75 £0.06 0.72 4.00 0.38 £0.03 0.39 2.63 0.11 £0.01 0.12 9.09
Y 39.0+6.0 37.3 4.36 23.0+2.0 24.1 4.78 7.30 £0.90 7.50 2.74
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Determination of Rare Earth Elements in Ultra — fine Rock and Soil
Samples by ICP - MS Using Microwave Digestion

WANG Na'”?, XU Tie —min', WEI Shuang', WANG Jia — song' , ZENG Jiang — ping' ,
ZHANG Nan'
(1. Tianjin Center of Geological Survey, China Geological Survey, Tianjin 300170, China;

2. Key Laboratory of Muddy Coast Geo — Environment, China Geological Survey, Tianjin 300170, China)

HIGHLIGHTS

(1) The contents of rare earth elements in ultra — fine rock and soil samples were determined by inductively
coupled plasma — mass spectrometry with microwave digestion.

(2) The effects of grinding method, grinding time and material ratio on the preparation of ultra — fine particle size
samples were studied.

(3) The contents of rare earth elements in ultra — fine particle size samples could be accurately determined.

ABSTRACT
BACKGROUND: The sampling weight can be as low as milligram level when the contents of rare earth elements
in rock and soil samples are determined by inductively coupled plasma — mass spectrometry (ICP — MS). However,
the size of 200 mesh samples requires 100mg to ensure representativeness, which makes it difficult for ICP — MS to
make full use of its advantages of high sensitivity and small sampling volume.
OBJECTIVES: To establish the method for the determination of rare earth elements in ultra — fine rock and soil
samples by ICP — MS with microwave digestion.
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METHODS: A method was developed for the determination of rare earth elements in ultra — fine rock and soil
samples by ICP — MS with microwave digestion. The ultra — fine rock and soil samples were prepared by the
planetary superfine pulverizing machine with wet grinding. Some parameters influencing the preparation of ultra —
fine rock and soil samples, including grinding method, grinding time and the proportion of grinding balls were
optimized. Microwave digestion of ultrafine — grained rock and soil samples in a nitric acid — hydrofluoric acid —
hydrogen peroxide solution system, the sampling amount was reduced to Smg, the total acid amount was reduced to
0.25mL and the digestion time was reduced to 25 minutes.

RESULTS: The results indicated that the samples were best refined when the wet — milling was adopted with
ethanol as a dispersant and the milling time was 10 minutes and 15 minutes for 200 mesh soil and rock samples,
respectively. The material ratios were 7g materials, 500 grinding balls, 45mL dispersants for the preparation of
ultra — fine soil samples, whereas 5g materials, 500 grinding balls, 45mL dispersants for the preparation of ultra —
fine rock samples. The particle size distribution Dy, of soil standard substance GBW07404 and GBW07447 can be
as low as 7. 51pm and 7. O5um, and the Dy of rock standard substance GBWO07104 and GBWO07121 can be
8.42um and 8. 30pum under the optimized conditions. Microwave digestion of ultrafine — grained rock sample
GBWO07104 in a nitric acid — hydrofluoric acid — hydrogen peroxide solution system, the sampling amount was
reduced to Smg, the total acid amount was reduced to 0.25ml., the digestion time was reduced to 25 minutes, and
the measured value of rare earth elements was consistent with the certified value with the relative standard deviation
is between 1.64% and 5.21%.

CONCLUSIONS : This method was used for the detection of rare earth elements in other ultra — fine standard
materials (GBW07404, GBW07447 and GBWO07121) , which yielded the relative standard deviation of 0. 17% -
6.60% , meeting the first criterion of Geology and Minerals Laboratory Testing Quality Management Standards.

KEY WORDS: rock; soil; rare earth elements; ultra — fine sample preparation; wet — milling; ethanol;

microwave digestion; inductively coupled plasma — mass spectrometry



