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Table 1  Digestion conditions of ultra — fine sample

25 7]) 553500 BIEOERLEE X (36 [ Mirotrac 23H] ) .
1.2 brifEia i 2 2505

ZIU R IR A i E A 25 W | B A v U R
(100pg/mL) 43 BU4%  FE AR 0 R AL &, B i B
5, 2% (IRHIR .

P9 : 10ng/mL, A JTh 2% AR , A1 7 LiCo
In USRI E,

MR : Rh \Re (10ng/mL) , 42 [Tl 2% fiFiR
1% 1% 46 4 JE A Ak W C s A AR (p =
100 wg/mL) Fi AT 31

HafisK - i Elix 5 BB 4i/K 2 50 (55 = % H A
A)) il 15 .

BHIR TR | 2o A8 Ak S0V MR 34 o P 0 i)
(R WAL RHE A BRA A o
1.3 FEaERR

A3 BRECF 105°C J4t T % 15 5 A9 A 50mg
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fEFEH AR R 2 RS R | S UL A A T AT
(£ 1), 2 ~4mL KK bR 5 6 £, 8 T4
B AT U BN, B I R R Y (=4
A6 FH L SE B 447 8 Smin, 120°C  150°C |, 180°C Ji fi#
4050k 600W [ 1000W  1200W ) , i 458 A% i
BOEAFE RN T (2 1) , FERF AT s 1% JJT
o5, K T AR R B 2 R DU SR S AR, B F 150°C
(R H AR n AR 2 T, AR S AR B A
50% [RIHAHIR (255 VS IR R MR B Ry 2% ) , 130°C il
PSRRI 5E, R, EA CERERIRILE 1) #25)
J& R ICP — MS 3¢ 16 i 0 & .
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2.1 ARSI
2.1.1 FESHE T ik

I TR T K A A i o T R
Py B EOREE S 200 H B4 18 [ AR ) 5
GBWO07404 . GBWO07447 F1 %5 f1 [ &K bx HE ¥ i
GBWO07104 .GBWO7121, 43 51| % F T & 18 B (7K A

FRke o TR B P45 A ] (min ) EAEA
a1 FE G IR =
(mg) 120C 150°C 180C (mL)
%01 50 1.5mL fil§##% ,0. SmL SRR ,0. SmL XUE K 3 5 10 100
%02 10 0.3mL 7§ ,0. 1mL S5 ,0. 1mL X4 K 2 4 8 20
%3 5 0. 15mL filjfiz ,0. 05mL S5z ,0. 05mL B4 /K 2 3 5 10
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Table 2 Particle size distributions of ultra — fine samples under different grinding methods
T MRS RAE 230 W ( ZEEAE ST
FrAER) 5=
Dsy (pum) D5 (um) Dys (pum) Dsy (pum) D5 (um) Dys (pum) Dsy (pum) D5 (um) Dys (pum)
GBWO07404 (f1 K5 1) 4.58 6.93 17.53 2.92 4.37 9.15 2.85 3.91 8.90
GBWO07447 (Ehmd 1) 4.40 6.64 19.61 2.86 4.15 8.62 2.76 3.93 8.71
GBWO7104 (% 11IF) 5.15 7.85 19.96 4.17 6.08 13.56 2.83 4.27 9.79
CBWO7I21 5.39 8.01 20.53 4.26 6.25 12.24 2.96 4.3 10.13
(AEH BT RS )
D FoRRARET BG40 o BN Dos =8.90 7 95% [ AF fivkiz/N T 8. 90 wm,
3 AEIWHERTE PR RAE 5 A
Table 3 Particle size distributions of ultra — fine samples under different grinding time
FFBE Smin B BE 10min B 15min HFEE 20min
B s >
Dsy (pm) Das (pum) Dos (pm) | Dsy (pm) Dgs(pm) Dos (pm) |Dsg(pm) D5 (pm) Dos (um) | Dsy (um) Dys (um) Dos (pum)
CBWO7404 3.39 5.17 12.36 2.85 3.91 8.90 3.09 4.51 10.23 3.17 4.96 10.98
(fRET)
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
(R0 1)
GIE_WO7104 3.32 5.30 11.26 2.83 4.27 9.79 2.73 3.86 8.64 2.91 4.15 9.57
(CEIlE)
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
(FERBUT RRE)
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Table 4 Experimental design with 1.9(33) orthogonal array

. Ykt B IS e SrGRIAR
() M) (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

S ATLUAE I, = HEZ PN R 5
R, B X A0 8 - S R A R
BKo G IERSLH A K, K, K /M K
D0 I P DR 28 R )0 PR 25, DRI A 240 4 E R i
WA TR ZL A Wt T BFEE B 500 A 43 i)
A5mL; ¥R AL 0 RE b A B BB L - ok
Sg WHEEER 500 A~ MR 45mL. B4 A BT S
BRI BGRAIR 0 26 1F T, A0 R b i o I i 22
INT R R B TE SR A R L

265 19(33) LT FEANFERIY Dos B2

FEM PR 2S5 P A R U A58, BAILAMET
il 25 0 8 40 kL FE A 3 A% E ) B GBW07404 |
GBWO7447 1) Dos AT K 7. 51 um 7. 05 wm , #8 41
J H AR EY) R GBWO7104 ,GBWOT7121 [f) Dys 1] {1
% 8.42um 8.30um,

2.2 FERVHMRITIEERR

T A AR A, SR U R — A
SR - WE K RRIE TR R BEAT I MR SRR AT
A7 ROEIR — AR R 1) R 4 5 Tl e — o 4 A
PERR , DRRE SR 3R 22 00 2 A0 v i 0 1 R
s WK B AIA., AT 34380 R 1 SR AL BE ), 52 4k
SRRE S P A LR, 8 0 7 ST

FERRER 1 e iy = S5 T e ARORLEE A A
FEfh GBWOT104, FFKE12435 5 4 LAY 25 P41 1R A7 R 0k
PEAT OGRS, 45 55 T35 6. MBANAE bh (0 URE f2t
Ko R B BT, (5 i T T AR AIRE S
ORE I/ 2 Smg, BTIRR /0 2 0. 25mlL, 4 fift i
[ AEE g 25 min (4235 T IS ) 15min ) | 473 B8 4IE
T ICRARR AR E R 2278 1. 64% ~5.21% Z [,
W T A AR R TR R ESR
2.3 JjIERG PR )%

FESE 11 OERE SR ZS 11, M E (R Y 3 f AR R
FEXH L AR B R R T R B AR T A
JCEK A 0.41 ~4.63ng/L, 5KAHZE" R Y
i — SIRBRIEH™ , (T A ICP — MIS 35T 52 900 £
H R 0 K FRAE 2.0 ~ Ling/L 2 Al 25T
SRR R ER — SRR — BRERBRYA 1CP - MS 371

Table 5 Particle sizes of ultra — fine samples under 1.9(33) orthogonal array

Dos (pm)
e
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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FE I AR 100 R, K H R AE 30 ~ 90ng/L 2
], A7 5 PR AR RE R i, PR R/ R 48 A
T, K BRI

FEHRER 1 R 250k 3 TH M AR B2 GBWO7404
GBWO07447 .GBWO7121 £ 10 {47058 , 45 + 0 £
IS (L AR BRI 25 7E 1. 40% ~ 4. 05% Z [] , 45
W AT

%6 AFEZIHBAbRER R GBW07104 5 Hra i

2.4 JiikEmnE

FRREER 1 251 3 TH 4R FE GBWO7404
GBWO07447 GBWO7121 F:-FAFM %2 3 ¥k, L5 7 ik
(AU B B o AR 7 2 1 0 5 B 5 A AR —
(RT), 4 KRZHH - ITCEAHRRZEAE0.17% ~
6.60% Z[H], gl & LIEA A A iR TR 1
GIPTEK

Table 6  Analytical results of ultra — fine standard sample GBW07104 with different preparation procedures

FRMEMEL FURR&ME2 F1 PR RMGE3 ] T R I
. YN
i 0% (ue/s) 6 WEFHME  RSD | 6 KMEFHIMH  RSD | 6 KM RSD | 6 MEFHIME  RSD
(ne/g) (%) (ne/g) (%) (pg's) (%) (peg/s) (%)
Se 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 19.022.0 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 0.150.05 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 JiEMERE
Table 7 Accuracy tests of the methods
GBW07404 GBW07447 GBWO07121
WEICR | iy WM AIxRRZE | AEl WM ARRE | Al WM AR
(ne/g) (pg/s) (%) (pe/g) (ne/g) (%) (ne/g) (ne/g) (%)
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 Dys 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



