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Table 1

Effect of different acid systems on volatile element Cd,

Cr, Ga, Sn and V determination

Cdgi Crgmt Gadf Sniyi VEH

g 41 L VRRE Y
RIS WEIE (e (o) () (we) ()
PUERERE  0.133 142 20,6 2.92 103
GBWO07301a  HERWEKE  0.117 130  22.2  3.17 112
WEH 0110 128 23.6 3.30 115
WUERVARE  0.148 446 11.9 1.8 63
GBW07365 TRBHE 0.174  49.7  13.0 2.1 66
WGE 0.165 48.0  13.4 2.0 69
PUERVARE  0.121  63.6 124 2.66  73.9
GBW07408  HERWERE  0.132 69.6 145 275 83.3
INEM 0.13 68 14.8  2.80 81.0
JUERVARE  0.142  78.5  16.5  3.06 95
GBW07452 LRk 0.147 807  17.5 3.2 107
IGEM 0150 82.0  18.5  3.40 104
PUERVARE  0.063 90 2.0 171 83
GBW07107  HERIARE  0.076 103 24.3  2.15 88
WEH 0,000 9 26.0  2.00 87
PUERVARE  0.115 131 157 0.70 274
GBWO7122  HFRWHFE  0.127 139 16.7  0.85 305

INEE 0.140 137 17.2 0.80 296
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La Fll Ce TEPURR 1A 22T M 45 AL HRIK R WA, U
HIE PUBR I FEIS 6 AR UERE ity R0 5 235 2R () AT G
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Table 2 Effect of different acid systems on rare earth element

Ce and La determination

FRUED R Ce Fim(pe/e) La &t (pg/g)

Gty PURRIARE HRRIARE UGE( |PURARE TORRIARE AEM
GBW07301a 80.7 81.6 81 36.8 39.6 41
GBW07365 44.5 45.5 47 22.1 23.9 24
GBW07408 64.4 64.9 66 33.7 34.3 36
GBW07452 75.8 77.5 78 38.9 41.1 42
GBWO07107 107 110 109 56.6 61.5 62
GBW07122 7.0 7.6 7.7 2.49 3.05 2.9
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Table 3  Effect of Ba on Eu and Nd determination

Ba &8 (pg/g) Eu &1 (ng/g) Nd & (pg/s)
FPRUEY) R 5
PURRIARE  HRRIARE JUEE | WRRIER RN UEE | RRIAER HRRIRR AElE

GBWO07301a 938 386 920 1.54 1.68 1.70 33.6 36. 1 36.0
GBWO07365 596 231 584 0.88 1.05 1.08 20 21,1 23
GBW07408 493 198 480 102 1.24 1.20 26.3 28.2 32.0
GBW07452 456 210 441 1.25 1.51 1.40 34.1 35.2 36.0
GBW07107 456 269 450 1.53 1.87 1.70 43.1 49.1 48.0
GBWO07122 60 37 62 0.83 0.85 0.91 6.16 6.38 6.50
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Table 4  Analytical results of elements in standard curve

GBWO07305a GBW07309 GBWO07457

LR GER | TR GER | TR
(ng’s) (ng/e) | (ng/e) (pg/g) | (pg/g) (ng/s)
ed 0.252  0.26 | 0.95 0.9 | 0.539 0.52
140 Ce 78.1 78 87.4 90 105 107
¥ Co 14.50  14.4 15.3 16 19.04 18.2
S2Cr 83.7 85 68.7 70 91.3 94
19Dy 5.24 5.1 5.60 5.3 6.53 6.3

166 B 2.95 2.8 3.3 3 4.03 3.7
SO 1.36 1.33 1.22 1.3 1.414  1.38
®Ga 13.8 14 15.55 15.2 22.7 25

57Gd 5.48 5.5 6.20 5.9 6.57 6.6
2Ge 1.36 1.3 1.59 1.48 1.86 1.83

78 Hf 9.40 9.7 10.15 9.7 6.23 6.4
15 Ho 0.99 0.96 | 1.083 1.05 | 1.251 1.27
51 0.06 0.056 |0.0637 0.061 | 0.114 0.122
¥ La 39.1 40 4.5 44 48.1 50
1 0.46  0.45 | 0.53 0.5 | 0.635 0.59
3 Mn 628.1 620 1020 1010 1158 1120
%Nb 17.9 18 18.3 20 20.13  19.6
146 Nd 34.3 34 34.1 36 41.6 43
14 py 9.15 9.2 9.10 9.9 10.6 11
47Sm 6.38 6.3 6.19 6.6 7.40 7.4
"85n 2.70 2.6 4.3 4 8.39 8.7
181y 1.26 1.3 1.36 1.38 1.82 1.8
197} 0.88 0.87 | 0.917 0.92 | 1.064 1.11
205y 0.47 0.49 1.21 1.28 1.31 1.2

19 0.45 0.44 0.51 0.5 0.59 0.6
Sy 101.9 97 103.3 99 129 124
¥y 26.3 27 28.2 29 31.5 34

12y} 2.94 2.8 3.39 3.2 4.97 4.8

YEY) T GBWO7408 4+ 44 bR W)l GBWO7107 43 5]
HEAT 12 YOPATINE , THE 5 15 0oKG % BE R R JE
ZERULIE 2 RN 3. W0 E A A AH X AR A e 2=
(RSD) 7 1. 14% ~9. 84% 2 |a], 52 41 )& DZ/T
0011—2015 #13E # RSD /N T 10% 8k, /it H &
JLE Ce Co Hf La Mn T1 F1 V ) RSD /NT 5% ; %
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Detection limits of the method
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Fig.2 Precision tests of the method
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Fig.3  Accuracy tests of the method
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Simultaneous Determination of 28 Elements including Rare Earth Elements
by ICP — MS with Five — Acid Dissolution

GONG Cang, DING Yang, LU Hai — chuan, BU Dao —lu, WANG Li — hua

XIONG Tao, ZHANG Zhi - xiang
( Applied Geology Research Center of China Geological Survey, Chengdu 611732, China)

HIGHLIGHTS

(1) Different types of geological samples were open dissolved with HC1 - HNO, — HF — HCIO, - H,S0,, and 28
elements including rare earth elements were determined simultaneously and accurately by ICP — MS.

(2) The problems of unstable determination results of volatile elements and incomplete dissolution of LREE in the
dissolution of HCI — HNO, — HF — HCIO, were solved.

(3) The standard curve was drawn by the solution prepared by the simultaneous dissolution of the certified

reference material and the sample, which can effectively eliminate the matrix effect.

HCl HNO -HF-HCIO -H,SO,

v v

A
Geological samples Evaporated to incipient Temperature risen to Solution was diluted Determination of
dryness at 200°C 260°C until the white constant volume of 28 metal elements
acid mist had run out 25mL by ICP-MS
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ABSTRACT

BACKGROUND: Three acids and four acids dissolution methods are the two main dissolution methods for
determination of rare earth, cobalt, hafnium, indium, manganese, niobium, tantalum, thallium, chromium,
cadmium, gallium, germanium, vanadium and tin in geological samples by inductively coupled plasma — mass
spectrometry (ICP - MS). However, the composition of geological samples is complex, the content of rare earth
and other metal elements is low, and the properties of each element are different, which makes the measurement
results of volatile elements such as vanadium, chromium, cadmium, gallium and tin unstable, and rare earth
elements such as lanthanum, cerium, praseodymium and neodymium are not completely dissolved by three acids or
four acids.

OBJECTIVES: To improve the four acids dissolution system for the determination of 28 elements including rare
earth elements and rare metal elements.

METHODS ; The method of HCl - HNO; — HF — HCIO, — H, SO, was developed by addition of H, SO, in the
dissolution system of HCl — HNO, — HF — HCIO,. A new analysis method has been developed for the certified
reference material of stream sediment, soil and rock, and 28 elements including rare earth elements in samples
were determined simultaneously by ICP — MS with 10ng/mL '“Rh and " Re as the internal standard by on - line
injections.

RESULTS: The accuracy of volatile elements such as vanadium, chromium, cadmium, gallium and tin was
improved by 1.4% - 14.6% , and that of rare earth elements such as lanthanum and cerium was improved by
0.2% -8.9% . The certified reference materials of stream sediment (GBW07301a) , soil (GBW07408) and rock
(GBWO07107) were analyzed to test the method. The determined values were in good agreement with the certified
values. The standard deviations (RSD) of the method were 1. 14% -9.84% and accuracy ( AlgC) was not higher
than 0. 1.

CONCLUSIONS: This method is rapid, simple, and accurate and can meet the requirements for determining the
content of rare earth, cobalt, hafnium, indium, manganese, niobium, tantalum and other metal elements in large

quantities of geological samples.

KEY WORDS: geological samples; rare earth elements; metal elements; five acid dissolution system; inductively

coupled plasma — mass spectrometry
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