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Table 1 Working parameters of the ICP-MS instrument

TAESH WE S TAESH B S

BHFh % 1150 W BRI 13.2 L/min

KA R 112 mm FS 0.75 L/min
SRARHE AR 1.0 mm LioRllEA2 PN XU
U AR 0.7 mm A BTTe IBIER 3
WP 0.85 L/min TS 60

BRI IR A B : Rh 5% (2 ng/g) , 3% iR
A (1000 mL) ,
1.3 SEUSREN

SRy B TG B I 0K B, AR SCRE R T R —
2% M 3K AL 2% FR ME 4 BT GBW 07401 . GBW 07402,
GBW 07404 .GBW 07405 ,GBW 07406 . GBW 07407 .
GBW 07424 .GBW 07425 .GBW 07429 .GBW 07430,
KA B R — IR AL FAn P it GBW 07103
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1.4 FESVERRR BT 514
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PR At RV NI AR R R A D, i il R
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FE 210°CNFA SN o Ff BT B, R 4l 7K e AR
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RSN R 2R Ga TG F 2 1 43 BT 52
AW FE RNl FH AR A1 97 Ga, FUBR Mn° O T
PLHA TIN5 53 o
2.1.1 FESRAGAL 3

HEFHZS F1RE & . GBW 07405 . GBW 07406 . GBW
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DN 25 AR, B A AR AE W2 T N . 07
KFE , A RAHE S ey, MEXT 1R 25 (RE) KT 5%,
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RS Y 25 S AR el R IR 25 5 AR L TE 700°C JK
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Table 2 Comparison of sample drying pretreatment

— . , Lol =
’rm(’%%)ﬁ BRI w/(pg g™ ) HMXRZE RSD/%
G FRAEME R RE/%

ooy RKEROBUR 313 29 35 56
07404 300°C AL + oM 31+3 29.5 4.84 6.0
N 500°C AL + WOt 31+3  29.4 5.16 7.4
(3 Joociip+ MOTRIM 3143 286 774 10.3
GBW KA + W 18 +1 17.5 2.78 3.9
07424 300°C AL + WOl 18«1 17.2 4.44 6.2
() 500°C AL + WOl 18«1 17.1 5.00 7.7

T00CHKAL + MF A 181 16.9  6.11 9.4
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DUGR LI BERR , FERE S Ak F 5 it v o R 22 %500 )
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BEVPIRZS . XTRE i He FH 7K 12 A BRI 3, SR I
FEANFATH A, BRAERE 5 58 48 AR DL RO G
HTH e R] 5 (OSR FH538 W m HGRLEE R e R[]
PR FH 2 B e S iy 2 R s/ i A0 IR S B [ 3
MR SR R R B A IR R — 25 AR T
FERAETC R Z IRIRER R I RE A 3 AR 1Y
FaL FRAGER TR &, O R i B E, i B £
XPPEH SN o EUATH A BRAEAE 1.4 17 2 A

Ry gkt 5% P R A3 ik A SO , AR SR T
SR A TR R < 3 3 O 2R A3 R
5 PR AR T A s N e B PR R o il i o e 108
PRI B AT IR 58 40 . FH 25 TR L GBW 07404
GBW 0705 .GBW 0706 .GBW 0725 .GBW 0729 %
Ga [ B FrERNZL , 438 GBW 07401 .GBW 07430

FEAREY Ga P-Xy &t

MRS R (3 3) W] LA < OT 2R 40 il 12
FAXSERZE N 6% ~8% ,RSD 2y 5% ~ 8% ;% M X
BRI AR IR 227E O ~ 3% Z [A], RSD 7 0 ~
3% 1), 7 oA A s PR U H i i . ATt
Tl T Mgk U A B ] B, {EL 5 5 R i Ay o
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Table 3~ Comparison of sample digestion methods
b 0 w/(pg - g ") xR
g ﬁi@A FER T T _ wlwere ) KR RSD/%
W PR W RE/%
CBW WOTRm M 19311 17.8  7.77 1.3
07401 SEARBONAE  19.3+1.1 18,9 2.07 2.1
SRR 19311 18.8  2.64 3.1
CBW WOTURME 25112 23.5  6.37 5.6
07430 HEARBORNRE: 25112 247 155 2.0
SRERABMEE 25112 245 243 2.6

2.2 AERER® Ga ) Ga I T-HEHIBR 55 ok %
i
2.2.1 "'Ga THInER R E

FEAE R Ga MR Mt S, 2 B FHAAS A
By R % 4897 FIERS MO T4, Ga 1y
XA SRR E AR vE R R B A T, XS
RZ SO ARl Mn JCR &8s, kA
FRANER T e 0 e £ Ga il 5 — 20 B2
WL IR & B, Mn DGR & & AR, {H7E ICP -
MS %5 B FHE X ROR S R, Mn'° O RS Y IR 1
H & B, BT Mn' O (9 THE A RE T 25 F
25 ) 2R AL 489 FEAT K LU B , T N % e —
MR R BT

SHALER I 4 Z RO FR WA, B AR R 2 8k
HEATIRES , R R BUAE 0. 005 B, 26 M B 4, 2k AH
KRBGRFN0.9998 (MK 1),

2.2.2 “Ga F" Ga ST (R HEFIDRS 2% B2 X HE

e 25 {3 A B F1 GBW 07404 . GBW 07405 .
GBW 07406 ., GBW 07425 . GBW 07429 . GBW 07430
HifE Ga (& EAR ik, 421 GBW 07402, GBW
07407 FESL I Ga &,

ME A 60.1% 1K Ga, 5 & £ JE K
39.9% K" Ga, FEATRF EL AT o BB AL HERT,” Ga 411
B Ba’t B4, R FAXES [ 7 A0 bR R AT
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Fig.1 The calibration curve of ' Ga after reasonable deduction

of ®Mn'°0 interference for soil samples

" GaZEAIBR M0 O 1y T4, 1 FIT Mn'™ O 55 Ji 5 L)
LY ARK0.005 A7, KEATREKNA (K 4) A
“Gaill i , 1R Ba® " 1T, 52 A PR 22 AE 5%
~7% ,RSD 7£ 5% ~8% ; i Fi" Ga Wl 5& , 7ETBR
PMn' O THERS, 3% T 0. 005 F1TBRk 7 50, e it 1
FARF R RSD 33975 3% DL, X B HZ AN R U5 i
B SIERON BRAE o MSIE I 1) s ol A A 3 Bl
E’\J{Elﬁar\ﬁ%Q%E,%ﬁﬁﬁtﬁ?ﬁ$ﬂ%E,YQ7ﬁ%\
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Table 4  Accuracy and precision tests of the method

PR AN 2 FTos o b o Bl R A 2R M o6 R,
IREN T 0.9995, AWz kR REE A T A A AR A
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O
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P 2 & ATRERR AT BRAIER™ Mn" O TG Ga i€ Hehadlk
ik

The calibration curve of "' Ga after reasonable deduction

Fig.2

of ®Mn'®0 interference for rock samples

2.4 JilkKiBmR
A2 B ROE LRI 2 12 O, T RARHER 22 ()
L 10 A5 bm AR 2271 50K Ga JURTT A ROy

0.06 pg/g.
2.5 HAebp s cEMR LR
o FH 2 25 P SR A i 1k T i bR E ) BT GBW

07404, 7EPIE" Ga PRI, WU 18 LG Bl it e 3%
s £ 003K TS AR AR S5

e, W (me e i 5 TG HER RS #
HEDTRAS R FRUEE somiE RE/% RSD7% Table 5 Accuracy and precision tests of the method
GBW 07402 ®Ga 12+1 11.2  7.08  7.83 . w/ (pg g ) IR 2 .
GBW 07407 ®Ga 39+5 37.1 4.90 5.42 = . . ©
7R oL RE/%
GBW 07402 TGa 12+1 117  2.83  3.64 : A W
GBW 07407 TGa 395 383 177 2.09 Li 552 54.8 0.36 I3
Be 1.850.34  1.82 1.62 3.2
Se 20 £2 21.1 5.5 4.6
L3 K i e, UER] T 0. 005 X 4~ R L) Co 222 21.9 0.45 3.0
M ST [31] _ Kt of B Ni 64 +5 65.2 1.88 3.2
WERfPE 5 P, 489 /0. 005 = 97800, B 2 ¥k 44 & cu 4023 o . s .
JRRE 2 — R Mn TR &R, = Rb 75 +4 76.2 1.6 1.2
JEAE ICP — MS 255 F-4E 3 A6 Mn'® O AR 10 JL 1 St 77+6 76.7 0.39 11
ot R Mo 2.6+0.3 2.56 1.54 4.2
SRR Sh 6.3+1.1  6.28 0.32 2.9
2.3 EARERY Ga BsE RS BT Cs 20.4+1.0  20.9 2.34 1.0
tiz“é?#u%ﬁﬁﬁ”(}a WK A PR TR A SO S
La 53 +4 53.2 0.38 1.3
XA BN PR €St M I B U s 08| S e ab = el = Ce 136 £ 11 131 3.68 1.4
s ﬂiﬁﬁﬁﬁﬁ?ﬁ’ﬂ)&% W 6.2+0.5 5.90 4.84 2.1
. Tl 0.94+0.25  0.93 1.06 3.8
Ve A A PRAEY B AT 05 . A5 FURE S AT —4 - S8 5 6.7 5 o L6
HOA FRHEWY B ( GBW 07103, GBW 07104 . GBW Bi 1.04+0.13 1.0l 2.88 3.0
07105 .GBW 07106 . GBW 07107 ,GBW 07108 , GBW Th 272 28 3.70 4.2
] 6.7+0.8 6.9 2.99 2.3

07122) , M LANHNBR T 05 B i3 2] (B U R E
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Aty AT ST IR AR 5 TS e T =2 18 K 39. 9% 17! Ga
HEAT 5 B4 b B B, Al RS 48 5% & %k 0. 005, i) A
PMn*OXF" Ga AL EANER M0 O T4, X LLH R
REAS IR 5 ICP — MS M85 K (iR 13, FLAH X%
7% KG9 E RSD 546 3% LN, K iRk 0. 06 pg/g,
SEATT] LAIZIET ArCL, ™ Ce® ™ [ 50, 15 Rl 7] 5 o6 1
I oAb R T R G oo &R,

A7 I 200 R B, BES AR A s A7 i
OMHT AHR AL AR . AR R0
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125 B M 3 Pl v SR O R BRSO 5 4 ey
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Accurate Determination of Trace Gallium in Geological Samples by
Inductively Coupled Plasma-Mass Spectrometry

GAO He-feng' , WANG Chao® , ZHANG Li-gang’

(1. School of Resource and Earth Science, China University of Mining and Technology, Xuzhou 221008, China;
2. Advanced Analysis and Computation Center, China University of Mining and Technology, Xuzhou 221116, China;
3. Detachment of Criminal Police, Xuzhou City Public Security Bureau, Xuzhou 221000, China)

Abstract: There are two problems in the quantitative analysis of trace gallium in geological samples by using
Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS). Firstly, the usual advantages of having two kinds of
digestion methods are irrelevant here because sealed digestion is not appropriate for batch processing samples and an
open-system digestion process is a complex procedure. Secondly, the selection of “Ga or "'Ga and the related
interference correction are the main factors leading to low precision. The method based on the characteristic of low
content organic matter in normal geology samples and requirements for ICP-MS measurement is improved on and
discussed. The four-acid digestion system of HF-HCI-HNO,-HCIO, was conducted to dissolve the samples in a
semi-hermetic environment. Adjustment of the heating temperature, acid amounts and ratios can speed up the
reaction. The samples with low content organic matter are digested completely in the strong acids solution without
ashing. "' Ga with an abundance of 39.9% and an empirical coefficient of 0. 005 was selected. The interference of
»Mn'°0 interference on the ' Ga peak was corrected by “Mn' 0. The accuracy and precision of gallium is within
3% , and the detection limit is 0. 06 pwg/g. The improved method simplifies the chemical procedure and reduces the
cost which is advantageous for batch processing. Moreover, this method is also suitable for other trace elements and
rare earth elements.

Key words: geological samples; gallium; Inductively Coupled Plasma-Mass Spectrometry; mineral digestion
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Table 1 ~ Working parameters of the ICP-AES instrument Table 2 Selection of sample dissolution methods
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Table 3 Effect of analytical spectral lines on determination of Sh
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Table 4  Accuracy and precision tests of the method
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Table 5 Comparison of analytical results of elements in samples
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456573 0.033 - 0.036 4.35
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Determination of Antimony in Gold-Antimony Ore and Antimony Ore
by Inductively Coupled Plasma-Atomic Emission Spectrometry with
Four Acids Dissolution

WEI Yi, DOU Xiang-li, JU Li-pei, ZHANG Wang-qiang™ , ZHAO Wei-hua ,
YU Zhi-feng, MAO Zhen-cai
( Lanzhou Testing and Quality Supervision Center, Ministry of Land and Resources, Lanzhou 730050, China)

Abstract; There are reliable chemical analysis methods for determining high, low and trace amounts of antimony in
gold-antimony ore and antimony ore. However, the volumetric method for low content antimony measurements has a
low analysis efficiency and involves a complex process. Atomic Fluorescence Spectrometry has a strong memory
effect for high and low content antimony samples, resulting in poor analytical precision and accuracy. By using
Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) , the disadvantages of Atomic Fluorescence
Spectrometry, Atomic Absorption Spectrometry and the volumetric method can be overcome. In this article, a
description of the method for adding hydrofluoric-nitric-perchloric acid to dissolve samples, and using sulfuric acid
as the latent solvent is given. The antimony in 20% hydrochloric acid was determined by ICP-AES with a
wavelength of 217.5 nm. The detection limit is 30 wg/g and precision is less than 5% . The results of the national
standard materials agree well with certified values. The results for actual samples with different antimony content are
consistent with the results by cerium sulfate volumetry and Atomic Fluorescence Spectrometry. This method is
reliable for samples with antimony contents of 0.05% -5%.

Key words: antimony ore; antimony; acid dissolution; Inductively Coupled Plasma-Atomic Emission Spectrometry
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