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Table 1 Working parameters of the ICP-MS instrument
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HIBHE (ND) L2 0.9 mm

2 BTN LIRS

Table 2 Working parameters of microwave digestion
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Table 3 The digestion effect under different digestion conditions
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Table 4

The spiked recoveries of target elements under

different digestion conditions

Bl (% )

JLER

A 1 1 vl
Ga 90.4 89.2 94.5
In 91.8 77.8 66.3
Ge 98.9 52.5 46.1
Se 111.9 122.4 111.8
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Tl 97.9 85.8 73.2
La 80.2 75.6 65.8
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Table 5 The selected isotopes, relative abundance, spectral interference and the corresponding mathematical correction equation of

target elements

PIVE 3 A FRE/ % i BRI R

Ga 69 60. 11 ArP, ClO,, VO, La**, Ce**, Ba** -

In 115 95.71 Sn, MoO Wn =151n —0.014038 x '¥Sn
Ge 74 36.28 Se, ArS, Nd**, Sm* * "Ge=""Ge —-0.116645 x 7" Se
Se 82 8.73 Kr, BrH, Ar,H, Ho**, Dy**, Er** 828 =828e —-1.007833 x ¥ Kr
Te 130 34.08 Ba, Xe, MoO, 130T =130Te —0. 154312 x ¥ Xe
Tl 205 70.26 - -

La 139 99.91 - -

66 JIRERTENEE R IR

Table 6 The linear ranges and the detection limits of the method

- pea. — E e Dy A R it A6 H R S
(pe/L) (pg/L) (mg/kg)

Ga y =7485x 0.9999 0.50 ~200.00 0.08 0.08 1 ~20 mg/kgl>24-2!
In y =21575x% 0.9999 0.50 ~200. 00 0.005 0.005 0.14 ~5 pg/L34
Ge y =2936x 0.9999 0.50 ~200. 00 0.04 0.04 0.22 ng [
Se y =149x 0.9999 2 ~200.00 1.3 1.3 4 ~14 pg/LP7 -
Te y =1690x 0.9999 0. 50 ~200. 00 0.03 0.03 2 ~90 pg/LI-30
Tl y=15217x 0.9999 0.50 ~200.00 0.005 0.005 3 ~60 pg/L35 028
La y =25492x 0.9999 0.50 ~200.00 0.01 0.01 1.2 pg/LBY

2.4 FEhhI BT
N Y B UETT VR RS AR SCR T L L B ST
MR ET73E 5 B o Br 1T PR 67 7R 7 Bk H AR oG

7 WK RRIIDT R & Bk R

BRI TR T, Wl R T Al LLA W TR L T i
FARTCE AR [ R AE 80. 2% ~ 123. 3% , 4 %) i
22/ T 13.4% ARBUH Tk R RO ERR L .

Table 7 Results for the determination of the target elements in copper concentrates

R 1 FEfh 2
TURIERROMER WA AREWER RSD Wl IbRETEE AR AR IEE RSD iR
(mg/kg) (ng) (mg/kg) (%) (%) (mg/kg) (ng) (mg/kg) (%) (%)
Ga 2.92 500 7.33 2.7 90.4 5.62 2000 22.77 1.8 86.2
In 1.86 500 6.34 2.9 91.8 1.18 2000 18.87 3.3 88.9
Ge 0.44 500 5.26 4.6 98.9 0.51 2000 18.74 2.8 91.6
Se 43.51 500 48.97 13.4 111.9 115.50 2000 140.04 11.5 123.3
Te 9.18 500 13.29 3.9 84.3 6.48 2000 24.07 2.6 88.4
Tl 0.20 500 4.98 6.2 97.9 0.42 2000 19.44 4.1 95.6
La 22.68 500 26.59 4.4 80.2 16.34 2000 32.48 5.2 81.1

3 45k

AR S 3 GG A H SR B A S AR RS Y
ARG A L TS T E LA RS 67 GaIn
Ge.Se Te TL La ()43 M7 J5 %o 6 F F 7K T80 T
HREHRESD  FEA RO T Ge Se 545 & 0 E it
R AIE T Hbr oo R E AP . e
PRI T A, Bk TR SR T, BR Se LASE
(1) 6 i Hbroc &k th RIYMILT 0. 08 mg/kg, Se HyH:

— 200 —

HFR 1.3 mg/kg; H BRI AYAG H FREAR T HIH]
PRI 45 T M R SR I el B W T R M
AR TG R A B, IR T ICP — MS Il 5 MR 5 i
LA H0T Py A DL G R A H R, UEWT T 73k 1
o REEE

(B S5 i i v AT 98 R B — L6 R, AN PR
221 T Z PRk SR AR T R IR T B
B JE B HARS B, S 2 SR P A 2 TR 5 D
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Determination of Seven Rare Metal Elements in Copper Concentrates by
Inductively Coupled Plasma-Mass Spectrometry Combined with
Microwave Digestion

YAN Na', ZHAO Sheng-guo', ZHAO Wei* , ZHENG Hong-wen'

(1. Gansu Entry-Exit Inspection and Quarantine Bureau, Lanzhou 730010, China;
2. Jiangsu Entry-Exit Inspection and Quarantine Bureau, Nanjing 210001, China)

Abstract: Accurate and rapid determination of the distribution of seven rare metal elements ( germanium, indium,
gallium, selenium, tellurium, thallium and lanthanum) in copper concentrates plays an important role in the
comprehensive utilization and reduction of technical barriers in transaction. However, the low content of target
elements, for example, the content of germanium and thallium is as low as 107", requires a highly sensitive
analytical method. Microwave digestion together with Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS)
was adopted to achieve rapid and accurate determination of seven rare elements. Hydrochloric acid-nitric acid
mixture ( volume ratio was 3 to 2) was used as the microwave digestion reagent of copper concentrates. By selecting
appropriate analytical quality, tuning the instrument and utilizing mathematical calibration equations, it was
possible to eliminate spectral interferences. Under optimal conditions, the target element recoveries ranged from
80.2% to 123.3% and relative standard deviation was less than 13.4% . The detection limits of target elements
were below 0.08 mg/kg while that of selenium was 1.3 mg/kg. To avoid spectral interferences, the low natural
abundance *Se was selected as the analytical mass of selenium. The detection limits of target elements of the
proposed method were much lower than those using Inductively Coupled Plasma-Atomic Emission Spectroscopy or
Atomic Absorption Spectrometry. Simultaneous determination of the target element in bulk copper concentrates was
achieved by the proposed method by reducing the reagent blank, simplifying operational processes, and improving
analytical sensitivity.

Key words: copper concentrates; rare metal elements; microwave digestion; Inductively Coupled Plasma-Mass

Spectrometry
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