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Determination of impurity elements in high-purity silver ornaments by LA-ICP-MS
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Abstract: In this paper, a method for the determination of 22 impurity elements in high purity silver
ornaments by laser ablation-inductively coupled plasma mass spectrometry (LA-ICP-MS) was established.
The near non-destructive testing of high-purity silver jewelry was realized with high accuracy, high
efficiency and environmental protection. Through the test of five target elements Mg, Al, Ti, Cr and Mn, it
is calculated that when the laser ablation system energy density is 12.5 J/cm?, the ablation aperture is 90 pm,
and the pulse frequency is 10 Hz, the signal strength and stability of the target elements are optimized. A
series of silver standard samples are used to establish the working curve, and the high purity silver ornaments
to be tested. The detection limit of this method is 0.001 ~ 0.827 ng/g, the precision of each impurity element
is 3%~25%, and the test results are consistent with the data of ICP-AES.
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Tab.1 Characteristic roots and cumulative contribution rates of

correlation matrix

5 iR FRAb(E 7 ZE TR % RTTERER /%
1 Mg 19.15441 76.62 76.62
2 Al 2.35657 9.43 86.04
3 Ti 0.89992 3.60 89.64
4 Cr 0.88466 3.54 93.18
5 Mn 0.66429 2.66 95.84
6 Fe 0.38533 1.54 97.38
7 Ni 0.19362 0.77 98.16
8 Cu 0.16089 0.64 98.80
9 Zn 0.07811 0.31 99.11
10 Ga 0.06297 0.25 99.36
11 As 0.04938 0.20 99.56
12 Se 0.03566 0.14 99.70
13 Rh 0.02858 0.11 99.82
14 Pd 0.01692 0.07 99.89
15 Cd 0.01347 0.05 99.94
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Fig.1 Effect of laser energy on signal intensity and stability
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Fig.2 Effect of denudation aperture on signal intensity and stability
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Fig.3 Effect of pulse frequency on signal intensity and stability
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Tab.2 The detection limit for impurity elements

TE  olugl) | TE oluge) | TE olugl)
Mg 0.001 | ®Ni  0.001 || 2'Sb  0.007
YAl 0002 | BCu  0.011 I25Te 0015
S 0.827 || %Zn  0.005 195pt 0.009
TP 0.001 || As  0.005 | "Au  0.705
2Cr 0.004 | 7Se  0.001 | 2Pb  0.795
$SMn  0.007 || 'Pd  0.002 | 2°Bi  0.026
SFe  0.032 | cd  0.002

¥Co  0.002 | "SSn  0.008
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Tab.3 Results of high-purity silver ornaments (sample No.Dc)

~ ICP-AES/ LA-ICP-MS(n=10)  PiyZHixt
R (ng/g) Yt/ (ng/g)  RSDI%  WZE/%
Mg <1.0 0.089 24 -
Al 2.0 1.4 14 43
Si <3.0 <0.82 - -
Ti 2.0 2.5 9.2 20
Cr <1.0 0.93 7.4 -
Mn <1.0 0.17 11 -
Fe <1.0 0.20 10 -
Co <1.0 0.93 9.5 -
Ni <1.0 <0.0010 - -
Cu <1.0 0.20 9.6 -
Zn 12 11 1.5 9.0
As <1.0 0.073 25 -
Se <2.0 0.44 3.0 -
Pd 19 24 4.0 21
cd <1.0 0.32 4.5 -
Sn <10 0.34 3.6 -
Sb <3.0 1.8 11 -
Te <3.0 <0.015 - -
Pt 25 29 9.9 14
Au 6.0 5.9 14 1.7
Pb <2.0 1.3 16 -
Bi <4.0 1.6 14 -
FAETE 102 83 - 23
WEE/%  99.9898 99.9917 0.0019
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