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Direct Determination of Trace Elements in Steel by Laser Ablation/ICP-MS
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Abstract:

Elemental fractionation (non-stoichiometric generation of vapor species) can be canceled with repeated laser
irradiation in an adequate area without vacant space by a developed laser ablation (LA) system. Particles generated
with this system were induced to inductively coupled plasma mass spectrometry (ICP-MS) for quantitative
determination of trace elements (B, As, Sb, Pb) in steel samples. Analytical performance of the developed LA-ICP-
MS was investigated with standard reference materials of iron. The analytical results showed that this method has
sufficient precision, sensitivity and accuracy for the analysis of steel samples in the ug/g level concentration of trace

elements. This system can reduce much time for the determination of trace elements compared with solution ICP-

MS or electrothermal vaporization AAS.
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Fig. 1" Schematic diagram of the developed LA system
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Table 1 Apparatus and analytical conditions for the developed

LA-ICP-MS

Laser ablation
Laser Nd: YVO,
Wavelength 1 064 mm
Average power 0.6 W
Pulse frequency 10 kHz
Pulse width 10 ns
Beam expander X5
Focal length 100 mm
Spot diameter 50 um
X-scan length 2.0 mm
Y-scan length 2.0 mm
X-scan frequency 43 Hz
Y-scan frequency 2.5Hz
Ar flow 1.0 //min
Diameter of O-ring 22 mm

ICP
Coolant gas flow 12 I/min
Auxiliary gas flow 1.0 //min
RF power 1.4 kW
Carrier gas flow (for solution analysis) | 0.4 [/min

Mass spectrometer

Dwell time 10 ms/channel
Channels per mass 3

Sweeps 100

Pre laser radiation 30s

Cleaning 30s

Monitor for tuning

Solution-ICP-MS
LA-ICP-MS

In (1 ng/ml)
Co (NIST 1765)
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Table 2 Composition of NIST, Brammer and JSS SRM samples

Sample B As Sb Pb
(a)
NIST 1765 0.000 9 0.001 0 0.001 0 0.000 3
NIST 1766 0.000 4 0.003 5 0.000 5 0.003
NIST 1767 0.001 0 0.000 5 0.0020  <0.000 1*
(b)
BS61C 0.000 05%**
NIST 1265a 0.000 13
NIST 1261a 0.000 5
BCS/SS 112 0.000 7
NIST 1767 0.001 0
(0)
BS 250 0.003 0.000 4
NIST 1768 <0.000 2* <0.000 1* <0.000 1* <0.000 1*
JSS 1000-1 0.000 02* <0.000 2* <0.000 02* <0.000 01*
(d)
NIST 1265a 0.000 13 0.000 2* 0.000 01
BS 250 0.003 0.000 4
BS 3941 0.003 0.000 7* 0.001 0
BS61C 0.000 05** 0.003 0.000 4 0.000 03
BS 61D 0.000 4 0.005 0.000 3
BCS/SS 112 0.000 7 0.002 1
ECRM 097-1D| 0.000 3 0.051

* Not certified but informed value
** Analytical value by conventional method
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Table 3 Lower limits of determination in steel by LA-ICP-MS

(ug/g)
Element LLD of LA-ICP-MS
B 0.06
As 0.02
Sb 0.004
Pb 0.005
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