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Collection of Laser-sampled Particles in Solutions Followed by ICP-MS for the Analysis of Steel and Zircaloy

Tomokazu TANAKA, Mikio SEKI, Jun KURAMATA and Masataka HIRAIDE

Synopsis : In order to widen the scope of laser ablation/ICP-MS, calibration curves were prepared by using aqueous standard solutions instead of using
standard solid materials. The decontaminated sample was irradiated by a Q-switched Nd/YAG laser beam (150 mJ, 1064 nm) for 220 s and

the ablated sample was trapped in 10m/ of 0.1 mol /™" nitric acid. More than 30% of the ablated sample were recovered in the solution as tiny

particulates. The solution was directly introduced into the ICP-torch through a pneumatic nebulizer for the analysis by MS. Because the ion-

ization efficiency of tiny particles was almost the same as that of aqueous ions, a series of aqueous standard solutions was employed for the

preparation of calibration curves. Important experimental factors (e.g., argon flow rate, acidity of solution, and tube length) were studied in

detail and optimized to obtain the highest signal intensity. The accuracy of the analytical data was significantly improved when the matrix el-

ement such as iron or zirconium was used as internal standard. The proposed method was applied to the determination of Cr, Ni, Mo, and Co

in reference materials for steel and zircaloy. For the latter sample, laser irradiation was allowed to continue for 30 min to ablate the sufficient

amount of particles. The analytical results were in good agreement with the certified values.
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Table 1. Operating conditions for laser ablation/ICP-MS.

Laser ablation
Instrument Spectron Laser System SL.402
Operating mode Q-switched mode
Laser wavelength 1064 nm
Laser pulse energy 150 mJ
Pulse rate 5Hz
IcP-MS
Instrument Seiko Instruments SPQ6500
Isotopes measured 52Cr, 57Fe, 3Co, 0N}, 91Zr and %Mo
Dwell time 50 ms per channel
Channel width 3 channels
RF power 1.2kW
Sampling depth 12 mm
Outer gas flow rate 16 Vmin
Intermediate gas flow rate 1.0 Vmin
Carrier gas flow rate 1.0 Vmin
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Fig. 1. Schematic of laser ablation system.

Table 2. Effect of chemical forms of metals on signal intensities.

Signal intensity / cps

Solution Fe Cr Co Ni Mo
[A] 444950 13200 3820 4860 1320
[B] 449590 11710 4060 4910 1380
Intensity ratio 0.99 113 0.94 0.99 0.96

{Al/[B]
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Table 3. Effect of acidity on the particle collection.

Solvent Fe collected / pg RSD (%, n=4)
1.0 mol 1" HNO3 93 6.7
0.1 mol I'1 HNO3 91 5.1
Water 29 17.8
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Fig. 2. Effect of the Teflon-tube length (a) and argon flow rate (b) on the amount of iron collected in solution.
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Table 4. Determination of Cr, Ni and Mo in case hardening steel (n=3).

Cr (%) Ni (%) Mo (%)
Sample Certified Determined Certified Determined Certified Determined
JSS 512-6 0.039 0.034 + 0.004 0.023 0.026 + 0.002 0.008 0.007 £ 0.0003
513-6 1.12 1.00 £ 0.07 0.019 0.017 £ 0.001 0.005 0.005 + 0.0003
515-6 0.30 0.29 + 0.01 2.24 2.39+0.03 0.011 0.010 £ 0.0002
Table 5. Determination of Cr, Ni and Co in zircaloy (n=3).
Cr (%) Ni (%) Co (pg gV
Sample Certified Determined Certified Determined Certified Determined
JAERIZ11 0.041 +0.001 0.042 + 0.003 0.021 £ 0.001 0.025 + 0.004 6+1 9+1
Z12 0.013 £0.000; 0.012 + 0.002 0.094 + 0.002 0.086 + 0.003 201 24+3
Z13 0.098 + 0.002 0.091 £ 0.011 0.058 + 0.001 0.058 + 0.002 <3 26+0.3
Z14 0.150+0.003 0.132+0.013 <0.001 0.0008 + 0.0003 49+ 4 52+6
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