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Table 1 Laser operating conditions®
Properties of Q-switching: None Lowest Moderate Highest

Designation: Qo0 Q1 Q2 Q3 Q4 Q5 Q6

Output energy/J 1 1 0.1

Time of laser oscillation/ps —> 500 0.05

Number of spikes —b 250 EEEE— 1

Half-width of spikes/ns —P 1000 _— 50

Peak power/ MW —b) 0.0!1 _— 2

a) Data from Carl Zeiss LMA-10 operating manual. b) Data were not available from the manual.

Table 2 ICP operating conditions

Power/kW » 1.2
Ar gas flow rate/l min ' 16.0(coolant)
0.80(plasma)
0.5(auxiliary nebulizer)
0.80(carrier)
Observation height 15 mm above the load coil
Analysis line/nm (excitation potential/eV)
Al 1 396.15(3.14) Cu I 324.75(3.82)
Cr 1I267.72(6.18) Fe II259.94(4.77)
Mg II 280.27(4.42) Mn IT 257.61(4.81)
Mo II 202.03(6.13) Ni II 231.60(6.38)
Sn II189.98(7.05) Ti 1I334.94(3.74)
V II292.40(4.63) Zn 1 213.86(5.80)
Zr 11 343.82(3.69)

Coolant gas—#

%
Auxiliary gas — U
P4 *
Auxiliary nebulizer gas Catrier gas

{Solution introduction) (Solid introduction)

Fig. 1 Four-tubes type of ICP torch
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Fig. 2 Differences of sensitivities obtained with three- and four-tubes type of torches

The JSS standard steel solutions were introduced into the ICP via solution (O) and

solid (&) introduction ports of four-tubes type of torch.
The emission intensity of Fe IT259.9 nm was used

mode; (b): intensity ratio mode.
as the internal standard of intensities.

(a): absolute intensity
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Fig. 3 Effect of parallel water-loading on sensitivi-
ties of LA/ICP

The sensitivities of LA/ICP were obtained by ana-
lyzing JSS standard steels with (&) and without
(O) water-loading. The emission intensity of Fe II
259.9 nm was used as the internal standard of inten-
sities.
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Fig. 4 Effect of the magnitude of Q-switching on relative sensitivity of LA to solu-
tion introduction methods

Each sensitivity was obtained by analyzing steel standard JSS 150-155. The emission
intensity of Fe IT 259.9 nm was used as the internal standard of intensities. -

Table 3 Analytical results of the JSS standard low-alloy steels by LA/ICP-AES using aqueous standard calibra-

tion
JSS151-10 JSS153-10 JSS155-10
Element

Found, % (RSD, %) Certified, % Found, % (RSD, %) Certified, % Found, % (RSD, %) Certified, %
Cu 0.114(5.6) 0.091 0.38(4.2) 0.30 0.49(3.7) 0.39
Cr 0.13(7.5) 0.12 1.01(1.9) 1.00 3.13(1.1) 3.08
Mn 1.89(1.4) 1.59 0.91(1.2) 0.79 0.26(1.3) 0.23
Mo 0.041(21) 0.047 1.22(1.6) 1.25 0.67(4.2) 0.69
Ni 3.68(0.7) 3.35 1.10(1.8) 1.00 0.14(34) 0.12
\Y% 0.054(5.8) 0.049 0.22(2.6) 0.21 0.42(1.8) 0.40

RSD (relative standard deviation) was based on four replicate analyses. The emission intensity of Fe IT 259.94 nm
was used as the internal standard of intensities.
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Table 4 Analytical results of the domestic Ti-base alloys by LA/ICP-AES using aqueous standard calibration

Ti001 Ti002 Ti003
Element
Found, % (RSD™, %) Ref.”, % Found, %(RSD®, %) Ref.™, % Found, % (RSD?, %) Ref™, %
Al 7.20(5.1) 6.08 4.05(1.9) 2.96 7.60(5.5) 6.5
Fe <0.2 0.01 2.24(4.6) 2.19 0.25(28) 0.3
Mo 2.19(1.9) 1.85 17.4(4.6) 15.4 <0.08 —)
Sn 2.49(6.3) 1.96 <0.2 — <0.2 —
\Y <0.04 —) <0.04 0.003 4.46(2.5) 4.2
Zr 4.56(0.6) 3.83 <0.08 — <0.08 —)

a) Each sample was analyzed in quadruplicates. The emission intensity of Ti I 334.94 nm was used as the inter-
nal standard of intensities. b) Reference values were obtained by ICP-AES. c) Not determined.

Table 5 Analytical results of the NIST standard Al-base alloys by LA/ICP-AES using aqueous standard
calibration

NBS1258 NBS1259

Found, % (RSD, %)

Element

Found, % (RSD, %) Certified, % Certified, %

Cu 0.88(4.4) 0.84 1.99(3.9) 1.6
Cr <0.03 0.0011 0.17(8.4) 0.173
Mg 1.31(3.5) 0.98 2.38(2.9) 2.48
Mn 0.45(1.9) 0.48 0.073(1.3) 0.079
Ni <0.15 0.0006 <0.15 0.063
Zn 1.04(2.0) 1.03 5.83(2.3) 5.44

RSD was based on quadruplicate analyses. The emission intensity of All396.15 nm was used as the internal
standard of intensities.
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S

Laser ablation/ICP-AES of some alloy samples using aqueous standard
calibration. Tadashi MocHizuki, Akiko SAkAsHITA, Hideo Iwata, Yohichi IsHiBAsHI and
Naoki GunjI (Analysis Research Department, Advanced Technology Research Center,
NKK Corporation, 1-1, Minamiwatarida-cho, Kawasaki-ku, Kawasaki-shi, Kanagawa
210)

The calibration method in laser ablation/ICP-AES has been discussed. The four-
tubes type of ICP torch allowed the parallel sample introduction of laser ablated solids
and nebulized aqueous standards for calibration purpose. The differences in sensitivities
found when using different injection ports of the ICP torch were minimized by using the
emission intensity of the matrix element as the internal standard of intensities. The in-
fluence of selective vaporization occurring in the ablation process was also minimized with
the highest peak power of Q-switched laser pulses. Because water-loading into the ICP
had a great influence on the sensitivities, distilled water was introduced in parallel into
the ICP during the measurement of the laser ablated solids. The present method has
been applied to the standard reference materials of low-alloy steels and Al-base alloys,
and domestic Ti-base alloys. The deviations of the results from the certified values were
below 26% for Cu, Cr, Mn, Mo, Ni and V in the standard steels. The minor elements
in Ti-base and Al-base alloys were determined with a relative error of —18~+37%.

(Received August 26, 1991)
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