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Direct Analysis of Tramp Elements in Steel by Radio-frequency Glow Discharge Optical
Emission Spectrometry Associated with Bias-current Introduction
—The Application to Quantitative Determination of Tin—

Kazuaki WAGATSUMA

Synopsis : A radio-frequency glow discharge optical emission spectrometry is applied to perform rapid and quantitative analysis of tin, which is includ-
ed in commercial steels as a typical tramp element. The measuring method to introduce a bias current into the glow discharge plasma is ef-
fective for enhancing the emission intensity and thus improving the detection sensitivity. Two atomic emission lines of tin: Snl 303.411 nm
and Snl 317.504 nm, can be selected as the analytical line for the determination of tin in steels. By conducting the bias current of 52mA at
the r.f. power of 120 W, their emission intensities are 14 times larger than those obtained with the conventional plasma. In the case of Snl
303.411 nm, a calibration curve almost passing through the origin is obtained, leading to the limit of determination of less than 0.01 mass%
Sn (several 10 ppm Sn). However, if the sample contains chromium, Crl 303.419 nm may interfere with the accurate estimation of the Snl in-
tensity. On the other hand, major alloyed elements including chromium have no emission lines overlapping with SnI 317.504 nm, although a

weak Fell line overlaps just with the tin line which gives a calibration curve not passing through the origin. When SnI 317.504 nm is em-
ployed as the analytical line, the limit of determination can be estimated to be about 0.01 mass% Sn.
Key words: optical emission spectrometry; radio-frequency glow discharge plasma; conduction of bias current; tramp element; tin; calibration curve;

limit of determination.
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tions (b).

Table 1. Instrumentation (a) and the experimental condi-

()

Glow discharge excitation source

Grimm-style structure

(Laboratory-made)
hollow electrode 8 mm in inner diameter
distance between the electrodes 0.2-0.3 mm
plasma gas Argon(99.9995%)

Spectrometer P-5200 (Hitachi Corp., Japan)
mounting Czerny-Turner
focal length 0.75m
grating 3600 grooves/mm
blaze wavelength 200 nm
slit width 30 um
RF linear amplifier Model HL-2K

(Tokyo High Power Co. Ltd., Japan)

available forward power 0-200W
frequency range 3-27 MHz
REF driver amplifier Model WL-2000HF

Function generator
available frequency range

Roller-inductor tuner

DC/RF separator (low-pass filter)
cut-off frequency
time constant

{World System Eng. Co. Ltd., Japan)

Laboratory-made
0.1-30MHz

Model MFJ-989C

(MF]J Enterprise Inc., USA)

Laboratory-made
ca. 100 kHz
more than 12 dB/oct

(b)
Sample NBS1160 low alloy steels
(see Table 2)
Analytical lines Snl 303.411 nm
Snl 317.504 nm
Ar pressure 230 - 800 Pa
RF driving frequency 13.56 MHz
RF forward power 120 W
Reflected power less than | W
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Table 2. Chemical composition of NBS 1160 Standard
Reference Materials.

Sn Cr mass %
NBS 1162 0.066 0.74
NBS 1163 0.013 0.26
NBS 1164  0.043 0.078
NBS 1165 0.001 0.004
NBS 1167  0.10 0.036
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Fig. 1. Spectra of NBS1167 (a) and NBS1165 (b) samples
in the neighborhood of Snl 303.411-nm line. Rf
forward power: 120 W; dc bias current: 53.8-54.2
mA; Ar gas pressure: 450 Pa.
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Fig. 2. Spectra of NBS1167 (a) and NBS1165 (b) samples
in the neighborhood of Snl 317.504-nm line. Rf
forward power: 120 W; dc bias current: 54.4-54.8
mA; Ar gas pressure: 450 Pa.
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Fig. 3. Variations in the emission intensity of Snl 303.411-
nm line as a function of Ar pressure at the dc bias
current of 0mA (square) and 32-37mA (circle).
Sample: NBS1167; Rf forward power: 120 W.
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Fig. 4. Variations in the emission intensity (a) and the signal-to-background ratio (b) of Snl 303.411-nm line as a function of dc
bias current. Sample: NBS1167; Rf forward power: 120 W; Ar gas pressure: 450 Pa.
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Fig. 5. Calibration curves of the emission intensity of Snl
303.411-nm line at the dc bias current of O0mA
(square) and 54-55mA (circle). Rf forward power:
120 W. Ar gas pressure: 450 Pa.
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Fig. 6. Spectra of NBS1167 (a) and NBS1162 (b) samples
in the neighborhood of Snl 317.504-nm line. Rf

forward power: 120 W; dc bias current: 54.2-54.8
mA; Ar gas pressure: 450 Pa.
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Fig. 7. Calibration curves of the emission intensity of Snl

317.504-nm line at the dc bias current of OmA
(square) and 54-55mA (circle). Rf forward power:
120 W. Ar gas pressure: 450 Pa.
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Fig. 8. Expanded spectra of NBS1166 sample (Sn 0.005
mass%) in the neighborhood of Snl 303.411-nm
line. Rf forward power: 120 W; dc bias current:
52.0mA; Ar gas pressure: 450 Pa.
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