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Determination of Trace Amounts of Cu, Ni, Ti and B in Fe-based Alloys by Radio-frequency-powered Glow Discharge
Optical Emission Spectrometry Associated with Bias-current Conduction Method

Toru FUIIMURA, Akira Y AMAMOTO and Kazuaki WAGATSUMA

Synopsis : In an r.f. glow-discharge plasma, a d.c. bias current can be introduced by connecting an electric circuit comprising a low-pass
filter and a variable resistor. The bias current promotes the emission excitations in the plasma, leading to an improvement of

the detection power in the optical emission spectrometry. By conducting a bias current of 27 mA, the emission intensities of
atomic resonance lines were several times larger than those obtained with conventional r.f.-powered plasmas. The detection
limits for determination of alloyed elements in Fe-based low alloyed standard samples were estimated to be 3 ppm Cu for
Cul 324.75nm, 10 ppm Ni for NiI 352.45 nm, 6 ppm Ti for Til 364.267 nm, and 7 ppm B for BI 208.96 nm.

Key words : optical emission spectrometry; radio-frequency-powered glow discharge plasma; conduction of a d.c. bias current; self-bias voltage; detection
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Fig. 1. Principle of radio-frequency-powered glow dis-
charge optical-emission spectrometry associated
with  the bias-current conduction method.
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Table 1. Operating conditions.

DC bias-current 27mA
Radio-frequency 13.56MHz

Power 30W

Atmosphere Ar 430Pa(3.2Torr)
Background Elimination
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Fig. 2. Variations in Cr emission intensity as a function of
Ar pressure.
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Fig. 3. Calibration curves for Cul 324.75 nm (a), (b), and
the spectral profiles of a 10ppm Cu sample (c),
measured by DC bias-current conduction method
(circle, solid line) and by conventional detection
method (triangle, dotted line).
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Fig. 4. Calibration curves for Nil 352.45nm (a), (b), and
the spectral profiles of a 10ppm Ni sample (c),
measured by DC bias-current conduction method
(circle, solid line) and by conventional detection
method (triangle, dotted line).
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Fig. 5. Calibration curves for Til 364.267 nm (a), (b), and
the spectral profiles of a 6ppm Ti sample (c), mea-
sured by DC bias-current conduction method (cir-
cle, solid line) and by conventional detection
method (triangle, dotted line). (d) and (e) are the
spectral profiles of Til 363.545nm and I
365.349 nm, respectively.
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Fig. 6. Calibration curves for BI 208.96nm (a) and the
spectral profiles of a 9.1 ppm B sample (b), mea-
sured by DC bias-current conduction method (cir-
cle, solid line) and by conventional detection
method (triangle, dotted line).

Table 2. Detection limits and CV values of Cu, Ni, Ti and
B.

Detection limit CV value*
(ppm) (%)

Element R
DC bias-current  Conventional DC bias-current  Conventional
conduction method method conduction method method
Cu 3 18 3 3
Ni 10 24 1 12
Ti 6 38 8 14
B 7 26 9 9

* average values of data less than SOppm.
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