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Development of the Dual-cathode Glow Discharge Lamp and the
Analytical Application to Steel Materials

Kichinosuke HIROKAWA and Kazuaki WAGATSUMA

Synopsis :

A modulated hollow cathode lamp with three electrodes can provide a spectrum pattern of sputtered
atoms (sample) separated from the overall emission signals. The optimum conditions for operating the
lamp are investigated. An argon pressure and a frequency of the pulsed discharges are examined to obtain
the intense and reliable emission intensities. A negative voltage loaded between the intermediate electrode
and the cathode sample is an important parameter in order to eliminate the undesired argon emission lines.
Emission intensities of the sample strongly depend on a variation in this voltage, while those from argon
atoms and ions hardly change. Selective detection of the sample emission lines can be achieved by modulat-
ing the voltage at frequencies of 100-300 Hz.

Key words : dual-cathode lamp ; modulation method ; atomic emission ; Mn determination in iron and steel.
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Fig. 1. Schematic diagram of

t the dual-cathode glow discharge
lamp employed. The dimensions
listed for the intermediate elec-
trode are in millimeters.
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Fig. 2. Voltage-current characteristic curves

monitored between the anode and the intermediate
electrode when the cathode (sample) is directly
connected with the intermediate electrode. Argon
pressure : 1.3 X 10 Pa((D) 2.7 X 10° Pa(@) 4.0 X
10% Pa(©) and 6.7 X10% Pa(O).
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Fig. 3. Variation of emission intensities of Fe I
371.990m(Q), Fe 1 374.56 (@), and Fe I 385.99 nm
(D) as a function of the argon pressure. The dis-
charge current which is supplied between the anode
and the intermediate electrode is fixed at 100 mA.
The cathode (iron plate) and the intermediate elec-
trode are commomly earthed.
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Fig. 4. Effects of the frequency of the hollow
cathode discharge (a) on emission intensities of Fe
I 371.99am (Q), Fe 1 37456 um (@), and Fe I
385.99nm ((D), and (b) on emission intensities of
Ar I 454.520m(O), Ar II 458.99nm((D), and Ar
II 460.96nm (&). The cathode (iron plate) and
the intermediate electrode are commomly earthed.
Argon pressure : 2.7 X 10°Pa (fixed); average
current of the hollow cathode discharge : 80 mA
{fixed).
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Fig. 5. Effects of the voltage supplied between
the cathode (iron plate) and the intermediate elec-
trode on emission intensities of (a) the Fe I lines
and (b) the Ar [l lines. The symbols correspond-
ing to each emission line are the same as those
used in Fig. 4. Argon pressure:2.7 X 10°Pa
(fixed) ; frequency (f,) and average current of the
hollow cathode discharge : 270 Hz/81 mA(fixed).
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Fig. 6. Spectrum of pure iron detected under (a)
f.-modulation mode and (b) f,-modulation mode in
the wavelength range from 430 to 443nm. Argon
pressure : 2.7-X 10% Pa; frequency (f,) and average
current of the hollow cathode discharge : 807
Hz/110 mA ; frequency(f,) and voltage supplied be-
tween the sample (cathode) and intermediate
electrode : 108 Hz/-150 V.
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Table 1. Spectral interferences of argon lines
with analytical lines of manganese in the wavelength
range from 400 to 405 nm.

Manganese Iron Argon
1400.52
1400.97
Il 401.38
[ 401.43
1 402.19
1 403.08
I 403.31
Il 403.39
I 403.45
I 403.55
11 404.29
I 404.44
1 404.58
Il 405.30
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Table 2. Analytical results on manganese determination in commercial steels.
Observed value Observed value
Certified® Mn I 403.3 Mn I 403.1 Certified* Mn 1 403.3 Mn I 403.1
Sample Mo Mu/Fe No* Mn/Fe RS No. Mn/Fe BOD | sample M Mn/Fe No MwFe BOP No. MwFe [B5D
FXS-102 2.00 0.0223 5 0.022¢ 2.5 5 0.021 1.7 | FXS-112 0.33 0.0035 6 0.0034 2.5 6 0.0035 1.7
( Synthetic 5 0.021, 2.8 5 0.020¢ 3.0 | (SKD4) 5 0.0035 1.5 5 0.0035 3.6
sample) 5 0.022; 2.5 5 0.0225 3.7 5 0.0037 2.6 5 0.0035 3.1
5 0.023 2.2 5 0.0233 2.2 5 0.0036 2.7 5 0.0036 1.6
5 0.023, 2.5 5 0.022; 1.2 5 0.0036 0.9 5 0.0036 2.8
FXS-103 2.60 0.0288 5 0.027, 5.0 5 0.027¢ 4.3 | FXS-113 0.46 0.0050 5 0.0051 3.8 5 0.0052 2.4
( Synthetic 5 0.0273 1.5 5 0.027¢ 2.3 | (SKS42) 6 0.0051 2.8 6 0.0052 2.8
sample) 5 0.0283 1.9 5 0.028¢ 1.6 5 0.0047 2.8 5 0.0048 1.6
5 0.027, 1.8 5 0.027¢ 2.5 5 0.0048 2.3 5 0.0048 1.0
5 0.028; 2.0 5 0.028, 1.0 5 0.0051 2.1 5 0.0052 3.1
FXS-105 0.72 0.0092 5 0.0090 2.6 5 0.0092 2.9 [FXS-114 0.74 0.0081 5 0.0080 2.9 5 0.0081 1.8
(Pig iron) 5 0.0087 2.6 5 0.0088 2.2 (SKS2) 5 0.0080 2.4 5 0.0087 1.6
5 0.0090 2.3 5 0.0091 1.9 5 0.0081 - 3.0 5 0.0080 2.6
5 0.0092 2.4 5 0.0089 2.2 5 0.0079 2.9 5 0.0079 1.7
5 0.0091 1.5 5 0.0091 2.4 5 . 0.0080 3.3 5 0.0079 2.1
FXS-106 0.53 0.0067 5 0.0063 2.4 5 0.0061 3.2 | FXS-115 0.44 0.0048 5 0.0048 2.6 5 0.0047 2.3
(Cast iron) 5 0.0060 1.4 5 0.0062 1.9 | (SKSI11) 5 0.0049 1.5 5 0.0049 1.7
5 0.0064 2.3 5 0.0063 2.3 5 0.0047 4.5 5 0.0046 2.0
5 0.0062 2.2 5 0.0061 3.8 6 0.0049 1.8 6 0.0050 1.7
5 0.0061 2.6 5 0.0062 1.9 5 0.0050 1.5 5 0.0050 1.5
FXS-107 0.53 0.005% 5 0.0055 2.1 5 0.0055 1.8 | FXS-117 0.72 0.0074 6 0.0073 1.0 6 0.0073 3.0
(STBL46) 5 0.0057 2.7 5 0.0056 2.7 | (SUM1A) 5 0.0075 2.6 5 0.0078 1.4
5 0.0058 1.2 5 0.0057 2.1 5 0.0074 2.0 5 0.0076 1.6
6 0.0055 1.2 6 0.0054 2.3 5 0.0074 2.7 5 0.0075 0.6
S 0.0055 2.9 5 0.0056 2.6 5 0.0071 2.7 5 0.0073 2.0
FXS-108 0.51 0.0055 S 0.0055 2.4 5  0.0055 1.3 | FXS-118 1.32 0.0136 6 0.0125 2.1 6 0.013; 3.2
(SNCM25) 5 0.004 2.6 5 0.0053 1.6 | (Free cutting 5 0.013; 1.7 5 0.013; 1.7
5 0.0057 2.0 5 0.0057 2.3 steel) 5 0.0144 2.1 5 0.014; 1.0
5 0.0056 2.0 5 0.0056 1.6 5 0.014 1.2 5 0.0145; 1.8
5 0.0056 1.9 5 0.0055 3.3 5 0.013¢ 2.7 5 0.013; 2.0
FXS-109 0.49 0.0053 5 0.0053 2.1 5 0.0054 4.0 |FXS-119 0.45 0.0050 5 0.0050 3.0 5 0.0049 2.8
(SNCM5) 5 0.0053 1.7 5 0.0054 1.1 (9% Ni 5 0.0049 3.3 5 0.0049 3.1
5 0.0052 2.1 5 0.0051 1.4 steel) 5 0.0052 2.3 5 0.0053 1.7
5 0.0053 1.2 5 0.0052 4.1 5 0.0050 2.1 5 0.0050 2.6
5 0.0053 2.7 5 0.0053 1.8 5 0.0051 2.7 5 0.0051 2.0
FXS-110 0.36 0.0041 5 0.0040 3.0 5 0.0039 1.2 FXS-121 0.42 0.0045 5 0.0046 2.7 5 0.0046 1.8
(SKD5) 5 0.0040 3.3 5 0.0040 3.9 | (Free cutting 5  0.0045 2.4 5 0.0045 2.8
5 0.0041 2.3 5 0.0041 3.5 steel) 5 0.0046 1.5 5 0.0046 1.0
5 0.0040 2.1 5 0.0040 0.5 5 0.0047 1.3 5 0.0046 2.7
5 0.0039 2.7 5 0.0039 1.8 6 0.0044 2.5 6 0.0045 2.4
FXS-111 0.47 0.0054 6 0.0056 2.5 6 0.0054 2.9
(STBA26) 5  0.0053 2.6 5  0.0053 2.2 * The certified values are cited from the reportm of the committee on
6 0.0052 3.3 6 0.0053 2.2 X-ray fluorescence analysis
5 0.0050 3.5 5 0.0051 2.5 # Number of measurements
5 0.0050 3.6 5 0.0052 2.4 * Relative standard deviation
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