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Optimization of Measuring Condition for the Determination of Carbon and Nitrogen in
Steel by Glow Discharge Mass Spectrometry

Shinji ITOH, Hitoshi Y AMAGUCHI, Takayuki YOSHIOKA,
Takashi KIMURA and Takeshi KOBAYASHI

Synopsis : The optimization of measuring condition for the determination of carbon and nitrogen in steels by means of the glow discharge mass spec-

trometry (GDMS) has been studied. A double focusing glow discharge mass spectrometer, Fisons Instruments (UK) VG 9000, was used. A

disk sample were dry-polished with 120-grit zirconium oxide endless-paper and preliminary exposed to glow discharge for 30 min in the dis-

charge cell. The optimum values of discharge parameters and the suitable size of tantalum front mask were examined. The relative sensitivity

factor (RSF) of each analyte was evaluated by analyzing the five standard reference materials: IARM CRMs and the high alloy steels pre-

pared in our Institute. The average RSF-values obtained were 2.493 for carbon and 26.34 for nitrogen. The regression analysis for nitrogen

showed that the slope of regression line for each alloy types was different. The concentration of matrix element required was determined by

the fundamental parameter/X-ray fluorescence spectrometry. The GDMS analytical value of each analyte in high tensile steel HT80 was in

good agreement with chemical analytical values.

Key words: steels; elemental analysis; determination of carbon and nitrogen; relative sensitivity factor; fundamental parameter/X-ray fluorescence spec-

trometry; glow discharge mass spectrometry.
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Table 1. Operating conditions.

Mass spectrometer
Mass resolution
Detector

F1 -VG 9000

>4000(m/Am:5% at peak height)
Faraday cup

Daly multiplier-pulse counting

Glow discharge
Discharge current
Discharge voltage
Discharge cell
Discharge gas

Constant current mode
2mA, 4mA(preliminary)
1kV

Mega flat cell
Ar(99.9999%)
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Table 2. Chemical composition of reference materials
used for calculation of RSF-values.

"Sample ! ____ Certificated values, mass %
[ C I N [FeiCr[ Ni Mo[Mn | Al
CNA1 0.0128 ,0.0100 | Bal. 1663 14.4312.32 ,20.34/0.003

CN2 0.0057 0124 |Bal. |16.62 14.39 2.26 120.06 0.009
CN3 00036 0.395 'Bal 1691 1429 2.18 (20.02 0.010
IARM 152A 10.075 |0.0277 |Bal. 16.37| 7.21 0.44 | 0.83 1.18

IARM 157A |0.023 1020 | Bal[20.7 '238 ;6.18 | 0.35,0021
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Fig. 1. Influence of discharge voltage on ion beam current
of matrix element and ion beam ratios of carbon
and nitrogen.
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Fig. 2. Influence of discharge current on ion beam current
of matrix element and ion beam ratios of carbon
and nitrogen.
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Table 3. Results of regression analysis of carbon and nitro-

gen.
Element High strengthened | Tool | Highspeed = Stainless
) ] steel Jr _steel . steel | steel
Carbon t
Slope 0.970 0.981 1.075 ! 0.959
Interrupt 0.0484 ‘ 0.0002 0.0698 | 0.0022
Correlation 0.986 © 0.999 0.998 0.996
Mean Con. 0.33 | 0.81, 0.89, 0.039,
Deviation(s) 0.0098 00200 | 00113 0.0013
|
1
Nitrogen ‘
Slope 1.068 1.205 2226 0.918
Interrupt ; -0.0008 0.0011 ‘ -0.01047 | -0.0010
Correlation | 0.991 0.906 | 0.987 0.996
Mean Con. ! 0.0092 0.0147 ‘ 0.0345 0.0170
| 0.0004 i 0.0043 | 0.0060 | 0.0008

Deviation(3) ‘ | |

Fig. 6. SEM photograph of (a) IARM CRM 152A and (b)
JSS CRM 603-6.

Table 4. Comparison between GDMS analytical and
chemical values of high tensile strengthened steel
HT-80.

Number ~ of | Anaiytical value of G(mass %) | Analytical value of N(mass ppm)_
_measurement GDMS | Chemical , GDMS = Chemical _
' 0.125 57.6

0.122 60.6

1 ;

2 {0125 0125 | 563 e

3 I 0120 0122 577 59.3

4 [ 02 ‘ 0.125 546 58.9

5 ‘ 0123 0.124 58.0 ‘ 612

6 ‘ 0.122 0.124 ‘ 54.5 57.9
7020 0124 538 . 598

Mean ‘ 0122 T o124 1 564 r 595

s 00019 |  0.0011 163 1.03

. RSD%) tez | osa | 20 | 174

“Infrared absorptiometric method after combustion in the current oxygen.
*2 Thermal-conductimetric method after melting in the current of inert gas.
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