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Comparative Study on the Analysis of Cast Iron Using Glow Discharge Mass Spectrometry and
Spark Discharge Optical Emission Spectrometry

Shinji 1ToH, Takashi KIMURA, Hitoshi Y AMAGUCHI and Takeshi KOBAYASHI

Synepsis : We examined the feasibility of applying the glow discharge mass spectrometry (GD-MS) to the analysis of cast iron. Using 10 standard refer-
ence materials of cast iron, including NIST SRM, BS CRM, and BAS CRM, we obtained the relative sensitivity factors (RSFs) of C, Mg, Si,
P, S, V, Cr, Mn, Ni, Cu, and Mo. We also performed comparisons with spark discharge optical emission spectrometry (SP-OES). Determina-
tion of alloying elements such as Si and Ni in cast iron by GD-MS revealed no bias among our study specimens, and the fluctuations of the

RSFs in RSD were around 3%. For carbon, an important element, however, some specimens exhibited a low ion intensity ratio from GD-MS
but a high emission intensity ratio from SP-OES. We suspect the cause of this lies in the metallic texture related to Fe and C, and the per-
formed observation of EPMA. Therefore, we judged the cause when using GD-MS is the difference in ionization efficiency between graphite
and matrix (cementite), or selective sputtering, and the cause when using SP-OES is abnormal discharge resulting from deposited graphite.

Key words : cast iron; selective sputtering; glow discharge mass spectrometry; spark discharge optical emission spectrometry.
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Table 1. Operating conditions.

Mass spectrometer
Mass resolution
Detector and

integration time

Thermo Electron VG 9000
4000(m/Am:5% at peak height)

Faraday cup, 160ms/ch

Daly multiplier-pulse counting, 200ms/ch

Glow discharge Constant current mode

Discharge current 3mA

Discharge voltage 1kV

Discharge cell Mega flat cell
Discharge gas Ar(99.9999%)
Pre-sputtering time 1.8ks(30min)
Sample mask 15mm(in diameter)

Optical emission spectrometer
Spark discharge
Analytical line

Shimazu PDA 5017

Special combined

C 193.091nm, Mg 280.270nm, Si 212.412nm
P 178.283nm, S 180.734nm, V 330.917nm

Cr 289.920nm, Mn 293.305nm, Ni 227.73 Inm
Cu 327.396nm, Mo 202.031nm, Fe 287.234nm

Electron probe micro analyzer JEOL JXA-8900
Accelerating voltage 15kV
Measuring mode Area analysis
Analytical line SiKa, C Ka
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Table 2. Chemical composition of reference materials used for measuring RSF-values of various elements in cast iron by GD-MS.

Certificate values, w (mass%)
BAS CRMs NIST SRMs BS CRMs

Blem. —p Tssaa Tssie [ e T i T ;|32 3 ) 3
C 326 | 332 339 [ 363 | 197 3.05 386 | 432 2.02 337
2Mg 0.024| 0053 | 0.128] - - - 0.005| 0001 | 0001 | 0.12
g4 209 | 205 | 204 | 254 | 031 1.76 096 | 0315 | 344 132
Slp 0.022| 0020 | 0020f 029 | 085 | 0011 | 0089 0010 | 057 | 0010
329 0.010{ 0.009 | 0.007| 0.052| 0.046| 0025 | 0010, 0071 | 023 0.003
Sy - - - 011 | 0.06 0.08 021 | 0076 | 0028 | 0.002
2¢r - - - 204 | 0029| 0077 | 0021] 0.10 2.1 0.028
Mn 033 | 034 | 032 132 | 045 | 091 031 | 242 029 | 090
S5Fe 93.87 (9256 | 9268 | 8839 |9555 | 9261 |94.02 | 9223 | 8431 |[91.48
ONi 039 | 064 | 142 | 011 | 022 | 053 | 0085 0028 | 527 1.76
Cu - - - 147 | 049 | 101 0.110{ 030 0.020 | 0.51
%Mo 0042 | 0018| 0029 | 010 | 0010 | 1.60 055
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Fig. 1. Relation between certified values and (a) RSF-values of silicon obtained by GD-MS, (b) emission intensity ratios of silicon
obtained by SP-OES. B: BAS CRM S$842, 44, 46; [J: NIST SRM 1 181-1183; A: BS CRM 24, 6.
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Relation between certified values and (a) RSF-values of magnesium obtained by GD-MS, (b) emission intensity ratios of

magnesium obtained by SP-OES. B: BAS CRM 5§42, 44, 46; A: BS CRM 24, 6.
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tained by SP-OES. B: BAS CRM SS42, 44, 46; [): NIST SRM 1181-1183:
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Fig. 4. Relation between certified values and (a) RSF-values of carbon obtained by GD-MS, (b) emission intensity ratios carbon
obtained by SP-OES. B: BAS CRM SS42, 44, 46; [J: NIST SRM 1181-1183; A: BS CRM 2-4, 6.
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Fig. 7. C mapping images of (a) BAS CRM SS42, (b) SS44 (b) and (c) SS46 obtained by EPMA.
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