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Elemental Analysis of Fe-based Powders by Glow Discharge Mass Spectrometry
Mika Inouve and Takashi Saka

Synopsis

: Glow discharge mass spectrometry (GDMS) which has mainly been developed for bulk samples was applied to powder

samples. Powders were pressed on a pure In sheet and mounted on a discharge cell for disk-shaped samples. The
discharge condition commonly used for bulk samples was employed. The surface contamination was removed by pre
—sputtering for 60 minutes. The size of particle and the density of the powder pressed on the In sheet do not affect
the ratios of ion currents of analyzed elements to that of the matrix element. T he relative sensitivity factors (RSFs)
for 21 elements (isotopes) have been determined for Fe-based powders. The RSFs for powders are almost equal to
those for Fe-based alloys with disk shape. The relative error of analytical values by GDMS to the chemically analyzed
values was about 25% in average for trace elements of concentration less than 10ppm and smaller for elements of the

higher concentrations.
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Table 1. Powder samples analyzed and their concentrations of the impurities and the components (% by mass).

Pure Cr High Speed Steel Powder Pure Fe
©) @ ® @ @ @ ®

B 0. 0010 - - - - 0. 0002 0. 0034 -

C 0. 0084 1.21 1.35 1.71 2. 14 0.0123  0.0043  0.0036
Mg | 0.0014 - - - - - - -
Al | 0.0181 0. 0021 0.0017  0.0023  0.0024  0.0008 0. 0003 0. 005
S i | 0.0030 0.22 0. 30 0.29 0.24 0. 0045 - 0. 002

P - 0. 020 0.019 0.014 0.015 0. 0098 0. 0003 -

S 0. 0009 0.014 0.012 0.0114  0.0084 0.0112 0. 0091 0. 0045
Ca - - - - - 0. 0002 0.0012  0.0001

v - 3.18 2.94 4.73 5.09 - - -
Cr 4.29 3.85 3.98 4.01 0. 0002 0. 0002 0. 0006
Mn | 0.0002 0.29 0.31 ., 0.27 0.28 0. 0049 0.0011 0. 0031
Fe | 0.0250 79.2 71.7 65. 8 58. 1
Co - 0.22 8.19 7.22 11. 28 0. 0078 0.0019  0.0028
N i . 0038 0.12 0. 14 0.11 0.16 0.0075  0.0014  0.0062
Cu . 0005 0. 051 0. 084 0. 046 0. 067 0.0028  0.0005  0.0002
Zn - - - - - 0. 026 - 0.0012
Ga - 0.014 0. 0088 0.012 0. 0098 - - -
Ge - 0.0004  0.0005 0.0004 0.0003  0.0002 0. 0005 0. 0006
As - 0. 005 0. 004 0. 004 0. 004 - - -
Nb - 0. 0031 0. 0063 0.0099  0.0031 - - -
Mo - 4.84 4.62 1.77 5.55 0. 002 - -
Ag - - 0.0009  0.0021 - - - -
Sn | 0.0010 0. 004 0. 004 0. 004 0.010 - - -

T a - - 0. 0036 0.0089  0.0026 - - 0. 0005

w - 6. 39 6. 39 14. 11 13. 30 - - -
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Fig. 1. Time dependence of ion beam ratios of trace elements compared with **Fe in pure Fe-powder.
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Table 2. Comparison of RSFs determined using
high speed steel powders with different
particle size.

Relative
59um 110um Error (%)

2c 4.023 3. 920 2.628
B Si 1.784 1. 800 -0. 889
ap 2. 246 2.217 1. 308
g 2.615 2.619 -0. 153
sty 0.619 0.613 0.979
% Cr 1. 889 1. 855 1. 833
%5 Mn 1.278 1. 276 0. 157
% Fe 1. 000 1. 000
% Co 0. 889 0. 891 -0.224
% Ni 1. 406 1. 388 1. 297
5 Cu 3. 579 3.653 ~-2.026
% Cu 3.528 3. 597 -1.918
™ As 3. 286 3. 280 0.183
% Nb 0. 645 0.639 0. 939
% Mo 1. 147 1.187 -3.370
10 Mo 1. 201 1.222 -1.718
N7 Sn 1. 709 1. 750 -2. 343
119 Sp .1.699 1. 741 -2.412
181 Tq 1.131 1. 067 5. 998
184y 1. 445 1. 430 1. 049
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Fig. 2. Comparison of RSFs determined using high
speed steel powders with different particle
size.
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Table 3. RSFs of various elements for Fe-based

powders. For comparison, RSFs for Fe-
based disk are also shown.
Relative Sensitivity Factor
. Relative
Powder Disk-shaped Error (%)

np 1.233 1.276 -3. 370
2c 3. 967 3.811 4. 093
%S 1. 791 1. 880 -4. 734
stp 2.227 3.019 -26. 234
g 2. 659 2.773 -4. 111
Sty 0.616 0. 567 8. 642
%2 Cr 1. 872 2. 052 -8.772
% Mn 1.278 1. 392 -8. 190
% Fe 1. 000 1. 000

% Co 0. 890 0. 834 6. 715
80N 1. 396 1. 397 -0. 072
8 Cu 3.618 3.988 -9. 278
8 Cu 3. 562 3. 890 -8. 432
8 Zn 3.691 3. 540 4. 266
S As 3. 830 4, 861 -21.210
2 Nb 0. 642 0. 806 -20. 347
% Mo 1. 116

1% Mo 1.212 1. 102 9. 982
17 gy 1.729 2.071 -16. 514
19 gy 1.720 2. 044 -15. 851
181 Tg 1. 097 1. 239 -11. 461
By 1. 437 1. 334 7.721
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Fig. 3. Comparison of chemically analyzed values
with the present analytical values by GDMS
for high speed steel powder @ in Table 1.
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Table 4. Average of magnitude of relative errors of analyzed values for different orders of concentrations.

Average Conc.

Number of Element

Relative Error (%)

3. 143(ppm)
43. 452 (ppm)
349. 135 (ppm)

1ppm-10ppm
10ppm-100ppm
100ppm-1000ppm

0. 1%-1% 0. 2269 (%)
1%-10% 4.173(%)
10%-100% 44. 784 (%)

7 24.2
42 20.1
37 6.2
26 2.6
40 3.0
14 1.0
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