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Influence of Sample Shape on Ion Beam Current in Analysis of Fe-based
Alloy by Glow Discharge Mass Spectrometry

Noviko Qramoro, Takashi Saxa and Masanao Narira

Synopsis : For the analysis of trace elemental constituents by glow discharge mass spectrometry, ion beam ratios (IBRs), ratios of

ion currents of analysed elements to that of matrix element, are observed. In general, IBRs are affected by the shape
for pin-shaped samples or the size of mask for disk-shaped samples. These effects were studied systematically for Fe
~based alloys. For disk-shaped samples, IBRs are rather independent of the mask size provided that the diameter is
in the range of 10-15mm. For pin-shaped samples, IBRs depend on the sample shape. However, it has been shown
that IBRs for arbitrary shapes can be corrected to that of a standard shape using an experimental equation. The
equation for correction is a linear combination of r, L and L* and F, where r and L are diameter and discharge length
of pin-shaped samples, respectively, and F is a parameter for the shape of cross section. IBRs depend on r linearly. On
the other hand, they are dependent on the second order of L. The fact indicates that there exists a discharge length
(Lex) for each element giving the IBR an extremum. Lexs are 3-6mm for the most elements. By using sample whose
discharge length is close to Ley, it is possible to minimize the effect of discharge length on IBRs. The present correction
shows the possibility to reduce the coefficient of variation for samples of arbitrary shapes from 40% to less than 10%.

Key words : element analysis ; glow discharge ; mass spectrometry ; ion beam ratio ; influence of shape ; correction of sample shapes.
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Fig. 1. Coefficients of variation of analytical values
obtained from five analyses for each element
of different concentration for a pin-shaped
sample.
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Fig. 2. Dependence of ion current of elements for a disk-shaped sample on diameter of mask.
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Fig. 3. Dependence of ion beam ratio on diameter
for (a) ®'V and (b) *'*Sn of pin-shaped sam--
ples of square and circular cross sections
with different discharge lengths.
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Fig. 4. Dependence of ion beam ratio on discharge
length for (a) *'V and (b) !**Sn of pin-shaped
samples of square and circular cross sections
with different diameters.
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Fig. 5. Dependence of ion beam ratio on discharge
area for (a) ®'V and (b) '*Sn both of pin-
shaped samples of circular cross section with
different diameters and of the disk-shaped
sample.
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Table 1. Employed equations for the correction of ion beam ratios against sample shapes.

element

employed equation

i2g 81y, 208ph d(IBR)=a, +a, r+a, L+a; L?
120 28gj s1p esc, 1198y 208k 2098 [ d(|BR)=a, +a, r+a., L+a; L? +a, F
r . diameter
L : discharge length
F : sample cross section factor
F=0 for square cross section
F=1 for circular cross section
IBR (a) : ion beam ratio for arbitrary shapes
IBR (s) : ion beam ratio for the standard
shape where r=2.5mm, L.=6.6mm and F=0
d(IBR) : IBR(a) —IBR(s)
Table 2. The values of correction coefficients for each element.
olement a8, a . a, a; a. IBR(s) | L ext
(ppm) (ppm/mm) | (ppm/mm) | (ppm/mm? ) (ppm) (ppm) (mm)
12¢ (- 151.0 45.18 | - 20. 31 3.95 - 21.58 183. 1 2,57
28gi | -4681 1716 -1011 162. 3 642. 7 6439 KRR Y
1p |~ 35.98 12.24| - 6.94 1.18 3.45 40. 28 2,95
228 | ~ 1713.1 32. 14 11.08 0. 450 —_— 72.40 | -12.3
51v | ~1551 34,96 353. 7 - 19.99 _— 1301 8.85
83Cu 5. 64 2.44)- 5.90 0. 624 - 2.26 39.99 4.73
1198 35.60 (- 12,45 - 2.13 0. 220 17.35 173.0 4,84
t218h | - T7.48 44,49 | - 37.89 4,97 28. 05 129.3 3.81
zospp 43,081 - 8.54|- 3.60 0. 026 —_ 74.04 | 69.2
z08p; 16. 74 2.43)- T1.67 0. 638 2.34 23.53 6. 01

Loy = —a,/2a, : discharge length giving the extremum to IBR(s).
IBR (s) : ion beam ratio of pin-shaped sample with the standard shape calculated
by the equation for the correction.
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Table 3. Coefficients of variation of ion beam ratios
for samples with different shapes without/
with correction.

olement coefficient of variation(¥)

without correction| with correction
'tc 28. 37 1. 41
*si 25. 50 8. 186
P 30. 23 7.21
'S 31.75 15. 82
'V 10. 50 4.85
**Cu 10. 15 3. 21
''*Sn 8. 75 3.93
'?'sb 30. 13 8. 88
10°Pb 10. 98 8. 36
200Bi 11. 06 5. 81
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