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Determination of Oxygen in Magnesium by Glow Discharge Mass Spectrometry

Emi Kikuta, Hitoshi AsANO and Tadashi KIKUCHI

Synopsis : In the present experiments, preferable results were obtained by applying glow discharge mass spectrometry (GD-MS) for quantitative analy-

sis of oxygen in magnesium. The relative sensitivity factor (RSF) method was applied for measurements, since there was no standard materi-

al for magnesium analysis. Removal of the surface oxygen contaminants was investigated before the Mg specimen measurements. It was clar-

ified that 5000 s of pre-discharge period was required to remove surface oxygen for both of pin shape and disk shape samples. As a result, the

oxygen contents of the pure Mg and re-dissolved Mg were obtained as 9 ppm and 26 ppm, respectively. In order to check the results obtained

by GD-MS measurements, charged particle activation analysis was also applied for the same specimens. The oxygen contents of the pure Mg

and re-dissolved Mg were obtained as 12 ppm and 26 ppm, respectively with this method. On the basis of the results, GD-MS is possible

technique for oxygen analysis in Mg and its alloys with high sensitivity.
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Table 1. Chemical composition of pure magnesium.

[ Mg [ Al [ Si [Mn] Fe | Zn | Cu | Ni
[>99.950.003 ]0.005 [ 0.008]0.0036 | 0.0028 | 0.0025 [ 0.0007 |

wt%
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Fig. 1. Preparation of magnesium sample.

Table 2. Analytical condition for CPAA.

Analytical sample | Standard specimen

Sample Magnesium Si0, plate
Irradiation current 0.5 uA 0.5 pA
Irradiation time 10 min 1.0 min
Cooling time 2 hour 20 hour

Surface treatment

Etching by acid

Analysis Nondestructive Nondestructive
Measurement time | 5 min 5 min
Measurement 150 min 250 min
number of times X 8 times X 12 times
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Fig. 3. Analytical results of magnesium.

Table 3. Analytical condition for GD-MS.

Sample shape [ Pin Disk
Ion source Mega cell Mega flat cell
Discharge condition 2mA, 1 kV 3mA, 1kV
Discharge range 6-7 mm 10 mm¢
Mg intensity 23x10°PA 6.8x10"° A
Mass resolution >3600 >>3200
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Table 4. Analytical results by CPAA (Nondestructive).

Pure Mg

[ Re-dissolved Mg

Pretreatment

Etching with waterproof abrasive

paper, acid cleaning

Etching depth 22 um
Analysis Nondestructive
Oxygen concentration 59 ppm I 58 ppm

Table 5. Analytical results of pure Mg and re-dissolved
Mg by CPAA (Destructive).

Pure Mg

| Re-dissolved Mg

Pretreatment

Etching with waterproof abrasive

paper, acid cleaning

Etching depth 37 um
Analysis Destructive
Oxygen concentration 12 ppm 26 ppm
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Fig. 6. Pure magnesium (pin type).
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Fig. 7. Re-dissolved magnesium (pin type).



Table 6. Analytical results of pure Mg and re-dissolved

Mg by GD-MS.
Pure Mg Re-dissolved Mg
\\\ (ppm) (ppm)
Disk Pin Disk Pin

Mg | 1.0x10° [ 1.0x10° | 1.0x10° | 1.0x10°
C | 5996 27.65 196.9 39.53
0 | 8917 9.114 25.64 25.95
Al | 1784 244.7 99.41 145.8
(190.8) | (244.2) | (103.2) | (143.4)

Si [ 611.1 710.4 498.8 760.5
(658.3) | (734.1) | (516.5) | (736.7)

Mn | 237.6 305.4 198.0 233.1
(248.1) | (306.5) | (201.4) | (227.0)

Fe | 24.81 33.76 14.23 20.83
(27.36) | (32.91) | (16.44) | (28.56)

Ni | 9.798 13.70 5.919 8.175
(11.94) | (12.88) | (5.875) | (9.709)

Cul| 1138 13.93 8.391 10.05
(12.11) | (13.89) | (8.661) | (13.94)

Zn | 62.48 44.18 62.85 | 61334
(65.04) | (50.57) | (68.51) | (72.57)

(average value)
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