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Effective lonization for Analysis of Oxygen in Steel by Helium Glow Discharge Mass Spectrometry

Shinji IToH, Nobutaka OGURO and Takeshi KOBAYASHI

Synopsis

: We developed a new He glow-discharge mass spectrometer (He/GD-MS) for ultra trace gas component analysis in iron and steels. To recon-

struction of vacuum exhaust system, the turbo-molecular pump, Edwards EXT 555H, was installed on the side of the ion source chamber by

modification of the electrodes for ion lens control and the mass flow controller attached to the gas introduction system. Using two standard

reference materials of low alloys, we obtained the relative sensitivity factor (RSF ) of oxygen in the Fe matrix, was 0.450. The analytical

results of ultra-low oxygen content of certified reference material, JSAC 0111, showed good agreement with certified value and analytical

values obtained by the inert gas carrier impulse furnace fusion/infrared absorption spectrometry. The circadian fluctuation and fluctuation

during the day were found to have respective accuracies within approximately 10% in RSD (%). We established a high-precision, high-sensi-

tivity method of quantitatively analyzing an ultra-trace content of oxygen.

Key words: helium/glow-discharge; oxygen; ultra trace; relative sensitivity factor; mass spectrometry.

e

7’0 — BB B Wik (GD-MS) i3 &g B iR iR ol
BAMEE LTHB IR, IhETIcgMsiitv LT
B|AEEY, Yiamw AR K EREEBEMEhOASE
KEPOMEBTLROESBE L ERTMBIT AR TS,
Tk 20EHIZEDC, N, O EH A ILE %

EORMITRDBERIL D 5T\ E I GD-MS T
At EBEH AL L THWEES, C, N, OGERE 14

FUALET VY v (Ip) B END T, DITER L L T
FHAEShE AL | EEAH THO 5 M5 R E(RSF) I3
MZIEFe~w ) v 7 ATIE~BI0EME IR TNEY,

FZELRINARETE-DICHe H A5 HWB 70—
REBEEMTEERRE L, FICBTREROMEIZEN LT T
X2 THDHI EuHMLIE,

LaL, wbY v o ATLHEF)DA A BFRHE (44~
M) BArs O —RERE KR L TIHE K, 7,
RELKRBEMIBTTEZLDNHEL VT I I TH > 72,

ZIZCRELRS - IRBEMRETEDLIIIREH AHE
AVAT LB EXUREZERRENR LA, HILWHes
U-KEBESMEE AR L, S#PO I ABRITRD
Esh#EA X+ MLICBET A RET 2T - 72, SHEOHBEIT
Z70—aY ta—F I kB HAREDHEET 722
L, 8 —RBTFRY TEA L VL v THIEHOBEMmER

(Z4—=N2L—) 2BELTAF VEF 2 v —D%E
ZEBRDHI 22 ED2HTH B,

PR IEUEME 2 T, KE L2 He 7 0 —HEIC
BT BFed 4 VEEIIWT ABED A A v EELAIBR)A
Bohs&thE KDz, 72, FEERMITKD - RSFEZ A
WTHERR RS MIEEE 2 E, Ee&L, &
AL & BD—F & R,

2. KBRF*&
2.1 EBHIVRERHE

B 1213 Thermo Electronft B~ )L+ 4 2 EA 7' v — ik
BBENMET VG 9000 & L -, BREANETOME S
% Table 11Z/R¢, 7=, Fig. LTI FRF0ELH LY 2
FLDE =Ky FRY T HAEARDY 2T —2Y |
O—7ONBETRT., BEDOA 4 VEF 2 v - EBIZE
DRI THB7 7 V8 (4 0L v ZHITEAERE A
BEXhT3) &, H40emBEBEZTIZNT — T T &
L, TOHRBICHeERICHWS 4 —RG3FHR T
(Edwards #L 3¢, EXT 555H/ISO160, HeHEXUHE & 580L/s)
ERE L7, 44 VIEE DGO 72D Y T LIS FE)
F= b TERDNT 2, REAAREIEYAT70—1
Ybho—5THIEL, HefiZ~50mL/min (&2 Y 14
b 4EBL, SFC480) T, ArHDSIEDHERBDEDERE L

SERC 17410 H 26 B2 FAR184E 1 A 30 H 3 (Received on Oct. 26, 2005; Accepted on Jan. 30, 2006)
% WE - MPRHFEERE 4 2 7 — & 3 ¥ (Material Analysis Station, National Institute for Materials Science, 1-2—-1 Sengen Tsukuba-shi Ibaraki 305-0047)

50



Table 1. Operating conditions.

Thermo Elemental VG 9000
5000(m/Am:5% at peak height)
Faraday cup, 160ms

Daly multiplier-pulse counting, 200ms

Mass spectrometer
Mass resolution
Detector and

integration time

Constant current mode
3mA

Glow discharge
Discharge current

Discharge voltage 2.5kV
Discharge cell Mega flat cell
Discharge gas He(99.9999%)
Pre-sputtering time 12.6ks(210min)

Sample mask 10mm(in diameter)

MFC (for He)

Turbo-molecular pump {

Fig. 1. Newly designed vacuum exhaust system and dis-
charge gas introduction system.
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Fig. 2. Relation between discharge time and ion beam ra-
tios of O, Mn and W obtained from IJARM CRM
28B.
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Fig. 3. Relation between discharge time and ion beam ra-
tios of O and P obtained from JSAC CRM 0111.

Table 2. Relative sensitivity factors obtained by Daly de-
tector for the analysis of oxygen by He/GD-MS.

Sample
1IARM IARM
28B 30B
Certified O mass% 0.0070 0.0008
IBR obtained( X 10°®) 163.3 17.76
Calculated RSF-values 0.439 0.461
Mean RSF 0.450
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Table 3. Comparison between He/GD-MS and chemical
analytical values of ultra low oxygen content iron.

Analytical values, w (mass ppm)

Element Te/GD-MS’ Chemical
2.70+0.09 23,29
2.73£0.22 27,24
0 2.7740.12 2.6,2.6
2.4910.20 2.5,2.5
Mean: 2.67240.108 Mean: 2.56+ 0.18
*N=5

** jnert gas carrier impulse melting/infrared absorptiometric method.

HIBTE S,
3.5 KM
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