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Determination of Trace Amounts of Carbon, Nitrogen and Oxygen in Steel

by Glow Discharge Mass Spectrometry

Synopsis :

Koki TANAKA, Akihiro ONO, Masao SAEKI,
Osamu KIKUCHI and Tomoo T AKAHARI

A glow discharge mass spectrometry (GD/MS) was applied to a quantitative analysis of trace amounts of

carbon, nitrogen and oxygen in high purity steel samples.
The contaminants can be eliminated succesively by glow discharge in
The background can be improved by cooling the glow discharge cell.

terference for carbon determination.
advance of ion intensity measurement.

Contaminants on sample surface were main in-

It was indispensable for nitrogen determination to evacuate the ion chamber for about 20 minutes after a
sample was introduced to the system. A background for oxygen determination was improved effectively by

purification of Ar gas with zirconium oxide catalyzer.

than 20 ppm in steel were determined quantitatively.

Trace amounts of carbon, nitrogen and oxygen less

Key words : mass spectrometry; glow discharge mass spectrometry; carbon; mtrogen, oxygen; trace

element ; high purity steel.
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Sample introducer

Fig. 1. Schematic diagram of glow discharge mass
spectrometer. ’
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Fig. 2. Schematic diagram of a sample holder and
a discharge cell for pin-shaped samples.
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Fig. 3. Schematic diagram of a sample holder and
a discharge cell for disk-shaped samples.
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Table 1. Measurement conditions of GD/MS for
C, N, O in steel samples.

Discharge current 2.0mA

Discharge voltage 1.0kV

Gas Ar (99.9995% )
Mass resolution 4000
Integration time

160 ms

Table 2. Steel samples analyzed by GD/MS.

Impurity concentration (ppm)
Sample Shape
C N 0
JSS GS-1c¢ 254 46.0 Pin
JSS GS-2a 64.7 17.5 Pin
JSS GS-2b 156 14.6 Pin
JSS GS-3b 41 38.5 Pin
JSS GS-5a 17 136 Pin
JSS 650-11 129 Disk
JSS 162-2 300 Disk
JSS 155-6 460 Disk
JSS 154-6 1200 Disk
a 4.97 Disk
b 20.5 Disk
c 89.7 Disk
d 188 Disk

B Loty s e cak BCH, MNT, 0F
DA K VRED SFe” O A & VBT HILE KT
FEoOA A UERE LTHIEL 2.

2:3 #H#

AREFFE T, BRSNS O®MFb A A 54 BB
ERT v L ZAMBEEREL B L LAOHT IS X ) ARk
K ASBES O B M % 50U E L TH /2. Table 2 1230
B, THREBIORRERLA, € VRSB
Z2mm, EX# 15mm T, 74 X 7IKRAFHINEE 30
mm, £ &% 15mm TH» 5.

COERBYWRITTAH-H, CORMMAEEC ZiRimL
R EERL WREMKY Ar TR TH
FEwgmeiamL, BCr@RWLALZ T 774 MK
(GIF-SURYVETTE #, #if 99%) %R L 7z, %
IR DAL 5T E B 51.9 ppm TH - 72

3. BRLELEE

3-1 COER ;

3:1-1 REHRO CERBIIHTHE

B AR AR (Lo & 5 C E &1l 20.5 ppm)
FoORFICOVWT, GD/MS THlEx &7z, K
Ty 7IKkDF E, N Yy ¥ — (Mizuho 8,
HI-LOW-BELDER, Ly JZuxxiub, 7LV #
60) THOMT EWFE L 20 L5t L7, DT ol
Tk, HEROE VKRB L DBV RN TS0, [W—
AECTE KRB ZY DL, YAUIBEBX YT E b
SICEBRBEWRTFOR, T4 A7RKRAB oS ERL
FHETHMEIT 72, T4 A7 REBIC >V TR oMl
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Discharge time (min.)

F_'ig. 4. Time dependence of ion intensity ratio of
2C* to "Fe™ ; with liquid nitrogen cooling (@),
without cooling (O).

FEMICED 2CY 4 F ViR WE L KR, 14
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HiEM %~ L7z, Fig. 4 (CHCERER & 2CY 1 4+ 2N
KEOMBRERT. 2CT 44 YL 12CT 1A ViR
B SFet 14 LI AL TRLL, VKRR
FTd, 12CT A 4 IR RGN #1855 il 2R
L, BERY &SI+ 5.

DEI, CHMIZBWVWT Ny 255 FOBKO
— DL L BERETARBRLT B OE L LR
FTHHAL CHMEEITVY, WERNOFEICL L%
AF IO FME L. Fig. 4 IR LAE I
12CY o 4 F VUL, HEIL vk & L kR, HCER
Bl EdcmA L, T EHEIC AR ERLA. —
EMIC o7& BI04 4 I, MEELVEGHIL:
BE DN, NS HAEERT A, ZOFERR L
HEBEDON LD 72, 72, VG 9000 )8 o E1t
ThaZwy AEIC LS Ar F AAFRIE T Ar A A
D CO, #W3:4 5 L, Fig. 5 ZR$ L9142, HERL
60 min £ 2C £ 4 U UUHIE, Ar F A REHE FHH
LA 0 lRHL /S RflizRmy. L L, HE
BAtAE D 12C 4 4 YL, Ar BB LB E, L
BUWIBAETIRIBLALYERLRL, —ElHISETAIT
ORI LMBETIIEALEIZD LR D - 72,

Fa4 A ZIRABONN LT XY —K, ¥14EF
N= A MBXUOTVIFHTHEREOMEL, 7 TR
HWBGE L OB EiTo 7. FOFE, PC A4
I OREEA L, BB 2~V by & — TREE L 7
Wt T A L CERMGE, £ 10 min BT TR
ST L 235051 4 2 IR 25, £ AR,
WEDEFIEEAE R, ~FHEIILETAHETIIEY
LIS B MEF T LA EEITTOON 12 72,
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Fig. 5. Time dependence of ion intensity ratio of
2Ct to “*Fe'; with the Ar gas purifier (),
without the purifier (@).
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Fig. 6. Time dependence of ion intensity ratio
of "?C* to "Fe"; the sample cleaned by dilute
hydrochloric acid (@), without sample cleaning

(O).

REE VMY —HIEL, 7Y by TRTTIEIEIRE,
7¥EEE (HC11:H,0 3) 24 3min BT L7 K,
1%, GD/MS T 2CT 4 4 Y UUE Ll L 2. Fig.
6 IR L& DI, FIEREEREIC X o THERMIL KD
2Ct 4o vNEE 2 DIRTF L 2. ,

2 X, REEMAK BPC 2L KB T 21T -
oo EriREE 2B L, YRYMER, T
X BT TR, IRV, KMk, W, GD/MS
OGFHIICHE L 2o BCEEH 1kV, BEENR 2mA T
12T L BCT o 4 F YLK L BN & OBIR % #ilw

Discharge time (h)

Fig. 7. Time dgpendence of ion intensi‘ty ratio of
C (O) and “C (@) to Fe for "C isotope
added steel sample.
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Fig. 8. Cross sectional view of the analyzed area
sputtered for 60 minutes.
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B, AN9F Ty Fr7ENSESIE, 10min TH 2
um 22 0T, KRNI L -HRE S RERSGEE
FURICERFESNLEEZ TV, 2RI b5 T
2CHY 43 VPEA Th L BREL RO, BER
PRERIC ANy SRE SN KRB REDOHFRB O C ¢
MELVABECAE LR, RACHBKNSh, y7o—
I RBATALDEEZONRS, T/, WETAHIC
BHEESNA, FELTCO, & LA 2CY 4 4
CONy Ty FERELLTEBY, HEXLOG
HBXOHZOEHIE N 7 75 v FOBEBUIEY R A
HHEEZOLND,

312 CERBIZBIILREM

CiREBMOBEMERMAL ((LFIITICL S CIRE
wE1H 4.97, 20.5, 89.7, 188 ppm) *43HrL, CiZxf
THEERM AL, SHmEE X b ¥ — e
L, ¥icfit L 7. GD/MS O E LV i EET
HHL, MEFA G Ar 2B L THV 2, A%
GD/MS (2 %%k, Fu—REHRE 1kV, HWEEIK 2
mA T 60 min WE & HlF, 2CT A1 A YINEIEEL L
EEDAF PEE EFNFRORKRFHI OV THIE L 7.
A4 PR GER 3 BIEEY R LEEL, ZoNgE%
HH L. Fig. 9 I CIBEE 1 4 VilEDBRERT.
C & 20~1000 ppm DHPHTA 4+ VLR L C K L
R ZERBERE LD, BIEEOESD & /A,
FLRFHIOWTE VRO 2D L, € VR
FHHBRE LV THir LR, 44 CigL
BRI R o 7285, ZOREIRT 1+ 2 7 REBOH
1/5 BETHD, 71 A7 KABOTIAKE LA A U5k
EREBLNLZ Db o,

C A 10 ppm LLF OB Tk, ZHEE AL
WOT, REREFEENE TSI LETELw. BCo
KRBT ELEIWEICELST 1.11% T—ETH S
6, CHEE 1000 ppm LT OREIZoWTid °C @
B 1 ppm LT THAH. 22T, CEBEBRAOR
Bto 13C 4 4 L 0iE % @l 3 1ud, 10 ppm LLTF 0 )%
I THEEMFHETEDLEELZLNS. Fig. 9O
BEHRNETHWZRXEHI> VT, #heh 3CT 14
YINEEPE L. BCREXEAERD CBENL
FONEICFM AL AR EERAL 2. ARt
Fig. 10 IZ/RL 7. C i 0.2~13 ppm D REFHKTH
A4 I E CilREE L ORRIL & b TR 7% EHE
&b, HMIBEOIESDEH/AE W, F72, oK
DEEE, Rk 20~1 000 ppm TR 2CT TORER
OHEEIFIFHE LY. L2 -7, GD/MS & C iZxf
T HBREMIGHEL 0.1~1 000 ppm O FHIK T—ER O
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Fig. 9. Relationship between ion intensity ratio of
12C* to Fe™’ and carbon concentration in steel
samples.
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Fig.’ 10. Relationship between ion intensity ratio
of ®C* to ™Fe™* and "*C" concentration in steel
samples.
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Fig. 11. Time dependence of ion intensity ratio of 0 100 200 300

UN™* o ®Fe™* ; X : glow discharge was started im-
mediately after the sample was introduced; QO : the
chamber was evacuated for 20 minutes.

—F, Ar FRAERERLTH, “NT £ F JIEIEL
ETHOIETHBERLERD A A Y IFHRZFIEAL
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Wi, BIE LA L, SOCHERRESR L TllEL
AL T, UNY 44 VRO RERRICE bR A
{bid, METIEEALENDOOLN L -7z,

F7, NV MY Y- LR R PREERE D S
L d VT v N —ICEAR, 9 2X107° Pa DHEZEH
T 20 min BGE L, Ar ¥ X 2EA, WE LV EHEE
FECHHLTCHEERITY, Fo—RERHERIZE bR
5 UNY 4 I EFPE LR, Fig 11 ISRT X
12, WEBRM 10~60 min FF#EETRIT-ENES
RLZ. WERGBEREETEHVEEZRLTVWSA,
BRGMOSHAET CORBERME S HIR(TAHED
DI % 0, BERGHED S —EDEERLI.
e zowTd UN & HBFICHE 1T - 2KR, CO
Bk, BEETCTREEKRELTY, 2CT 14+ YL
FOIHERHIARMA & A L, —E I R A EE R L.

DEm»s, Nowggiod, APLHOHELRLID DG
LAGHEBEOHEBENRECHEELTBY, bt A
F T v N ICE AR, ORISR LA
b o7,

3:2:2 NERIZBITLHRER

UNY A CNHE L NBELOBEBRZHDLO,
A A8kt 2 o S 7 2 5 H AT LR (JSS GS-2a,
GS-1c, GS-2b, GS-3b, GS-5a) D Falk» 5 ¥ KK
B 290 L, ¥R UL, 74X b CRATHESLE
L, GD/MS @izt L7z, ¥ riRoEHZ2 T Y,
VN o I R L R L, T '
B BAS, A F % B OIH) 120 min 7

Nitrogen concentratian (ppm)

Fig. 12. Relationship between nitrogen concentra-
tion and ion intensity ratio of “'N* to *°Fe™.
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i, CYRKABHOME L VORRED, 71 2 7KK
HHOMEBEBELVOEREIDDIKEV D LEZORS,
KB EAF VBT v v —ITE A, 2X10 ° Pa DK
ePICHEBT A E, T4 A7IRKE oA LR, 14
CNE A —EN L H OICET H R KR EH S
oo BT AF o HF Y o= IZEALT, £ 30min
WE L7, MELLVEBRAESETHHL, &R 2mA,
BE 1KV OEBELRAET/U—EEIT- 7. £ 20 min
HAMEmMER Sy YT o F 7L, UNT 4 F LK)
PEI oo B4 A VIR ERE L. UNY 1A
YUNEIE Smin B A 3 MEPE L, ZoFHELRH
L7:. Fig. 12 1R L7294, N g 20~250 ppm O
P CHEREIHERTE .
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I 1kV, WEER 2mA THIE L. ZokE, Fig
1323 Lok, 0T 44 ik, C, N L[EEk
WHCRRER & oA L, IERGF) 60 min BRIS—E
HICRET AlEmER L. B E A4 VT v 23—
\E AT, ERPTHRE LS EMEEITo R, K
e CORBREHIAEVIZY, WEMGEEZED 0T 1
F NS, —EHIC % A RER AT 10 min FEE
WL ot

O i, Fig. M II/RLAK I, Ar TRAEZRERL
PAEDONy 2 75 FOKBHRES C R NLD B
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Fig. 13. Time dependence of ion intensity ratio of
0" to *°Fe™. Glow discharge was started after
20 minutes evacuation () and without evacuation
(), after sample introduction.
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Fig. 14. Time dependence of ion intensity ratio of
180" to ®Fe™ at the condition with (O) and with-

out (@) Ar gas purification.
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REE LCHABME S 7 2 B (JSS
GS-2b, JSS GS-3b, JSS GS-5a) & O & # NEN
HARRECER LRERM T A2, WIhosUEHC
DWTH Y VREEK % GD/MS Ot L7z, &
Fla A%, EBIF 1kV, Bit 2mA O 7 o—RERMNL
T 1Ih AR ¥y o F 7L, 4F gD HERH
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Fig. 15. Relationship between oxygen concentra-
tion and ion intensity ratio of 'O to "Fe™.
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Fig. 16. Relative ion yield in steel as a function of
jonization potential ; O : from reference 5) and 8),
@ : this work.
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(1)CHEETIE, FO—jHEIZLE Ry =)
¥ U CHREE N EBOHLEWED, WELL %5
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HATHCBIFIZ AT LT~ L2 B0 C A F 2 0 %
FTHITELWEBHRETH - 72, C il 20~1000
ppm D HEPH THMBAEO X ViR BE . Ny 275
7y FOMEICE D 0.1 ppm BIEOEEDS 450 HET
b5,

(2 )N OFEETIE, 20~250 ppm O FiH CHER LN
WYEERLZ. B % GD/MS I A L 2o KAD
Y=o 27590 FENELLTWA, HREH
WX BIWEEVOEEN, Ny 27T v FORMICAN
ERALVIE S/AF A

(3)0 DT &ETIE 15~360 ppm O &iH THEMED X
WIREMP SO B v o=y I XD Ar
HADFERIL N 7 75 ¥ FOKRIZH % 0 DOxhgaAt

o RSF (AR

(4)12CT, UN* 160t DA F L ETEED A
F AR T V2w WK T BN AR S,

B KRB O GG & Bl kR T 5 TEE I TR
¥, GD/MS ix C 0.1 ppm #2145 BEAHT 12+ 55
WHTEAEEZONRSE., $72, NBIUFOIZoWT
Bro—WELVOUGEICEID 1 F VIEERELCTS
ZET, 1ppm BEDGH XTI B EEZ 5N
A.

3 73

) TR, ANEFURRE, RIS HARSHH LS 47 [

SIRTALE e R R 4L (1986), p.307

2) TR, /NEPHRAE, A 8k e 8, 70 (1986),
S413

3) T. J Lovine and W. W. HARRISON: Anal. Chem., 55
(1983), p. 1526

4 ) M. Hece, A. HEcq and M. FONTINGNIES: Anal. Chim. Acta,
155 (1983), p. 191

5) W. W. HarrisoN, K. R. Hess, R. K. Marcus and F. L.
KiNG: Anal. Chem., 58 (1986), p. 341

6 ) JRCHE, BHENLT, OKIAETY: MEE Tov x, 3
(1990), p. 604

7) WP, CET,
EWHE R E (1987)

8 ) D. J HaLL and N. E. SANDERSON: Surface and Interface
Anmalysis, 11 (1988), p. 40

9) FEK—, NEFHEHL, EIES,
FRE 36 MIEXHHERE ( 1987)

Vuls SR AR AT LS 245 36 o]

SHBONER: HA5HE

—118—



