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Relative Sensitivity Factor of Nitrogen in Steel by Helium/Glow Discharge-Mass Spectrometry

Shinji IToH, Nobutaka OGURO and Takeshi KOBAYASHI

Synopsis : We have already reported that, in argon glow discharge-mass spectrometry, relative sensitivity factors (RSF) for nitrogen are different among

various steel samples. In this paper, the RSF was measured in detail when helium was employed as the plasma gas, and further RSFs for

other elements such as carbon were also checked. 30 disk-shaped standard reference samples used in this experiment comprised four differ-

ent groups depending on their chemical compositions, including stainless steel of Japanese Iron and Steel Certified Reference Materials (JSS

CRMs). The sample surfaces were prepared up to a mirror-polishing with alumina (1 um). The preliminary discharge time was set to be

120 min, as considering the results of preliminary experiments. The average RSF-value obtained for different alloy groups were 0.990—1.314

in the helium ion source, whereas the values were 11.03-28.69 in the argon ion source, indicating that their variations were much smaller in

the case of helium. Variations of RSF-value for other elements were expressed as the RSDs of less than 6%. When using the helium ion

source, the analytical result of nitrogen for actual samples, BS CRM 12B, well agree with the corresponding certified values. Reproducibility

of analytical values for minor and trace elements was within 3%, except for the 4.5% of boron.

Key words: He glow discharge; nitrogen; relative sensitivity factors.
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Table 1. Operating conditions.

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

Mass spectrometer
Mass resolution
Detector and

integration time Daly multiplier-pulse counting, 200ms

Glow discharge Constant current mode
Discharge current 3mA
Discharge voltage 2.5kV

Discharge cell Mega flat cell
He(99.9999%)
7.2ks(120min)

12mm(in diameter)

Discharge gas
Pre-sputtering time

Sample mask
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N Glow discharge: 2.5kV-3mA
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Fig. 1. Relation between discharge time and ion beam ra-
tios of C, N, Cr and Ni obtained from JSS CRM
650-6.
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Fig. 2. Sputtered depth profile of stainless steel JSS CRM
651-6, with helium glow discharge.
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Fig. 3. Relation between certified values and RSF-values
of nitrogen in iron matrix obtained by He/GD-MS.
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Fig. 4. Relation between certified values and RSF-values
of carbon in iron matrix obtained by He/GD-MS.
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Fig. 5. Relation between certified values and RSF-values
of manganese in iron matrix obtained by He/GD-
MS.
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M High strength Steel : Faraday (RSD:4.4%)
: Daly(RSD:3.6%)
O Tool Steel : Daly (RSD:2.4%)
15 A High Speed Steel : Daly (RSD:2.8%)
W/ Stainless Steel : Faraday (RSD:5.6%)
Total Mean-RSF:Faraday;0.860, RSD6.3%
Mean-RSF: Daly;1.297, RSD:3.4%

Relative Sensitivity Factor of Nickel
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Fig. 6. Relation between certified values and RSF-values
of nickel in iron matrix obtained by He/GD-MS.
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Table 2. Relative sensitivity factors for the analysis of

steels by He/GD-MS.

Relative sensitivity factor (RSFxc,)

Element This study Reference”
Daly detector ~ Faraday detector He glow Ar glow

B - - 0508 1141
C 0.896(°C) 0.747('*C) 0.726(Faraday) 3.507
N 1.164 - -

Si - 0.863 1971
P 1.587 1.764 3.042
S 0.296 0.337 2.458
Ti - - 1.085, 0.991(Faraday) 0.382
\ 0.912 0.798 0.935, 0.830(Faraday) ~ 0.541
Cr 1.253 1.167(Faraday) 2.091
Mn - 1111 1.087 1.472
Fe =] =1 =1 =1
Co - - 1.269 1.014
Ni 1.297 0.860 0.801(Faraday) 1.677
Cu 1.883 1.065 1.937, 0.961(Faraday) 5.159
As 2.129, 1.787(Faraday) 4.466
Zr - - 1.870 0.565
Nb 1482 - 1.452, 1.251(Faraday) 0.584
Mo 1.647 1.589 1.657 1.029
Sn - 1.988 2407
Sb 2.168 3.879
Te - 1.579 3.814
La - - 2476 0.695
Ce - 2376 0.636
W 1.938 1.963 1.276
Pb 2429 2.057

* RSF-values used were obtained by using NIST SRM 1261~1263, 1767.

Table 3. Analytical results of chill-cast Low alloy steel BS

CRM 12B.
Element lon Beam Ratio  He/GD-MS values,  Certified values, ~ FP-XRF values,

x10 w(mass %) w (mass %) w (mass %)
B 3316 0.00016+0.000007  <0.0002 -
C 13426 0.96+0.026 0.95
N 149.6 0.0157+0.00052 0.0141
Si 4360 0.361+0.0064 0365 0.35+0.0034
p 76.03 0.0115+0.00013 0.010 0.0150.0009
S 305.3 0.008620.00005 0.010 nd’
i 644.2 0.067+0.0012 0.055 0.054£0.0008
\Y 1101 0.096+0.0027 0.105 0.110£0.0016
Cr 13585 1.630.011 1.58 1.65+0.0084
Mn 640.1 0.07370.0012 0.081 0.07740.0039
Fe 1000000 95.8 Bal 9%.9
Co’ 177.8 0.0216+0.0003 0.023 0.03540.005
Ni 1067 0.132+0.0027 0.127 0.106+0.0069
Cu 744.5 0.12240.0010 0.116 0.113£0.0039
As® 7.744 0.0016+0.00004 0.002 nd.”
s 30.82 0.0055+0.00017 0.005 0.005£0.0015
Nb' 1006 0.143+0.0027 0.156 0.165+0.0047
Mo 1976 0.31140.0074 030 0.240+0.0034
Sn’ 134.1 0.0255+0.0004 0.024 0.02540.0032
Sb' 77.51 0.0161+0.0003 0.014 0.0020.0001
Te' 125.1 0.0189£0.0003 0.02" 0.019+0.0052
La’ 34.95 0.00810.00008 0.007? nd.”
Ce' 93.95 0.02130.0002 0.020 0.01040.0022
w 53.93 0.0100+0.0003 0.014 nd.”
Pb’ 1429 0.0033+0.00007 0004 nd.”

*: RSF-values used were obtained by using NIST SRM 1261~1263, 1767.

*2: uncertified elements, information values.

* 3: not detected
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