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Relative Sensitivity Factor for Various Matrices Using Argon/Glow Discharge Mass Spectrometry

Shinji ITOH, Nobutaka OGURO and Takeshi KOBAYASHI

Synopsis : Unification of relative sensitivity factors (RSFs) in Ar glow discharge mass spectrometry was investigated. A Mega flat cell was used as a

discharge cell for disk samples; ultra-high purity Ar (99.9999%) was used as the discharge gas. A sample mask for the disk sample with an

inner diameter of 12 mm (made by Ta: part of the anode) was used, and a donut-shaped alumina (Al,O;) piece with an inner diameter of

20 mm was used for insulation between the sample and the anode. Discharge parameters were set as 1 kV-3 mA. Reference materials, such as

Al, Co, Ni, Ti, Cu, and Fe matrices, were measured; the RSF value of every element for each matrix was determined. Then the RSF values

were recalculated using Fe as the internal standard element, and the possibility of unification was verified for each matrix. Results showed

that the RSF values of elements analyzed for each matrix normalized by Fe agreed well for five kinds of matrices. The relative standard devi-
ation (RSD (%)) of the average of those RSFs varied: from greater, 15% for W and 18% for Cu; to smaller, 6% for Si and 5% for Cr. Results
therefore demonstrated that using the RSF value for Fe can enable quantitative analysis within 10% of relative error of materials and sub-

stances for which no reference material (group) is available. For example, Si and Si-based materials and substances can be analyzed by nor-

malizing the RSF value of Si to 1, recalculating the RSF values of the element analyzed therewith, and using them for corrective quantitative

analysis.

Key words : Al matrix; Co matrix; Ni matrix; Ti matrix; Cu matrix; Fe matrix; relative sensitivity factors; argon glow discharge mass spectrometry.
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Table 1. Instrumental parameters of glow discharge mass

spectrometer.

Mass spectrometer Thermo Elemental VG 9000

Mass resolution

Detector and
integration time

Glow discharge

Faraday cup, 160ms/point

Constant current mode

Discharge current 3mA
Discharge voltage 1000V
Discharge cell Mega flat cell
Discharge gas Ar (99.9999%)

Pre-sputtering time
Sample mask

3.6ks(60mim)
12mm(inner diameter)

>4000 (m/Am: 5% at peak height)

Daly multiplier-pulse counting, 200ms/point

4000 1AL 722, 3B A A XV IEF v V- IZBAR,
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Table 2. Chemical compositions of Al-based alloys Alcoa
CRMs used for calculation of RSF values.

_Certified values, w (mass %)

Element Alcoa Alcoa Alcoa
$S5005-E SAC1083 $S380-Y

Mg 0.86 0.019 0.18
Si 0.16 12.54 8.85
Ti 0.027 0.12 0.11
Cr 0.021 0.0005 0.002
Mn 0.037 0.066 0.43
Fe 0.46 0.41 0.87
Ni 0.023 0.06 0.33
Cu 0.061 0.073 3.58
Zn 0.042 0.08 0.35
Al 98.30 86.63 85.29

* 1 Not certified values

Table 3. Chemical compositions of Co-based alloys MBH and NIST SRMs used for calculation of RSF values.

Certified values, w (mass %)

Element NIST NIST MBH MBH MBH MBH
1199 1200 12670 14937 14942 X403
B - - - 0.0104 0.006
C 0.14" 0.40"" - 0.308 0.090 0.52
N - - - 0.061 - -
Al - - - 1.38 0.18 -
Si 0.83 0.86 0.70 0.767 1.02 0.85
P 0.005™ 0.015™ 0.010 - 0.021
S - - 0.0158 0.022
Ti <0.01" 0.03" - 0.409 - -
Cr 19.9 19.9 19.52 24.56 28.47 25.03
Mn 1.42 1.34 0.55 0.408 0.46 0.69
Fe 0.65 3.19 0.91 2.04 1.09 1.06
Ni 10.20 20.0 0.46 2.65 0.29 10.40
Cu - - 0.05 0.080 - -
Nb <0.02" 3.18 2.53 0.098 -
Mo <0.02""' 4.00 6.96 6.22
Sn 0.049
W 15.4 3.86 10.80 3.37 1.67 7.82
Co™ 51.6 4.0 64.43 56.87 60.51 53.58

* 1: Not certified values

36



TLT vy u—REBEBBEMIECK T BHEADY MY v o 21T 5 HRE R E

Table 4. RSF values obtained by Faraday and Daly detectors for the Al matrix.

Ion Beam Certified . .
Element CRMs Ratio values, w RSF R;D MRe:; RS)F
X107 (mass %) (%) (RSFx .
Mg SS5005-E 9260 0.86 0.945 1.7
SAC1083 220.7 0.019  0.994 1.5 0.971
$S380-Y 2170 0.18 0.973 3.7
3si $S5005-E 1374 0.16 1.184 1.0 1.184
SAC1083  116500(F)" 12.54 1.242(F) 1.8 1.215(F)
$S380-Y 87430(F) 8.85 1187(F) 1.9
By SS5005-E 688.5 0.027  0.399 1.6
SAC1083 3560 0.12 0.389 2.8 0.380
$8380-Y 3660 0.11 0.352 1.1
SMn $S5005-E 412.8 0.037 0912 1.4
SAC1083 789.1 0.066  0.965 0.8 0.937
$S$380-Y 539.2 0.43 0.935 1.6
$Fe $S5005-E 6630 0.46 0.706 1.4
SAC1083 6450 0.41 0.733 1.2 0.712
$S380-Y 14640 0.87 0.697 2.0
ONi $S5005-E 218.8 0.023 1069 3.2
SAC1083 665.2 0.06 1.041 1.3 1.040
SS380-Y 3840 0.33 1.009 1.8
8Cu SS5005-E 195.3 0.061  3.177 1.7
SAC1083 253.7 0.073 3322 0.6 3.308
$S380-Y 12250 3.58 3.425 25
“Zn $S5005-E 130.2 0.042  3.281 2.2
SAC1083 263.1 0.08 3.510 2.5 3.385
$S380-Y 1220 0.35 3.365 24
RNG $S5005-E - 98.31 =1
SAC1083 - 86.63 =1 =1
$8380-Y - 8529 =1
N=5

*: Not certified values. (F): Faraday detector used.
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Table 5. RSF values obtained by Faraday and Daly detec-
tors for the Co matrix.

Mean RSF (RSFx co)
Element Daly Faraday
detector detector
"B 1.363 -
’C 3.519 -
Al 1.383 1.195
%S 2.342 1.859
p 2.168 -
29 2.832 -
BTy - 0.579
2Cr - 2.090+0.107
SMn - 1.566+0.124
e - 1.1470.075
¥Co = =1
ONj 1.760 1.530+0.076
SCu 4.825 -
“Nb 0.697 0.950
*Mo - 1.103
182y - 1.743+0.129
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Cr, Fe BEUNIIZDODWT LKL —F L ZENB S N,
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Table 6. RSF values obtained by Faraday and Daly detec-
tors for the Ni matrix.

Mean RSF (RSFxni) Other
Element Daly Faraday  Literature®
detector detector
g 1.052 - 0.690
c 2.373 - 1.924
77Al 0.902 0.766 0.736(F)
BSi 1.185 1.100 0.826
p 1.732 - 1.416
) 1.607 - 1.191
BTi 0.319 0.339 0.281
S2Cr - 1.454 1.485(F)
SMn 1.100 1.035 1.122
SFe 0.769 0.746 0.748(F)
®Co 0.775 0.643 0.653(F)
SONi =1 = =1
“Cu 4.121 - 3.321
Slzr 0.421 - 0.369
%Nb 0.508 - 0.436
%Mo 0.862 0.872 0.862
18I - 0.909 0.935(F)
182yy - 1.103 1.052(F)

TEYPEICMA T, At 23f 42 Niv b Y v 2 2 LIRS
/ST X =2 & 1kV3mA, Tav A2 % 12mm¢ & LT,
BIE L7z, #55% Table 71ZFEHP DO RSFE & D L TR L
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VRO Mega vt L TH B DL, B DTETHE
DEEENR SNz,
3-2 HEMRERBO—ITI

B MY w2 2TBNT, Fe®RSFIE % LIZHMBIL L,
ZRICXT 25 ITRD RSFIE % BT LT, Table 812

Table 7. RSF values obtained by Faraday and Daly detec-
tors for the Ti matrix.

Mean RSF (RSFx i) Other
Element Daly Faraday Litrature?
detector detector

LN 2.477 2.224 3.33
%si 2.994 - 4.09
B =1 =1 =1

Sty 1.277 1.189 1.40
SCr 3.539 4.039 7.09
*Mn 2477 - -
*pe 2.133 2.195 2.94
¥Co 1.821 - -
ONi 3.235 - 5.12
SCu 9.463 - 14.3
By 0.825 - -
v/ - 1.568 1.59
“Nb 1.326 1.415 -
Mo 2.414 2.641 3.92
1%5pg 4.689 - -
19gp 5.380 6.344 8.89
By 3.723 - 5.64

Table 8. Normalized RSF values (Fe=1) of Al, Co, Ni, Ti, Cu and Fe matrix obtained by using Daly detector used.

Element Al matrix Comatrix  Ni matrix

Ti matrix

Cu matrix Fe matrix

Meanto

Ti 0.539 0.415
(F) 0.505 0.454
Vo o T
,,,,,,, O
Cr 1772 - -
() 1.822 1.949
Mn 1316 0TTTTTTTTRam T

(F) 1.479

1.23240.120

0.457+0.061
(_)14!_56_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0 _‘!7_2_1_9_ 0_2.? -
0.598 : 0.541 0.570+0.040
0.542 ] 0542
1.659 1713 1.715£0.057
1.840 2.034 1.911+0.099
1.161 Tlasg T 1407 T 1.358+0.128

1.37620.016

1.51410.235

1.479

(F): Faraday detector used.
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