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KTL, 3.6ks (60 min) D FHMMEA2ITo7. HILED —&MCRIEL, REAEICHAELLZLORMHAL.

IBRfEi (M"/Co™) 3N FMEKRT %, HlxsmE
DOFHEE L7z

H A A L 72 8006 X 8907 &t 1 PANalytical 8
PW2400 % L, HEROMMERE - "R, 2R RED
WE G ZME 7T 77 & Super-Q (Ver.3) TO—RMZ
HGEICERL, ALK~ 227 ZHNE 27 mm,
FEHERIIB T 2B EROBIFMIZ4~120TH 5.
HERE D v 71K Y 7OEL Y 7 4 VA (6.3um) % B
D, ZOLRICEERETEEL B oI/ XRFEIE

2-2 RERUHFER

Co? MY v 7 22§ 5 &ILED RSFHERHOZDHIZ
Co &= 6 F (NIST SRMs 1199 /& OF 1200, MBH
CRMs 12670, 14937, 14942 R UF X403) 2ffH L, Zh
FNOALEME A Table 22/ L7z, 72750, < Y w2
AJLFETH 5 Co BEIZT X TORIMMEOBME 100% H
LELIWAboR Rz FORERH O R LI 2 H %
UV aZ 7 HHEA #120 Z V2RV MEBICE D K

F—#%IIFP 705 J A UniQuant (Ver5)” THLHE, & W LT L2z =&/ — itk HEREHRL, WE
L7z Co MY v 7 ATOHIEHKD XRF ORERM (K,) L7
X, Do LOHERD 2:2 TRLZ Co BEEIEHRYE % H o N
it LT Co TRREMRER 8 HBH R OH L
3-1 MERBERY (RSFxc.)

Table 1

Instrumental parameters of glow discharge

mass spectrometer and X-ray fluorescence
spectrometer

Mass spectrometer
Mass resolution
Detector and

integration time

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

Daly multiplier-pulse counting, 200 ms/

Table 1IZ/R L7z HIESRMN T Co BEEEWE ZEL,
BoN-HILEDIBREZ HWT, RSFEZXRAIZLD
"HHLZ

RSFys=(Cx / Cs)X(Is / Ix) (1)

point
Gl(?w discharge Constant current mode SOTHRE X RS IEF N E I TEE R O e T
Discharge current 3 mA ) A .
Discharge voltage 1000V F* (Co), CRUTIZZENENEERE (mass%) RLUH

Discharge cell
Discharge gas
Pre-sputtering time
Sample mask

X-ray spectrometer
Target

Measuring program

FP program

Mega flat cell

Ar (99.9999%)

3.6 ks (60mim)

12 mm (inner diameter)

PANalytical PW 2400
Rh anode (3kW)
Super-Q version 3
Uni-quant version 5

ARV RIE Sz 4 CEififliZ F 3. Table 312 Co <
M) v 2 ATOEICED RSFHEAER L. EHCRLU
RSF & DERIEFD LN R o 7.

3:2 AN MNVFH
R M)y 7 ARRERTBES A (Co, Cr. Ni ZU Ar)

Table 2 Chemical compositions of Co-based alloys MBH and NIST SRMs used for calcula-
ton of RSF values
Certified values, w (mass %)
Element — -
NIST 1199 NIST 1200 MBH 12670 MBH 14937 MBH 14942 MBH X403
B — — — 0.0104 — 0.006
C 0.14" 0.40" - 0.308 0.090 0.52
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 <0.017 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 —
w 15.4 3.86 10.80 3.87 1.67 7.82
Co" 51.45 42.14 64.43 56.93 60.51 53.58

a) Not certified values ; b) Values calculated from 100% minus sum of indicated values
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Table 3 RSF values obtained by Faraday and Daly
detectors for the Co matrix

Relative sensitivity factors (RSFx o)

Element

Mean n c RSD, %
"B 1.366 2 0.094 6.88
c 3.524 3 0.154 4.38
YAl 1.385 1 — —
S 1.832 (F)” 5 0.122 6.67
*p 2.159 2 0.084 3.89
g 2.834 2 0.068 2.49
i 0.585 (F)” 1 — —
“Cr 2.074 (F)” 6 0.112 5.41
*Mn 1.542 (F)” 6 0.086 5.61
*Fe 1.150 (F)” 6 0.077 6.67
*Co =1 — — —
Ni 1.525 5 0.077 5.04
Cu 4.848 2 0.381 7.87
“Nb 0.702 1 — —
“Mo 1.343 (F)” 3 0.056 414
9 a® 0.744 — — —
Y 1.732 (F)” 6 0.104 5.99

a) The values recommended from Thermo Fisher Scientific
Ltd. ; b) Faraday detector used
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Fig. 1 Mass spectra of "La" and these isobar species around them
Sample : Haynes188, La : 0.040 mass% (Chemical analysis)
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Table 4 Analytical results of Haynes188 Co alloy by GD-MS, the chemical and FP/XRF analysis

Analytical values (mass %)

Element GD-MS
Chemical FP/XRF"
IBR (X 107% Found
"B 146.6 0.0107 0.012" —
c 796.0 0.0891 0.087° —
TTAlL 5450 0.279 — 0.35+0.018
*si 7180 0.440 0.44" 0.36+0.009
*p 19.74 0.00158 0.002°
g 2.089 0.00022 0.0003° —
*Ti 1630 0.0349 — 0.023+0.0016
»Cr 267600 21.72 22.0" 21.75+0.038
®Mn 11970 0.738 0.75" 0.74 = 0.009
*Fe 39720 1.688 1.68" 1.70 £0.009
YCo 1000000 37.06 Ral. 36.39%0.076
“Ni 414820 23.52 23.3" 23.75 %+ 0.041
®Cu 173.1 0.0309 — 0.051 £0.0087
Mo 10360 0.427 — 0.37 £0.009
e 1540 0.0423 0.040% 0.056 = 0.0057
W 227000 13.82 13.6" 13.37+0.062

a) Fundamental parameter/X-ray fluorescence spectrometry ; b) ICP-OES measurement after treatment of
sample solution with (H,SO,4+ H;POy,) distillation ; ¢) Infrared absorptiometric method after combustion in
the current oxygen ; d) Reduced molybdosilicate spectrophotometric method ; e) Reduced molybdophos-
phate spectrophotometric method ; f) ICP-OES measurement after decomposition of acids mixture (HCl+
HF + HNOs) in a microwave vessel ; g) ICP-OES measurement after treatment of sample solution with H,SO,

fuming
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Glow Discharge Mass Spectrometry for Cobalt Alloys Analysis
Shinji Iton’, Katsura YaMaDA' and Takeshi KOBAYASHI'

' National Institute for Materials Science, Materials Analysis Station, 1-2-1, Sengen, Tsukuba-shi, Ibaraki
305-0047
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A comparison of results obtained using argon/glow discharge mass spectrometry (Ar/GD-MS)
and fundamental parameter/X-ray fluorescence analysis (FP/XRF) was made by analyzing of
cobalt (Co) alloys. The relative sensitivity factors (RSF) used for GD-MS quantitative analysis
were determined using six commercial Co alloy standard reference materials. The analysis
objects comprised 16 elements contained in Co alloys : C, Al, Si, P, S, Ti, Cr, Mn, Fe, Ni, Cu, Nb,
Mo, Sn, La, and W. A glow-discharge cell for disk samples was used. A sample mask made
from Ta, a part of the anode, was employed ; it had an internal diameter of 12 mm. The dis-
charge parameters were 1 kV and 3 mA. Samples were put on a liquid sample cup with an
adherent 6.3-um-thick polypropylene film and subjected to a FP/XRF measurement. The sensi-
tivity coefficients (Kj;) of XRF for Co alloys were determined through measuring identical stan-
dard substances, such as GD-MS, and processing thereof using UQb software. A commercial Co
alloy, Haynes188, was subjected to chemical analysis ; the GD-MS, chemical analysis, and FP/XRF
results were compared. The FP/XRF results of the main components (Cr, Fe, Ni, and W)
agreed well with the GD-MS and chemical analysis results. The analytical accuracy was satisfac-
tory as 0.18% (Cr) ~0.46% (W) in RSD. However, some overestimation occurred for minor,
elements such as Cu and La, at low concentrations, where RSD was 10~17%. On the other
hand, the GD-MS results agreed well with results of chemical analysis obtained from P and S at
the trace impurity level, minor components, to main components. The analytical accuracy of
GD-MS was shown to be within 2% as RSD for most elements, from main components, such as Cr
(RSD: 1.2%), Ni (1.0%), and W (0.89%), to elements of trace impurity level, like S (4.5%),

including minor components.

Keywords : relative sensitivity factor ; cobalt alloys ; glow discharge mass spectrometry ; funda-
mental parameter/X-ray fluorescence spectrometry.
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