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Quantitative SIMS Analysis of Mo in Ti-Dilute Mo Alloys Using Isotopic Abundance
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Yoichi Tomii** and Katsutoshi Ono*
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For the application of SIMS (Secondary Ion Mass Spectrometry) to quantitative analysis for the dilute ele-
ment in metallic alloys, it is indispensable to eliminate the disturbance which is counted with the secondary ions of
the dilute element. Tiy ions from the Ti matrix overlap the Mo* ions from the Ti-dilute Mo alloys However, a
conventional SIMS could not be applied to separate Tij ions either by its high resolution mass analysis or by the
separation based on the energy profiles. Since the secondary ion intensities of Mo* and Tif are proportional to
their isotopic abundances, the secondary ion intensity of Mo+ can be calculated and separated from the measured
intensity. Using the ion intensity of Mot or 1%Mo™* after the disturbance elimination and the normalization, a
good linear relationship for the quantitative Mo analysis was obtained in the range of 766 mass ppm to 2.31 mass%
Mo. The lower quantitative limit is evaluated to be 80 mass ppm due to the improved preciseness.
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Fig. 1 Relative isotopic abundance of Mo and Ti,®. Total
abundance was normalized as 100%. The abundance for Ti, is
calculated by combining with that for Ti.
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Table 1 Operating conditions of SIMS.

Primary ion of
Accelerating voltage 15kV
Primary ion current 1pA
Primary ion beam diameter 130 pm
Rastered area 0.556 mm?
Analyzed area 0.0501 mm?
Pressure in sample chamber ~1x10-¢Pa
Pressure in primary ion source 1x10-3Pa
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Fig. 2 Positive ion mass spectra of pure Ti and Ti-2.31
mass %Mo samples.
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Fig. 3 Mass Spectrum around !%Ti; and %Mo* peaks for a
Ti-2.31 mass?% sample measured by high resolution mode.
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Fig. 4 Energy distribution of ®*Mo* for pure Mo sample, and
that of %27Ti; for a pure Ti sample.
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Fig. 5 Mo concentration dependence of ion intensity ratios,
92[ . /I(3®Ti+) and I(®2Mo+) /I(®°Ti*).
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Fig. 6 Mo concentration dependence of ion intensity ratios,
(92Mo+) JI(OTi+), I(9%2Mo*) /I(8TiO+) and I(®*Mo*) /I(%Tiy
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Table 2 Average and RSD values of ion intensity ratio for 5
areas in the pure titanium sample. Isotopic abundance ratio is
calculated by ref.6 as the ratio of *TiF abundance to %¥Tij abun-
dance.

Ton intensity ratio Average | RSD(%) | Isotopic abundance ratio
T(2Tif ) /I (30Ti+) 1.29x10-3 19 —
T(92Ti}) /I (86Ti0+) 5.80x 103 29 —
I(2Tif ) /I (%6TiF) 1.30 x 102 2.4 —
T(0OTiF) /[T (53°Ti+) 5.00x 104 19 —
T(OOTi}) [I(86TiO+) | 2.24x 1073 27 —
T(W0TiF) /T(5T45) 5.06x 10-3 5.8 —
1(%2Tif ) JI(STif) 0.551 0.84 0.545
T(*TiF) /I (%3Tiz) 9.89 1.7 10.5
T(5TiF) /13T 9.21 0.98 10.0
T(5Tif) /I (33Tif) 42.2 2.3 48.1
TO™TiF) /T (33Ti) 6.97 1.7 7.56
T(38TiF) /1 (%3Tif) 6.17 1.7 6.90
J(00Tif) /I (%3Ti) 0.213 4.0 0.236
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Table 3 Lower limit of quantitative analysis. Lower limit of
ion intensity ratio (y.) and concentration (¢ ) were evaluated by
eq.(10), (11) and Table 2.

(a): Conventional analysis based on eq.(7).

(b): Analysis using isotopic abundance based on eq.(6).

¥ a r L ¢ (mass ppm)

T(32Mo+) /T (5°Ti+) —2.32 { 0.990 | 2.03x10-3 1500
@ T(92Mo+) /I (s5Ti0+) | —1.67 | 0.985 | 1.08x 102 2300
a

T(1%9Mo+) /T (3°Ti) —2.550.992 | 7.85x 104 1000

T(19Mo*) /T ($5Ti0+) | —1.90 | 0.988 | 4.05x10-3 1400

T{®2Mo*) /I (5°Ti*) —2.32 1 0.989 | 3.54x10-5 74
® T(®Mo+) /I (S5Ti0*) | —1.67 | 0.989 | 1.65x 104 77
b

T(19Mo*) /T (50Ti+) | —2.55 | 0.989 | 6.61x10~5 230

T(190Mo+) /T(86TiO+) | —1.90 | 0.989 | 2.89x 104 230

a: coefficient in eq.(11).
7: correlation factor for approximation of eq.(11).
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(1) RfElDEEz X b, 2Mot 3 X U8 100Mo+ o
T 766 mass ppm~2.31 mass% Mo DEESHH CEESITIC
RFEREAY B, Ebsox0dihvRFcEERBEN
BonER, A2HECRT5EETREBE R Mot % H
Wi B A ¥ 80mass ppm TH H, 190Mot Tt 230 mass
ppm Eicode. MiF & vOREHEY 75 v oEETHRER
DfEFEOEE FREE L, # 1000~2300 mass ppm & &
E F 7.

@ TiFoMogthieBFaHEBb~=r V7 AL F v &
LT 0T+ 4 Lk $8TiO S LT\ 5.

BlE, BHcEET 314 v AMERS OB HIEA 4
VBTN TREET5DER YDA + VIRELEIE
TERVEETH-TH, SIMS BERELY R X - TF
M2 &T, FHEEGSOTEESATRBC IS Z L RRL
fo. Aty TI RS T &40 MloA&R BRI EL
DEBUAFCEDTHA 5.

AHFEEfTe M-y, BfEl=vo=7 1y v 27 BF
— TR ETR T ER G T, R OERS I ILEE
KEOBRBERK, P FROBRIAEL. & o R#
DEXERLET.
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