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This overview article outlines a quantitative XPS analysis method for alloys covered with a homogeneous surface ox-
ide film over which a contaminant carbon layer exists, The thicknesses of Lhe surface oxide film together with the con-
taminant layer, compoesitions of the surface film and near interface region of the alloy under the surface filn can be de-
termined by this method. Moreover, a method for energy calibration of a spectrometer and a method to determine pho-
toionization crosssections for the quantitative analysis are explained. Examples of the application of the quantitative
analysis are the determination of surface compositions of Fe-base alloys under several conditions, sputter-deposited Ta-
Mo alloy surfaces after mechanical pelishing and immersion in a concentrated HCI solution, and meaning of the film
thickness of porous carresion products. Investigation of the origin of extremely high corrosion resistance of sputter-
deposited Cr-valve metal alloys examined by the precise binding energy determination, and a non-destructive depth

analysis by the angle-resolved method is alse presented.
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Fig. 1 A surface structure model for calculation of thick-
nesses of the surface oxide film together with the con-
taminant layer, compesitions of the surface film and
near interface region of the alloy under the surface
film.
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Fig.2 Corrected intensity ratio of metallic species to oxygen
plotted versus atomic ratio of metallic species to oxy-
gen for determination of photoelectron crosssection

ratio.
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Table 1 Consistently determined electron energies of several
metals by taking Fermi level as the energy reference
point and the cnergy difference between AlKai:

and MgKe 2 lines as the energy standard'®,

Metal and electron energy level Flectron binding erergy/eV

Aud fin 84,07
Aud fin 87.74
Pd3 dsn 335.20
Pd 3 dhe 340.49
Ag 3 dsn 368.23
Ag3din 374,23
Fe 2 pan 706.82
Cu2 pn 932.53
Cu?2pna 952.35
Cu LMy Mo, F 918.65**

*Auger line excited by X-ray. **Kinetic energy relative to
Fermi level.
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Fig.3 Energy calibration of an ¢lectron spectrometer.
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Fig.4 The change in o (a) with alloy composition at 200°C and 380°C and (b) with temperature,
where a is an enrichment parameler of Cr in the near interface region of the alloy under the
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Fig. 5 Compositions of surface film and substrate alloy of
Fe-Cr alloys anodized in & sulfuric selution.
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Fig. 6 Relationship between the change in amount of Fe,
0" and OH™ in surface film on SUS 304 and SUS
316 during storage after surface treatment and the to-
tal amount of Cr in the surface film formed by varicus
surface treatments.

B B 311

TS L, Fig SEATE I, Ba%ClEngds
RRBVCTEREAE T O 238 L RS9, L,
FORORBMETOTHASREERT L2 LEDD
R, Fe-CrESiI GRESH B a%nE A LEn
EREEPRTZEBMONTNAESLR, S5IK01s AN
J O RADEIFRER L B ETESE LR, 13a%0r
LLE®D Fe-Cr & 0O@M M RMIZE L AL X
REILY @ ARG LT ARBORmN BT LD )
DEEZID,

4.3 AT ARREBEOBRICLIEEL

[F AT > AHET b RMALIEOFEEIC & v F#iljic &
UMb RS AR2 Y, WAL RA
2T B, EHEMLEE KL 72 SUS304 B X FSUS
36 MEF L —F e —lIREEL, Fo GRITO
BOFEENELELLS, GBRIIELASELLE
PofdiH L, FeBLUOoBREERTLEY, Tig
6 ICHEAHBG D e BI T ORBOETALS & EEHD Cr

1.0 T ;
(a) Mo-Ta zlioys
mechanically polished
0.8 ; i
fem Surfage film il
&
= ,—\/O} bl
+ 08 Ny e
) )
S o4 A/ &
S e
£ Y Pt N\
0.2 @ Substrate  alloy
0.0 g=
o] 20 40 60 80 100
o Ta concentration in alloy / at%
Surface E3’ﬂr7'| '
5 yf 7
. ¥
s (%
2 Ve
< 0.4 N Substrate alloy--|
0.2 &,
{b} Mo-Ta zlloys
k) immersed in 12 N HCI
’ open to air at 30°C for 168 h
0.0 i i
0 20 40 60 80 100

Ta concentration in alloy / at%

Fig.7 Molar ratios of [Ta] to the sum of [Mo] and [Ta} in
the surface film and substrate alloy of the sputter-
deposited Mo-Ta alloys; (a) mechanically polished
and (b) immersed in 12 M HCI solution for 168 h at
0.

— 29 -



312 FRAE

Bo@LT7oy b Uk, CROZVATEZF@ R
Pip <, FCABREEMIETH D 30 vol BHNO, LT
i, R RERRBEICR ST WS, ¥, EIERO Fe
WEINSE OMBREBNDOEANIXIFIEI 4 Th
Y, MENEIZEAEE OB IV, FeO RO i As
HTso b,

4.4 ANy 5-3HETHEBL A Mo-Ta & OFREER
B MoTa & & id40a%Tall £ T30 Co12M
HCHARW W Tl Ta L D RWid &4 2R3, Fig.7 (a)
WART R e, HRRUTESRE TR DI Ta A T
TR Mo BB LTHY, TadEEitiz k> THMW
TEDH, Ll, ZHELEOES% BRI 168 h MR
BLEEOSEEmMMEA Fg7 O) BE&&0TadF
BB 5 BRI R E D, 0a%Ta ll Lo
BOFE R TIX Ta OBRES-BHEE L0, Hiz
40 at%Ta LLF Tt Mo A3 L TW 255, THTR -

Nebr 3 PHoBEFLE R THWD, Dz +6,
+5 4D Me S EENRL A, FOUEREEME
RN &ML > TRE B o T,

4.5 BELULESRE FeCrP AEOEM

JEFVE Fe-8 at®%Cr-16.5 at%P 4213 30°C @ 9 M Fifg
BEHTHLEEL, BAoEREEHEEL, 7O
WP 5% T AR (TEM) BB E nm ith 58
EERPWBOFEER L. —F, FORMOXPS &
A7 MV RERALIREE O Y — 7 LIRIER U OS2 mIRE
DY —sERL, BEEERSZ 2 METhH- Y,
I EBEOERME, AR X BRI CEIER B
LM O T & 2 WIS A S A, £ O ALERE
R T, iR o JR R R AN AR TR
ol bkELi. Tihbb, IOMBEESSIITEER?2
nm QR EEEIEAEFTE L, XPS ik X ARMH S DO
ClIHEMESSBEHAEE L TW32, TEME LA
Tﬁ%ﬁi%ﬁ’ib%ﬁbk%éwwgé%ﬁfw

o XPSHABEHLEREESIIOTRESEREOE

é'Cﬁ; O, WX VEERZHAERBORES B bRK
EL ARSI LMIRTE B,

4.6 BEDERICESIFWEENRE SR

T AT X A E TR NEE S i2idFRE DRI
IR A omEFHOBHE{E D LaTE
Do RBFHNLAZE L SERMNE (ARSI |
YL E D EETCH Y R MEA R E WA, B
ZANET — R i S AT DRk R RN
EERTWW., KIREBEOES, BT Akivama 558
A £ o ERIRE AR hOATF A — 2 2 XPS
HIRMERPBRET DR S B b—o DN L E L
B

198

$5E (1998)
578.
577.5 s
Cr’ 2p g
32
C)D”%
577.0 /g O
> /
(3]
;S?Gi
je]
5]
= -
g) TN TN
£
£
= 7.

26.5 Qa/gos
E;’ Ta* 4f

26,

25.5
0.0 ¢.2 0.4 0.6 0.8 1.0

Cationic fraction of Ta in oxide film

Ilig. 8 Surface film composition dependence of the binding
energy of Cr'™ 2 pasz and Ta¥* 4 frn electrons.

4.7 Cr-NITRBEEOHEEMEMOHERE

ZNy B —ZKE TR L Cr-Nb 545 Cr-Ta &401
BEmERED THEBEEELR T, Zhboa&ics
TR A R IR L A S o SRR AL B i
Ta L WIE N OFLWRRITA ST, LMo TTa
D ViE No Of b B i 31 2 I8 TRIF&EEOR
FEafHcER Wy, L2AT Fe8RLEOTad
EOHOE 5T, C* 2pyn NOT3der 3B LT Ta™ 4 fon
WD E i B E SRR L e 202
LI Ot e Ta B AN CFT & NYHZER FR OB
By (B v daA % ok BR LI DB ZIEAWMTIRIARL,
Crr e Ta " B D VI NG & ORIC BRI LS HE
TEREH D 2 LR L, HR LR AR L T3,
THhREESR LD D CrNb 35 00iE Cr-Ta &0 TR
BOMENRERTHRRTHD XL HR DY,

58 b WK

Bl gm0 ¥ e — 2 {kaES, F— 7
PEHEMMIED LY, MRICT—-#5F 50, #iF
hREMROV 7 b e T T2 T MBE R -T
ETDH. LL, WhiRsHESDZVIEIRECS &2
BoNTcFRARDD, BT ARIZNSEE LTWSERBD



& R B E 313

BECEETE 2005 e Xl LTRSS
ZLRBETHL. L TR LEFETELNIERE
BELC%, bl & LT ¥ OBREOEELRSHD ORI,
e EES AL TCHESE0bO0ERLME -

TR ORME, BlROFRELZ RN - TRINICY
fBAETHY, HRMEREH < ETHLRSEICHE 3
AHZ EBMBETHALH, Lo, FHLEREN-THA
FTHE, XPSIFEE oA LA BB 2 &g
HEA L TIRIT AL TCHI L LEBATESESD
T 5H,

X

1y 4l % i¥, K. Asami, M. S. De Sd and V. Ashworth: Cor-
ros. Sci. 26, 15 (1986).

2) FIZE, EMEHEZE  |EBEE 7, 17 (1986).

3) H RS, EATh T, TEZEL  HERERMER 40,
387 (1976).

4) K. Asami and K. Haghimote: Corros. Sci. 17, 559 (1977).

3y K. Asami, K. Hashimoto and S. Shimodaira: Corros, Sci.
17, 713 (1977}

6) K. Asami and K. Hashimoto: Corros. Sci. 24, 83 (1984).

7 B % 0¥, M. Klasson, J. Hedman, A. Berndisson, R.
Nilsson, C. Nordling and P. Melnik: Physica Scripta 5, 93
(1972).

8) M.P. Seah and W.A. Dench: Surf. Interface Anal. 1, 2
{1979).

9y 8. Tanuma, CJ. Powell and D.R. Penm: Surf. Interface
Anal. 11, 577 {1988).

10) K. Hirokawa and Y. Danzaki: Surf. Interface Anal. 2, 240
(1980).

11 # %4 i¥, IL.H. Scofield: I. Electron Spectrosc. 8, 129
(1976).

12) K. Asami: J. Electron Spectrosc. 9, 469 (1976).

13) A RAH : R 17, 565 (1979).

14) TIREREF ¢ BUL R L PFERME T 30 fRor.

15) K. Asami, K. Hashimoto and S. Skimodaira: Corros. Sci.
18, 151 (1977).

16) M. Hara, K. Asami, K. Hashimotc and T. Masumoto:
Electrochim. Acta 31, 481 {1986).

17) K. Asami, K. Hashimoto and S. Shimodaira: Corros. Sci.
18, 125 (1978).

18) K. Asami and K. Hashimoto: Corros. Sei. 19, 1007
(1979).

19) P.Y. Park, E. Akiyama, A. Kawashima, K. Asami and K.
Hashimoto: Corros. Sci. 38, 397 (1996).

20) B.-M. lm, M. Komori, B.-T. Lee, E. Aayagi, E. Akiyama,
H. Habazaki, A. Kawashima, K. Asami, K. Hiraga and K.
Hashimoto: Corros. Sci. 37, 1411 (1995),

21} E. Akiyama, A. Kawashima, K. Asami and K. Hashi-
moto: Corros. Sci. 38, 1127 {1996).

22y §.-H. Kim, B. Akivama, H. Habazaki, A. Kawashima, X.
Asami and K. Hashimoto: Corros. Sci. 36, 511 (1994).

31—



