1992 B oL WM g7 (199) F11F

© 1991 ISLJ
I11111111111111111 = .
2w  Fe42Ni &2 B AWMETRORIERT
1H1111010112111111
B & "
Surface Segregation of Trace Elements in Fe-42Ni Alloy
Satoshi HasHIMOTO
Synopsis :

The surface compositions of Fe-42 wt%Ni alloy at high temperatures have been observed in ultra high
vacuum by using AES (Auger Electron Spectroscopy).

Phosphorus, manganese, chromium, boron, nitrogen and sulfur segregate to the surface at various
temperatures. Phosphorus, is dominant at temperatures from 550°C to 600°C. Boron nitride is substi-
tuted the element from 600°C to 850°C. Moreover, sulfur substitute boron nitride above 850°C. B KLL
AES spectrum and Bls EELS (Electron Energy Loss Spectroscopy) spectrum have revealed that boron
and nitrogen precipitate as boron nitride after the annealing. Moreover, boron segregates as a boron at the
first stage. At the second stage, boron nitride is formed as a result of the surface reaction between the
segregated boron and nitrogen which segregates after the boron segregation. Auger images have revealed
that the coverage of the elements is almost uniform at the surface.

The calculation of the intensity of the AES peak revealed that the thickness of the layer for the surface
segregated elements is about one or three monolayers.

Key words : Fe-Ni alloy; AES (Auger electron spectroscopy) ; EELS (Electron energy loss spectroscopy) ;
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Table 1. Chemical composition (wt% ) of Fe-42wt% Ni alloy.
(o} Si Mn P S Cr Co sol. Al T.N. [0}
0.016 1.16 0.47 0.004 0.0016 41.68 0.19 0.1 0.006 0.0007 0.0044
. eps 20
‘Table 2. Experimental conditions of AES ' ' Toa P oB
measurements. g Ceta 5 s N A
8 15Fp a4t 8, A A
Analyzer PHI 540, PHI SAM-600 2 A 5 a8, "8 a
Primary electron energy 3 keV : (o]
Absorbed current 10 pA : 10k i
Incident angle 30° (Normal to the surface) E . . o ©
Moduration energy 4eV E A OOO"OO ©0 , 5090 0 ° o o
Sensitive factor cz> 5 f.n..' e ® e 000 0,00 * o]
BKLL 0.15 3 . 4
CKLL 0.19 AV RS R R NS R A B
NKLL 0.32 0 A o gpnoogddngo o, q
OKLL 0.5 0 100 200 300 400 500
P LMM 0.53 -
S LMM 0.82 ANNEALING TIME (min.)
Cr L3Mg3Mys 0.32 i . .
Mn L3M;Mys 0.17 Fig. 1. The surface composition of Fe-42 wt%Ni
g‘? ]{*3323&445 8;; alloy annealed at 550°C in ultra high vacuum (9 X
i . — . .
STasTS 102 Pa) as a function of the time.
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¥2% (Cylindrical Mirror Analyzer : CMA) #o 4 D
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NZahote. L7zd5 T, 100 min Dl EOM#IC X 5T
Fe-42wt%Ni & &0 FERIT I FEIEL LD EER
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Fig. 2. The surface composition of Fe-42 wt%Ni
alloy annealed at 650°C in ultra high vacuum (9 X
10 8 Pa) as a function of the time.

30 T T T T

25+ ‘ .
20F 0 © o o o ]
15+ 1

10 b

CONCENTRATION (at%)

(4]
T
1

0 A | 1 1
0 20 40 60 80 100

ANNEALING TIME (min.)

Fig. 3. The surface composition of Fe-42 wt%Ni
alloy annealed at 1000°C in ultra high vacuum (9 X
10" ¥ Pa) as a function of the time.
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KA TATEIEHEL LD EEILND,
ZOl, B, NA#RHLL L SHZHICKRE, #iTOP
LT A, K, HB% 1000°C (R L 228, #
WICHFH T B FEROMEERE 3 5 %1% Fig. 3
R, MBEIEIC S AL, $IE—EE LB,
FDRPDOTLEDFITIIAD SR,

R ZE Tl & RIFFEINA L CRECHAET AT
FESFHEIE LR, DIEUERE (O LRBENCHFAET S
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Tit, P O&iF, 550°C DEEDIRITN55$ TR T 5.
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Fig. 4. The composition of the segregated ele-
ments to the surface of Fe-42 wt%Ni alloy which
was observed after the composition reached the
equilibrium as a function of the annealed tempera-
ture.
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WRAT A, FEE ArT A4 v 28y 712 L - TiEE
b L - FKATid, Fe 23+ 5 Ni OFHELA 0.53 T
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L7 B, N, P, SOA—-V-2ETEHE:* _kKEFELED
b T Photo. 1 IZ/RY. BRI OKE &, 10um 12
BETho7:. Pe S EBISHEHBEHTIZIT—KkE5M
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at 600°C in ultra high vacuum (9X 1072 Pa).
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Fig. 5. The ratio of the concentration of Ni to
that of Fe which was observed after the composi-
tion reached the equilibrium as a function of the
annealed temperature.
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k2B NOSHADENEDLTNLLLDTHD D,
ABRA T, ThoTESTIT—HRIETTHb0L
Eiohn.
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650°C Thnzk L zBsic R s h7- BKLL, NKLL, S

Photo. 1. The SEM image and the AES images of B, N, P and S for Fe-42 wt%Ni alloy annealed
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DY ThHH, Thbb, MAWHHICEVTIE B AHK
TREIREHL TV A I L 2 ERT S, MEAELG 12
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T#l%E L7 BKLL & SLMM AES 2~ 7 + L% Fig.
712%Y. BKLL ¥—2iCid 6 Ao¥—2 (C, D, E,
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Fig. 6. The change of the AES spectra for

Fe-42 wt%Ni alloy annealed at 650°C in ultra high
vacuum (9X 10~ % Pa).
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Fig. 7. B KLL and S LMM AES spectrum of
Fe-42 wt%Ni alloy after annealed 650°C.in ultra
high vacuum (9X 107 Pa).
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GY— I PBHERELTWA. X TEMBART PVOK
IMER Y — 7 T3 VF— & L7, Hanke, MOLLER (& HL
D B Tik184.8eV DE— 7 DADBHELETHAI L %8
HLTwaY, 3512, B,C TREMAD B LIiZiTFER
Zt A7 PV %, By,O; Tid BN &[EfA R ~R2 b A
Boh, F¥—273184eVICT 7758 bHEL
Twa? FHKET CRKERFT L BIZRoAL

Bis loss '}
Ep=290eV

d(EN(E))’/dE"(arb. unit)
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ENERGY LOSS (eV)
Fig. 8. Bls EELS spectrum of Fe-42 wt%Ni alldy

:"vafter annealed at 650°C in ultra high vacuum (9 X

10 % Pa).
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(EELS : & ¥ X 4 L ¥— %5 %%, Electron Energy
Loss Spectroscopy) A-X% b I % Fig. 8 b:ﬁ;i L 7.
191.8 eV & 193eV ICHEDHELy, 3 7 198.6 eV IZIED
EVWE— 2R 6NRE. &I CREBISRIA TV
SRIDZRT PV ERET A, TOEEARLKE
WeIAFY - T ANVF—E L7, Leaeman 5, &
BEE FAMESIC 2% L - EELS t#s s TR
& BN o EELS 2~ 2 b Vil L7245, 1926V,
199 eV, 204.5eV D¥— 27 id #h £ Bls v 5 ¥,
ol1*, 02* DB BDODEL B E L7, Leapman
5 fERIE Fig. 8 124515 Bls EELS 2% bk
191.8eVOE—- 27 %BREBLS—HLTWA. B,
LEapMAN & @D 204.5eV D ¥ — 7 3&& /B Wiz,
Fig 8 KR ohZ b Bbhs, 2517, & X &
46 (Soft X-ray Emission Spectroscopy : SXES)
DFEREH S, Hanke, MoLer® % Fomicuev, Rumsu'l i,
ANE&ED BN OZEFOEIZB HFICRHELIZF Y
BT ETAIERRLE. ZOEMIEINL FD
DS 0.7eV TharELTWVAY, 7 Davis HiE
1.9eV TH 5 EHEL TV B, Fe-42wt%Ni & 412
fKHh B O Bls EELS X7 P Vo Y~ 7 [
1.2eV CHEODEEIZIF—FTAH. Ld 5T, 191.8
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eVOr— 273 xT b ICBBRTZE-I7THHLD
EEXONA. 85642, BE N ZHEML A SUS 304
T Fuirra, Homva E{RHT L7 BN AT /O LD TH
BIEERFRLTWAY, DEOEREHLS Fe-Ni 88K
HICRTLAEZ BAHTE BN ELTHELELTVSLD
tEZLHND.

Fig. 7 2R 5 h 5 SLMM AES 2% b ViZid,
149.9eV O EE— 27 (A)DiFHI2 156.6 eV Ib E— 7
(B)2ASROHNA., T THK14) LT B 720
FOHEIPEIREVWEZIAPY—IEBEE L.
SaLMerON 51 1 Fe, Ni BB TN L TXMA
BT L7 S ® AES A% M iZid, Fe EE T
150.9eV 0 F E— 27 & 157eV O ¥ — 2 L %%, Ni KM
T 151.3eV DFEVE— 27 & 156.9eV IZE¥— 7 L HHEH
TBHIEFHEL TS, Panzner ®° Ecert'™ i3 Fe %
BICRT L7 S & FeS & FeS, » AES A7 v %k
WL, 20 157eV D — 7 i3EMic k> TAHEL S
#Fe L3O LS, S2picELAk— V% Fe3dd &

FABHIT OB E LTWA, 1750, Rl L7z

S i FeS & FeS, 2 L OLAME B RLHKETH S
LHELTWwa, Fe-42wt%Ni 54 I CEHBHM L S
KRN Y—27 ALE—7 BOIRAVTF—-—DEIR
6.7eV TH s, —7F5, Panzner 2 Ecerr!® O AR 7
W HEDIANF—-ZIFEH L/ S T5.8eV, FeS
& FeS, Tid 5.0eV L HEE SN b, Sawmeron H' 0
¥E Tt Fe T6.1eV, Ni T6.0eV LiFEhTW
5. KEBRO S TROLW:E—2 At¥—2 Box
ANF—DEZESHEIT L SIZo>WTHRELZD
DEIFIF—HTHDT, Fe-42wt%hNi FEDOMERIZ L -
TRAT L7 S, o4 LL SIS, Fe ®# Ni &
MHEAGLTWAHLDD, FeS R FeS, % & OfbLEW
ER BTV ARVWLDEEZ LN,
3:-3 RARMTEOREIC K SHEMK

Fig. 4, 7, 8 iZiRL7zkHE A2 5 600°C LAT DRIEREE
FEIHIZBVWT, PBXU Mn AREICEE LTREITL
TWw5H, 650°C 25 750°C O REHEIB TR nS
EBBIUNMERL, BN & LTHHTS. 561
750°C DL E OB REEB T, S22 BN LB L
R+ 5. FE, HEESUS304 27 L A% 1X
1077 Pa Th#+ % &, KIRTiE C, N 25
P, E5ICERTSHPARAERTTAILERL, =
N RFENE S CKNSKP<S OBTRE VI LI2k?
b L7219, Fe-42wt%Ni 412 80T bSO L
¥, REEEO/HSWw P RKERTS n#kéwSﬁﬁ
BTRITLEDDEEZEZONS.

BiRTIZ

Fig. 6 ®M#i2 & 5 B KLL AES X% b VD %AL
% Fig. 7 ®» BKLL AES 27 F L X U Fig. 8 ®
Bls EELS 2<% F VIZR SN 5 K )2, Fe-42wt%Ni
4T, Bidmsmiiciko B & L TREITT 5725,
20 BN Bb+ b0 ELZONS, 7, HKE
? BIZRE xNh5 BKLL ¥— 7 Oifg i makitik (8
min) CHRENE L A0 L, NKLL €— 2 0%
Btz BKLL E—2@EizeEm < 2w, B
LoERE»S, MERKE T THAD B ETL, K
WCRATLTE72 N &BUSL BN & LTHHIT S S
nEFiHNB. —F, Fuirra, Homma? % StuLen,
Bastasz® i BN 2L R 7 >~ L 28T 800°C LA
T BN OfffidiRE A2 & 28 L. £, Fuir,,
Homma i3 3¢ N »#"KRHERITL, ZOHMITLA B &
JH LT, IS BN 2T 5 & LTw Y.

Fe-42wt%Ni 5 &ICR S5 72513 Fuira, Homma &
D¥ER E BN 2R & M ICAERT A O TR B WVET
BTV 5%, BRI T A TEIRL > Twb. Zhig,

M SEIO Fe-Ni SR LEOrHVARAT v L 2H

LELBID, B N TRLRLIHRES KRG %
HTAH-OTHA) L-bIA, ‘

SHOXIICLTHH L BN 3HE, #HEoRREY
WROLNBLHICP LD biEHLA S, PREHEBT
BRLA-LDEEZONS, S5, BRTIREDLEME
% SABBRLENTALNEEDLDNS.
3-4 FREMRHFLLTEOEE

Fe-42wt%Ni & &2 BV CRAERTAE L BT,
A=Y= 25REDS 50 25 80% 2D Fe & Ni
BRECHEETAHLOELFESAA, Thik, wTFho
FTELNN I RICH—ICHFET S EE LTEIR L
OTHAH. ThHOLLRINTERDE S HAGTHAR A —T =
BFORBESLENFEBEINTE ST Fe # Ni 7R
P ERECHFET AL ) CEHFE S DL ELORN
B, 22T, RERFLATESEHL LORER- T
WEDIERANL LD, RARKFTEICERST S+ —
i BFREOHEYTTo2. B M APICHERAT ST
EXCRBERTAA-—VLBFE— 7 OME Kk 13(1)
A TRBTEB,

Ix = I, ox (Ep) (14 (Ex, @)) T(Ex) D(Ex)

e

22T, L BAHETFORRE, o EAHET T
W¥F— (Ep) It 54— ¥ « EFHAMFERE, (1+ng
(Ex,a) 34—V 2B TFIANVF— (Ex) & AFETF

OAGFR (o) 1T B EHRAMEGRE, Tk

yexp(—z2/A(Ex))cosfdz---(1)
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D EBRE, D IRINGORBIE, N HEE (2)

MY BTE X ORI, A A — Yz B O RIER

S, 04t — ¥ x WA ORFREO TR LT

% ZhZHRT. 22T, BMFOMOTEY 04—

ViEFE- 7 0ME (L) LR X OE— 7 ORmE

Hoi

I/Ty = {ox (Ep)(1+ma( Ex, @) [ Ny(2) exp
(—OOZ/A(EX))dzf/f”Y(EP)(1+rM(EY,0‘))
[ N (2) exp (—2/A(Ey)) daf - 2)

MEE»rOHESNAA — Y LB FHEE (K°, K™) %
Hwsnl, (3)XTkshs,

Ix/Iy = {Ix” (1+m (Ex, ))(1+ry (Ey, @))

[Nk (2) exp (= 2/A(Ex)) dat/

I (1+m (Ey, @) (14+r¢ (Ex, a))

f:oNy(z)exp(—z//\(EY))dz} freeeeees (3)

Photo. 1 IR SN X )12, WITL AT RIERAIC—
BICHFAT BHDOT, Fe-42wt%Ni AE8REICHETE (X)
RihonbEs dORMEHIEPTEAET 5 EHE L,
I TCED Fe M §h+—Ic¥— 7R EHE L
7:. .
Thbb, Nxlz), Nelz) 31D Fe R
(Ng’=59.07 at%) ¥ H W T (4 )RTRENS.
Nx (z) =1, Npc(2) =0 (2=<d Di) (4)
Nx (z) =0, Npe(2)=59.07 (z=d Dk)
(3): e (4) X (5)X2Bo5n 5,
It/ ke = { k™ (1+mm (Ex, @) (1+ 1y (Er., @)) A(Ex)
exp (d/A(Ex)) (1—exp(—d/A(Eg.))}/
{Ire™ (14 1m (Epe, @)) (1+7x (Ex, @))
A(Ege) 5907} coemervemrrorsenennuninannani. (5)
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Fig. 9. The calculated ratio of the intensity of
Auger peak of the segregated elements to that of
Fe as a function of the thickness of the segre-

gated elements. The used Auger peaks are Fe
LsM23Mys, B KLL, N KLL, P LMM, S LMM, Mn
L;;.M|M23 and CI‘ L3M23M45 .
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Fig. 10. The calculated thickness of the segre-
gated layer as a function of the temperature. The
thickness is calculated from the results of Fig. 4
and Fig. 9.
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