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The effect of long-term thermal aging on SCC of SUS630 in high-temperature water
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B SUS630 D PWRI k&% HIbH Bk h 0 SCCEEIIZ DWW T, R 0B 22 WA,
He Ry o H1100 & H1150 1%, 3ERRE290C UL F Th i Ein )y (K=30 MPay m) 4/
THoThHSCCHEEIZAE U3, 4007C & 350°C T 10,000 K F T EIERIC X h fi{L L, SCC
MEREAETLSLHICRY, K E & HICSCCHERENHMT 52 L2 TN E TOWNFETHL »
L7z ARFZeTid, RFEERZEB X OREOREZFRLZ &2 HWIZ, X DR 320T
ZIZ T, 20,000 K F TOBERFIZDOWTSCCHEE 2T, F 722 DWALKHFTH 5 Curich
MO, GHOER, AY ) —F ViR L BEhE L, SCCEEORRIC DWW TG L 7.

ZORER, BRSO HL100 & H11501%, 320°C 10,000 [ LA F 0 £ W B o B & 0wl
LU, FASCCHEHEEIIBIMLIED S, ORI, F& U THRIEERICX AR LK
mm YA ADCurichflEBEHELTERTAGHIZCE A D EEZ SN, AY ) —F Vi,
C OBIFRISMTIIFEE TIE 2 L, X B L USCCHERBEANDFSIIVLRNW EAURE I,

F—7—NK  SUS630, 17-4PH AT~ L A, 2M%h, sk iEasEii (SCC), SCCMhEHE,
FRKIF

Abstract According to our previous report, in unaged H1100 and H1150(better toughness
and lower hardness materials), no SCC growth was observed in simulated PWR primary water
at 290C, which contained 500 ppm B, 2 ppm Li, and dissolved hydrogen(30cc STP H,/kg-
H,0). even for the high applied stress condition(K=30 MPa m"%). On the other hand, after
thermal aging at 350 and 400C for up to 10,000h of H1100 and H1150, the SCC growth rate and
the hardness increased with aging. This study was investigated about the effect of long-term
thermal aging and aging temperature on SCC of SUS630 in high-temperature water using a
lower aging temperature of 320C for time periods up to 20,000h. The microstructural changes
with aging, such as Cu-rich phase, G phase and Spinodal decomposition were also investigated.
And then, correlations between the microstructural changes, hardness and SCC behavior were
evaluated.

As a result, after thermal aging at 320C from 10,000h of H1100 and HI1150, it is confirmed
that the SCC growth rate and the hardness significantly increased with aging. In the case
of H1150(320C x 10,000h)material, the fine Cu-rich phase and G phase were confirmed by
atom probe tomography analysis. And the Spinodal decomposition was not significant was also
confirmed. These results suggested that the fine Cu-rich phase and G phase affected to the age
hardening and SCC behavior. On the other hand, Spinodal decomposition was not dominant for
age hardening and SCC behavior in the case of H1150(320C x 10,000h) material.

Keywords SUS630, 17-4 PH stainless steel, thermal aging,
stress corrosion cracking (SCC)in high-temperature water,
SCC growth rate, light water reactor
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O 72 5 2 MR F- 2T S 5 2 & C, ElEL S
xR CTHh S V. HATEBM (Japanese
Industrial Standards , JIS) T E %2 EH 3 %
H900 7> & i ¥ & AR § % H1150 £ T 4 B R o
Frif i b2 e B % H900 (470 ~490C /2245 ),
H1025 (540~560C /Z2#7), H1075 (570~590C
/224), HI1150 (610 ~630TC /221) 2BlEshT
w2z P O A — 7 (AK-stee) T, <
M 2 H925, H11007% & & SIS HE s h
Twa Y. Z O HI00 ~ H1150 134T AL 2L B 5
FTHY, Hl2IX1150 X ENHIEEOEIN621T %
QIR E L2 ROREICHY T 5. Z odifEix
i Bk & e 2 e i 2 TWwa 2 Enn, BK
FIZBWTH EIREIRD 5N FBEICH NS
NTW5b. SUS630 DRI TOFERBEFEBNID
W, Olender 523, D FLO/-WEITL B L, T
AR L BB S 12 & > T I & (stress
corrosion cracking, SCC) OISR N E 22 Z &,
HESE S N BT A LAV o1, X0 BRI F)
A HIOS0M ETH 22 &2 MEL T AT,
BIERNIC X ) SCCIE=Z MR mMT 52 L, Lok
) BRBILBHEMICB VT, HERRSIN DR
B6CUTTHALZ R LTS, —fKIZ,
AL IZSCCIZBIR T % 28, SUS6301d 300 ~450C
DOIRE TR % L BL2VE L 25605 %
O EEREIZBT B IS AN RE IO W T
1%, Tsubota 52BWR (boiling water reactor) ®
W % & o33 (normal water chemistry, NWC)
ZM T, SUS630 & &Lk 4 R SR EE A 7 > L A4
DSCCHEZM% T & FHEO T AT (creviced
bent beam, CBB) iBREICL DAL, ¥y i —
A M Z 340 LL 1 CSCCREA SB35 2 & % %
HLTws Y —FT, PWR (pressurized water
reactor) O 1 K& HMBREE T T O&ifED SCC%
BEHE LI AR, TRBERIOSCC
W 2B OWTIE L S DA o T,
ZZTEHLIIPWR 1 KRG M EHE AP O
SUS630 d SCCEEIZOWT, EMMOBEFRIC X
5 B IZ 2016 R EHA S LA TE 2. Th
T CTOMRRDND, BREROZEN VS, K0S
D 900 & 11025 1%, #BRIREE 290C & 320C T,
mIG ) (K=30 MPay' m) 4&fFF Tadhhid, SCC
EREDHER SN2, —HT, RIS H1100
& H11501%, BRIREE290C DL F THhNIE, &Eio
J1 (K=30 MPay' m) 4 Ta - TbHSCCHEE DS
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BEESNT, BIFZHSCCHEEZRLE 7. Lal,
400C & 350°C T 10,000 ¢ [ & T BRI & b fil
L, SCCHEREZAETL AL LHICRY, WHEED
(ZSCCHERREA BT 5 2 &, F2Zof{tix
Bom¥ A4 X OBM 7 CurichHH O ¥, GH @ 4:
B, AY ) —F Vo EEBOBALRTIC LA S
LIZOoWTHE LA @Y 2ok 5 ks
SRS X BEHiA S, BRERDIC & B AL & SCCH#E
JE L OB & FERE L7278, RS E O LK 1
WXL T A2 Lnn, K420 HY O
OSCCANDEGHANZOWTIEREAWHHETH S, A
¥ =¥Vl GO, A7 Y L ASHHO
774 MHZBWTHMESINTVED, ThbH
DA EHZ 4007 T 10,000 I % 88 Z 5 1 IRe [ ZAIE R
#%b, PWR 1 KigHIM B ERBE T CHEN T SCC
MERTIEBHESNTEY ¥V 22—
L GHONTIEE X ONF I X AbAS, Hihiz
SCCHEEMEDHMA T2 3% 6 WIGENH 5.
Z 2 TARWZE T, X DR, EREF (320,
350, 4007 THtE 20,000 K £ T) DB T
D SCC o ikl & Fhti L, BAFER)IC X 26 X &1L
EOBE T A E L DI, I 7 TSR IS
X0 KA & SCCZEB) D BIFRIZ D W CTHEE
L7.

2. EBRAE
21 M

ekt iz, WO SUS630 T 1 (b) 12/ &9
2 %100 mm O FEH 12 1038°C o [ AL 2L P #%
AWKk, AFEON HEELALEHI00 (500C
x 7 WgfH /7245), H1025 (550°C x 7 Mgl 2245),
H1100 (600C x 65K~ Z215), HI1150 (620TC X
6 B Ze6) &ML 7. HI00IZDOWTIE, 470~
490C /2285 O JIS S 5 5 500C 2245 D BALH 4
PE~ZEH L 72, H1025, H1150 (122 Cld, JISHIKE
WHLE STV BT IR L B P S 1 2 G 12 L 7.
H1100 1 JISHAR T 1Z 228, ddhc ol il g2is ©
W B LUEE L Mot E R LI,
M AR AL 2R LB 2 1 & BB 2 K 2 1R L
7z, ETON B LB LM, WX ]ISH 5
WIS AR 2 L7z, 2 S o 4 B o#T AR
AL BIL IR |2 BRI R LR % it L, AEAL & SCC %8 8)
(2 E T B RY O RE B & BFAM L 72, BARERDIRLE 13,
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320C, 350T & 400C @ 3 4= THe & 20,000 R¢ i &
L7z, IhosofEdmers, K1 ()R L72054
YFIEEDCT (compact tension) EEH %, [HIX
(IR L= TERILL, SCC BRIt L 72,
T/, MSEBIE, FREIRLAEL D s
[ T T CHRIEN L 7.

E SR — ‘/ EEEEE ¥
._I G anrer

..... EER-= T
(a) 0.5tCT HEEF~TiE

‘AN

(b) SHA~Tik & BIbnik (c) CTHRILK i, &l & (i

P11 SUS630FA ik CT RGN, A S J5hL

Tl & SR

#£1 M OILFAE (wi%)

C Si Mn P S Cu Ni Cr Nb Fe
Spec. | <007 | <100 | <100 |Max 0.040 | Max 0.030 | 3.00-5.00 | 3.00-5.00 | 15.00-17.50 | 0.15-0.45 Bal
SMHiE | 0.05 0.26 0.84 0.034 0.003 3.32 4.26 15.60 0.24 a
2 LM o B
Bri i BB St | SRS |77 (MPa) |BIHR®RE (MPa) | fHeY (%) [#D (%) | X HBW | #fiXHV1
RT (1175) (1310) (10) (40) (375)
H900 |5007C x 7 W¢R, 22 *? RT 1195 1333 18 53 401 428
320 997 1088 9 41
RT (1000) (1070) (12) (45) (331)
H1025 | 550C x 7 Mefd, 226 RT 1097 1134 19 58 352 384
320 925 974 12 50
. . RT 976 1041 21 60 331 349
Ty
HI1100 | 600°C x 6.5 [, Z2¥ 320C 307 g5 I3 57
RT ( 725) ( 930) (16) (50) (277)
H1150 | 620C x 6 WY, 226 RT 1000 1049 20 59 341 348
320 838 880 13 56

* 1 WIRMEBVLII S, 4 T1038C / B

*2 H900(%, 470C~490C / 226575 5007 x 7 Wef] / 22y ~A

() W, JISHUAE (4T BRAH)
22 SCCERAHER & HBRE O

SCCHEJE 12 BT 2R RN 0 SeBEETAM 121, ik
1 &5 A T & 5 H1100 3 & OV H1150 0 #iRg %) 41
= Hwi.

SCCHE Ji G BR X AR #E 1Y 7o PWR 1 K5 HIb BR 5%
% fE3E L 500 ppm B+2 ppm Li+30cc/kg-DH @ 7K
e L7z, BRBRIREEIX320C & L7z, & T
WEMFIE—EMEE L, DI B
K=30MPay m & L7z, REREFIZ1,000h % H% &
LCERiL 7.

SCCHE J 3Rft 1 1%, MRALEZ RS (2K %
1.6 mmIE X TYW L7z S 512 SCCIrm\igE
Wi %2 3 mm/E S TYIW L7z 3RY oA %
REHPETRBECTHKL, 7YV 478X

O—7B X OERRE T WIMEE (scanning electron
microscopy, SEM) TH{IRIEIZE L, #RIaIEE L SCC
HEJE R S %GR L 72 SCCHEJE IR S 1%, HUE J51n)
125~ 1045 L2 F3gfl & L7z, SCC i %
J£CGR (mm/sec) ¥, SCCH#EE Sa (mm) %
AREEEER] ¢ (sec) TErLTRD7-.

SCCHrm#Bigix, SEM Bi%: 8 #1750l bl
1 (electron back scattering diffraction, EBSD)
WX DEHIi L7z, EBSDMED AT v 7H 4 X
&, 01 pm& L7z, SUS630E~NVT 44 MHE
WMEDT7 54 MBI OF—AFF 4 M E T
NDA, a7 A4 MHIFRFEREIC L 5 Thee
HHEbetEEICZRY Y wFhbbee 72 T4
MHEE T EBHIZIZF CTH S 7290, EBSD Tl
TEEDSNEECTH o 72, 2T, EBSDIMIE DFENTH
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I~ VT oA MHEF—Z2TF A MEE LTERI
L7z, ARWf7e T L7z SUS630 (& H Ay 722 < L 7
¥4 MHOMERZ 2L, H900 & H1025 Tld 1% #
fi, H1100 & H1150 TiZ%0% ~10% #BE D+ — &
FHA Mz a7,

23 S

T S RATT B O RSB, Ry il
JETd % H00B & OVH1025, HEMEBYEM THh
% H11008 X P H1150 © 4 Fi%H 0 ZLRER# 2 H W
Tl 7.

T SGRBRRIE, B1AZoRT &9 (SRR O flh 5 1)
& L7z MR LA LI X OVBIR IS X % Al S
Z2ALiE, By A —2E GBI E 1kg) <5 Gl
WL PI9AE TRl L 7.

24 WA

BRI X B BOHHLRR 0 FEA X, H1150 2 HE%)
(320C x 10000/ ) M & EamLgE LT, 7h
271 —7 (Atom probe tomography, APT) 43
M %47 - 72, APTHIE 121, K E Imagott (Bl
CAMECA L) #oORFTEMM 3KILT AT 1 —
7 (LEAP 3000X HR) # w7z, WwEix, L —
Y= SV AE— FTITo 72, WESLfFiE, SEHRE
3BK, L—HF—H7102n], 79V 2 W E200kHz T
b WELET—21E, HHY 7 b7 27 BT
LEOMEEPEL, Fe, Cr, Cu, Ni, Mn, Si,
Mo, P, Nb, C® 3 RTIHMLE GllE L727—
FROT bAR Yy TEFEERTLa -5
M) 247o72. 4B, SWILHBBAHEIZ BT,
T hARy IOz MRS ZiRE LT 572012, &
#7258 (Evaporation Field) = 280V/nm & 7 b
L=y TOMHEFRE (Image Compression Factor)
= 165 &\ 72, AY ) —F VoG RORE % 2R
ICHN B 7212, BT Y 2T
CriED AR 2 Fht L7z, /2, HTICBW
TCud b WIEINi, Mn, Si®o 27 5 A7 i3BA L 723
WCTHEM L7z FEESMENETIE, Crico
WO L CHES A R RO, TV
T ARLE R LA &k & o7z, sy
A RN L TIE Z DO SMETINN (1st nearest
neighbor) /37 A — ¥ DIESEFE NS, A/ —
TNVGIRSHEITT B &, BESME T VT L3O
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EZWRRKELLYD, INNNSTXA—=FHRKEL B LD
T, INEAY ) —FVRofEE L.

3. ERFER

31 SUS630DSCCERZREIC
MIFTEBRFNDRE

X 212, H1150 ¢ SCC i i ik Btk o I 585 5
%, 320°C O EIRERN Ry 43 (2 i L CoR 9. H1150
(REFH)) Mk, BES1ZSCCHORATEIZE SN 5 DA
T, FEALSCCHRBIRBIE SN 572, 320C
T 3,000 ;] 0 B A4 T &, BE S 7 SCC kIR A3 5L
AR & 4L, 320°C T 10,000 5 i o> By w4 < i
PO 5 I A2 SCCRE TR ASBIEZE S 7z, 320C
T 20,000 ¢ [H] O BB Rh AT T, 955h THERTICE D,
I ATSCCREiZ 2 L7z, SO DRERNS,
320C DBBFINIC BT D, SCC e J o BE 13 B i)
BRI ICONTHIINS % & & SRR S e,

X 312, HI1100 > SCC ik Ji i B 1% o il 1 1 58 s
R, 320C OERFRDIN 432 i L TRT. 320C
T 3,000 ] o0 BB A4 T &, BE S 7 SCC kIR A3 KL
AHTHEER S 41, 320°C T 10,000 B i o> B w4 T U
MR 7 0 A2 SCCRE TR ASEIEZE S 7z, 320C
T 20,000 I3 5 0 BERIAF T UL, 10,000 5 & [ R
O SCCHE T A EILE X, HI115012 X T\ SCC
RSB SN,

H1100 & H1150 @ 320°C, 350°C., 400C @ #H5%)
MO SCCHeJEHEE 2, BAMFRRERICH LTIy
FL72b D% 41273, H1100 & H1150 » SCC
HEJE R (L, BEERIRER AR K 2 B IC o TS
BAEMAHER SN, F 72 BIERNREE AT E W T &R
V2 SCC 7t J 32 B A3 5 N3 % 2R 3 1 B8 AR A7 1 7S
a7,

WD 72071 L 72478 & ® BWR 44 T» H1075
O SCCH#EJE#E 1 Tid, # U CTAMZEDSCCH
BHREL D HBNEINTH - 72, MO OfEEIE, B
BRI A WD OB ZEnwI EddHh, Thbn
7 % SRR OV (RIFZE320°C 12t L T 288C)
EEURE DL B L IZHBH R LR, oh
WZOWTIEESBOMGENEENS.

KHFIEIC BT 51.0%10° mm/sec L T »SCC
M R 2 R M B Sk T id, SCCHRETE A3 — T
B RSCCEELZbDTHSL. —HT,
H1150 #5555 (320C x 10,0008:R]) #4Tld, 1.7 X
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107 mm/sec #2ED SCC IR EE DR S, SCCHl
RN —TdH o 72, H1150 Bzl (320C
X 10,000 B [H]) A1 o> SCCHrmiBig ks R % X 5 12K
L7z, B () 13O0 Bmssc L 2882, ()i
SEM/EBSD (Z X %3#i il 5i[X (Inverse pore figure,
IPF) &4 XA =327 49754 (Image quality, IQ)
ZERQTRLZ K5 (b) PR Z 5355 SCC
BT, SCCIEELLTHA—ATF A4 FOKN
ZHERL, T2~ T YA MEO T AR
LTiE, ERFHDOLDONRLENDI DD, T2,
5 (a) O P AZUIBAERE T I L CEMRIC
ML TWaA, SCCAETIIMmmMICERL T
Wiz ZhH o SCCHERREIOREIZ, H1025 (R
) HF > 270°C T SCCH Bl g4 H © & Fil
LCw/z. DLEofiRa 6, SCCHREZRIKIZOWT,
W 722 B R DB IR S N v o 7.

(a) KREFZ (b) 320°C X 3kh

(¢) 320°C x 10kh

(d) 320°C x 20kh

1,092h 1,06%h 1,171h 955h
Bt AEREFH EREERH B T ]

2 3207 # MR H1150 00 SCC 7 & o B4 Ry %) B 1 12 &
5725k (320C, 500ppm B + 2ppm Li + 30cc/kg-
DH, K=30MPay m)

(a) REFZH (b) 320°C x 3kh (c) 320°C x 10kh (d) 320°C % 20kh

1,092h 1,06%h 1,171h 955h
FERRFE BRRFE S EREFRA] EREFRE

3 320 Zih H1100 o SCC e o ZBFh I IC £ %
7254t (320°C, 500ppm B + 2ppm Li + 30cc/kg-DH,
K=30MPay m)

191
1.E-04
8
_1e0s | § . L
3 °
E (] s @ H1100 REFR)
E 1ro06 - ©H1100@400°C
5 9 H1100@350°C
< ° HH1100@320°C
%{ BE oH1150 KB || P20 CPWR
s LE07 ~ L L] @H1150@400°C
-] © H1150@350°C
§ ° BH1150@320°C |
1.E-08 —: ! ®H1075 REEH
® < o @H1075@400°C 285°CBWR
=] S H1075@350°C || #8513
LE-09 L4 | | . . BH1075@320°C
0 5,000 10,000 15,000 20,000 25,000
EBSLNEFRI, t(h)

B4 H1100& H1150 0 SCC A e 3 g & Zh ke w) g i oD B 4%
<@ H1150 Z45%) (3207C x 10,000 ¢ f#]) 4%

E (a) REBRBRE
o=

EHFER

5 HI1150#H:%h (3207C x 10,000 B:[E) £ SCC Wik
FRERE S (320, 500ppm B + 2ppmLi+30cc/kg-
DH, K=30MPay" m)

32 SUSG30DREXICKIZT
HEERNDFE

612, TS & BEFRIIE I O BIER 2 2. HI00,
H1025, H1100, HI150%, KREFR)OEE I THI00 >
H1025 > H1100 > H1150 DMEIZHEL % o 72, 2 D%
DBEFEN X ) TN ENBARERIFRI AR R 512D
WTHAL S 2 23R S, £ 72400 >350C
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>320C DNEIFWNCHE L L, ZRRERD IR BEARS P A%
RSNz D720, Yrieix 5 OWEIZ L 5
H11000 s © RS OHI075 0 s " %2 [
WRL7Z. Mo ORENS S, BRI X A 8ibo
RE [l 35 & VBRI RN IR AR SRR S, JEH DL 2K
RIS LT\ B & EAYRIB S L7z,

6 (c) FREIT/R L7z & 912, BIBEZ SCC LR
DD 6 NEAROFMEIEE % 17T 5 72 H1150 2R R)
(320C x 10,000 [H) #Tid, # & ATHV1=384T
HY, HII0 CREERD) #ofl & HV1=34812 X

(a) 400°CE¥3h

le]
460 1 O
A

(m]

0 O > O

[ o2

*
n®
¢ O H900 (400°C)

A H1025 (400°C)
®H1100 (400°C)
# H1150(400°C)
320 - [1H1100(400°C)Yrieix(5]
W H1075(400°C)FR:E[13]

w
8
BeCy o> 55 Odg

.
0 5,000 10,000 15,000 20,000

®H1100 (350°C)

+ H1150(350°C)

320 0 H1100(350°C)Yrieix([5)
W H1075(350°C) 78 [13]

BEszhesi, oh)
500
(b) 350°CE %1
480 P
A
460 )
Sauo & © A
= o}
T 420 A 9 ®
H - o
t:é(‘ 400 ®
JQ 380 Aeg :. O HI00 (350°C)
N AH102 °C
) 260 ?. 025 (350°C)
]

0 5,000 10,000 15,000 20,000
SARYZARSR, t(h)
500
(c) 320°CHER)
480 -
460 o
o
40 1o o a
= o)
T a2 4
HU
%‘400 i A & ®
L3 & s
b OH900 (320°C
U360 - g L n ( c)
Py AH1025 (320°C)
340 m ®H1100 (320°C)
320 - + H1150(320°C)
W H1075(320°C)#:E[13)
300 .
0 5,000 10,000 15,000 20,000

BB NBERE, t(h)

6 H1100 & H1150 DA & & EiEsh i i o B 4%
<@ H1150 #0655 (320°C % 10,000 E[) 41
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TH L L TWwW5. L7255 T, H1150 #H%) (320
% 10,000 ¢ [H]) #4 > SCC A Ji S BE D Bz 1%, #4
BRI & 2 PRI ZE L AL AT L 72 2 & AR
BaEhs.

33 H1150 &%
(320°Cx 10,000 B%[E) #1 DFHM#E

712, H1150 0 #BE%h (320°C x 10,000 ¥ )
MOAPTHHICE AT A~y 7ERT. 7,
Cu, Ni, Mn, Si~ v 7HIIAEM 2 KLEITR L2 &
I, Cudigfi L7z K& SDRL 5 2 O MM
YIS, —oHIZ10~30nmEED I
K & 7 Curich Ml (MIH 1, 2) THDH, FL
LI ICNI & Mn ORAL2BIZE S N 5 25, SiDiRfk
BB S N o 7. HUOH HWIZHLIIS0 (GREE
) MTHLBEEIN-DOT, ThooEM (LK
PH Cu-rich Ml & I50) 130T AL LB IZ & > T
R L-boeEZONSL. 22HIE, Cu~vy 7/
T am Y 4 X DK/ E % Curich 1 (X
3, THHMZELD) THDEH. TOKnmIA
Z @ Cu-rich 1%, H1150 CGREFZD) # Ciddigg s
NTWZRWid, 320C DN & o TH 2 IE
KT B EAREENS. ZDX) HBamY A X
o Cu-rich 1 (DL AH Cu-rich #1 & I-5) o413,
H1150 #E%) (400°C x 3,000 e ) A4 ® H1150 2k
b (400°C x 10,000F:[) # ¥ THEB S TH
D, 320 OEIEERNIZ BV T H 400 & KL o B
MBS E b0 EEZLNS.

400°C @ 3,000 ¢ [ BL o> B R R TUE, X 512
PH Cu-rich#1 & AH Cu-rich 1 ® ¥ 7% £ T10nm
P A ZDOGH (Ni, Mn, Si) OEEIBEIh T
289 R70SioLEYY S THimY 4 XD
WA B EHESINLEDOT, ¥4 38R L5 D
» O HI150 2485 %) (320C % 10,0008 []) #TH G
MHOEWABREENSD, GHOERMEIZD W
TR IO~y 7TEAHKETHS. £ TCurich
M & GH (Ni, Mn, Si) O ERREZRET 5720
Iz, 7HCu~ vy 7C(a) & (b) TR L ZFHIEN
(2, 3nm ¢ x 25nmARIRFILZ fhH L, ZRENDJ5 )
N—RICOBE T T 74 VGl LK 8 IZ/R L
7z, 8 ()%, PH Curich#imH= 1) 7 2a~N&
MM L72bDTHA. PH CurichHINIZIZ, Nik
MndbINIZEEINLINSHTIZEAEZFENR T
v, o2 OREY — 7 13 A OS2 A
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95, MnOY =74l T [Th] »¥H 525 Ni
DY —7 LI3IZF UALE TSiORILABE S .
NS DFEFRA S PH Curich HICBEHEE L C GHIAT
HORIERERETH A Ni, Mn, SiD 27 5 A1) ¥ 798
HEUTWLZEDPRIBEENS.

X 8 (b) 1%, AH CurichMl&GHlZ &L L 91
3nm ¢ X 2onmARFIE A HE L2 0 TH S, Ni
BETT 7 7 4 VI3 DDEBILY — 7 BB SR,
EIE[E UALE IS Mn & Cud b o Kl i L
TWw/z, 2T &, BRI X D AR L7 nm
4 Z® AH Cu-rich#iZCu, Ni, Mn A% B2
IbZRELCTERLZEZRBT S, F-Si0jk
IbDO ¥ —21ZCu, Ni, MnDEILOEY -2 L4 L
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