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The Effect of Microstructure on SCC behavior of SUS630 in High-temperature Water
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EH# SUS630 O PWR 1 IRGEMFELREK > SCC ZEEICHWTIE, B0 BN WA,
B S I 0D H1100 & H1150 1%, BRBRTELEE 290°CLL T Th T Eis ik k% (K=30 MPavm) 4&
ETH - Th SCC HERIFA U3, 400°C, 350°C, 320°C T 20,000 h £ TOEEZNZ L v kL,
SCCHEJEZAET D LI, BRI & & $12 SCC RSN T 5 2 &L 2 ZivE TONf
FECH BN LIz, Fz, TOMAIERFIE, #%H72 Cu-rich #HOHTH, GHDER, A/ —4 L
DIRCHD T EEWE L2, &2 IR L & SCC ZEEORBARMKRIEARHAME TH 5. AHFE
TIE, F—BERSE T S BIEIER U HVI=400 20 SUS630 (H1150 & H1100) @ 320°CT
20,000 h ZAREZNAE O SCC HEJRHR LI C —HTRREER N H 72 Z LICHEH L, 5 OB Ok
HIFAAE 2 SRR, 25 2 BCHIRAR 2 b & SCC O BIRIC O W TR L7z, £/, WIUKER
(DWW T b AL & OBIFR 2 MG L 7=

FOFER, BN X0 AR L7230 nm H A XD Cu-rich 48 & BiEE U CTAERT 5 G FHS, S &
SCC ZEEN~ELE3 2 Al REMEDS R S 72, — 5 TRIFRIA & Bkl TRBERIIZFEN bR
Mol=Z b, TROOEFNERWIIKED b T v 7 A N ERBER LAV ERIE S
7.

F——F  SUS630, 17-4PH A7 > L Af, BWER), /KIS A8 REI (SCC), SCCMERME, BkIF

Abstract According to our previous report, in unaged H1100 and H1150 SUS630 (better toughness and
lower hardness than H900 and H1025), no SCC growth was observed in simulated PWR primary water at
temperatures below 290°C, which contained 500 ppm B, 2 ppm Li, and dissolved hydrogen (30cc STP Ha/kg-
H20), even for the high applied stress intensity factor condition (K=30 MPa m'?). On the other hand, after
thermal aging at 320, 350 and 400°C for up to 20,000 h of H1100 and H1150, the hardness and the SCC
growth rate increased with aging time. In addition, it was suggested that age hardening was caused by
microstructural changes with aging, such as precipitation of the fine Cu-rich phase, formation of the G phase
and Spinodal decomposition. But the individual percent contributions for the age hardening and SCC behavior
are still unclear. In this study, we evaluated correlations among the microstructural changes, hardness and
SCC behavior using SUS630 (H1100, H1150) materials aged at 320°C for 20,000 h. Because of those aged
H1100 and H1150 have one order difference of the SCC growth rate, despite being almost the same hardness.
To consider a role for hydrogen in SCC, we carried out temperature desorption hydrogen analysis (TDA)
using the materials.

From the obtained findings, we considered that the fine Cu-rich phase and G phase affected the age
hardening and SCC behavior. On the other hand, no major difference was observed in the amount of hydrogen
desorption between unaged and aged H1100 and H1150. This suggested that these aged precipitations did not
act as hydrogen trap sites in these materials.

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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H1150 £ T 4 BT (b EVLEE, A1H H900 (470

SUS630 (17-4 PH A7 L A8) 1%, FEARS
17%Cr-4%Ni-4%Cu D~ /LT A b Zbr i LR 2
T UL AETH Y, 1020~1060°C D [EIA L EVGLERL |2
Br A BVLER & ffi L, Cu-rich FH72 & OG22 55 2 48
b f- 2T S5 2 LT, @R & i 215 2 5k
TH DD, HAPEEMM (Japanese Industrial Standards,
JIS) CUTHEE % HAL T 25 HI00 2> & =#itE 2 EH T 5

*1 (KR R NLas AT DFZERT Bl A7 LF5ERT

~490°C/ZE5), H1025 (540~560°C/25#4%), H1075 (570
~590°C/ZE#y), H1150 (610~630°C/Z2#4y) DNHE X
TN, O A — 7 (AK-steel) TiE, iU
MMz H925, H1100 72 & & BTN BIE SN TN D
@, Z D HI00~H1150 [ IHT HAELELEERE S CTH v,
Bl Z 0 1150 (ZBVLERIR E DFEIC 621°C % HE G| HE
L7ZiREEICAYS 5. Z OFFIm M & @R & 3
PR TND I EnG, BAKFIZEW TS & NKR
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HHNLIFEFEICHOBN TN

SUS630 D#R/KIF T D TR EF IO\ T,
Olender LA E W FE L OIMEICLD &, HrHifE L
LER SRS K - TR DS &AL (stress corrosion
cracking, SCC) DFAERHNER 5 Z &, HEEND
M e LBV SR, K 0 BIPEICAE R 72 H1050 u
FETHDHZLERMELTVAD, AT, BUEIC
D SCC BZMENHIMTHZ L, EDkd foe?&wi%%
RN TY, RSN DM HIREIL316°CLL T Th
Ll EEWRE LTS, —ikIiZ, f{kiE SCC 12
BAtR9 5728, SUS630 i 300~450°c0>(ﬁf§f“§,ﬁ;ﬁf'aﬂﬁ§
D L ERAE L DEERH L. 2, ENTO
SUS630 DI H CIdkFEORG Liz#~%5
ROENEDORERH VO, KFEOBEE I EH SN T
W5,

FEREFIZBI1T D SCC ZEFFHIIZ- OV TiX, Tsubota
5725 BWR (boiling water reactor) DFg3E % & {efrli

(normal water chemistry, NWC) Z&{C, SUS630 %
GEokE & IR EIREE R T L L ABHD SCC JEZ A+ %
FAEOT BT (creviced bent beam, CBB) iBR{%
kAL, vy — R E 340 PLET SCC &
PEREMT 22 2HELTWDHD, —F T, PWR

(pressurized water reactor) @ 1 RiGHIM B FTZ D
PAFED SCC ZFEhZWE Loz A, £
BARFRh D SCC TR T 2 HEICHOW T LS Ao T
AYASR

ZFIZTELE LT PWR 1 RGHM KT O
SUS630 @ SCC -\ T, EHIM OB L5
BT 2016 FEAOWMVMATE L. ZhET
DFERM G, BRI OREN WA, L SfEED
H900 & H1025 1%, #BRIEEE 290°C & 320°C T, @i /)

(K=30MPaVm) M F THAUE, SCC MR
nic. —75 T, Hgpy&EsrEo H1100 & H1150 (3,
BRI 290°CLL FChIUE, mtIEREE (K=30
MPavm) £t Tdh->Th SCC HEEMBE ST, B
If72ifit SCC PEZ R L7=®. LasL, [FE#EHT 400°C,
350°C & 320°C T 20,000 h F TOEERFZNIZ X 0 ik L,
SCC #REZATU D XL HIZ70, BRI & & iz
SCC HERHENMNT 5 2 &, F2FD{iZEE nm
P A XD 72 Cu-rich HOMTH, G HOAERK, AE
J =GR EEEOBALINIZ LD Z Lo
T L7200, % 2 ot i o ki LTV SCC ~
DFHFIZOWTIIREARHETH 5.

A —=HNGRE G HHOHTHIE, B L2 A
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F UL AR AT VL A MEEEB O 7 = 54 b
HicBWTbhb@EShTWoa 2, b oMEHT
400°CC 10,000 h Z# % 2 KR EUI% 5, PWR 1
WS HIM BB BE T T2 SCC MhA "3 2 &2
SN TREVI, 2 —FLoyfEl G FONTH
BRI L D00, HMIZ SCC HErEE DY
MMERFE T2 R VEERH Y, S 57 DAL
{ELOBUR CTOFMALELEZEZ B,

Z T TARME I, [A CEMRE 2R T d 5 28 SCC it
JRHEE I —HT LA bR/ BE S -mtEo 2 #
Bl SUS630 (H1100, H1150) @ 320°Cx20,000 h (LLFE
320°Cx20kh & FR5) BAREZIEA I H L, £ X 7 mifd
k7 — 2 ZYEFE L, SCC ZEMIT KIT T I 7 w ik & #4
e b D B & fit L7, SCC BB T — Z 12D\ T

IXHHMERGR DO DT — X IR b i L=, £z,
AR D X 5 12 SUS630 D Fp et =45l Tldk R DB 5-
DRI TN\, 2 2C, BRI X 2T
DD KFERIN BT D 2 L2 BE L, KEFER)
M L OBR R 2 KFEF x — L, M OREFEK
F OB X 22T, BT i & AKFED
BAfR & Mt L7z,

2. EEBAx
2.1 H#tE#

s 1T, D SUS630 T 1(b)IZRT &L 9 7RE
£& 100 mm DOFEHIC 1038°C O [H AL BRLEL % 20d D
%, 2 FEEONT I LEULEE H1100 (600°Cx6.5h, 22
), H1150 (620°Cx6h, Z2¢%) % JE L7=. H1150 12D
WL, JIS BUSICHLE ST 2 BT i LBV 55
AR L7, HI100 1 IS HARIIZ e\ AS, ##dt©
DA FAFOD 2 B URE Uiz, B O LS

!T

(a) 0.5tCT HERF~Ti&

ofe :./\'
100mm &
ofe[ele

(b) b =tidi & bl

i 2 B

(¢) CT Ui, i & Jifir

1 BB~ HELBRIRG AL
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# 1 MM DT (wt%)
C Si Mn P S Cu Ni Cr Nb Fe
Spec. | <0.07 | <1.00 | <1.00 | Max | Max |3.00- |3.00- | 15.00- | 0.15-
0.040 | 0.030 | 5.00| 5.00| 17.50| 0.45 | Bal
Sy | 0.05 | 026 | 0.84 | 0.034 | 0003 | 332 | 426 | 1560 | 024
# 2 AT OIS
Hr AL AR [lhpA] 51 aR5H = R 5] fif = fifi =
ESLER SR B | (MPa) (MPa) (%) (%) HBW | HVI1
RT 793 965 14 - - -
600°Cx6.5 I, (793) (963) (14
HU00 | RT 976 1041 21 60| 331|349
- 320°C 807 854 13 57| - -
RT 725 930 16 50| (277 -
620°Cx6 I, (725) (930) (16) (50) | (@77)
HISO | o, RT 1000 1049 20 50| 341|348
- 320°C 838 880 13 56| - -

T IR ELER S, AT 1038°C/ A
(W, B (TR

R I, AT HIRE LEVLER S & B ERAS A 3 2
R LTz, 2 ToN B L BSLELSE T, 5REET JIS
B D WIS i LT, 25 o 2 FEONTH
TR BOERAA | O B S AU BR & it L, Ak & SCC %68)
(Z R AE B2 D 58 & A U 7. BARERIIREE L, 400
~320°CTHE20,000h & L. 2 b OEERM N5,
L@IZ/R L7205 4 > FJ&E & D (compact tension, CT)
W %, R ()W L7 J5A CEREL L, SCC R
BRICHE L7, 7=, B SERBRAIE, FREICRLE &
D\ T W T CHERER L7z

2.2 SCC #HRIAER & BBk D 514

SCC #ERBRIIIEYERY 72 PWR 1 IRIGHIM BREE % R
# L 500 ppm B+2 ppm Li+30cc/kg-DH D 7KH Tt L
7. RBRIRAE X 320°CE Lo, & COMERMFET—E
M & L, ISR RS O B AEEIE K=30MPavm & L
7o WRBREERIIZ 1,000 h 2 B2 & L CEME L7,

SCC e EFRERE T 14, KA 77 7R Bk L2 C ik i BA
WL, TN A 7 aAa—T7 L ONEERETIHE
%% (scanning electron microscopy, SEM) (2 X V) A
BEL, fAkmgiE L SCC HERE S 271 L 7.

SCC MEREVE S 1X, BRI AINT 5~10 JSFHHI L& D
IE L L=,

SCC #RHE CGR (mm/sec) I, SCC H#ERHEEX a

(mm) ZBREFRT ¢ (sec) TERRLTRDTZ. 72,
1,000 h A TR U 72388k fr @ SCCIE & 1L —1 6 mm
E L TSCCHtmMEsHEH L.

23 WS

M LBV s K OB K 2 S 281kl &
v — AW S (GRER{TE 1ke) TSALFHA LM CRE
i L7=. ERIOREMIL, ATH CHREFAOTH DN
BT 5.

24 fiEESEEE

BRI & D AR OFEMIE, T R AT e —T

(Atom probe tomography, APT) 34T %1T~>7=. APT
WEIZIE, KETImagott (BICAMECAf:) o RprE
i 3 Ykt 7 kA7 v—7 (LEAP3000X HR) % v
77 WEE, L=V — L RE— RTC{To 7. WES
X, BEHREE3SK, L—F—H7102n), 2V RJE R
Ho00kHz THDH. WE LT —XI1E, EAY 7 by =
7 ECrFEOFEEAZVE L, Fe, Cr, Cu, Ni, Mn, Si,
Mo, P, Nb, CD 3WutBIERALER (HE LT —#
MOET hAVy TaMET o a s va—20M) &
1Tolz. 7ok, SWIBERHRAEIZIBNTIE, 7 hA
~ v 7D z Hik S ERET 57208, ERARE
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%5 (Evaporation Field) =28.0 V/nm& 7 k A~ 7 Dff
#EftR%k (Image Compression Factor) =1.65% 7z, A
v — H VRO 2 E BIICIRAN D 72012, HF—
MTBE AR RENTIECD & W C Crilg BE O /0 A7 i AT % E it
L7z, E72, T3V TCud 2V MENL, Mn, Sidd
T A B IIBRON U T fEI T IR L 7. BB A AT
LTI, Criz DWW CH Ik B 2 35 L CHRE Sy
MR, 7o LREBEZRE Lo MEDEEL L S
o B ARRATIE Tl 2 O 2O SHE TINN

(1st nearest neighbor) /37 A —X DEDERIND.
A ) =S NGIRPDEITT DL, BESE T 2 A
DAADENPRELRY, INNSTA—=ZHREL 2D
DT, THEAL ) —FNVGROERL L.

25 BERKREOSH

SUS630 (H1100 & H1150) O A WEZh K & BLRE %h
(320°Cx20kh) #Z&%xt5: L LT, KFEF ¥ — THitED
KB EZ G L7z, KFEF v — T HORBRA T,
SHE Smmx Smmx LI0mm PLFICHTLZH 0%
Hefif L7z, ZAUTKFETF ¥ — ] 0,2,4, 6 h T/KFHE
F ¥ — %, FIRMIEES A 5347 (Temperature desorption
gas analysis, TDA) % 5 L 7. SRS 135K /min,
TE R R IR A~F1100KE T & Lz,
KFF v — VML, HHOOWMEWESEIC, &
TRIZ293KIZFH%E L 720.5 vol.% DifiliE +0.5 g/l fii O
Z Tz, BB R I O RN T OB E230.1
mA/em?lZ78 % KO IZERE L, KFETF ¥ — V%, #HON
WKRFERBPEICHE L.

3. REKEE
3.1 SCCHERREE O EBERIKEM

X212, SUS630 (H1100 & H1150) ZA1F%h (320°Cx20kh)
M oSCCHEREFER (320°CPWR 1 IRBEIMBREL) %D
SCCHlTH % 7~ 3. H1100ZAFE%h (320°C*20kh) £41%955h
AR, WEF MY —72SCCHERMABlE STz,
H1100DARMH T & A ESCCHERABIZE S e
®F= 0>, BRSO REIC X0 SCCHERIEZMEA B L
72 BEZ NS, WICHIS0BMEH T, K2(b)D &
IUZ9SShCHEWTIZ T D, K 0 BN DA 7= 2
ERBEND . ek, HBMERROZD I LT
H1150BAREAF OfER: (X2(c)) T, 362hE1,000 h
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Al CHEWTICE Y, [/ CBMREZhZfF (320°C*20kh) T
$HI1100 & H1150 TSCCHERAEE I Z AR B H 2 &
RE ST,

Z DOSCCHEB DR A FERMICHK T 5729, SCC
TR P 2 BARE IR IC R L C o my L b O %
X312, 400°C & 350°C D EMh 4TI, H1100 &
H11500]75 DOSCCHERIZ K AFE T B O S B HARL
B chdb, ZORIIREL otz —FHT,
320°Cx20khBARE N DT — X Z i35 &, X3 R
FICR LIz LY IC MR EDZERNBEIN. Z0
T LiE, BN X DO ke &, SCCE 2
B RIE T O DDOERN S 5 ATREMER R S 5.

7K & : 500B+2Li+30ccDH 1

Ki{E: 30MPavm o) O

JBE:320C —

(a) H1100 (b) H1150 (c) H1150

320°C x 20kh QDC X 20kh 320°C x 20kh

100 pm

955h 955h - 362h
HERBN B W

2 SCC it Rk BR 1% D

1.E-04
(¢
[ @
_ 1.E-05 - o s
o
g ° e
= o) a <=
E 1r06
o«
[G]
© [ ]
%‘ m
= 1E-07 o <=
[ a
)
|
bt
1e08 8 @ L !
< ®H1150(400°C) OH1100{400°C)
@ H1150(350°C) © H1100(350°C)
a W H1150(320°C) [IH1100(320°C)
AH1150 REFH) A H1100 REFZ)
1.E'09 T T T T T
0 5,000 10,000 15,000 20,000

B ROEER, t(h)

3 SCC M 3 E D FIF Rh R A7
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32 BEOREMERENE

[X14(2SUS630 (H1100 & H1150) Ofifi & O ZAMFNEAF
PEZ 7”9, H1100 & HI1500 & OE S 12 &I 3 2 R)
DEEBIELOWEATHY, TOEFIKE L Lot
SCCHE i 3 £ |2 72 5L D 78 S 41 72320°Cx20kh A RE%)
BTTH1100 & HI150% tLied 2 &, MWi# & HHV1=400
FEEE (P REICR LTZ) &l S OBLE TOZAERIIE
BIXNhoTz.

500
@®H1150(400°C) OH1100 (400°C)
@ H1150(350°C) © H1100 (350°C)
B H1150(320°C) [IH1100 (320°C)
AH1150(FF%h) A H1100(FKEFZh)
- 450
>
= .
g |8 ¢
L 4
< 400 3 o FRe=]
I Tel 111 L]
] g N
z HV1=380
i
350
300 T T T

0 5000 10,000 15,000 20,000
BB ZOBE A, t(h)

4 TESOBNEFRNEAFE

3.3 EAEREhAL (320°Cx20kh) DFSHAAR &

KISIZH1100 (320°Cx20kh) ZAIREZhEE, [®61ZH1150
(320°Cx20kh) ZMRFZIM DT kL~ T HRT. 3hT
FERITETYAT A MHEFTOSHERTH 5.
FCuD 7T kA< v FIZRAITR LTZ30 nomb A XD
Cu-richFH I REZIM OHI150 T HBIER SN 50D T,
BAREhAT (BT IR L BVLER %) (AR LT & 5
Zbhd. —HT, # nm¥ A ADCu-rich#li, R
ZhiF OHI1150 TITBIZR SN2V OD T, 320°Cx20kh D
BN KD AERR LB Z BN D, Z DCu-rich#d &
WFIE R CAZE ST &ENi & MnZ & TeGRH O AL iR
SNz, ZhoOREERDIL, AR CTHRE L
H1150320°Cx 10khZAR 244 T H BLEE S LT 510,
TS ORI BN R D 7 T A K fRAT & i
L7z, 7T AZMHTICHT=->TiE, 30 nm¥ A XDOHT
H 2 BRI LIKS, 6 TR LTz X 5 22 RFENIC IR E L AT
fili L7z, Z O 72 Cu-rich#f & GRRIZBERE L CHEET

117

Fe Cr Mn Ni C

Nb

(50 x 50 x 235
nm)
5 SUS630 DT hh~w7
H1100 (320°Cx20kh)

(52 x 49 x 241 nm)
6 SUS630 DT hA~y~
H1150 (320°Cx20kh)
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% 2L BRI THE L2002, KRG TClEa 7 7%
Cu,Ni,Mn,Si& LT/ I A&tz 3L, —>D7
TAZLE LT -7z, ZORRERICHY £ &
Wiz £z, 7 7 A2 DOFEIRA A K412 L72. H1100
EHIS0D B & 612 nmY A XD 7 T A K73
PS4, HIS0BR A TIXZ O A ARO0KRE
<, BEELDODTPZWMERTHLHO0, MHIC
RERERII R D -T2, 7T A XK T 07
HETRONDINRERETHERD T2, A ) —F )L
O3 FROHEITEEIXINN/R T A — % C0.0553 £ 110.057 &
M & HIZENHE TR, A — XSO
fE~DEBI Vb0 EL bR, Uk,
320°Cx20khZARFZIAF D 3272 2 RO EE AL IR 11, AT
DB ER N 55 Uiz 2 & 0VRIEB S, HI1100 &
H11500320°Cx20kh#AREZh A4 DIl S 8 HV=400 & & F
DWEDLLRNZ L ELEETD.

#3 fRpTRER—E
ICEEES Y H1150 H1100
320°C20kh | 320°C20kh
HSALERE (nm) 3.34(0.53) | 3.26(0.52)
DS RAAMEE (m?) | 1.04E+24 | 9.02E+23
A E /=% JLINN 0.055 0.057

() RIFEERE

x4 77 AZYEHARK (at. %)
Fe [ Cr [ Ni [Mn[Mo| Si | C | P [culNb
59.65(10.99(19.04( 5.27 | 0.09 | 3.03 | 0.01 | 0.03 | 1.88 | 0.01

H1150
Cu®pb
H1100
cu$HY

59.56(11.52{19.03| 5.12 | 0.10 | 3.21 | 0.02 | 0.04 | 1.40 | 0.00

34 BEBKREDER

X 7\CH115084 5244 (320°Cx20kh) D7k 3E i H i
Zod. TDARIEL, KFEF ¥ —VKH%0,2,4,6h &
L, ZRENIE L. ok 5, KEF¥— I
MAEL R DI 21T, 400 KiTfED B — 27 B3EER9
LT ENGND. RIS, TGO NT A R
B DK FE O R X L AR 0 100 ~200°C 12 % i
L, Wbw2 MEEMKHE] & LTHERIND LN
2R, T2 THEHAKFET v+ — VI Ko TR
R S AVT2T00KLL FOWIREZFEH L, KEF v —
CREMEICKSIZR L2, HI100, HI150E 12, AR
ShA & BNREZIA D KBRS & bR % &, BAREZRh R4
DRFEWINEIZ K E 722X e oz, F7HI100 &
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H1150 & DHHRICIHB W TS, KRFEWRI IR 21T
72<, T L ASCCHEEHE DFEVVHII00D )7 34T
W Th o7z, ThHOREND, T DEEL)
ERMBAKRFED N T v THA R EFBER LN &
DIRE ST

. TOOKELFOAREE T H i
0.16 : -
[H11s0 BBE2h (320°C20kn) # |: —KEFr—hEL
0.14 ! —KEF¥—I2h
] KEF v —Tdh
!
= 012 ‘ ' KEF +—6h
— ]
£ |
E 010 :
& '
2 008 :
£ :
- 008 [\ :
# [\ I
X 004 || .
'
0.02 !
, : — =
0.00 — ‘__/ 1
300 400 500 600 700 800 900 1000 1100

REE (K)

B 7 KRB ED S HTE RA]

© H1150(320°C20kh) DHnoo(szo"czokh)?f
A ® H1150(REF3h) O H1100(REF2h)
—
3
N o ¢
uf
= a
&’ i
g ]
1
om
0 1 2 3 4 5 6 7
KEFr—UFM, (h)
B8 700K LA DK &MU & oD b
4. EXE

SUS630 (H1100 & H1150) #AREzh#4 (320°Cx20kh)
(ZF H L2 OB A <72 f5 R, W nm¥ 1A X
DCu-richfBNRERRT D 2 &, F =B L TGN ERK
T2 DRI NI, HNK RN SO A B
J =BV RDINNIN T A — 2 5 BRIk L
Trmy b UTR LI, B0 miiE T, Cr
(DWW T — B2 M BB A G U CHHEE 0 A &5k
T UK DRE A UE LT oA & ek L o iR
ARFRNTIE TIX Z O ZEDFESTE CTINN (st nearest
neighbor) /X7 XA —X DENERIND. AL —H
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IVTRBEITT D L, BERA L T 27 DA DN
RKELRYD, INNRITRA—=FHREL D,
320°Cx20khEARFZhEF D A &) — Z V3R, X5 L 6D
CrD7T b L=y 7 h 6 bR & - R L TR
TRV, KIDINN/AT A —H(ZBWWTH, 2 O
RN DAY ) — Z VG RO EIT IR CIL 20N -
7z, PLED D Z DB S 00 72 2 BAR 2 Ag AL IR+
13%% nmY A XDOCu-rich# L GHHDAERKIZ L D H D &
EZHND.

400°COEEFZIEALR 1 & LCiX, =T oA b
FIFRIZ 3T H400°CT5,000 hOEARF TAE ) — &
ViR & GREOHT A U D 2 & 23, Murayama © 7> 5
WME SN TE YO, KL THHETHIC THIIS0 D
400°CT3,000 hZL B DB A TIE, APT/HTIC &
DZDOAY ) —FNofEEGHOERZ BT 5 L
& BT, 72 Cu-richHH D AR A FER LI LTV D
@00 [F9DHI1500400°C DEAREZh 140D INN ST A
— 2%, 320°COME LV HBIHEIZKRE D> 72, 400°C
DOAEIE, OO R LIz AT L AFFMSCS14AD
7274 MEFOINNAST A —Z (TS LS
LODCIOT b L~y FIZENTH AR Cro B
BRPHERINTNDOZ Lnd, AE ) —HFV5fiE
T LTV D, LA - T, 400°COEERhSEIC
BWTIE, AE ) — X5 S BRI & 595
HLDEEZDBND. TN DFERN G, BARERhSRIF (B
REEMIR S, RERE]) 12 & o TH & BUREOHT A O A Bl
IR DM R D, S1%SCCERIS L UERE 2t
b & BORRERR D BEFR 2 BIRRIC 3 2 729 12iE, K 0 EH
REERPNELEEZ HND.

R TIE, BN ER O XV, KFEWRIL
ZFENAT DO A RINT 2 L 2B L, BRI
HOKFBWRINEIZ DWW T H A L72dd, BURERiIE T
KFETF ¥ — V% DOKRFERINEIT R E 2ENTBIE S
Niehote, ZOZ LiX, AR ORI 72 ERE ) Rl
M, KERNT TV A NEEBMR LN & ERET
4. =T, Bk X 91— DSUS630D TR H
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