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Corrosion behavior of new superalloys deve?oped for intermediate heat
exchanger during exposure in simulated VHTR environment under thermal

cycling
Masami SHINDO_, Tomio SUZUKI and Tatsuo KONDO

Department of Fuels and Materials Research , Tokai Research Estabiishment,

JAERI
(Received June 20, 1983)

Fvaluation of corrosion resistance of new developmental alloys was
attempted through cycling tests. Two materials,i.e. KSN and 113MA examined were
developed and se]ected for application to the intermediate heat exchanger ‘tubes
by the ERANS program. ' ‘ '

Corrosion tests were carried out with simulated VHTR helium environment
under thermal cycling between R.T. and 900°C and 1000°C up to 3000 hr.

The results obtained are summarized as follows:

(1) The oxidation rate of KSN alloy showed Tower values than 113MA a]]oy at
900°C and 1000°C.

(2) The paraboTlic rate constant of these two alloys at 1000°C were 5. 66um /hr
{113MA) and 3.64um /hr(KSN} , respectively. :

(3) Better oxide film adherence was’ noted in KSN at 900°C, while 113MA Jooked
better at 1000°C.

{4) The ‘tendency of intergranular oxidation were observed in both alloys.
It was considered to be due to the selective oxidation of A1,Ti and Cr in
KSN and Ti in case of 113MA.

(5) The release of Co through oxide spallation was negligible in both alloys.

(6) KSN showed carburization at 900°C and 1000°C, while 113MA showed
carburization and decaburization at Tower and higher temperature,
respectively. This was interpreted as due to the higher carbon activity
in the latter material.

*
ERANS : Engineering Research Association of Nuclear Steelmaking

Keywords : KSN Alloy, 113MA Alloy, VHTR, Helium, Corrosion Oxidation,
Carburization, Decaburization, Inetrgranular Oxidation,
Neutron Activation Analysis, Thermal Cycle, Very High Temperature,

Intermediate Heat Exchanger
(2)
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1. # E

EREE Y TERKREO (EEETY AFIHIC L2 BEREEN | KB4 L% | HohskzE o
T AGEBEAE HOMAS S OEAESTON, BHEMIENI Cr—-WZ5201 13MAL
KSNAGHRERT,

CRG2AED~ Y AEOEEFICsY SHABERCNETIARHX ST S,

— RO EE O F RN AR AN OB ETHRE T BI04 - TRIERFEROMRICHA
47V DRBREENTHS

FR iC SR RIS L LCERICHh - TERT 3 B3 BT LTh, EFFogiEL
WEICE BT A W EZTHEFBL LNEIDICERLOUERINETSHS

FHiE 1 1 3MASELEIKSNELO900CE1 00 0CKKBIEZES A 7 VEBB{LTOHEE %

3,000 hr dCHNIHEETHE,
2. E B N &

2.1 HEMH

BRI DL AR E Table LicRd, MAREONI - Cr-WHAS TS 525, MESTLKT
5E113MADEIN CrEfRsE <, KSNRWAHBAL VO MBHYTS B, § 12 RICH
BMELKSETELEAONS Ti, ALKENELELOEENTVEAbIERES NS,

2.2 EBRTHER

BRI B, OB TREER SNTV B, SRS AR IMEELT AT
FHME R AR~ ) 0 & GERRER B~ Y v ) % EREOBRMAEE L0 e L7, B
Bl ) o A Table2 KR, ~ U U LHOFREMOMTICE, HOIHBEFTEM L V¥ —F
HoESi (SHAW HYGROMETER ), ToOfftidH I DB R s 757 (HiEG —

1800 —-HE) M,
2.3 HEBEBEEMBEHE

B 4 7 VB LRI B O SRERAEE OV A Photo. LIGR T . BRI EREREE RS, T
BCBRAES L TIBH AR C &tk - THRF KERER CERMORS 1 7 VEGA L LR
TEx5, RRERARL Omd, BEX25 0mOAREFK—23D2AN, ~Y VLABAEILDLT,
B~ I ADEAERMBROAFEE TETVE, —2DF A&7 ¥a YERDFERRFEAND
CHBFRAAANDL EHCHE-THY, AL HLEBLEEIEOBDTOARERNIRD NS,

HEAEEIZO00CE1000CT3000hr TTHABRET-H, HBRE1000COHEFOD
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1. # Gl

BN TR (SRR A RIRIC & 5 BRI | KT 58 | MOWRROb
P R A E B ORI R 2 DR b, BEAINI Cr-WHA201 1 3MAL
KSNASsZIER .

NG 2AEDA~Y Y ADDERTICSY ARRBIR TN TIEHABNLNTI S,

BB P SHE A B A OB TR 105 - THIE EE RO A
47 VI DHBPENTH S,

SR I R B R B & LRSI b - CHAT AAAEE LT b, B FHFORBEL
15 SIS B £ 0 LEDH B EEA SIE I ICER L b STRHRTH S,

EHIT113MALGES LKSNE&EE2D900TCT&E100 OCleBd 281 7 VBT OFE %

3000 hr S THRALEETHS,
2. £ B OOK B

2.1 HEHSH

PSRRI DL M % Table LIRS MA%EbNi—Cr-WHERTHHH, MASELET
5E113MAOBHYH Cr3E8ME, KSNRWEFENZOOPF-TH b, F7o—Micmt
HAGIAHTHLEAGNS Ti, ALAENEHEHEEEATOEALERSNE,

2.2 HEBRJIER

SERICHWERGRE, EoRRTHECEN STV S, SRV APHEAMZLUT SEHNT
SR AL - RE AN ) Y s GEREET BRI~ 7 4) & BRHOERMATE LD i L, B
B~ ) 2 DM A Table 2ICRd . ~ U9 Ao RO MTicd, HOIBEEFEEN v v —F
AoBast (SHAW HYGROMETER), #0OfiizH | DRIEAAR 7 o= > 757 HI4AG -

1800 —HRE) &RV,
2.3 BEBREEINMEH

B4 A4 2 VB LELER I H O RERASE O ER 4 Photo. LIRS . BRPIIEHEAREEKED, F
B TESEA T SEA &Itk - TRBF KEBEE C2RHo#8y 1 7 vE5Z 508D
TXx 5, RBEIAR 1 0md, BEX25 0mOEREEIL -0 32AN, ) VLEABIL25Y,
B~ Y AOBAERRE OB E TETCVE, —2DF A&7 Va2 YEDEBFEANS
LEERAAANDIEOCHE-TEY, B LEBLEIBOBOZOARENTED LN S,

SREGEEIZ000°CE1000CT3000hr $THEBAT-. RBEE1000CHOHEFD
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L4472 VORBEEHEATig HIRT ., COXTRULABEEED, EROFEOEY, #1173
EOEFNEHKTEE, AL > TRPUD HBEURGTHD, B4 7 VKL TEE S0
BB D, B A 7 AR RRBREETIHA 744720100 hr OMBEFT -7, LRS-
T&E3,000 hr OMEDFAIX1I00hr X3 0¥ A7 0EMULL,

2.4 EBFIR

SERE X 10X 2mDiRE L, IGHEPOECPTOHEARITORICEELT1200
FoxA )~ TR, BT e b oD TEENRRE, SIS EEERATO, FRRELICH
BTt L7, '

RERE A TESUGEICEA LT, 10 torr BEF TEEHSRICERFRCQERA L7 I3
(25t - CRIBIFO A OO K EE AR —EIC S 5 TERRFER TY - Y v 7277, ~U Y
LEELY down stream effect " MHEUMOE D IKHKINRIE 1lad®72D 150 cc/min %

e L.
2.5 BERFBOTMAE

ﬁﬁ?@iﬁaﬁ&%@ﬂm XE=4707F534%— (XMA) Lk 3&648FE MO Cr RE
E?%éf?)(ﬁi]m B XEEY, RESR, @ BB ORSHLORELTORM L7,

IR BN S IRE O IC D T A R~ %, BRABROKRESIFIRBRARE%E 7 1Y —
75 oTHE (BEERELIFO T TRBRTICERS) &, T by, SKSTEEMES, Wik

BICEBLEDS RO BB 2RI D0 TT o MR EERPRESITEE GBSRFAHR
EMIA—-1110) #Hwic.

13 BB LA O ER TR TR T Bﬁﬁﬁ Tk AWEH LA EER W, BEFERBRIKOE
BRI A SR SEOBHERHA L, FIRARETE JRR — 2 LEEMETL G TiiE
B 3x10%n/ebs sec) THNBELU 2 00MBHE LA, Cr & MnBLU CoDAHTiciRTh
2h°Cr (n, 7)%Cr, *Mn(n, 7)°*Mn, ¥Co (n, 7)®Co OERIBITED ERENSE " Cr,
®Mn, °Co D rBOT R VF —HBILUEEEZ VT F » vALTF+ 74— (ORTECHE 4096
ch) #HOCTRIEL, HBORES KUEEET -7,

3.1 E&(bEH

311 EbREOEmRE L :
Photo 2 H&4 09 00°C, 1000CKEFA1000hr, 3000 hr B{LEOEHEFER

D= v o BEEEATT., KSNDI Q0 TA2BRLTORE BRI CEIBRE SN,
Photo. 3 HK S N ML ISEHED - AERBEERTH A, 900TCE 100 0TCELITRHITOH
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144 2 vOESEERBAFig 1ItRT. COXNTRULABRERT, EROFOEY, FI1EQ
EOENERET AL, AL > TRPEDEEEREEATHD, By 4 7 WicBALTRE LI
BIRERICIT A, B4 2 VR AEBRIEE T 1Y A2 %0 100 hr OMBAET »F, Lo
T&H3,000 hr ONADHESE100hr X3 0¥ A7 0EUD,

2.4 EERFNE

REFIEE X 10 X 2mOiKE L, BHEDOAELPTAZRSTOLIRERELT1 200
Fo A ) R TESTEE, SR T b R TREERS, SRS HTEERE T, FRREDICH
Bttt Uiz, -

RBHALGEGFIREALT, 10 %torr BEE TEEHIRICABREAZAELFEA L, INA
15 TRIGE O A DD R ERE BE L5 THRBERRQ T - v I EiT -7 ~U Y
LiEEE " down stream effect  #SEUANEIKIGHTRH Laf24720 1 50 cc/min #%
{13 O AN

2.5 BRREFEHOMELE

ﬁﬁ%@iﬁgﬁ&%@ﬂm X4 7a7+54%— (XMA) KkbE64FHHOCr K2
F%é@ﬂm B o XEEY, BESF, B EBoRSLaREZTONM L
I AT & O I D W TEE A i B, BREHBROKRESTERBAFREE T 1Y —

77/1@%(%%W@k%@%@ii&ﬂﬁﬁk%é)ﬁ Tﬂh/,mﬁ¢fﬁ TR B, SR

BICEALIE D> W RO BB A KIC D0 TT » o MR BB PRESITER (BSRIEFR
EMIA—1110) #Mwic,

i<%@&%@tgﬁﬁiﬁ?mm@?wﬁC&%Mﬁﬁﬁﬁ%%ﬁwtoWﬁ%#i%*hwm
<%@&%%D&E%Q®%%aﬁiﬂAb,Wnﬁﬁ%b]RR—2w§%%%ﬂ(ﬂ¢ﬁ?%&
B 3x10%n/ s sec) THNBLU 2 04MEHLL, Cr & Mn# LU Codatricid £
Zh%Cr (n, 7)*Cr, ®*Mn(n, 7)°*Mn, **Co (n, 72%Co DEEIG LD ERINS > Cr,
$Mn, 9Co D MO I F VE -~ BLOEE A~ NVFF v ¥ ANTF 744 - (ORTECHE 4096
ch) ZRACTHRIEL, MEBEORES KUERZIT-7,

3.1 E{tEH

3.1.1 BtEoXRERE _ _
Photo.2iCE&4® 9 00T, 1000CK&EEFA1000hr, 3000 hr B{LROEMEE

D~y 0 BEERETT. KSNO Y 0 0CER2TORANTRALBEOR CHVE SN,
Photo.3 K § No» M/LIERED EEEEBMELRTH S, 900CL 100 0CL SIHMDE
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EHRRPBANICBEAZITOE L EPDr5E, 100 0CTORKBRINRBTEL, R
CHA FHE SN, |
Photod i1 1 SMAOBUBEEZHOEEBHERERER ~H5, 900TL1000TLbiIciFL
B E 4 FREEINTO S,
e ae tBIUEORAICEA FEEHT S E, S LBLECRAOESERLRBL Y, &
AR TRE LB NBZTOWHSICET LT, BUEICHNERESESL /08, HERI/MEL
A TEBILELSR (T REARENEEELNT S,

3.1.2 EEEL

Fig. 2icirdimeitsy (3 @B oRLEBFHEFEOKB 0EROBRMZ iR ERT .
IOV CTREERIZI 1 IMADAMEL, 1000 CTRKSNOALBE », TORRLS
100 0°CARiICE-T, "AFo04 XREHET S L, KSN@ZOOOhrﬁ@@(%gﬁ]Z
mg,/ef, 11 3MA T30 6mg /o, EOAZTD4XRT@5000hrfﬂ5mgémf%q
kDCQC&@Q,Cﬂ%2%%®@&ﬁ@ﬁéﬁ@ﬂ1704XR&D%%&%ﬁC&ﬁfééc
Fig.20 FEIZ 100 0CiEBI2EBRIZODOERE(LETH LY, ZoNT LK (#ME®
MA & DHFig3THL, Fig. 33 {EERIBR L MNABR{bic L5 Bl NEoRBE iR
TéHhH, W#H1000°C, 3000 hr oid {EB{EHOBIIEE I RICXD -3 LPERTEN
Mot TF —HICRMATHE O, Fig.3hh, ERE(LEL SFM LARBLEEEI 0 0TLE
1000CEBITTII3IMADAMKSNED RN EDDS,

3.1.3 CrRZBHE

SAOEBEALKO L HHERILEF vy e T, L1000 TRLILESRDEEG, Cr @
B T B A 0 R 1 TR IE L ORBE ORI T2 151, 22T
Cr,0; OBLETICE 789 GEFHAO Cr oRZREALF#NWEIHEOBE &L,
Fig4ldifid4€ D8 00CE1000CikKHBHSCr REBESOIFMAENMRTHS .

Fig. 5idFig anHtian Cr REBES 2 HR T oy b LK TH S, Cr REZBRI DEFE L
R ORJIC T E BRI LT 5,

TROHL,
XE: kpt+c ............... | @

DM REANCHE - T CrREZBUEBECN S, CTTxECr REZBHES (#m) , kp BBEE
# (pm® hr ), tE8E (hr), cl3FH (pm? hr) TH5S,

CrREBES DETEEEKSNOI00CE100 00T, £40.563#m hr £3.6 4
pmi/hr THD, 113MADI0C0TETI 00 0CTE, £4084pm* hr&b566p#m>2 hr
TH-7, 900, 1000CELsiIcFig DERE/LEER, 113MAD CrRZEBHRSOE
FEERBKSNLHE G,

'ﬁ”“#$Ckﬁ%ﬂZTU4XR®CrKZEwé® EITHEIRO00CT 1.2 2#m hr,
1DOOCTMTleMﬂntﬁA%iD%ﬁmﬁﬂ&EéﬂénCﬂ@Cr@EEgkUTQ(,
CreGaomtECasRtED Cr ORBEE LS GEGLED .
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Fig.6idi&aso CrREE (Cr REBOEM) OFMELHERTSH S, i iEFig b DFER &
F#ETH »1,

KSN&113MAD CTREZBESDEITHERIOO0C, 1000C&bicNAFaAXRE
b s - tehs, Fig 6 TRULI LD Cr REBTHETAENRT A XRIDE (UL, £72,
BRMMBCTLEELRE A AFu4XREDEV, COTEEKSN, 113MALORELELS
SORECHETS Cr BEMNAZAF4XREVELLEILDTHS, TUbL, A&MO Cr O
srEEs AL F O XBEEKEBRLTINODEETRECIEEZRAB LTS,

3. 1.4 RHEEs

B a0 LM s XMATEEL s

Photo.51x K S NOESERRHN THD, 90 0°CTI3,000hr, 1,000CTTEL000
hr&3,000 hr B{LMicRARESEESNI

Photo. 6211 3SMADBMEAKRTHS, 900°C, 1000C&HITL000hr, 3000
hr B{tH THARBSEE SN,

IS S IFERE BB OREEE XMAZBOTIT» 75,

Photo. TIZK SN@9 0 0°C, 3,00 0 hr BLMORABIYMO XMAKLSBITHERTH S,
HEEA SN R AOETIESE D L4 - TO 38R EPhoto. 3S0RMA 5 OBERER L —HLT
W5, REBME LTHEREEN Cr, SORFNTSTTI, ALTHLSL EsmER AN,

Photo 811 3MA®S 00T, 3,000 hr B{MORABIMDOXMAKLLRBTERTD
b, BREEME LT TiOAEN SN,

3.1.5 B{EORENEERE

Fe AL 0 BEAT A7 & L CHRE A0 5 0 X M AR & Rl 50 XigEfrEE A0,

Photo. 93K SN&1 1 3MA® 100 0°C, 3,000 hr @tigic RS L BAURETEZ XMA
CEAFLRREETH L, MeeEbICBLEE Cr&Ti OB THR STV S,

Table 3129 0 0°C, 1,0 0OTCTL00 0 hr BbipoB{Liikins S50 XREFHBRTH L,
X @ERTOH 2,53 Ti 0Bt E b s nd, STOERETCr,0; KdBBEENT, Cr.0;
@Fm%LwAﬁmfﬁémb(104)&(116)bbcu03@%¥mﬁ%kwtoKSNT
i900€b4949A 1000CHA092ATHEY, 113MATIRODOCHLIEBA,
1000TAE023ATHT. HASOKTFERGREMECHEAE(, $f, 1 13MAD
BFERIZO000C, 1000 CEBIKKSNOZNLDAKE,

3.1.6 1 ERB{LEOBEHLOT

1.000°CT3 000 hr EARICEIR Lk S EBALTH® Cr & Mn S50 Cod £ -
Tos

K SN Tk BRIEADICr 255 7.9 6%, Mn#0.04%THY. 1 13MATRCr L
5853%, Mn#0.08%TH-1, CridCr:0;, MniZMnO &F5 LHaS 0BT D
Cr,0, EMnO OEHZEAEKSNHE 3.30%, 1 13MAHE 5. 64%LBRAFLTE -1,
Uﬁ,ﬁ@®k%ﬁ@ﬁ%ﬁt%XMA@%ﬁbB,Ti@@&%f&%&ﬂ%én%oTimmTi
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(n, 739 Ti R & - CHEH RO S Ti AET 5004 ME 5.8 4 LIFFEITE L 0D TR
BHEATRIC I REM TR TH Do _
rEOTIFVF-BAE, KB (5248 bRuL, RE{LLALESORBOREN Co iTH
LCi, fiads bRIMBRUT OBE TRINENEDP -, BFFAPHEFREEICI S Co O
1, BB IESEATE 20X 1 07 °gTh 5, AEDEMERERHRNS VDT, BELLTE
20x107° gk BVETTHEY, CCTE20x10%g AL, SCHBLYDORNES
#Ed s, G EEBRIDD Co BERRA000 7% (84X10° mg/ o) L7210, REMIC
FelbiE A Co DRADMEIR LV, L LBUEO 3 EIERICELLLE, XOXWRNTHS
Crit9Cr (n, Y)*Cr ORGTHEMERD (27.83) RV Cr 2ERKT 572, FHIL
LT, BALBEORBERDHdREDEVEEET L,

3.2 BBREE

—EE R, HESEORES AT ORRREEBTE N,

Table4it900°C, 1,0 00CT240 hr, 1,000 hr, 3,00 0hr BRILEOENDKE
BHEERTH D, COBEDREEME (mass of carbon increase, mg ol ) HELUFOHLD
ki,
' i8)

REBME=4c X W, A PP )

2T, 4 cBBIATRORESER (Wt %) ©0EDL1/100, W, GER{LAORABRKN OHERME),
A, BERBRF OREE () THb,

Fig 7i2 Tabled DEERMBARMOMMELTT oy PLEbDTEHS, 90 0CTEMAESR
L LB R L, BEOBnE &SSO RERIHINT S, 1,0 0 0 TTEK S NdRK
BFATRL, 1,000 hr CARTORERIIEBIAL S, -5, 11 3MARRRKRZT
F6OD240 hr DIFE3,000 hr T TRERLMETS -7,

4. # £

4.1 ERILEE

B, B4 2 VB LEROLERIT D0 TS, fEE R LB & Sl EY A 7 VBR{LEER
DH ZHEPRILA-HERMNL I TES Y, UL, 1,00 0TCRET 2 __DOFRHTHRAS
S, EERGEROES, ma4E 53,000 hr FTHRAOCEREIRRHL & blic¥md 5 53,
s 4 2 VL ERBROEARKSNA1000ht 25, 11 3MAZ2000hr PoRRFOH
BRREALETT & ThH D, EREBEHBICEOT3 000 hr THBTOREEIBMLTE
B0 &S o TRAEDR CEMSECTOEL T EIEE SR, Dl &b A7 VRILAR
OB HAE AR LREBICHE L TBLES I B LAVEHETHE LEST L d k5, BRI
P B B D BB X AR THE —RANR OB, OWRIEOET, @RE, PV T
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@,H“TiﬁmK;oTH%H&E®MTié%ﬁ?éﬁ¥ﬁﬁﬁ58ﬁ&#ﬁmﬁ@meﬁ
FHEATERICII ANES ETRETH 5o

rEOTAAVFE-HKE L, KB (5248 bRl BELLALEIOREBOREN Co it
LT, ﬁA%t%&&mﬁuF@ﬁFt@ménnmato@¥m¢&¥%%c;500@ﬁﬁm
Ei, 55%%%#Tm20x10g155 AEIOBHESIBHREXEEZOCOT, BELLTR
20%X107° gk BVWEETHEA, CCTE20x107%g 2EAEL, GKHERLYORNAEE
wET AL, 2 HBIPOCo BERRA0OO 7% (B4X10 mg o) LD, REMIC
LD ~D Co DBADMER IV, LrLBUEOR(EIZRIZELLLE, ZOERNTHS
Crit®Cr (n, )" Cr ORGTHEMERHY (2 7.8 3) HBRVCr 2HEKT 57, RAIL
LT, BEOREEIDEGFREDTCEEET Lo,

3.2 BBRE®

R ER L, SESROREMT ETORBREBZTH I,

Tabled{T900°C, 1,000CT240 hr, 1L00OO hr, 300 0hr BLEOBEEORE
MR TH D COEOREIME (mass of carbon increase, mg/cd) BLEITOXLD
Kb,

18]

IRERNE = A0 X Wy Ay e @

LT, A4 cBEBAAIRORESER (Wt %) 0D 1,100, W, GE(RIORBRN OERme),
A, BEEBR ORTE («) THA, :

Fig. 7Tix Tabled DHAEHMBAREOWHE L TT oy PLEbDTHS, 90 0CTEMASR
LR AE R L, BEOBNE L SICALTORERIENT S, 1,0 0 0TCTTEIK S Ndbix
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Table 1 Chemical composition of specimen materials {wt%).

T13MA 0.05| 0.05 .01 [0.002 | 0.002] Bal. | 23.50|18.40|0.54 |0.030710.08 |0.003 ] Nil. | NiT. | 0.02

KSN 0.029 10.028 |0.008 |0.003 | 0.002| Bal. | 15.02( 25.31 - 0.053 - - 0.41 - -

Table 2 Levels of impurities of test environment (uatm).

Impurity H, HZO co COZ CH4

Specification 200 1 100 2 5
*
Analysis 190-210 | 0.8-1.2| 80-110| 2-3 |5-6

* Yalues at inlet and outlet were equal.

Table 3 Results of X-ray diffraction analysis
of oxide films on KSN and 113MA alloys
after exposure 1000 hr.

(Cu Ka-Tine at 40 KV,20mA)

Material | Temp.(°C) dla) I/I] Cr203 Matrix
KSN 900 2.6764 | 75 10 4)
2.4912 | 33 (11 9)
2.0781 | 100 (1171}
1.7942 27 (2 00)
1.6785 36 {11686)
1.0807 { 21 (311}
1000 2.6826 | 100 (10 4)
2.5050 | 58 | (11 0)
2.0744 | 57 (1171
1.6836 | 77 | (11 86)
113MA 500 2.6806 | 100 (10 4)
2.0676 | 45 (11 71)
1.7949 23 {2 00)
1.6816 | 49 (11 8)
1.3036 | 14 {10 10)
1.0800 | 15 (31 1)
1000 2.6774 | 100 {(104)
1.6819 | 42 (11 6)
1.3044 | 29 {10 10)

—




Table 4 Results of bulk carbon analysis on specimens.

JAERI-M 83-—-108

Mass of
Material Test Test Time Percent of Carbon
Temperature{ (hr) Carbon Increase
{°c) Content{wt%) |(mg/cm2}
KSH 900 4} 0.033 0
240 0.038 0.030
1000 0.038 0.029
3000 0.046 0.080
1000 240 0.014 -0.112
1000 0.000 -0.196
3000 0.003 -0.191
113MA 500 0 0.057 0
240 0.059 0.016
1000 0.0861 0.028
3000 0.067 0.065
1000 240 0.081 0.028
1000 0.062 0.033
3000 0.061 D.o28
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1000hr
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Photo. 5 Cross-sectional views of KSN alloy matrix underneath oxide

film.
900°C 113MA 1000°C
Y\ - 240hr
| 1000hr

Photo. 6 Cross-sectional viéw§.of 113MA alloy matrix underneath
oxide film.
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1000C,3000hr
113MA KSN

Photo. 9 Concentration profiles of Cr and Ti through
cross-section of oxide film formed on KSN
and 113MA alloys exposed at 1000°C for 3000 hr.



