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Development of Ni-Cr-W Superalloys for High Temperature
Components in High Temperature Gas-cooled Reactors
(Second Report : Examination of Effects of Minor Alloying

Elements and Proposal of Optimum

Chemical Composition)

Subcommittee on Advanced Superalloys
Technical Expert Committee on HTGR

Japan Atomic Energy Research Institute

(Received August 18, 1992)

Research and development have been carried out on the new superalloys
as a component material for process heating high temperature gas-cooled
reactors with coolant outlet temperatures of around 1000°C, The program
aims at developing new superalloys which are well balanced in high
temperature strength, corrosion resistance, producibility, weldability,
etec.

This report, the second series of development of Ni-Cr-W superalloys,
is describing the results of the qualification tests performed by the
Subcommittee on Advanced Superalloys from FY 1987 to FY 1990 for the
evaluation of the fourth, the fifth and the sixth experimental alloys
after the interim report, i.e., the first series.

Based on the obtained results, it has been concluded that Ni - 18 to
19 mass % Cr — 20 to 22 mass % W —~ 0.03 mass %2 C - 0.08 mass % Ti - 0.02
to 0,05 mass % Zr - 0.002 to 0,007 mass % ¥ - 0,0035 to 0,006 mass % B

is the optimum chemical composition.
Keywords : Superalloy, Ni-Cr-W alloy, ay—W Phase, Mechanical Property,

Creep, Tensile Property, Hot-workability, Corrosion, Thermal

Aging, HTGR, Helium Coolant, Alloy Development,
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2w BH3C, Nb, Fe, Mn, Si, B, YRUTIOWMEFRMAROHNRCHT IRBE

%ﬁﬁb f:o

2.1 Ni-Cr-WER

THIEA7OHE O THRE A LBWASS AU LORERELXAL, »ORR
HAF L RGHAMEELUL EEREETIEEOREANY VAT AR B TEA LT
EMPRFOLSYHRTIIELFANK, HABLOEERBBEZZ LN IBETH
HE D a,-WHBRBE—FERD &5 a-WHOIHIERRICH > Tlr/WnassktL &
% % 7= 5 #&% (Cr/Wnass¥tt : 28/15.5, 24/18.5, 20/21.5, 16/24.5R U 12/27.5) D&%
BT RIRL 2, 24, ZOMOTREOVTR, WMALKEO LD L nasskMn BT
0.3nass¥Si, 7V — 7REXREO B0, 2nasskTi, 7V - THERUCEMHBZFO LD
0. Odmass¥Zr® ML, SLECEERBCHL TR, BRRLAEBECHTIERP L,
B EABILER 2L w0, 03nassk 2B L Lk, £k, a-WHOIHHR
PHRATI LD, BAELEE LT, BRERAERVEBRLALER o - WHER
HHHBBEEPHL b 00 2B BEL &,

InLOMBEDOWT, BTN, SREE, KRB U - THKFE, HTGR

AY AT ARESBEERCHT GRANY VAF AFMEE OB 2T, &L TH
_3_
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X5, HORTRTIOMBHREMODRERRF L 2 L THRBENLEEREREL k. -
T, ASHRBRCHBYBEIATy TOERUEERTLEEVL D, 5K, BLAL
D, CORBELEER*ATIEEHNEERHEYRARTELI LT HOTRELRFTD
Tethd,

o . pRsEarEr C55 1 DD o

A E (S 1 H) ), BRBEE»SEMOIFEEE TRLUBEHERL LF 1K
PLEEIREITCOEESRAELIOBUTFHEABROERLYELDHELOTH D, TOH ]
WTE, HEFERD Ni-Cr— Wl B b o) B 8 42N i - 18~ 19mass%Cr-20~22nasssWT & 3
Ty R RHLE. ThIEESS2RETEIIRTI, Ni-18~19nasskCr-20~22nassis W
L& BT BC, Nb, Fe, Mn, Si, B, YEUTIOWMEBFRMAFRONRCHE T I8 BE

RHEL =,

2.1 Ni-Cr-W#R

THEA7oHE P CHRIACBERASES LA ELOREREZAL, »OHE
HAF L RGHMEEYL 2R ETIHEOBEAY Y AFAPEETEA LT
EMPROLSFHRTIIEZEANK, HABRLOEERBBESZ LN IBETH
B3 a.-WHEBZE—EERD L5 a-WHOKHIEFRR WG > TCr/Wnasskit &
%5 % 1= 5 #E¥E (Cr/WnasskHt : 28/15.5, 24/18.5, 20/21.5, 16/24. 5B 12/21.5) D& &
HBEERIRL 7, 2k, ZOMOTRECO2VTE, WRALKEO LD I nasskMn BT
0.3nass%Si, 7V —7HREHEO B0, 2nasskTi, U - THRERVCEMHBLFOLD
w0.04dnass¥Zr®@HML, LW CAERCHML T, HRLABACATIEES»S,
B EAMILER 2L 0. 03nassk 2 BHEL Lk, Tk, a-WHOHHHR
PRATI LD, BAELEE LT, BRLRLERVEBLALER a - WHEF
WHAESEL 200 2@BEYREL k.

ZhboMBIEoWT, BEMIE, SIREME, REHS U - THEkEE, HTGR

AY S LATARESFERCHT GRANY VAF AFMEE OB 2T, &L TH
_3_
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B, XKEPIZ7V - THEHEEERECHTGRAY VAT ADREHO SRS, BRL L
BEEDH T, Ni-20.Onass¥Cr-21. omasshWHlR O G ERBE L OFEREE L. HL,
CORETCRMRBUEAZFOLDWCHEML ZHMEOMEOSIOHEFHCRIETHETEE
EHRBFCWHERBLLECS O I ERGRD, a - WHITHBEBETUrRCWORE®
ETHLBZERALBTHD MM LA, 22T, EELTHTGRAY 7 AH A
BEDE»SWENCroF2EL 20RBREELZONZDT, (rk 1 ~2nasshB U &
Ni-18~19mass%Cr-21~22mass§WHNi-Cr-WH R E LTRBETH D AL . £,
OB CEL TR, EEAHRAEL o, - WHEAHAEZEL L b OCHELRF RS
Rfdhirh ok thd, YHEBCAULECA L EEHRNEL L TUROKN 2 E
haHZ EEL K,

2.2 BATKOBMBPR

2.2.1 LE2RAMFES

F1ROBESAETE, Ni-Cr-WO3TRRKEXO LT, a~WHIFEHOH Tr/W
tkxZ 2 -0 EEOSSRESEL ., BEMIW, 5IERSE, KEF 2 ) - THSER
CHTGRANY AT ARMAEEE V- REFEAYBER (BT ALEHAEE &
LT, Ni-18~19mass¥Cr-21~22nasskWH BIR L &, TONI-Cr-WHBILL2HET S6%
LT, ThETOBELNROERRNEAEOESHERMKEL»LAT, F4
FERELTHEMT AL EIDAEH»ORRBELN D EHFERSC, Nb, Fe, Mn,
Si, BRUYOEMHELPALALAKTHIIELENCE2RAFEELEHL, B
TH, BIREY, KEF 7V - THESERCHTGRAY ¥ A0 2R aEoBE 2
TV, LT okwE 8,

Fel ("NbD ¥ M ¥ C @ 0. 03masshbA L QM R A HEDL - 2, MnRUSICHL
T, 2hLOBMBEHTGRAY VAT AMEACH L THILBOMASEER i
HRASZLOOBILHBEROMRR TR oz, ELERLEZHFEML T
YEh ) - THRERERRRTEIAREOSDIEAHLICE> 2, BRUY
OFME, AEMTY, FIEEE, KERF 7Y - THBHFERFHTGRANY AT R
hitgEttoSrbESoMErYrR L2 ERORD Aok, &, Ni-18~
19masshCr-21~22nasskWEHEIC, T THRHEZT->LH4TEOVL 2 h 2 RFICHEN

4
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TAHEACIE, AR BAAEECWARBLELEC I EhBrRUWOEBBR I LT
ZFHLALERS D, Ni-Cr-WHAHE % Ni-18~19nasskCr-20~22nasskW & §° 5 O H
T ML 2,

2.2.2 FI3IRAMFEE

HORRELLSOTIMARORERL»S, MRVSITEFMET I LBV -7
W RN ROTEENE, SLCEBRUYOHARIMRLEVLMREZEIRT S L
OULBEREREh, 22C, ChOoOEEHLARTHIEXHNE L B3RO
HeRERToR, Tk, MECSIOFMABHEBERCHE VPRI BL- LI L
e, A ETXRI2TRTHETIZHEMLAVESLORAMEL AL, TbD, Ni-
18~19mass%Cr-20~22masskWO HFHB 2 HET 5L CHL T, Mn, Si, B, YAV
TioHENOBELYHEINTH, BIREE, X&DP7 Y - 7THFFERTFHTGRANY Y
AFAHMTHAEKE Vo AEERHIE DV TELCHBCKEL, UTOKREE .

BRUYO®HENE, BEMTHE, 5RENE, K&H 2V - 7HHFERTHTGRA
Do AHARHEYKEOEMSENTH B LML kb, nRUSioHME, BEMNT
BeERE»525500, HTGRANU VAXAFHRAMHOR LCHFS T HufEit®
BLTWS, TIOHME, HTGRAY Y AX AHHAHcEREES 25000, B
BmTHOR EESTS, £k, M, SIRVTIOBRMBAKRT Y ~ 7 B MR W A
LTHE22BEBroWTRHBLREREYBICEL P2 T,

B EOEEEMS, Ni-18~19nass%Cr-20~22nassk Wi HEFMA L L T, BRUY 2 H#
LAEMLEGSAEYTHY, Mn, SIRCTIKDVWTR, EHEHEMLRERZED S~
¥ ThikEmL

2.3 ¥&%

Iﬁ%kfﬂ%@““@ﬁ%éhtﬁmﬂéﬁtﬁ%urmﬁﬁﬁﬁ%ﬁb,bOEﬁ
HAF L RSHMEELL REREETAREBEONY VAT ARCEWTELEWAEY
PEOASSFERTIILYAMNLEL NI-Cr-WRAEEOEBRN 1T .

¥F, —EED o, WHANE TSR s ERCCr/WHEE 2, EeWREAR

OEHMROS, VY —THRERZEORDKET, 7Y - THRERVESENRZOLHICIr
N 5 J—
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PEHENMLECEEOSSYEHE LA, Z2hbofSicowT, BEMTHE, SREE,

REF 27U —7FHilsEE, HTGRNY VAN AFEHH/ERTHTGRANY VAT R
PR BREORFE X ITo R, HEFRELBN-Cr-WHRLEOFREMEHANI-18~19nass¥
Cr-21~22masskWTHdEMML k. K, ZORHELN-Cr-WHlRE2ETI45ER
wC, Nb, Fe, Mn, Si, B, YRUTI*HEHEHIVRKERRNL, E4s O RIET
HEEBRFL L, 2OHER, CrREOVWOREBZFE T L TNi-18~19nassiCr-20~22
masskWHEFTHEHEE L, BRUOUYERHEEEML LKA BELETH D, FeRUNDFINNE
T CD0.03nassh A EOBRMBIFIAHBES, £, Mn, SIRVTIRDOVTR, 65K
HEEDIRETHIEORREBL,

. S;FBASTcFEOREESEIMTIER S BH &S A2 3 5
7= D 4 IRERIFEE& = D FFEM

3.1 8 ®

BILRIPLFESRETCOELRFELORBRUFERROBEL T LD A FHEES (B
138) BT, Ni-18~19nasskCr-20~22nasshWh EFHEE L, BRUY:RES
BMLEEXEYTHD, £, Mn, SIRCTIOBRMZ D0 TR, ESTKRFT2ED
ERETHHL OB E R, 22T, Ni-18~19nasskCr-20~22nasshW % E &4l
BEl, BROYZHEARML L2 FEE LT, MRUSIOMEWRM I FTIHRM
@Eﬁ@%’?ﬁ%‘#“ﬁ‘% CEREMELEBLAROG2E2REL AL, FHEFEERBEE L TE,
HEIXETCoOBmBMIHE, SRS, KEHI Y - THEHFERFHTGRANY VAN
AR RED S, FHFELEML 2,

3.2 ASORME

Table 3. 1ERT & 5 H{L 2B A AT 5 3AEOEE IS0 T, EEFEFE LOHE
Bl00kg(EL, 2 ZRERSK) O 1 REME LML, RMFEALL, HEBEAES
7 VEEBREYIToh, BABBETERIImMOEE L A%, AFFELZC XY EZI50n0

_6_
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PEMLESRBREORSRHRELE, ThHDEEEOWT, BENIH, SRS,

KEFR 7)) —THEEE, HTGRNV VLAYV AREHHERTFHTGRANV Y LAF R
MRS ORE 2 ITo REE, HEFERINI-Cr-WHELEORBEMBEHANI-18~19nassk
Cr-21~22masskWTH D LR L k. K, ZOBRBELNI-Cr-WHALE*ETIE5ER
wC, Nb, Fe, Mn, 8i, B, YRUTI*EHEBDIVKERRNL, Br oMM RIET
BREREL L. FO0RER, CrRECWORERFTW L TNi-18~19nasskCr-20~22
masskWHEFXMME L, BRUYS2HEEERNMLAEEXBEETHY, FeRUNbDFH I
W C 0. 03nasshbh EOBMBFAAES, £, Mn, SIRVTIR2OVTR, EHKK
HEEDLIRETHIEOHEREB L.

S. S;FEASTcSE=EODOREESEIINTHIER S BH &S A 9 5
7= D 4 IxRRIFES& 5= 0 FFEM

3.1 8 #

BlAXLOLFESRETOEGSRFLEFTOFUFHERROBER LI LHFHMBEES (B
1) ‘BT, Ni-18~19nasshCr-20~22nasshkWE EF ML L L, BRUOUY2HEE
BML EEXEYTHD, £, Mn, SIRUCTIORNMEDOTR, ELIKRFTPED
ERETHDHELOEHREE R, 22T, Ni-18~19nasskCr-20~22nasshW ¥ Z &4l
BEL, BROYEHEEFRML LGSR LT, MMRUSIOBEERMIE T TIHRM
@Eé%%#ﬁ%‘ﬁ“% CERENEL B4R REL L, FHEFEREE L TE,
FEIXFTCoOBmMMIME, SERIME, KEHIZ YV - THEHFERFHTGRAY Y AN
A REO R P, BHFELEML .,

3.2 A% ORME

Table 3. 1ERT & 5 H{L 2B A AT 5 SAEO SIS0 T, EEFEF LOHE
Bl00kg(EL, 26 ZWERSK) O 1 REME LML, MMFEALK, HEEEAED
P I ERBE o, BMEBECEROMOBE LA, BEEEC L) EE 5o
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BHE L, Table .2RRT LI RERHBABEZHL .

Table 3. 154,32 &5, YOSBEIAFHEEIDEL, 0.C08nasskDFINERIT xS
LT, 8¢ XBEUOEESYCBY 29 EE VTR E0.002nasskki, € 2B 52
HiiEE0.003nass¥ CH o, ¥, BRLZTHBELEEER2RE(TE>TWE, &
DEICHEARAEEETE, YRUBOFRMEBNEEMEERL > TRV LA, MET
SIOEABRNMETCCTIHMOBELRFTTILT, RERIWEI LY,

Fig.3. 1%, RIFESOMBBEELTT, A XRUESEYORBENER, BERERY
BHDOASTH No. 2HIFCHEEEhTWEA, A€ Zik, ZhiDbPPANELR2TL
%.{HL, BEOAST No. 225Kk E{RRThTVARY, WThogEEWTY,
RSN REROBREHABESL, 20BREEXTRLS W,

Table 3.3, RFALOE Yy W —AHI &2 RT. ALXtEEYOoRECRRBRERL T,
AEZRENSCHRTRPEL LAV ERT LS,

BE, 58X M, Si, TIHM R, AEBEHFCIHAIREL, HEASES TR

Yok b,
3.3 #EmIHES

3.3.1 RBFHE

T o kRBE, BEORBREYEHETIIRS VDY S5 Y — T (Gleeble) B
LwSHETH D, BoRBHE, PAPERS5m, PAHRE20mo FEABRT
50, BERIsmoREEEHBBEELE LFRELSERL L, BorRBREER, &
EREKNO BB N IHFMAREE EERAENRFR0BEREIRABREE) TS
%, _
sREAIEEI, 700, 800, 900, 1000, 1050, 1100, 1150, 1200, 1250% TF1300CT, A
BETOMEB A M, BEBEHFONALREL T, Fig.J.28RT LI BTHEERE 2,
SREEIL, J O ANy FOBENEE %50, 8nn/s®—E (254%/sO T HERCHAT 5, )

ELTITY, FIERM S bR 2RO %,

3.3.2 ARER
Fig,3.3~Fig. 3.5, YU -7 ARBREELTT, BEORRH» S04 EOBMRD
_7__
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OBLRDT LM, BEMIAARELEHHTIEHRETHS. 2T, CORKEEHE
BE, BEICOAZFELT, UToORGz EDDIZ LET S,

H&X M, SIEFM EREY Mn, SIBRNTZOMOLERAREEX EBIER—)
PHETDIE, MECSIOFEMBEAMMIBC E > THETHIEWSI TR D,
Thid, FudBEE2@E 148D CEB0TLERIATVEZIETH D, FA4KRRE
& TLRBOHERABREREh L, £z, 82 Mn, Si, TiREM, YHEMOHER
hoahiLie, PHHEEES(FEIH CYCBWTAENIHORMECERLETRTS
RERBEAETIZPEAMELTWDZ LA HET, Mn, SiZ@EEHEMEL, YEEM
THZER L THEBENRFREBRMNIERAGEOIATOS,

3.4 FIHR#EE

3.4.1 ABRAE

BEE15mmO EEERLEM > L, FAHEE6m, FITEHR E30mOFEABIRARK
FRERL, JISG 0587TORERSEZWC L TERH»H1050C i'@@SiﬁE*%(%ﬁX&:
DWWk, 1100C2Mx - OEBEKE)TCOSRABREREL &,

3.4.2 RBRRE

© Fig.3.6(0. 2% H R UEIMRIE), Fig. 3. T(HMIMU) ROFig. 3. 8 (R #E D) w2, 358
RBEREETRT, SIRBERCEHOOCTHCEHL TH MR FSIOESHRMEFICTIER
MOBERPE TR R0A, WTFhosdEd, SERFEERAMBEL T, SHERBERY
HEMEOET, TZETHEEARAH S h WL,

3.5 RYKHE

3.5.1 ABAE&E
B 15mn D EE LA ICS00C TI000F OB 2 L KM h b, FITBER
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6 mm, ﬁﬁ%ﬁEéBOmzﬂJ??’%ﬁﬁﬂ?ﬁEﬁH‘%ﬁéﬁlb , JIS G 0587TOHERBFICL T,
ZiE, 400, 600& T 800°C CERMBMEITY, MFERFML L.

3.5.2 RABRFER

Fig.3.9~Fig. 3. 11iC, B OHMEEZ =T, O ThORSEBL T, ERAR
BROKHOBA T HYREEE RS, 88Y TR, BENACH-TI A5 -ROW
HREEIhD, HHPORE, 88X LA YHRERERT, A ZARLINR
A

B ERBREREYERLLBABEMOBREMNE T, RBREECFig. 3. 12~
Fig.3. 15T, WTFhOALLBHHMTEbTFIrLEE AALL TV, &k, ©F
NOE4bL00CUTORBERTHICLIEMETHELTWIbOD, TOEER,
HD%OMBEE I LEMTHI LV S, 3ELETE, A& Z M, Si, TR
B, YHEI OB EZEHETFTAELERTSH), PR L+HEZEEHEEZEL T
w3, BL, ZO0&gk, S00CKBIHIEELTLP/DEV,

3.8 Xx&H 2V - THERE

3.6.1 RABHE

E % 15mn0 BEELBAEH 5, FIAHER S, FTHRE X 3000 FEABER
EREEL, AEHEET37) -~ 7HFRB R L . RREEZ K00, 1000RF
1050C DAL L, SN, SRBEETHEREAREBMA000SHERE LRSI LI
wEELT, 3~4k¥EEL L,

3.6.2 REBEHER

Fig.3. 16, KEW 7 U - THKARER 2T ¥, Fig. 3. 16WCRL 27 — % %Larson
MillerA5 A -2 EHVTERRL 2X2Fig 31T, £k, ZORFERL2EFEFICK
iR EFig. 3 18ICTR T,

¥ EEYORHHKED, FHPERGom, FITHE L Um0 FRABEERRFEAHL
., EEAMEROBVRRBRER, R, KAELHEEMTETTERER S,

"*9—
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WTEhOBEEBWTL, #&X Mo, Si, B, Tiikim, 100kgiEME) @ 7Y — TR
ERRELEL, € Z 0Mn, Si, B, Tifl, 0keER) 0 2hiizkbE W, Fig. 3.18
oy hb LI, BEXEEEY Mn, SIEFENTEOMOLEMRE FERHERE
EXrBER-)OBEZR, REEMTEMGESMRICD 5.

¥, LFEHBEMNCRZER—T, BRARAEORLRDI2208E, TRbH100kgmM
DEEXEkeBEMOBEIRAEREU BT DL, A&XD 2V — THETREAR
ZL{HEV, Thik, BUGHBEOBRAFLAVCTERRERERE TRE, 2V -7
WHEENZL(ALTSAREDDITEETHEL TS,

8.7 HTGRAYV ¥ AX AhEAKHE

3.7.1 RBHAHE

HokRBAg, I0mmX5mX 2mDERTHD, HELI20080EBR - A ) —HiC Xk
ZHECREEFLALEF L, RRTHKR, RHBEANY Y LH A (Table . HHTHD,
HARBHABRRABAERE Len2S 2 D H160nl/nink Lk, RBREHRBEXKETH
5, ABEEIRIN0CT, TR B IEH  FLoBY A I AR NMENCEHBRT S
iz, MBBEIERZ tCABERE L ZEROBMOBY 4 7025 2T, REMARR
# 10008FH & L 72,

3.7.2 RBHE

Fig.3. 19, S4RRAFEAERVEBEOLDRHBLENAT S XROBEE{LE R
T, Fig.3.20, ACABTEOhLRBAIWHERET T, 2%, BEELLRFLNT
RE»S, BILOA T IPBEREL BLHEE)E RO LER £Fig 3.21KRT,

BARREOSEERVThLNATFEAXREDLELERER DR, 2HABRKT
HLTRBEREPHEELAL TS, 88X M, SIHMEREELY Mn, SiEFENTZD
o FMEAREEXERBERA-)OMILERBCRIEFBN I ELL, M, SIFEMELS
MAENHBROBRE = TRIEFVEHCRFAL TR ENEL S, 2, €& Z M,
Si, TIEEM, YHEM ORLEER bRV s, M, SiZEEBEMELTLY 2EM
L, TI*@FMET B ETHAIBMRBUEABLRZZ LR S,

B, B4RAMEOIAEERVThLO T REREREZRL TWSH, T I THRE
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HONI-Cr-WROBLSEBWTIR, CrRUWOREE YL a.-WHOKHABRETOXER
WL B THEIEhS, BEPOHBE LIBALEHFL TRV, #-T, ZOK
HEEIE T2HCHE LT, THERLDOTREIZV,

3.8 K&

Ni-18~19mass¥Cr-20~22nasskWE EEMR E L L EEREHT 5, MnRUSIOES
BRMETCTIHFRMOBEX RN T I L AN LASHEFOAEZRAFL, TONE
FlE T ko

MR OSiOEEHENEBREMIHRETEEIH, 2 - THEBEL2bT AL
243, TIOEMEHTGRAY YANAFMAMERXETE €&, &5 CHMRIEIE
PEOLAEMEAS D, TOLIK, Mn, SIRUVTIOHFMORBER, BRIEHALPLE -
tt, Lh—EokEmECET S, BREFYRHREBIEGHAML ka8
WT, MECSIOEEFEMAETCTIRNOEELERNT IO/ ZL CHMTL &,

¥, BURHEBOBERFZ AV TABRELREITAE, 2V - THREOR LY
BFTELLHEL 2,

4. SEBASTHEOE ST INTSHR E2HH S A& I D
7= b D 5 IRARNMF & 5= D FFM

4.1 H B

E1RIOEARETOEERFLLORUETERBROERS S, Ni-18~19masskCr
-20~22nasshWE ERERE L, B&.U’Y%?Eﬁ'i%ﬁbﬁ LEg&RlESTHdh, iz, Mn,
SIRUTIORME D WTIR, SLERHLEDIRETHZ LORKREBL, 22T,
Ni-18~19mass¥Cr-20~22masshW e &M E L, BRFYXHAEML L4& 28R
LT, MEVSIOEAENMECRTISENOEEERFTIZIE2EMNE LEES RO
SE&PREL L, SHEMEB G, MEMTHE, SIERMNE, HOFE, X7V -7

BHEMERECHTGRAY AT AGREETH 5,
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HONI-Cr-WHROEBEEVTIR, (rRUVWOREEL a,-WHOKHABETOEER
BB TSD s, RBIEWOMHECL3BAERMFL Tk, T, TOM
BRIEEIET2HCHEEL T, THEELOTREL,

3.8 REFWE

Ni-18~19nass¥Cr-20~22masskWE HEAXHMM & L L EERCHT 5, MnRUSIiOoHEE
FNECCTIRMOBEERNTHLEENE L E3EEOBSERIFL, 20K
& o e,

MR USiOESENEHREMIHERET I, 2V - THEEE*bT AL
X3, TIOEMEHTGRAY VAN AFMAER2ETE R, EOCHYKIEERZHE
PEHATMENEASD D, 2ok, Mn, SIRUVTIOHENOBRE, QEHLALCR
EH, Eh—BoMittmbcET 5420, BRUYRHEYRSVESENL &K
WT, MEVPSIOEAENEFETIHRMOBELFRFTI00NZH EHEL &,

Fr, BULEBHEOBERF*RVTERABELAETRE, 2V - THEOR LR
HiFTEALHEL &,

4. sBAasSscHEoESEHEINIR EBEA G W 3 5
7= 3b D B 5 IXRARE & = @ FF

4.1 B B

BIRPLEARETORERAF L ZORBRUFTHEAROER2» S, Ni-18~19massilr
-20~22masskWH EEMERKE L, BEL.UY%?E:%'%DU LR ELTHD, £, Mn,
SIRUTIOERMIE D VWTIR, SLUEUBRFLREDINETHIHLORERBL. £Z T,
Ni-18~19mass%Cr-20~22nasskW 2 EX#ER & L, BRUY2EAGTML &2
FLT, MEVSIOESHRMECETIHRNOEELRHATIZELENE LEBERD
EEBREL 2, BUHEMEB G, SBEMINE, SUERMSE, RHME, XKFI7V -7

BWEERUHTGRANY YLAH AGHEBHETH D,
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4.2 5LOHE

Table 4. 1@ RT & D HILBEHEME AT I3 HEEOAGE VT, REFHFKINE
BE0kg DA BT >, BREBE TEROmoEE L%, BABELC LY ERELmMD
HHE L, Table 4.2 RT L) BRKBLELNEL &,

Fig. 4. 1w, AF20MBEEY 7T, A2X-IoMANER, BEEREERVO
ASTM No. 2R XA I A TVE M, RFANCREAIDLPPHNOB 2L H D, &
SY-TORZEEDL, BSEHELYS) OAS No. 2HEKRABEEATVISF, 887Z-
Tk, hihbePEMER>TWS, HL, BEOASTE No. 226K ECRIETH
Ty, WTFhOBLCEVTL, HBEMACREBROREHRBEACHEZNT,
BEELBABETSCRINA TN S,

Table 4.3, RFELOECy I - AL 27T, 3HFLOFTRBIEFL T, Table
IR LEHARRAFOALZEBERETHY, AEXRUAEYCHATRPES
PN ERGhD,

hE, 8€X-1 M, Si, TIHEME, BERCIARREEL, HEESAS> TR E

WZXdo

4.3 BEmMITHES

4.3.1 RBHE

3.3. 1fiTHRREQLRA—ORBEBRVOCEA-—FEROKRBFERACTTY - TR
BETok, RBAE, ERISmoBBRERAMELT EFASI»SERIL &2,

SERE W, 700, 800, 900, 1000, 1050, 1100, 1150, 1200, 1250% ¥1300CT, &
B ORBE MG, BEREHOMBERREL T, Fig.l. 28T T3 RAEEH 2,
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Fig. 3.1 Microstructures of the fourth experimental alloys.
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Fig. 3.10 Microstructures of alloy Y aged at 800°C for 1000 h.
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Fig. 3.11 Microstructures of alloy Z aged at 800°C for 1000 h.
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Fig. 3.12 Results of tension tests at RT for the fourth experimental

alloys.
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Fig. 3.13 Results of tension tests at 400°C for the fourth
experimental alloys.
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Fig. 3.14 Results of tension tests at 600°C for the fourth
experimental alloys.
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Fig. 3.15 Results of tension tests at 800°C for the fourth
experimental alloys.
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Fig. 3.16 Relation between applied stress and time to rupture
for the fourth experimental alloys.
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Fig. 3.17 Relation between applied stress and Larson-Miller
parameter for the fourth experimental alloys.
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Fig. 3.18 Relation between applied stress and Larson-Miller parameter
for the fourth experimental alloys (regression lines).
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Fig. 3.20 Comparison of carbon gain due to exposure to JAERI-type B
helium at 1000°C for 1000 h.
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Fig. 3.21 Comparison of oxygen pick up due to exposure to JAERI-type
B helium at 1000°C for 1000 h.
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Fig. 4.1 Microstructures of the fifth experimental alloys.
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Fig. 4.8(a) Microstructures of alloy X-II aged at 800°C for 1000 h.
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Fig. 4.8(b) Microstructures of alloy X-II aged at 900°C for 1000 h.
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Fig. 4.11 Results of tension tests at RT for the fifth experimental

alloys.
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Fig. 4.12 Results of tension tests at 400°C for the fifth experimental
alloys.
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Fig. 4.13 Results of tension tests at 600°C for the fifth experimental

alloys.
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Fig. 4.14 Results of tension tests at 800°C for the fifth experimental
alloys.
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Fig. 4.15 Relation between applied stress and time to rupture for the
fifth experimental alloys.
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Fig. 4.16 Relation between applied stress and Larson-Miller
parameter for the fifth experimental alloys.
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Fig. 4.17 Relation between applied stress and Larson-Miller parameter
for the fifth experimental alloys (regression lines).

Alloy Y -1 12222 | for 1000h
Hastelloy XR 13‘3822
|

0 i | 2

Mass gadin, mgq /cm®

Fig. 4.18 Comparison of mass change due to exposure to JAERI-type B
helium for 1000 h.
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Fig. 4.20 Comparison of oxygen pickup due to exposure to JAERI-type
B helium for 1000 h.
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Fig. 5.12 Results of tension tests at RT for the sixth
experimental alloys.
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Fig. 5.13 Results of tension tests at 400°C for the sixth
experimental alloys.
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Fig. 5.16 Relation between applied stress and time to rupture
for the sixth experimental alloys.
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Fig. 5.17 Relation between applied stress and Larson-Miller
parameter for the sixth experimental alloys.
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Fig. 5.18 Relation between applied stress and Larson-Miller
parameter for the sixth experimental alloys
(Regression lines).
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Fig. 5.19 Comparison of mass change due to exposure to JAERI-type B
helium for 1000 h,
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Fig. 5.20 Comparison of carbon gain due to exposure to JAERI-type B
helium for 1000 h. :
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Fig. 5.21 Comparison of oxygen pickup due to exposure to JAERI-type
B helium for 1000 h.



