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Influence of heating rate on corrcsicn behavior of Ni-base heat resistant

alloys in simulated VHTR helium environment

Yuji KURATA and Tatsuc KONDC

Department of Fuels and Materials Research

Tokai Research Establishment, JAERI

{ Received March 28, 1985 }

The influence of heating rate on corresion and carbon transfer was
studied for Ni-base heat resistant alloys exposed to simulated VHTR(very
high temperature reactor) coolant environment, Special attention was focused
to relationship between oxidation.and carburization at early stage of
exposure, Tests were conducted on two heats of Hastelloy ¥R with different
boren{B) content and the developmental alloys, 113MA and KSN. Two kinds
of heating rates, i.e. 80°C/min and 2°C/min, were employed. Corrosion
tests were carried out at 900°C up te 500 h in JAERI Type B helium, one
of the simulated VHTR primary coolant specifications. Under higher heating
rate, oxidation resistance of both heats of Hastelloy XR{2.8 ppmB and
40 ppmB) were equivalent and among the best, then KSN and 113MA followed
in the order. Under lower heating rate only alloy, i.e. Hastelloy XR with
2.8 ppmB, showed some deteriorated oxidation resistance while all others
being unaffected by the heating rate. On the other hand the carbon transfer
behavior showed strong dependence on the heating rate. In case of higher
heating rate, significant carburization occured at early stage of exposure
and thereafter the progress of carburization was slow in all the alloys.

On the other hand only slow carburization was the case throughout the
exposure in case of lower heating rate. The carburization in VHTR helium
environment was interpreted as to be affected by oxide film formaticon

in the early stage of exposure. The carbon pick-up was largest in Hastelloy
¥R with 40 ppmB and it was followed by Hastellcy ¥R with 2.8 ppmB. 113MA
and KSN were carburized only slightly. The observed difference of carben
pick-up among the alloys tested was interpreted to be attributed mainly

to the difference of the carbon activity, the carbide precipitation

characteristics among the alloys tested,

Keywords: Corrosion, Oxidation, Carburization, Heating Rate, VHTR Helium,
Carbon Pick-up, Oxide Film, Carbon Activity, Hastelloy XR,

Temperature Dependence
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Thb, T, BREELTEBRELREME YO ORZFSHEOELERL T 5,
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BREA—ERDTAEMGEDLNEN, (NS, FIEERREEBLOETICHE IR o LB
& DOHEERICLE->TVARELNEL,, BREBERORIENAAT oM XRBRLE(, KO
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FEREEMSEVESICR, BRI ENTBCESRES T HEE CHEERRN LN 57
¥, #ORicEmicHECELERTER S, 900°C Kk it 5REE C OBbEEE L TEIT L
EEZ LA, R, WAOREMRET, TEREFRLEE, ¢ orREiBER S BRIE
AHELTERIETL TR EABLIENETE S,

FEBTEONTEETR], BRERAXF oA XRODFyHEM, BF7FEAHEC, 113
MA £ KSN OBREBEDTHTH -1, FHLOMETE 00 FRBHAY v ath
T TR LA EEILEFRVEDARF o4 XR (28ppmB ), 113MA KSN & 900 °C
THRFEL, BEBEH-XR > 113MA=KSN THY, £ 1000°C TRERTEN AT oA
XR B0 1I3MA (EFERT 24, KSNEBHEL TV, CHoDEHEIEARNCEITHE
SLAEMOREBEROMBIC LA ELTHBESN TV, AT o4 XRIZDVTH v REE
mANHE A~ ER T, ko BRI RERES LG 0N, FoRREERT ERRE
AR EobnTe S M T EBRRR TR, WRLEILE S oS IREET, dh
EnzFu4XRMEG L, CITHDONEEELBORREOEZHEILECZECIT LD



JAERI —M 85 — 053

XL LAKROBEERML L Type 36 M Tisfiah T3 ) L9 w A 0RETRSOE
WLk - TWA EFZ HRS, Photo, 15% £ 0 Photo. 16 i 900°C TH00 h BRRK 2 17-7
ChoEBLIOPFE v RENZT oA XROBIEEEL 20 EF0EREE LTS, Photo.
wi&$vﬁﬁ.me.mw¢$o$M®%ﬂ%nH%Lt§§@m%$;UA—H%ﬁﬁ
GBEEE, n—7Fvens vy, K 14—, KEH: 1-7:1:7) TERBEALT
7 & BT H 5. Photo. 15 OEFIRMTH, BIEFBEEPLEL, FLHABLURA
WHAR DR A o N A2 T <, RNICERIR S 2 I RO RIS HE (Ev o h
%, —7, Photo. 16 @k 9 R T, BIEEGEE, NABLIONAICEHENR S0
RoRIHIED SN B, EREBED ORI E T 28ke 2 Vil EHRoRIEHIBIE LA
FA LRI, MR ahiRoR/MmPEiE {EnonTus, ~nAFaqf XROP
R EMORBIREDREVERE, SENDRFEROEAS LV ERI/ O EEE, ol
BEANEL LD THEASLELLN S,

4. Ft e
4.1 ERMEEH

FEEEOBWVICE T, HobB{LEFIGEVSEA SHAZDE, BFvE 2704 XR
THD, PrEIEARFOAXR, IISMABLUKSN Gf&EOS L TH 7, $72, B
HEOASE L SV EPMASEBOERTR, “ B0 A7 04 XROVTNTS, FREFENE
WIHE & R THIEEE MBS &I, @ﬂ:ﬁ’zﬂkzﬂ%ﬁf HMnAb < Cr BV ERLEMTSE,
BEICEFE LTV, TR ER 7 FMICHFEORERZ TR UM -7 11I3MABLUKSN

TIRBHEHEDEVICL AEB(LEOBHOBEVEZD S NG o7,

BABMGBONA T4 XRIEDOTFEMBEA~ ) 7 s TOMfaHA B L R TE, X
BEEERNCOVTHHEEA LT IBBICHLTE, HBHCECPRED CNLIBADH D,
i b OMERICEEDH AR T L LT, EmicEiksNsMnCr, 0, A EX VvER{CEDEM
MBI AL DERIE OEVESEFsnk 1Y, 2T, ARBORBIKSLTLID 2
B DO TDWEEIT -7, Fig. TR TRB LA _BEO N2 7 o1 XR @ 900°C,500 h i
SROEBFC O VTHEAL D XEEF AT ->TMuCr, 0, DEHE-—I7F2OHBE LIS
DTCHDH, et bBIES LTEMnCr,04 & Cr, 03 @A E - 7 BRD o1 ch, T
THABOBILEHETH A MnCr: O DEEITE— /B S 2R L Tv 5, FREEFEVES
ik, (220) @\ (440) ELOEERE -7 AW R0, £NGICHELT (311) @rs
DEFTE— 2 BEL S5 & IHEEBEED NS, TOMRIE (220),7(311) 503 (440)
(311 OESHAEHE -~ /B0 EE-7cd &, BicBErvEHOSEREFLV LWL, &
ki EABEIO AR T 0 4 XR ORI S R ESECEaoER ) EisL T
Wh,

F7, ALOERNEIELTE, ~Z2Fu 4 XROEBEREMBLOD s o EMOERR 3



JAERI —M 85— (53

LA LAF v BERML Type 3IMTIEAINTL S ) k3 aEDREFESNE
WL 2TV B EEA SIS, Photo. 158 XU Photo. 16 13 900°C T 500 h IR REER 44T 7-
MARTHRBIFFRIFENZRT o4 XR DBIERE S L U7 D EOMBEEL T3, Photo.
153 1& & o %4, Photo., 16RP R o EMOzNFhIE L2 oMBELU0 A - 1EEK
GBEER n—7Frens/ vy, K o/ -, KHE; 1:7:1:7) TEEREARTT
72 &BHETH 5, Photo. 15 DE+IREF TR, BEREEIPPEC, $A4MASLURW
ICHR DRI BRD SN BT TR, BRKRIRS 2 VEEHROR(LDEE (v oh
%o —7%, Photo. 16 dhd IFM T, BALBIRITAC, Rifs LR MICE i A & 75588
RopithEvon sy, FEREEHONALNPNCEY 2K 2 0 IEHKROREMZIT LA
EB ORI ED RN BRI SRR ORI E B SR TG, ~AF o XR O
F o EMOBREFEZCEEE, SEROKRFFROEND 50 3RO HERE, ol
BEABENM LD THALIEZFL LN S,

4.1 B &S

HEHEEFEDFEWICL - T, FohicB{bEE#IicECBEE Sz, KEoFE 2704 XR
THY, PEoEARFOALXR, IBMASLIUKSN 3B OEDPTE -T2, 72, Bk
FEOABE LUV EPMABEORERETR, "B XFuo/XROVENTE, SREEIR
WSS L HRTHRIBEESECG &, BRICKEXROTEIMo /0 Cr #E0BRIES TS,
B EAE U Toid, TRRES SRIMCREORETE G s/ 1I3IMABLUKSN
TRHABFEEOEVICL Z2BILROBHEDENLED SNIL o7,

BABBMEDNZF oA XRIEDOGTEABE~Y 7 b TORGHE R L AAERTE, =
TOLHSCONTEFEAHLE LB LTS, MEB{LETENEED SN LEH5050,
Rt oEIBEEDHARF L LT, REHKEXENEMnCr,0, AR vBRILEDER
Mk AVEALOERNEDBVENER s n: 1Y 2T FEBROBRBICOVWTLID 2
HEONWTORAFIT o7, Fig. TR TEBRLAZEBEO 27 o4 XR D 900°C,500h &
BEORBFICOVTERLD XEIH 2T ->TMnCr, O, i -2 S SO E Lz b
DTHD, MASE SEHIEEE LTEMCr, 04 & Cr,05 @EWT E — 7 B8R Shichi, CC
THABOBILEETHEAMnCr; O, O&HAF E—/E S LB L T 3, FEEEINECES
ik (220) T (440) D HOEHTE — 7 55 < B0, ZHREICKELT (311) Fhd
DEH =7 BB L5 &S tEmAEn b b, FOMEAE (220)7(311) & 50 (440)
J{311) OESHERY— 7S a0k E & ofcl &, BCEROEMOBETELVEVZ, &
(oo~ T B EES D AR T 0 4 XR OREICET aMBHMLESBEOEAoE S EHELT
(ARSI

17, SGLOEREELELTE, ~2xF7o 4 XRDERVEHBL D oFRM ORI

i6_



JAERI—M 85 — 053

T E EEGLE L A EOFER S DU &N, HEREEASTM N3~ 4 ZHRICRES
Nt L0 THS, Photo, 17 # & FPhoto. 18 idf+ o #2741 XR® 24h, 100h, 500h
BAESRBOSBHEE, TNENRREAESENESLBOBEKOVTRLTY 5. &1,
Photo. 19 4 4 ¥ Photo. 20 i fkicihm oz 7o 4 XR OERTH 5, Bk v RMFEF
& BAC AR TR FPPR X0, BRAEOEVICS - THB{LEZ L ORD Dh il
o F iz -0 T, Photo, 174 £ Photo. 18 R BEEOES HBF 2B LTS, MEHE
DERAH LAY, FHERE LML > TOEL, 5T, EroHE N 2T o4 XROBRRE L
FHORBEEDRBE TR—TH -7 L0 I TEATE, CCTRDONIHBEREDRNICE
LIEE ORI, A20RBRECERT2 b0 TREVNEVA S,
@kéﬁm&ﬁﬁ%ﬁﬁ£®%ﬁméwfu,@¢@ﬁﬂz%o4XRmﬁLf,ﬁﬁﬁﬁ®
B C L BB O K& A5 511, Mn Cr, O, BILEOE mEHE L B A A Z D oS,
CoT WA ESd ARTIC OV TER UM TE TN, 3o LE
i o L TE VS, BIEEH LN TV AR MM ON AT o4 XR T HiHEE
DEESRBOMT, R ICESES A ZERTHRER I ATOEGE, T T TRD SN R
EHOEVCI L ATREEOZADEHREMOPIKLETHS Do

4.2 MERRED

SRR AEEICEOESICE, AeERARAEETEDNSANC, RRGBLL ERICE
h, FC TREBMIEE LLERRMSE-TV S, 1k, AREEAEVIEEHLVREREREDN
FTBIETELN TV AESTE, BRIICOBMEEZE L TRACETLTVE LS50
B, CHODERIE, BRI AFSHITOBEEDE L UHBORNZBEHMTO ETERTL
o OREAREL T S,

L epBRRESHESICEANIIEE, SSEATPEERRENZACELTOSE EF LOEERY
DAL, FEOERERELY, SEFAFTERG K S 5BRIEREE, REHRIC
LT EOEINELCERAMIATOEEVDCENTEL, NV LPTHY ) = TREH
USSR TAMATE 8E, TERERL T BBRILKESTA, Bilyvasitid TR
AR EEEEET 5720, 20 TRELVBEMESL I EBTHENS, Chig, TTRHES
nTw B~y wahTos Y -7 U8 oppar U9 e i) 2 iR ORI HoR RE D
BE N IEBERL KL TWE, $1, RESBRILEENER SN LGP 2D, BE
OWHENSED LSBT R BIERKE, FLTELVERMSRESCEPESINS, SRAA
FEESTEE SN ABLEEE, A4EMAER LTV 3LIUBETOELLEREN CL
WAEELH LN, CLTEONAEERER, SR, S2ORKRERSECBRRLPIOARI
SnCid, BLEEEEL TLRAIBRIGETLTED, CokIETHKTERE NS
&ﬁ@%éﬁmﬁﬁ%%¢iﬁﬁ%®Td@w&%wiéo%%,%ﬁﬁXﬁﬁ@ﬁ?%ﬁéh
B L BEROUEEH O AT A0, BULBREBIURESRT v v » VIEHRTO
REgo, EEMORZIKEEORFSFELETES D0

= AP EEE T ORSRICES T 3 7 ARG LT, REAFROIIUREHELSN



JAERI —-M 85—053

CHy ~(C) + 2H, e (1)
CO+H, 2 [C) +H, O rvemeeees (2)
2CO S (C) + COy e (3)

IO DRFEFERBFEERiC LWL, UTORLSEDETEMHTE S,
ac, = (p(JH4/p2H_2) D QT PRE P {4)
ag, = (Pog* Py, Py,o) *Ke oo (5}
ag, = (1:'2(,’0/13002).K3 ............... (6)

LT Ki, Ky, Ky BERGOTEERCHY, BEAO A AvF— (4G%) ZRDL
HICRAHRT W 515, '

4G5
In K= — —— e ('”
RT
R AGUAEH, TE#diRETHds,
(1) ~(3) DR IEOE hx 2o P
(NRic L 4G% = 16520 — 1225 TLog T + 1562T oo (8}
(ARic L 4GY% =— 30550 + 4.48T LogT + 1874T  -ooovveeees (9)
(ARl 4GS =— 40800 + 41.7T e (10

CCTERISNTO AR ZFELA~Y 7 4P TORATH, BAWICEFEEREITHEL A
2 AHETHRRA LS STV EHY TH S, Collin 5% #iT-t & HR(I~31E 4D
RIGHAT DTS IC AL S B 4R E LT, BRI BEIA) 7 AOERISIC X AREERETR L
HEHEAFig, 8 Thd, RNORIETHETBEA~Y v 43, SFHEERREERDS | Z-A, K
FORdE b b4, 2BXUBAORIETE, ¥ ADRZHRIL 800~ 1000°C T10 >~ 107°
DEFEFHEL>TW 5,

R ALY 9 L B TRMA ARG OBEE A THARRET - WE TR, TOR
WEBC CH, BAEEBL L ELIER B smohcuns, g4, Collin 64, ¢
CH, —H, DRIETHEEBR S ¥ TCH, H, N, RTO) RORGEEE KD () &30
CO—H, —CO», —H,0 —CH, —N,; ZT~3ROKGEEZ#ET L, BEDIEE, 210K
AR RORBFIGTH L E LTS P, @Ry AFEMSIE CO —H, —CO; ~H,0 —CH,
—He T, #EBEOREHLTVEY, Collin bOEBEORXIEIHELRZ, Collin
SmEWETFe -C A%l ODORE L FHG THBIRBEETE L Ly oidL, AEBRT
Hui-a4id, CoTRBLAN) 9 o SEA TRBACBILEBERKRT AL THE, K-T,
B LD RIGHEORIERESY, BEEARAOERCHOTREHIIERTELL, ARETHOL

B, BEAAFEERSTEH O &H, OFATTRAOCL 3 i Microclimate RIGHES LV D
goe @) gk 2 2 2 TRAROEORFIEEEMEL LTL20TH,

1 1 H. H, O
— CryCa+ —Cr 0z _, 3Cr+CO
3 3 L e



JAERI—M 85 —053

L@IcHLTh, ARENIKRHATELEKE T, ALFECBIUEEPELEORET,
(1O CH, H, ZORIEHHE D REOBITHAEL 2L LHEHLN TS,
REEEAEILERB L UM OBREEOLED S E, ASFMPEREZRETHARLE
BLTELOBRSESEAE, RERIEEL B TRACRRPETTEBE0H5 T LHR
Shtds, COXHBHELMICRES 2 ODBRBENSEETL LV LR, THENORKE
RIS LTV AREHRE-TWEDTHAEVAL RSN S, FORRBIBICEDL IURIDG
SRS LT B0, 58S SKHRT 2 46E0H 2, HEAZASRMAEEL THLVE
RAOEAEEHIBAKE, (VO CHHHEE 4 25IELEES A, BRICEEAMAL Tha ICRED

BaLEHMEE COBAVEH, 5T (21320 RBIOLSIURIEAFE LTVIELHE

Zoilhe

5. #H B

FOEBSHRORS 2EEDO 27 4 XR EPHBMGEAERICHES N/CSSS113M
ABLUKSN AL~ o chBABBICRITRREZOLE LR/ BBREEITOR
B A 80°C /min & 2°C/min® 284 & L, 900 °C TORHBEA) v oth TOR QAR
BT - F B R, B FORIR %187,

(1) SEEESEGES WHEtEE 2724 XR (W0ppmB B8L£U 28 ppm B ) Milkbk

{, BWTKSN, 1I3MADETH 0, EROEBRBERE L7

(2) HEFEEASEVESIE, 28ppmB ASUDEFIE N RF oA XR EZROTE, HAbE
EEASEVIES LN TR O Z b TP Th T, BFUHENART oA XR K2VTI,
RILEEHNEVES K, HREFROMIC SRBIMEAE - 1.

(3) MEHEEL, KESCEEL T, FRAXEORECEVELHEHEENEY SN, F
EHE ASHVIB AT, PEIIE LORRIED, T0RIEBYIPPICERRIELDICHL,
SEEEIGEEAIE, TIHOELVLERIVIBEELEALNT, BRI S CHITET
Lte CHOORE, SEARXFEEFALKTORKESE, MBORcL 2EBRLGL D
BANKICERLTOWAEIEERLT S,

(4) BRBICHELTE, 40ppmBASLHFIENRF oA XRPHESLEL, T 28ppm
BAATERvE 2Fu4 XR Tho, 113MABLCPKSN @& HRRE@E RIS,
REBELTROTDTH 1. ALMORKREDOEC R, LEaGERORRERSH LA
RA O HE, FFHOLBSHoETERNL TV AEEL LN,

E

X SEHERICE U EE A - TR OAFHBRE, EPMABE TEF 70720 7 RHIE
ERS LERBERCOLTHRBL T EABKICRHEL £1,



JAERI—M 85— 053

LLHTHLTH, AEEMCAEHATSCLICE-T, 2FEmICBRILEATEER LIEWIRET,
(1130 CH,—H; RORIENHEE D REOBFTHEL 3 LHTHOLAT B,

REREEE L ERE L UTNLORREEONES S, ALXMIEEZRESRA L
BLTELOBRMESIEA L, BERIEEBL TR ICERIETTBBE05 5 LR
AN, COXDBPLHPICES 2 DORFEBVEETEEVI LR, TNTHORKEA
BicME LTV ANERR-TVAOTHREVWAEHRENE, FORRBEIREDL HLERIE
AEE LTOBhE, SRS SUHET ZHENRE 25, HEAZSLTMPBHLCEL VR
A Bk SR AICE, (110 CH, A5 ¢ 3RS GRS 2, BLEESEL T KBRS
E5E3EEE CObBVIEH, AR5 T 502520 RIBIOEIEIENFL LTORELE
% 56N 5, '

il

5. #&

T o ERSERORS EHFO 2704 XR SHEBRKBEEEERICHEREINASSS113M
ABLIUKSN LD~ v ahBAEHICRETRREEORBLEA~N, HREEITOR
B4 80°C ., /min & 2°C/min @ 2R & L, 900 °C TOFRHBAH A~V v Lh TORAFER
T8, UToMR%EE.

(1) FEEE EOBS, itz ~27a4 XR (0ppmB 8L U 28 ppm B ) b &

{ EOTKSN, 113MADIETH D, HROERERL —5 Lz,

(2) REFEESBOEAIE, 28ppmB A2EUEF YE SR T o4 XR ARV TE, SR
EAEOIES LN T LD ZEZIO TR TH o, EBFvFENRT oM XRIE2VTIE,
SHREESE VRS, HBEFOMIC SBR{LESE T -7,

(3) BRI, S4B LT, FREEOENVCLVELHEHESED oI, A
EEEAGECE SR, PHICE LVERSED, T0REBYAIWPICERRPELDITHL,
BIEEEIEVESWCE, PHOFELVEBREOIRENSALNT, BRI S 0HICET
L. 2hooERE, DHEARESESTOREREHEZ, THoB ek 58RKIEED
BEAMASCBERELTVWAILEERL TS,

(4) EHRBICELTIE, 40ppmBAEL Ty FEN AT oA XRHAFEE L, BVT 28ppm
BAa&trEs g 2504 XR THY, 113MABLTKSN 3H FRRERZ RS D,
BRBELTEDEDOTH > ARMOBRKEDOE R, TKERNORKERS LN
R OF HERE, FHOLBISFoRIERNL ThitFELLNI,

#

XEERERICELET A - T AR OAFEREK, EPMABRE TG /Z0 o 4IE
ERS SICEBEERIC DO THR L T ffu CRHERCERMEL =7,



i e st M S Al i L S W Al e e e e E .

JAERI—M 85— 053

OAECH LTS, GEETCAEHATLILLRE ST, A8RTCRIEEENK L TWIRET,
(1VRDOCH,—H, ZONMIESE DIREOBTIHEL 2T EPHHONT VS,

RREEFZEANLERSIUTNOORBEZEOE P 513, ASKMPERREIEZHKL
BLTE LVEBRSELBEE, KER(UEEEL TRACEBRVPETTIHEMD 5T LR
ENfhs, COEOSRHLHICES I H>ORBARMSEET S LVS LR, TAETNORKE
BEirEE5 LT AREHRE- TV A0 TREOALERINE, YORREBEBIR QX 5 BRI
A LT AL, SRIOIKHETINENS B4, HEAEELFHMPABHLTELVER
BAH AL O EESIE, (1)0 CH, AMS ¢ 55654, BILRELEL THRA ITRRN
HLLHHES COFLIVRH, PHET52)5 50 BBIOLIBRIENEHEG LTI LEE
ZGid, )

i

5. &

FORSHBEORZ 2BHEORF o4 XR EPHARBRBEHEER ICHAESNIZSSS113M
ABIFKSN L0~ v ahBARBCRETHEEEOEEL A, AREELTOR
BEREEA 80°C /min & 2°C./min @ 2R & L, 900 °C TORHEBAEA~Y 9 ath TORAHEE
T - 1SR, LM ofsB %18,

(1) SEEREHEOES, Mz 25704 XR (40ppmB HBL U 28ppm B kb X

¢, ¥ TKSN, 1I3MADIETH D, HROERERE - L1

(2) FEEEABNESICE, 28ppmB AEDESvE AR T o4 XR EROVTE, Fil
REEME OB & R THBLEO Z b L TH o, MR TFENRT oA XRK20TE,
SREEAEVESIC, HEAFOMIC S BR{LESER T -7,

(3) BREmEEd, SASKHBLT, BEEEOEVCIOELLIHEENED oNf,
g A RIS SICE, TIcE LOERSED, T0RE03WrCREIELDICH L,
FERESECESIE, IHOFELVRKREVCHIEZBALNT, BRIZDLPhITHET
L. ZhoofEEl, SRFMAEEESTORREHIL, Mok 3EEILED
HAMHRKELBRLTVAZEERLTV S,

(4) BRRICELTIE, 40ppmB A& HER9 T AT o4 XRBBEGEL, HLT 28ppm
BA&StrEkof 2704 XR Tho, 113MABIUKSN ZHFRRERZTRTH,
Eﬁ%&bfubf@f%otoé&%wﬁﬁﬁmﬁwu,%Ké&ﬁ®ﬁﬁ%§%%w@
B HGE, FHo LB SSoRcERLTO 5 L5,

# OB

X AR ERCBUEEEN > TW O FRRER, EPMABIE TR o720 7ok
EFERS OREBERCOVTEH@ML TOE0 A BHERRKCEHARL 7,



JAERT—M 85— 053

BELH

(1)

(2)

(3)

(4)
(5)
(6)
(7)
(8)
(9

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)

(19)
(20)
(21)

(22)

(23)

(24)
{25)

F.A.U, Huddle : Proc. Conf. Effects of Environment on Material
Properties in Nuclear Systems, July 1-2, 1971, paper 17, British
Nuclear Energy Society (1971),.

R.A.U, Huddle : Proc. Conf. High Temperature Reactor and Process
Applications; November 26-28, 1974, paper 40, British Nuclear
Energy Society.

T. Kondo : Proc. Conf, Gas-Cooled Reactors Today, Bristol, England,
September 20-24, 1982, papér 95, British Nuclear Society (1983).
H. Inouye : Nucl. Technol., 66 (1984) 392.

Frigk, JTHE - #REEE, 62 (1976) 1540.

ilE, J#k o gkld, 68 (1982) 1628.

A, JHE : JAERI-M 9948 (1982). |
A.V. Dean : KFA-IRW-1B-24/78, Kernforchungsanlage, Jilich (1978).
G.Y. Lai and W.R. Johnson : GA-Al5790, General Atomic Company
(1980},

#itE, K, JiBE: JAERI-M 83 — 108 (1983).

ok, HEE Ji8: JAERI-M 83— 093 (1983) .

el T REXK

ik, HH, K, T : JAERI-M 83 —107 (1983) .
HE - AME

MR HRETAHEEE, 23 (1981) 324,

BH : #ME

Y. Kurata, Y. Ogawa and T. Kondo : Nucl. Technol., 66 (1984) 250.
M. Tamura et al, : Proc. Conf, Gas-Cooled Reactors Today, Bristol,
England, September 20-24, 1982, paper 101, British Nuclear Energy
Society (1983).

H. Tsuji and T. Kondo : Nucl., Technol., 66 (1984) 347,

K.G.E. Brenner and L.W. Graham': Nucl. Technol., 66 (1984) 404,
0, Kubaschewski and E. Evance : Metallurgical Thermochemistry,
Pergamon Press, New York (1958).

R. Collin, S. Gunnarson and D, Thulin : Journal of The Iron and
Steel Imstitute, 210 (1972) 777.

W.R. Johnson and L.D. Thompson : GA-Al5565 (1979},

W.R. Johnson and M.T. Simnad : GA-Al6462 (1982).

R. Collin, M. Brachaczek and D. Thulin : Journal of The Iron and
Steel Institute, 207 (1969) 1122,

— 10 —



JAERI—M 85— 053

Table 1 Chemical composition of specimens (wt%),

c Si Mn Ni tr W Mo Fe Co Al Ti r B
H-xR {0.07 0.27 0.88 bal. 21.90 0.47 9.13 18.23 0.04 0.03 0.02 - 2.8*
H-¥R {0.07 0.27 0.87 bal. 21.96 0.46 9.24 18.330.12 0.03 0.05 - 40*
11344 {0.033 0.03 0.01 bal. 22.96 18.08 -  0.04 0.02 0.002 0.51 0.03 -
KSN 0.03 0.0420.009 bal. 15.26 25.26 -  0.72 0.005 0.11 0.26 0.029 -
*.ppm
Table 2 Impurity Tevels in JAERI Type B helium (patm).
H, H,0 co G0, CHy
200 - 210 0.8 -1.2 100 - 110 2 -3 5-6

Table 3 Results of exposure tests at 900°C in JAERI
Type B helium,

Time Higher heating rate Lower heating rate
Material |at 900°C |Weight gain | Carbon pick-up | Weight gain|Carbon pick-up
(h) (mg/cmz) (mg/cmg) (mg/cme) (mg/cme)
H~XR 24 0.128 0,027 0,186 -0,008
(2.8ppmB)} 50 0,183 0.007 0.226 0.007
100 0.210 0.021% 0,352 -0,003
237 0.277 0.035 0,509 0.016
500 0.362 0.042 0.564 0.013
H-XR 24 0.151 0.041% . 0,137 0.0c2
(40ppmB) 50 0.173 0.034 0,173 0,067
10G 0.192 0.041 0.210 0,007
237 0.283 0.054 0.333 0.015
500 0.336 0.064 0,363 0,037
113MA 24 0,158 0.032 0.141 ~0,008
50 0.239 -0,003 0.187 0,002
100 0.354 ~0,003 0.347 =0,003
237 0.493 0,019 0.569 0.003
500 Q.701 0.021 0.781 0.010
KSN 24 0.090 0.014 0.106 -0,003
50 0,150 0,003 0.129 0.003
100 0.230 -0,0C3 0,226 -0,008
237 0.307 0.009 0,362 =0.003
500 0.514 0.026 0.548 0.002
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Fig. 7 Results of X-ray diffraction analysis of the oxide
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Photo. 2  Comparison of macrographs for higher and lower heating rate
Hastelloy-XR(2.8 ppm B} specimens exposed to JAERI Type B
helium at 900°C.
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Photo, 3  Comparison of macrographs for higher and Tower heating rate
Hastelloy-XR{40 ppm B} specimens exposed to JAERI Type B
helium at 900°C.
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Photo, 4 Comparison of macrographs for higher and lower heating rate
113MA and KSN specimens exposed to JAERI Type B helium for
24 h at 900°C.
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50pm
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Photo. 5 Electron probe microanalysis of the higher heating
rate Hastelloy-XR(2.8 ppm B) specimen exposed to
JAERI Type B helium for 24 h at 900°C.
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50um
I

Photo, 6 Electron probe microanalysis of the lower heating
rate Hastelloy-XR(Z2.8 ppm B) specimen exposed to
JAERI Type B helium for 24 h at 900°C.
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Photo. 7 Electron probe microanalysis of the higher heating
rate Hastelloy-XR(40 ppm B) specimen exposed to
JAERI Type B helium for 24 h at 900°C.
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Fhoto, 8 Electron probe microanalysis of the lower heating
rate Hastelloy-XR{40 ppm B) specimen exposed to
JAERI Type B helium for 24 h at 900°C.
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Photo., § Concentration profiles of Cr and Mn through the near-surface
cross-section of higher and lower heating rate Hastelloy-XR{2.8 ppm

B) specimens exposed to JAERI Type B helium for 500 h at S00°C.
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Photo. 10 Concentration profiles of Cr and Mn through the near-surface
cross-section of higher and lower heating rate Hastelloy-XR(40ppm B)
specimens exposed to JAERI Type B helium for 500 h at 900°C
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Surface topographies of higher and lower heating rate Hastelloy

(2.8 ppmB) specimens exposed to JAERI Type B helium,

xR



JAERI —M 85 —053

Higher rate

Lower rate

- Ve
WAL

FPhoteo., 12 Surface topographies of higher and lower heating rate Hastelloy XR
(40 ppmB) specimens exposed to JAERI Type B helium,
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Higher rate

Lower rate

Photo. 14 Surface topographies of higher and lower heating rate KSN
specimens exposed to JAERI Type B helium.
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Photo. 15 Near-surface microstructure of the higher heating rate
Hastelloy-XR(2.8 ppm B) specimen exposed to JAERI Type

B helium for 500 h at 900°C.

Photo. 16  Near-surface microstructure of the higher heating rate
Hastelloy-XR{40 ppm B) specimen exposed to JAERI Type
B helium for 500 h at 900°C.
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