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Improvement of Corrosion Resistance of Carbon Material against Air

Hisashi IMAI, Kimio FUJII, Takeshi KUROSAWA and Shinzo NOMURA

Department of Fuels and Materials Research
Tokai Research Establishment, JAERI

( Received August 7, 1985 )

The present study was carried out to improve the oxidation
resistance of carbon materials for thermal barrier of the
experimental VHTR. The reactivity of the six kinds of carbons
against air was measured as a function of heat-treatment
temperature in a range of 1100° - 2000°C, as well as effect of
acid leachings with hydrochloric acid and with nitric acid on
the reactivity. The treated carbons were reacted in the
atmospheric air at 450°C, and the reactivity change of carbon
was compared with the reaction time needed to oxidize up to a
fixed burn-off.

It was found that the corrosion resistance of carbon was
greatly improved by the heat-treatment, while there was rno
effect of acid leaching on the reactivity of carbon. It was
considered that the improvement of corrosion resistance was based
on vaporization of impurities contained in the carbon which act
as catalyzer in the oxidation. The best condition for the
improvement of carbon materials was discussed by taking into
account the changes in the other properties by the heat-treatment.

Keywords: Thermal Barrier, Experimental VHTR, Carbon Material,
Air, Corrosion Resistance, Improvement, Heat-treatment,
Acid Leaching, Very High Temperature

e e
S



1L FAPE

2. HBH
3. £ R
3.1 f&#

1D REEMH

2)

3.2 EERERfE

2)
33

1) GEURHEL oo
2) Y y‘% ........................................................................................................................................

4 #HFE
41 =
D

2)

3)

JAERI-M 85-135

&

FOHR

R

RS,

’i [Lr\ S S P PO PR

B oORE -

EE

Bk RIS T BLE O R

BULERIC & BEREEAL s

BEIC K BT -

BMPEIC & B0 S BHREL

W W W W W W N e

LS

4) BRI L B TE R PBEBREDIEAL oo oo oo
5) BALERIC & B L EBEREDEEL ororermrmorrsesmmrersss e oo oo v
6) HLIBIC & BEUGHMBEDZEAL oo
) BEAERIC & B ¥ 3 FHEDIEAL oo s
4.2 HRALRGHERIZTTROBEOKE - :
4.3 HRALRIGHEIC RT3 REMLERDRIIE -rrroovereeesrsemrreeressesmenemseses s snseees s sismsssesssessconee
5 % =W .
BB oo R AR R
BEXW ettt ees et et seesere e neeee e




JAERI-M 85-135

CONTENTS

1. Introduction .cscececceseccccocssccnocsccansnsnnnsanscs
2, Incentive Of StUAY .tovesevcccccnssassconcosnnscscocnes
3. EXperimental .uceecceecessccsacaccscnssosscsasnnssccsoas
3.1 MaterialsS .eeeecceccsesccacntosontsssacacsnncsscns
1) Carbon Material ....ceeecacsesscssssancssasanes

2) ALY teetecaceccaancssescaannosssacssccancnscsraas

3.2 ProCEAULE ceeecessvssnssnsosccnscncscancssaccsnanes
1) Heat~Treatment ....cvecicecececsarscscncnnnoncs

2) REACLION tececicaneecsasnsnasccnsssscccanncnsas

3.3 Measurement of Fundamental Characfer cseccantnvee
1) Electrical ConductivVity cecceceeecrseseccnncsnes

2) Young's MOQUIUS cveveerecscenccccncncseccsacnscae

3) SUrfaCe AY€A eeeevesvssceansnsscsssnnssssssannsses

4) True Density eceeececsrcresccccccacnns cesecnonse

Vo b b o b s W W W Www Ny e

4, Results and DiSCUSSION sesescesccscacsoscsccssacsnse
4.1 Effect of Heat-Treatment on Fundamental
CharaCters sieieeeeecessoscccsssscaosnssassancncsos
1) Weight Change casued by Heat-Treatment ........ 5
2) Dimensional Change casued by Heat-Treatment ... 5
3) Change in Bulk Volume caused by Heat-
TreatMeNt eseccseaeccevesscsascncsasssscscnnscsess O
4) Changes in Bulk Density and True Density
caused by Heat-TreatmenNt siceevescencccsssccnes 6
5) Change in Specific Surface Area caused by
Heat-Treatment ....ccccececeecnccaassncussasnse 6
6) Change in Electrical Conductivity caused by
Heat-Treatment ....ccececencesrcocsccccscssccnsns 6
7) Change in Young's Modulus caused by Heat-
TreatMeNt csececvscsceccccconsvcccoscncssescanssnss 7
4.2 Effect of Heat-Treatment on Reactivity ceeeececes 7
4.3 Effect of Acid Leaching on Reactivity «eccceevece 9
5, CONClUSION seeeecossssscarssessscncsosnsscsassnsecoes 10
Acknowledgement .e.sevecesssscccccsnssesscnnsssssaas 10
ReferenCeS ceeevessvencenrsseccscncssancsacssnncansse 11



JAERI-M 85-135

£ HAREB Y 2 ERFOFRRICE, BOMEMICY Y FU 4 v 7305 &5 ITRETHMAA
ORREMENEEAT 52 LI TS (Fig. 188 > COMEME, MMMIECE >
THBMOEHFBEFTZ L L bic, FERFIKELTOISRBENOBMEN S ZLEE2E—DH
L LTS, RENCOFRTMENE & SICFLERLCERT IR LRESIREE LR
Vo LORHTOMEMITHERT IR, WML & bicn) v 2BASDOREESEE
TiCBOTHENESLEL, pOERBEICEATVE T EDBERSNE, T~ Y LBHH
FORMMP AR i ZBRIT, HEREICL > TTERDESERLD, ASRAICL->TH
EEHILSE L0, HAIKBNIMHTHEIL bBETHS,

ZOHE IR REMRORRMEN R ciT A% ERET AHNTIT - - RBHIRERTH
3, 6SEADREREHRE, 1100°~2000°COHA RBETHMEL /2%, ERiTHdT I RIG
HOFTERN Fh—HOMETE, BBl ALBERICE SMEHR bR, BRCLD
BILRIEIZ 450°CTIT» cdd, COBEFEICE D 2MILEEL, MoyR, ALEKEGP-R
1biRFED 1000 CHiZORIGEE E bHHIEBEELERE > TWAESDh-THD, KEGAHHE
DM TRAHBRYEDOER LT 5EMBTE 5, B, MEESHKBREINLLE LTS, ITEMME,
BREBMAEENEL BT LT > TIIME & L TORRICE SL0, BRETIE, R0z
fbE & bicER, T, HEE, HEEH SSENE, vY /IREOERHEOEL LB,
HE 4R T3 e OMMBEEERFL 72



JAERI-M 85-—135

2. ABRHEOHER

BREEHE I 2O BARHEE LT, HENEPIMECHERI L > TTFERNOKEE L%
MBS ELET 5. TORDFREHRAMEE LTS, 2OEAEMNIRABL 7.4k 43R
R LG U BV, £ OMERE L1 BRIHEREE Table 1 KRTD Ric ikl
BEOERBITINTOSY, RARKEEE LTI X107 g/ g*h BT (1000°C) &0 5
EPTRINTV 3, FERORNIC, COBRBEETRAEDEDIT20X 0.6 &V SFETFHFOMHE
FEAMRITI, PIREN B SEMORER (BOER/PABER X 100) M1 HITKB T EMR
ShTW3, 1, 0.6 FRIETFFEO—EY ) ORBIKATE 5,

RSN R EENOEBERTORAEE 1 BUTRBESHEE L TRDSIz2MBELS
ik da

1) B~ Y U ah DAY 2 BELBAEISEE HNED LIRS,

2) HHESOBAt AR iICHT SRR EED 5,

1) OhOREHRHY YT 2 BELCSVTIE, SEARIFOBEHME L TOERNTREL <L
13 0 Ve MU TO MRS 5 € & REENTIRE Ve Lizhi=T, BEOTHMO N 2 M
ETORBFEL, ThRL->THERAYRTORAEN 1 LB 5E 01, HHEIOREH
EHRTIHHBETH 5. ERFTHESATL B~ Y U AKBHIMhOREM Y 2 MRS
BE% Table 2ICRTC HiC (3 EIZ B EME & A BELR S hTl Bo

T THIRD KRG 6§64, 20X 0.6 FEf, FHREKBHOREEE1000°CT, Ta-
ble 2iTR LAKEGBEPTHER L BADOHEERARE % Table 3IKFRT. ZORERDHE
FleBVTI, BIL1000°CT~NY T ALHh0.65 FDKEKTELERF—728HL, RAX
AR KR AME DO — I 56D LIy 6 SO BABRIC 51 5 EERATR,
BEEHEMED0.2vpm TR I ERERVWTR I BUTTH S, BRAFERED 0.65vpmTi
WONDERTD 1BEREL LT bo7o ZORFRKESREMIC DO TDAIT- HERT
&5, ERMOBIMPICIKESUNDKREHY X &8Fh, FhokkkEBALEIONS,
Lz THREA 2 2 L 2RARIETable 3 DERLVESIAE L B->TLE HTEHE
HbH 5.

LI TREGHEORAMEZHAT I FEE L TREEELANT 2 5BV ONT S
8 ¢ OB CHADEILA R & 4 1 POCL s PIHEEPEMERL, POCIs £
T3, BMEN/POCl: RREPERBIETHIFHMITROREMBEREZIEIL, HElk
BHINT 5. UL, CORGEWREZRNT 55 EIRFFAREMEMTRICHT 3 RB%s
LTREYERZELLNLEV, THRERBT RFROBUSE T TIIENMEI RS L, HEH
M IBRNGHIE, TLRELTVEETRYRRIFRHS ALY, FAOHHTFTRNTE
HghHbsh, BREBHELEC 28 TH S, TR LOBIHBOBEGEEERLT,
SIS BB & A RERAHEL 72



JAERI-M 85-—135

3. £ R

3.1 (ERMH

1) REEHH

ERICHER L REEMEEES NS EY 2 ERFORMME 483D A L 72 6 361
T, #XTHERMTH S, Table AR hSHMROBRBRHEERT, A~V —BAE2H,
EIF93#TA, B, C¥#BAM, D, E, FHEEHMTHS, 68BROLAFERERIIE—T
13154, BE1000°C, BE1300°CTH -7

EEM ORI 3TN TARDEREH» &R Lz, MBUAREHOUMK, RUUMS
nioph7a s s oDRBREEBNE S Fig. 2 RU3IKTRT, Fig. 3 CORULENT
OLEIPERNETH 5. IOKICERT OFRMEL 2 e Lok, KEREHOHE
HEFERS DT Do —H, BAHPSORBRF AL, » —h b oREEZ - RKBIER
MEUMR LI T 0y 25T M0y 200 0BRIFIRRANKE%EFig. 4,5 iTR7,
Fig. 4 BMHARUBOEAT, Fig. 53CHrO0XBRHEIMBLRL/:-6DTH 3,
BcR L 2 SRR B, 5, EElmm, RE50mmO/NIEFEMT Uiz, HSE
ERRmicE ) 38R FORMGIAERMMwith grainTh 3, BLECL3HAMOEE,
stk HEREH, EXENESOELEF~3ENICE, EiMIEREZ0E S EAL N,
BaFECi/ IR AR 3RM L b0 MR L7, MAEERIE1100° 1200°,
1400°, 1600°, 2000°C T& 5%, EEHOD, E, FHTREARIEHZEZRT2000°C
ORI TE L -7z, BUBHBIRTNTOBES2RKETHS. MUBOFEALSHIL4
BARRDTHEEESFL 2%, AP 120°CTERSET YT —shicREL,
MERIT I MR - MR R Lo =7 7 2 23 RHERMHIBEANS E THE
A, 77 Ra FRICEFESFE D T THBE 90 °C THRE2065M O MMAE 1T - oo NBOHR
HEEEKTHSL, 120°CTHERSE/,

2) RIGEK

RiCfEf L BRI, AMMBRRESFEOFE~ARRAT KR TH 3,

3.2 SERAIRE

1D MLz
EE, TEZORMEICEE—0/ BRIV T, HRABEEE LFTH{HEEL > 7,

—%, REREOKCE S OB BSARDREICE, HUTIORTER, SIROBIMNRLE
&7

REEHPEBHHORERIGREL, BRABICRE 00 —BHTH S, ZORFY

| ARBEOMBTE EBERETSLvbhTY 5(”0 L7 -T, BohiERBSHNmIMIc

-3



JAERI-M 85-135

& AHRD, REFHoBMICES { LR O ETRERR D SHI LT RIEE 5180,
ZOERTE I Bo/NGER» 5182 3851, CCESTH2EHSRERLEREES &
L CRDBRICIQIE 1T - 720 T R—0/NHEE 25O 3 HEHiT % L 72 JABRIE B TMNE
THLEBER, Rot/pAEBR D LD 3FHOVE L MNEBRKE LEF S, Rikfficn
A, —H03SBHIRLE, 1100°CAHE, 1200°CLEEL, &5—HTE 1200°C 08,
1400°CALEE, 1600°CALEEE L, 1200 °CUBEEUEORARKER T 2 MORARISERE %
HUEOH B L, SSIRHSI—HOIANRKITH, ZDI3HD2HHE1600°CL
2000°CTHAEL, 1600°CORABRAEE CREMELZREL 7,

2 R B

RERIGEY ¥ 9 vi%Ee -9~ LT ARBOBRF TIT-» 7 FEFRIF 250mmx 200
mmX150mm T, AFOHHHIEHDTRM -2 FRBERIFEAICHEA L7 ot
s TAANBEBERTHEBL, ~EREEREICED 2BELET L 3°CLUARINE » 1. Kt
BEWHCITION, —0 3 9ERE Th 5RNE, 1100°CRHE, 1200 CLEOZHHM,
fbDfD 1200 °CHLER, 1400 °CHLEE, 1600°CAEOZFEMR, RUEHHIVEL20#MD1600
°CaE, 2000°CRER¥OG 8 A E—FICFENAN, ARKICRES#, SHEIE—
EHREGIABARY HL, ERELZUEL THhOBUEBSFAANTRIEE DEL .

33 HEEoNE

1) BXEWE

ERT/MNIBRHAAICEREREKL, BRCTOBERT2AIEL CESIBNEXY, £
DM EEUEL L.

2) YR

100KHz OBEHRO/NIEF MR HBEERUH SEE, Sk, MERHETH S,
3) FmH

Kr #RBEFECLDREL /2. TFRESTZNHEFEFEEY 7 2 Vit AN, BRICE|
EHMS200°CTINML, BEFREREL, RICHEZERBET TIHEREBHLT
o, Kr #2244 1AL, PHERIKIZFZAREREFAEH OB E L THIEL 12,
ZORIC LTEDLEBHREREN S, Kr ¥ ROEFTFREERLZRDRAC X » TEREH
SEHHEL

=N'(F-Vm
A"

TS>TNRTHENFoH, Ji3Kr FREAFiLIRELAHE, Vm QBRGTRRER,
VIEEIREC B 2K ¥ XD EVEKTE 3,

4) HEE
~Y Y ABRETHNER N IR ORARELMEL, BREEFRTHRLTRD,

S {1



JAERI-M 85-—-135

4. # R & # K

41 EWEECRIZITHAROES

PR SAMEHRFETFFOFGPIRBINIF L FHENE LD, SETTRELE
HHEAETRTHHTE S CEBBETH 5, FREMMA RS OERRSEREIL 1000°CTH S
o, YERUEMEARLEZLZENTE S, > THMMBIC L 2EHEMOE(LIESED
TTHGREZED 35, TOEOEIEL 55 RKMBHOR % Table 5iTR L7

1) smic k3EBE

MBI L S BERBDREFig. 6 RUTIKERT. Fig. 6 KA, 72EEHOE
RBTHDEH, BEMIZ OMBOEREED THFNTARBREEM OO I L 12/ N8
itk 388 TH 5,

HMAMA, B, CRUEEMDOAFERERIZ1100°C L3N THWSH, RLEEOHL
EHTHLDERORDHED Sl TOHEREN ST WS MBOEBOBEKERIE 1100°CRITT
HohEHSHEING, B L OBAIIC L > TEMEOBEA L BRSNS
BREADER L. CORAL LTRAFOBERSSOEOHIC, BRRABRILKEDOR R
PERMAMMOBRENS T S b, FMEHNCHT 2RMBOEEIE, KNBH OBEREREHS
2 F e FTHHIH—RICRAL SNEVA, 1400°CE TR FHOERESB DS M-
foo THIRFHOBEREES 1300 °CTEMHPREGTHLIHDTHS . LHLFHIE1600
CORMBTIR—T7.3FLVIBLIRELERENERFL, FAFCREFEMNEIHRUBE
EHETELERTICRBARLOEIMETLH 5, BAMA, B, CRINTEABUERSE
{LERSY, WBRMREL MLV S HEASTE 3,

2) Bumic k5 TEEE L

BRI & b hIER RO THEEEFig. 8& 9itRt, MAMA, B, Cicix
@ L 2 FLASH o, 1400°CHMNIRE TRRILE, 1600 °CEUBTEIRRICET 2ETH
3, —HEEMICENTHRCERERIIIASNE MR- Z D LIbDOTRIEV, BAMTH
MicH D LIEOESIL 74 ¥ FHRICE 3 bDEEbNE s /74y FHBR, BE
it S h 3RO EPLERSMBMITE - THEEKED, TOHRERL > TSRS L
EFoh 38, TEOBREL, hIFEENGDTEL0LINT S, COERRTIE#NE
hiZ &+ 54RO RITEbEL >/, BOEBICER L ASEESF» SEM 200 T
TH, BOMERNSLTO, BEADOBA 74 v FHRBSHLHLTELDE, WHOSE
BHRRWAME DIEL, POFABHIKRE L THROBEMNEEIKTHLNEI-HTIRIEVRNE
EZ0N3B. ZBRLUAHMELEFUTIREVA, APBE 2800 CTRHMLL HBOMESE
Hid, 90 ppm Th B, EEHEEBEMEL IO ERI L pomTH B ) % - SAER
EEMIE20~31 B TH 375, WAMIZ22~26%8TH 5,



JAERI-M 85-135

3) MBI & 25 SAMOELL

MNBRIC & &I S HAAMOEEFig. 10&11CTRT, pITRMOEERLF HEBL
THEEMEBLIL TWize FH O SAERIL 1600°COMABTAE {RDOLED, TOR
At 1600 °CoME T/ OERN - 3. 2B EALL 727:HTH 3,

4) BUBICL 350 SEERVATEOLIL

WAM 0D SEEZRCABELLEFig. 12i2, MEHO»SEEZ{LEFig. 13i0R
To MAMODSHEEIL 1400 CMMBTREB LR L DL, —F, BEHOZLI
1400 °C MBS TIEFDS L { BB T, 1600 CMATETARL 2o H SHEL{LIZE
B & EOBEOEEAEZY 50 TH 545, MAM TR THEECOEWA® 2T, BHiE
MTRERENOHEELIVEB ZITVEELHIEHOLS,

HEEERAMOS IOV THEL 2o HERE MOUETRMESSEL b MRRRED L
ReLbizml T3, HISEEEICTEEL TWIEWL, EHELE & 2000 °CoMOEE
TREIGEWEEZRTRICIE -1,

5) MBI X 3 REROEAL

MABRICE SO LREROEILEFig. 14 L 151K T, Rickohbbic, LXEKTH
BAMA, B, CRUEEHD, E, Fii—H& L TRUOEAHEMETR LT 5, REHH
HoOBEEIEMEOEE, HIBEMES HITS512, HERMBIIA S H->TW Bic
ELonbh, BAHTHZ ORLEEEILEMITR LTV L, A, B, CHTIL, 1400°C
P bosiBoigs, »IEEOREAARLE bIERDPLI:, —HEEATRISERLLE
MR HOHFEERL, PIEEORDICL > THEmDKIZMML Iz, BAHMTAONE DS
BEOBDIC L SHEERRORDE, <74 v FYHRHSEIBERATIE->TH5, Lizdi>
THN74 Y IR, HREAIK L » TRENTRIOMEEEAT 3 L& bic, BICRERT
AORDEEERL 3L TLE> TV AESBELOND. LAL—RIOFELLBAFEN
Shict Bicit, ZoBEEMIicE 3B EEERRT 2HNLETE S, %00
EDDERFHATH 5,

6) Mmick 2B BEDEL

MBI & &1 S BRENEOZELEFig. 16 L1TICRT. WAMA, B, CRUREHD
DESIERERLBNBEFTRAUEHOZNEDE {55, E, FHI21600°CoMnem
%, ROUBEMLDEVEER LIS

KEEHEHOBRENE I TFOBES L, SAPELFENS, HEHTOBE
EMM, MULIEEE O LR & bICEROBRENEA THENT 505 Th 5. BAMTH
BEREWEHS SHEEHSED L TR[ILEFEMT 2 BEFAKTOMML T, BMLOHR
2EDBBYTVABESLDCENTE 3. —HEEMTE, BBEIEA T 1600 °C LR
HTHERESROLTED, SARENOEEEH{ ST TS,

FHRITMAMEOBRE, ERCHBELINIFERBIAENECRA(MNETH D,
REOBE, BAOKKEIBTTHY, MOXMER 74/ Y TH-TRDB, SHfc>OHHEM
I (HEERIIC RO BUF RIS B



JAERI-M 85-—135

K
[
I TKRMEZEE, 13BKERE, CREMTH 3. Likdi-TERENAFOLLE, £
OF s MZWEEOLE(LE S LTHEN,
7 BOBICKB Y v SEOE(L
Y Y VRBEIBAMA, B, CROVTDAMEL. E£R4Fig. 18T, ¥ 7/ RizH
MBREOHEME L BITEDLTHE, HHICLZERLIZEAEA OOV, v+ /EBE1L

=C 2

ERRARELLICHT 1 BBIRE LT, i TR B TRAOBIE 5 hTo 20 D
S E \»
So _(Eo) @

T>TSe, SKRUE., ERThThBHEEIRICE T 3MMNBEL Y rETEH 5, fil1H,
BAEEE CTRESUSSQROBRIEMFERRD SNTHRL, LhLh#Tick 38kS,
BEic L 32D, & HCHEROKEEYEETIRFTHSH 5, MUEAKOSS B
REFUL - DDIIEBLELTH, THEME- LKETRELD S5, Lih>"lv ¥ 7R3
2000 °C OB T 45 ~ 50 BICRD LT 205, BWMIIHBER T 0 BRI LhPL T
s h s,

42 HAERSHECRIZTHRABROES

KR 450°Cic B 3B OBERBBDRL RIS & OBEEFig. 194 5261CRT,
HAISVWTEFig. 19&20ic RSHKMZERRE LHBRES LBE&ERLS, Fig. 19
I BME EORBD %, IG-1DF—5 bRLi. EHEE RABREISENTS L,
HEOARLBHDOLD, HOEMABH L TREESET L THE0E253 EHTED, T
ORICREEH R O B MAEII X » THEEH, 2000°C THAEL itoticiy, £
BHHDIG-11%2 LOSTRAEERTHE b 78, AZbA LN, AIZEFHORE
bk fthodkl & T, SMLEEFE OMEERO®R, MUBEFOHMICE IS
HEOBEHDIS, Fig, 2113 2000°CTMNEL /2D, E, FHOEREFLHTRLAS
DTH3EH, FHOHREIEOBRLEMCEL, RASEELILEERL TS, T/ Ta-
ble 6 i ZHEOBMBIRIHI0H OB RRDICIE 2 E TOBEME, TORMBHOZNLD
HAERLIEEDTH 5. BUBIK L 3F HORENBOMERR, okl h—HiREVELT
2 T3, FIZTAMERKT 2L, AMDBI0BERRDICIET 205N, 1200 °C M
BCIRAMBRARID 6.9 £, 1400 °C MM T59{E, 2000 °C BB TIT 369 51T B4,
FHOBATET 2 BLEEAFETOMIZ, 1.5, 1.7, 15EE-IKBEEH -1z,

BN ROEB CTRUESIFEOVE DI, MBI & ZHFEMMOELEELSNS. AM
EPlick 5 &, HEHEMREG 1100 °C OMMEBCTHRMED 1. T - 7258, & SRBMBERES
EFTe LHicRgbL, ZOXEMBLMAERETRE{EV, L L FHTIE 1400°CO%
MEBTI 1. 34EITMMT 3770 TH B, 1600°CIRIEBEISENEEML . Lo TFH
DIBA I EAEEIYS 0 ORISHIRD LI & LT b2k LTORGEEDODEA IINE L

- 7-



JAERI-M 85—135

BoTULEIRBEZ OIS, LHLMEIZL 3 AL FHORERMOE(LNA DR,
HOHFN A FEEFHBAREOEGTHSD, H—iH MR ROERERIETEL L, Table

TiED, E, FHORAIC L ZLETRELLRL bDTH D, ZoEi, RLMnmEs
TRILKARTOMIIL VA, FHRD, EHEHNTRADETICE » THETRR2NT 3
METH2DEHHLLEMTE S, COREFHOBE L —ERMARICTET 2 KIGRHLEEED ¢
T3650EHOREEELONS,
RERHEOBABIIRRICHT IRGHAR L RBT B EBHEMICIE -7, FHOR
&, FOBRMEHRMEOME L DISh 78, EOFRRREXEINMDOI-HTHD, §
WY ) ORI oM LRI CEEETLbDEELONE, TTTMRBILE-T
H - B0 MNRRAHES hict 5720, FHORMEEEE 2000 CABEH 22Kt
950 °C THRAICMBES #, RICKS KA OMR, MRTRERANKETE~, TORR, %
BB DR IC it Fe BEBHTE {FEL, TOMicSi, Ca, V, Ti, Mg, Ni, Cr%
bREhiAs, 2000°C BAEBAK T ShORSYTE ST ORBREDLTHA T &bib
pot oD ¢ S RAMTEI # AALRRIC B TR & MR 2774 ¢ 25 TV 2D
BOBR L > TINOERNERL, $/ARROLMUBEROLRL L biTHMT 5720, #
GHHHmLI:bDEEL NS,

MOIRIC & AW AHNMOBRKFHLTT LD, —ERAENET 3 T TORBHEINE,
BHEHEICFig. 8 533ICRT . TTTHR—EMARL 1, 5, 10HICE »Thal, —IC
AohAEMELT, 1400°C  TRREBMOAEAAE {, MAEHRHE LD, 1400 °CEL
LDBETIAEINEED, MABHRHBEL H>TW5B, AZITAHITOVTHBE,
1100°C 5 1400 CAMMEIEBEE 300°C L5 &, 10BMABEL ShAMMIE, 206
Vb3, LirL, 1400°CH 52000°C~600°C L7384, SEOLFER2ETH
2%, B 6 SRER LHIBEFT,

REERHH EAREORETIE, RIGEEREMAERET & DOMlic

R=K-exp(—TEH‘—) @3

namEsEmshcez Y oK, bEENTHS. MAHA, B, CikowT, KA

RI0FFIR TORBRE LRV TRURIEAKERD LD, Fig. 34TH 2, SHOAR
FIERL D OREEEREMEE b1,/ Ty 46 X10* THRITT 2ERTESENTEIL O
i ASE 5 AMERERE L 1400°CTH 5, KRR DBRE, TOERBRTHG -MMEFRIO 2 B
2, BMERICMERREE LIS TEDIRRTAECERTHS, Lid->T1400°CitEH
ZHKROBHE, RKEEECEELEL 2MBOE{LIRESY, CORELKZLTE->THEL
EEBRLTWS, FTERLOFR TR Y THRMI400°CHLHRT I EEELS
&, 1400°CLLETRKBPEROBEICL ZHBME VST EHRVIBEL B LA,

Fig. UoREMNRSOEMEANRL, TOAMBLICKOABRIHORGEELLTRY, %
DORIEBT D1/ Ty SR OWRBRETy £RDTHI, MAHIZIA, B,CEbE DR
FRERREBEIZ1100°C & SNTV 3 M, CoMic L TRO-FERIE, AHH1030°C, B#H
#31070°C, CH#31055°CTHIhbAKORREE L DEVETS -7z, THS5OBITER

— 8 —



JAERI-M 85—135

DOERBEIGIVEEL OND,

— BT REE PR O SHE AR OFERURTIC L » TET 5, CORRIRIGDOME -
B AEERHHOTELMEPIBRICK > TH—THROL I EPEELSRETH 2. EMOEES
1050 mm, E&410mm @ FHOAEBRIGLERD SN L F8H Ic2 0 TO-E R
Fig.254,26THh5b. Fig. 5085485, 26050080 S DFRHTH S, —RRLHUAKTH
35, RNBHMEMICL S L, 0BRARICEET SHHEABRTERN H2606R, hOBRR
ﬁﬁMﬁﬁTZ%EwﬁsﬁﬁEL1m5ogkﬁorﬁiﬁﬁﬂoﬁmﬁmuﬁmcmﬁﬁm
HEAHEC LEERLTE BESS B0

4.3 HRIEEGELCREITHRALEOEE

B ALERIE AR U B OEA P DAL ST, R BNERE ERIL {ZERKH450°C T
EfEL o Fig. B5IAMBO3IREFE2T0TH0, 5, 0EERAEL %, ARG
fT-okkoBEBREDETE %, HBUBERHOFREDBIFICOHOM AT ARLBERDZ
NEPPTEb o, REh#lr L RMEAMOTNEE SN L >TULE >0 T 725 Bl
BRI OEREDRL, 0BMUBRAMOLhEEHBTAE, BEOHMBLDREXTEER
DPBER LI LAM-> T OFERIERMBMOMHB LV S &k Dir L5 3RKBOR D <5
VEEEZBHPEYTH B, BHEITHEONAER T/, AMHOERLEGFVELH LD
DTH =t .

qu%MBHﬂDmQMEEHTEBntiﬂﬁw$T55°mQMEwﬁﬁuAﬂﬂmﬁ
BB OEAEFRILTH 2, BLETIBIRETOSFMMEE» L £, SHELTSC

LTk T, WHEESHEMT 22 LS NID, BREHRLEVAZHOEEDBZ T LNT
FUh ot THEESREMROC S K@IZG I UREBYE S, —HoRH L 2BREL KO
BHEEZIONB,



JAERI-M 85—135

5. ¥ &

RIS A GRER RO 2 LB £ BT 28200 L L EARAROER, ROEN

B oI - f2o
1) MJLERCk 2EBEHELT, REMEHCLEL L8, SRBDVOALTH S, BER
BROWShOBRIKEWT bMAHEICE - TRPTI2DAHTH 2, ik, K, HIEmE, K
EEHK, EREEEZOLIERICEL > TRAY, B—0FERITRELh -7,

2) MBS RIEREEERRT B RDICE, SO THEYRFERTH S, 2000°CT 2 By
MOPF DL LR LT, —ERBERICHEST SHMEZ50045LI L bR THTLHBTEDH
Bbdrs, LALBARLELL, T 0REIWEVHEGH -7

3) EMERUHRERVEAERE, FR{EAEEEREBLED,

1) IFICE - THRICHERIZS 25, BABRREEHEONEAREEENE(BRTET
Ebhotz, Lidi- TZOHER, HHOKBREEHEFEDVEOEEL SN DN,
EHEOKREL L THAT 3G, BUEIZE b5 S hottEo Lt X/ Kok 5
Vo THOLBROBELSMBHEOHELBLVRBCHERLRRT IHEND 5, COEBKE
WTW M) BERE L BRENEL, 1) THRALEDERILL » THOBEERELESR
150, KBUIMHIATICRBL BRI Ae Lichio TRABEM LKL L - T
EXBLENDHDH, ORI ERTEL, HABRLL 6 HIROPTBRU DI MME
LBWDOBEOWHEE WL S, ZHIEIMIBEROESENENSB, DHOBA, 2ABER T2
~30HEML, ACHECHRIEBELR L -/EELONBNETHE, —4H, A, C, E,
F#TI3MNEER, BRUZMEIIIEAEREL TV, BDT 2 BEHEENSSOT, M
BLTORVHETSZ, TOMBTEMERIA, CHTRI1600°CLTTHBL, E, FH#t
T2z 1600°CLAETH o120 H1LAIC 1600°C THRATL 725K 45, 10BOERBDITH
ET AR, RAERE EHBILTAMA1394, CHA50ME, E#AS642f%, FHH1665
Th 1o Tt ORGHMEIE, AWATESIR, CHAt410850], EMAS1030857, F
Bas 7 5 B TH o720 LIzo TELK KBRMBOYBROAE VHEIE, EMEVLIHICS,
REAHHOIRS, MRS IIMAUBEERD ERE EHIZRDP LT, ZOBMER
2000°CTHTAB/BVOTRHBE IS L REL LT,

# £33

AREORTICNY, far lBBBTIVE LR TERBRICBRRL TS,



JAERI-M 85-135

2 £ X W

(1) BERRFHHRAS, ZENSELSZFHAMREORR (1984)

2 BEXES (EU®H/FAR « TLUMRERR) , E

(3) FMEPRIE, ftt, BEFARIFORSHICATIE/E, (1972) BHFHELTIEHES

@) TFinghi—, fh, JAERI-M 6141 (1975)

(5) #AiEM. B. Peroomian, et. al., GA—A12493 (1974)

6) #AIED. W. Mckee, Carbon, 10 (1972) 491

(M HAEC. Velasquez, et. al., GA—A 14951(1978)

8 #MAWET. C. Jenkins, et. al., Carbon, 25 (1983) 473

9 ®BE ¥ (ASEKYE BER , #E

) #ZIER. E. Nightingale, et. al., Nuclear Graphite, Academic Press,
New York and London, (1962) P. 117,

(I H. H. W. Losty, et. al., Proc. 5th Carbon Conference, Vol.1, Perg-
amon Press, New York, (1962) P. 51¢

12 BE%—8 (FPHLER) , S

19 #AEEP. L. Walker, Jr., et. al., Chemistry and Physics of Carbon,
Vol. 4, Marcel Dekker, Inc., New York, (1968) P. 287

(14 J. D. Blackwood, et. al., Aust. J. Chemistry., 20 (1967) 1561


http://fE.fi

JAERI-M 85—135

Table 1 Specification for thermal barrier material

Block dimension (mm) > $1050 X 360
Thermal conductlvity {w/m°C) | < 12 (500 ~ 900°C, Average)

Compressive strength (MPa) > 40.0

Bending strength (MPa) > 13.0

Tensile strength (MPa) > 6.5

Dimensional change (%/h) < 0.04/1000 (1000°C, 3 kg/cm?)
Ash (w/o) < 0.5

Corrosion rate (g/g+h) <1 x 1077* (1000°C)

Thermal expausion (A%/2 *°C) | (2 ~ 3) x 107% (500 ~ 900°C, Average)

* Corrosicn at the rate of 1 X 10"7 g/geh results in 1 % burn-off

after 20 X 0.6 years.

Table 2 Impurity concentration in the VHIR coolant

Tmpurity Target(::’;:():entration Max. permiss:&.‘b;;.;)concentration

Hz0 0.2 < 0.65

Hp 2.0 < 2.5

Co, 0.1 0.45 ~ 0.8

co 2.0 < 2.5

CHy 0.2 < 2.4

N2 0.2 —_

02 ~0 —_
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Table 3 Burn-offs of the carbons with water

vapor in the coolant of VHIR

*
Burn-off (%)
(Estimated value)
Target
specification H,0 concentration | H;0 concentration
Target Max. permissible
0.2 vpm 0.65 vpn
A 1.5 6
B 1 5
C | Period : 20 years 1 5
Availability : 60 %
D | Burn-off : <1 % 1 5
E 1 6
F 1 6

* Brun-offs were estimated by using experimental results of

reaction of the carbon material with water vapor in helium




Table 4

Carbons used for the study-

Material
A B C D E F
Character
Coal tar pitch | Coal tar pitch | Coal tar pitch | Petroleum | Petroleum | Petroleum
Coke
coke coke coke coke coke coke
Vibration Vibration . Vibration | Isostatic
Forming Method molding molding Molding Molding molding press
Bak“é%gamp‘ 1100 1100 1100 1100 1000 1300 .
Bulk Density
(g/cm®) 1.69 1.76 1.67 1.61 1.58 1.57
Density (He dis-
place.) (g/cm®) 2.05 2.02 2.00 2.13 2.12 2.01
?;1}‘ 0.30 0.38 0.83 0.14 0.32 0.34
Thermal Conduct- 10.8 #) 12,1 (A 11.3 ¢/ 9.6 (/) 9.6 (/) |14.2 (/)
ivity (W/meK) 9.7 (L) 9.9 (1) 10.1 (1) 9.9 (1) 11.8 (1) 13,5 (1)

GeT—~398 W-1yav(



Table 5 Sample data of as-received carbons used to measure effect of
heat-treatment on fundamental characters.
Carbon
A B C D E F

Character

Sample size

11.004 % 49.98

11.01¢ x 49.99

11.01¢ x 50.00

11.02¢ x 49.98

11.02¢ % 49.97

11.01¢ x 49.98

(mm)
“‘Eg"t 8.0526 8.3605 7.9486 7.6519 7.5124 7.4853
V‘Eﬁ;‘é‘? 4.749 4.761 4.766 4.765 4.764 4,756
Bulk density
(g/cm®) 1.696 1.756 1.668 1.606 1.577 1.574
True density
(e/cn®) 2.05 2,02 2.00 —_— —_ —
Specific
surface area 0.55 0.21 0.17 0.36 0.39 0.30
(m?/g) A
Electrical *
conductivity 274 278 258 149 175 247
@teem™)
Young’ s modulus 9.98 12.59 9.55 — —_ —

(GPa)

Se1—-58 W-—1yavfl



Table 6

Time needed up to 10 % burn-off of samples of carbons
A, B, C, D, E and F in air at 450 °C

Heat treatment A B ¢ p* et *
temperature (°C) Time (h) Ratio** Time (h) Ratio** Time (h) Ra\:io** Time(h) Ratio** Time(h) Ratio** Time (h) Ratio**
as-received 5.5 1 7.5 1 7 1 13 1 1.9] 1 14 1
1100 16 2.9 11 1.5 12 1.7 22 1.7 2.1 1.1 15 1.1
1200 38 6.9 28 3.7 27 3.9 55 4.2 35 18 21 1.5
1400 326 59 275 37 200 29 155 12 390 205 25 1.7
1600 765 139 600 80 410 59 1000 77 1030 542 75 5.2

2000 2030 369 1600 213 980 140 2200 169 _— — 210 15

* Center position in large block

** Ratio against time of as-received sample

S€1—88 W—-I1¥av(



Table 7

Specific surface area of samples of carbons D, E and F
oxidized in air at 450 °C

Heat treatment

Air oxidation

Surface area

temperature

Ratio after to before

@ Time | Burn off | before oxidation | after oxidation
Material ° (h) (%) (m?/g) m?/g)
as received 4 0.87 0.300 14,98 49.9
1100 4 1.03 0.352 17.52 49.8
F 1200 31 10.86 0.331 136.2 412
1200 31 23.3 0.686 93.25 136
1400 31 17.9 0.718 93.68 130
D 1600 120 0.93 0.575 1.36 2,36
1600 120 1.34 0.775 1.83 2.36

Se1—-58 W—I1ydavf
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Fig.20 : Burn-off of samples of carbon A heat-treated at various
temperatures in air at 450°C.
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Fig.21 : Burn-off of samples of carbon B heat-treated at various
temperatures in air at 450°C.
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Fig.22 : Burn-off of samples of carbon C heat-treated at various
temperatures in air at 450°C.
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Fig.23 : Burn-off of samples of carbon D heat-treated at various
temperatures in air at 450°C (Centexr position in block).
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Fig.24 : Burn-off of sémples of carbon E heat-treated at various
temperatures in air at 450°C (Center position in block).
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Fig.25 : Burn-off of samples of carbon F heat-treated at various
temperatures in air at 450°C (Center position in block).
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Fig.26 : Burn-off of samples of carbon F heat-treated at various
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Fig.27 : Burn-off of samples of carbone D, E and F heat-treated

at 2000°C in air at 450°C (Center position in block)
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