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".Experimenta1 evaluation of FCCI (Fuel-Cladding Clemical Interaction)

Yutaka HONDA*, Tadao YATO#,
Kenji KONASHTI#, Minoru QTSU%,
Masahiko TATEYAMA* and Hiromitsu KANEKO*

Abstract

Out~of-pile attack experiment have been performed for understanding the
mechanism of FCCI. Some experiments related to FCCI control have been carried
out. Tellurium plays an important role in cesium, tellurium-induced cladding
attack. It is believed that FCCI are controlled by using oxygen getter. The

candidate getter materials have been characterized by odt-of-pile experiments.

* Plutonium Fuel Division, Research and Development Section Tokai Works,

Power Reactor and Nuclear Fuel Development Corp.
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KR oh, BECEXETEZERINIWEELIONE, 2ok, R4iz&4 7(B)
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ZVFPRELIE TS,

KB 2 DR
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BEBECEABHICETH L, K22 200 RBAETT,. CZTRENETH - 72 Fe,
Ni—rich R FBLHLTLE->TD, COETII, Cr—rich HEAMIC D24 BREIIC
Rott?z, FeBEOBWEEBBER-TEDIDOBMEBEHEE XF LR~ FA LD
BALRONEBHEABLTL S, |
HERBOHE

MBEART LI, 27Ty 2BAREORIGHEIR, BHEBICILH D, THUHLBERF Y
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NEBHMOBRERT Y e L ERTESWCTRT, BRERE, 4+ e fREBATEME
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BTG5 100 ET-. MAROHABBEANEE LA REENEOHNE. kUK
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RENCs  TeMiICF L EET 2RENRBON, Cs:Tekd 1 1 8LV 1 4itH
WTREIERFT LI F T MBRIOAE—LUEENRONI,  + 7€ L TH
DHREMRITeLLIRAECBELEEFTIRAUTEY, Cs—TehilERBEORE LWH
BEOoH—NLERABRONORHL, FBDCs—TekETH s EELIOND B
THCs—TeHOBRFRTHEIRELTY, BRELVEFLIETLTVWE, BEOKMBIRLEE
BICLIZ2AERBL LBCEABREOEANULERTH 7, TO25FHDOCs—Tex X
M2 4207 F 74— WWXKORNREFTET - 1, THICENETOHFDITe x4 5Cs
OE-73Ebok, CsiTeld 1l I 2XDREVBARCEIABECs—Te HITHHR
Rohtidhoiz. BEOKBECs:Tedsl | 285501 0 1 TEHCs—Te ELETEH
HEERIC2ABBCLIAERDERVEABAOHEANEEABR O (K28). Cs
BISICHEMLTCs i Teld2 1, 3:1, 4. 1TREEHECEh-T, Ban
HEUS5Cs . Te HOLEWEEISKBERATZ1-HICs:Te=18:1 OEB/IKDONT
BRI ZOBAEBEBELU L, > TCs—Tel X ABEMNEL S Cs—Te O L X1
BR2EEFBAONRE, BEABRE—TH-7Cs:Te=1:40EESIK2T, 725 3hr
OMEALT > EREMVICTR T, 1HEONMATRF » 71 THRH—LLEEAT
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BREREBRET /. TORBRETERTEBY, WTFThoBabBasBERI ML,
AL, ALIRDOTIEHAEA (660°C) HMBABE XDEL Cs—Te HITBEET 2FIC X bin
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LOPE@M> T, TIZFRAVWLEBAOBEAKERA AR 32 1TRT,
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Fe/Fe0, Ni/NiO%Hi iz,

Cs—Tel X 6BHTR LT NbO: /Nb:Os ZBOT 725 C1h OMET Cs: Te o %
REBH (A-U), RERLESEELEOEALRABEICs: Te B 2L ETHE
BEIBEINA P ot IHRCs: Te M2 ETR I00BBoOMATIERIZELR
mots (A-11) o RBICEBHRMBTEELLTND/NDO & Fe/ FeO& BT, Cs: Te =
112221025 -RTIKBOMAET 72 (A-15) 0EE&D, Cs: Te=2
1 TRIBAERBELED -, Cs:Te=1: 2 TIIEI3CRTHIC Nb/NbO & Fe/ FeO
THREOKRMBILE<EDLYIINAL, E5ITNbO; /Nb:O;s DEASELRLETH » 72,
CORICBRAMBBELEEL CHCs—Te RLZBEAOBRBRB IRV EOBE LA E
BRThD oK, BREBRBESELELRNEALDERALCERTE -7, BERBE
LUTHW Ny 77y -y POMBARKLZEZABSIUCERAEIC I DB~LF
Cs:Tel# 11 2&1 10F+72TROThOEESLAE, SBLECE 21
poli, THIKHL, Cs:Telkd 2 ! 1L EDBARERKEN, BESEKINS, C
DBRER2 . 100REHRIBEETH >0
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HBEAETH-> DKL, Ni/NIOTRLHBEDRICISIKHABENETL T,
BHEL, COBE0LERAECs-TeBA0BA0RERLERBTHELIEAROR
STebDTHo. X MBROF + 7L TR CsBRLNT, BREF+ 7L
WM TEHEIN,
(& ) |
DEtoBEaRBERL2SCs—Te mixture CLA3E BB TR Cs . TehBEDEER
RFTHEHEMROLEEE, THubE, Cs—TellkB3BEII Cs: Tekkds 2 1LDAIN
BAKOAKIY, ZOBEOEADEEIICs: Te WOBIKLDE/T S, Te DHICLS
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BORMICEBRLTWE EEZ ohd, BELOF Cs~Te mixture WHEHFHET LHEEZK,. &
NEFBDUEREBRB AN TOROALDERRIAARTH S, Cs—Te BRITEVLTI
Cs ! TelhQBHRBERT VY + W BEETHL LM, HEE(OHEZOMTHEESZ
T B, WA Adamson V13 SUS 316 ® Cs—Te K L 2 BARBERF ¥ & 4 4 55 SUS
36 DBILLRLNPYLTOAELILEVIFELEANNEL, BERBREANIKCRBLRE T
BBELTOE, FREBATIICs: Te LB EICE L TIZ, Adamson Z X ITFEBOHKES
BTwad, BREORIACELTCRE(BRUIHEELEB TV, THbb, ABRTIEBREH
BRBESFELLEVEETTOMELEL TR, 2T CsREZDBMBOBIC BN THRELR
RLTWA2A8ESH 20T, TORUTEBEATIBREAOEELIR LDET -0, BRY
y R —axMALBBTHS. AL, Ti, Nb oW Fhd SUS3IE CHENRTEOCBELF v
+ W EFTEAEBTH 5,
W->TBRES v 2 —ZMALBEALLBAVBELLEIOHIHLT, Cs—Te CLABARB
EREBETRECTEENBNEBLIONE, BEF v 4~ LTHOKETI ENbELTEEZ S
CALH—EBIICs—Te B LTHBDVERORDRIERLEZ NN, ¥y 2 -RBEBORK
ETE-TWEHIbHE20T, BERF VY VEERBOFNCENEZEITEEL DM AN
NWTHH D,
BEARBEZACLEBTCs : Te OB RAR /P, BERBENEELRZVEEG&E
FRKOERBR LN, T/, N9 77 OBV IZHRERLBEDONE DL o F2, Tt - TRIE
RAOBERT vy Wi Ny 7y —lCXPavio-—nEhTietTnid, Cs—Te Ea
KL, BERF Y+ @BEEELLOEELI OGNS,
MO Cs BARICE 3 I0KMOBARBERBBRERT v v+ VEBEARB - TV 3EL S,

_9_



N841—-81-30

BERFyy e, FEBATHOE ANy 77 —DOEBTHO 2V e —nIhThicEdEZL
ENB. LHLEHND, Cs—TellIlZBBLBOTHREOTNEG ORIEN | BETLEA
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Ry b OEMADBDH S, Cs 1 Te 2 @ 1 LY/ hsnBEATEBESHT, 2 1 10 E
Ty 7y y POBEEHEM, BRMRONA: 2L TCs :TeMAREXLHEIBIOE
BI3EEELETH~7ro COFELLCs 1 Te b2 1 1 B LTI}, Cs —Te mixture SCsHIFER
BHCHERE L TNy 77 =Ry PRBIREN T OTREZVWSEER B,

RICH D -5 DfRPSCs—Te CIA2WBRBOETEREEITRS L, T TLAEARA
KLY —ERIFTHBERENBL Lk, HABARETL TR (LELONE, BPO
SHBERADCELIRIBZL(EARNELTHOACs—Te g, ¥1bb, HESHSNENRT
25Cs—TeDEEEBLTVS,

BHRIKCs BRILIAZBRCOPVWTHRLLBEEEHII Te kDB A4 L6 Cs—Te mixture
DESGLIROFREP[TRNLS, 7, TeBEH 5003 Cs—Te mixture DEARRIEHAIE
BILABTH-0ICHL, CsHEDEAILBENBESLOLUREERT . B2, CsHAuLk
BEBRBERT vV o v RERAEZL BRI -5 CRTHED, NbO; /NbOs OBERT v &
+ PP TTREEIECLE W, 2OVl (U Pue) 0 BABILHRHD O/M HEL
TR 2006 T 2, #-T, CsHEAKLZEABO/ M2 TRELT, 0/ M>2T
DHEELBEELOND, COKRIIGotzmann SOHRE—FH LT B, Fe/FeO, Ni/
NiODHAILRHERORILACERNBESN, TLNABRDO+ + 7L THIRCs HE -
TR -FBLIDHH LT, MANHICRERADOCs KXV BAMBEL 205, BB Csidy
w77 —RIREN, Ny 7 - EORBERBMEEHELUCs BRI IVBEEBELLLEE X
LNb. BlEMLoHE L TCs Bk & Cs—Te mixture DEEREENITRAL YD Cs—Telt k
ARERBRANETELOTRESBEVCOICHL, CsHARIZRBRHESLCRLEDE
BTHIEEZONS,

(F&8H)
1L Cs—Teil k3 SUSSI6HBEEORRII, BRY» 2 - 2ALKLE&H T ELTED, B

ERIE TS WA EEE DSl L0 o
2 Cs—TeBABRLBNTIE, Cs/ TehMHBEIEERRTFTHD, Cs/Te=2TRERIE

59, Cs/ Te<2TDAREC S, LOBEE, BROBEHIECsTehddhicET 3,
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3 Cs—TeBRIBVLWTRABBREODHREE, BbALd -7t KESEOLLBERF v
Yy avitoe —nABRNDN TR EELI OSBRI EBET 2,

4 Cs—Tellh2RENKEOETL EIR2ARABL LY —EESITHETHRESHBLL &
%, AABERETLTWEEZ N3,

b CsHBERRIZBMERBERT Y Vo MREREZ LS, BEOO/MIH 2 TIEST 2584 F
THEARECLY, 2R ECHYNTILGTTEAREL 2, CsHkic L 3EEI, Bl
DERPHPUBETH B,
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. PEE R AR

I—1 [RUL&I

NEEELZEBETAHNES LTHEESEAEIRASITARTIEICLD FP A2 BB ICE~ND
TEHENEZ NS, LeLRESS, BRYA 7 rheBBLOVESBREEOHREEANT
ANDA-—F 4 VI RBBOTEHETHD, X, BRELHELO, - TV TEHIEHERHZED
AEMRFELRETA N, EREOFGOVFEELTRAEBEDFLIARAFTHEEEL LN
TWARERT Yy a0 - AT E3HTEMBETFONE, TOHFED 12 LTREBRIK
O/ MEDEWEHEZHOAIAESZELONSG, KB ZOEHHRE roREABERICEL
c@sshTra oW
EO/ ME#EERMVCAIARIZOFGDR L PO LT, MEAKEOLDYI TRV, F14b
L, DEOEO / MBEHELRBNICHET 20EAHRE LTS EREEO BB BT RN IC &
DULLRBLIEMNTREING, - TEO/ MRHNOKEBEERNOBRB LK, ThieEbsh
EOMRIBEINE, BERT Vv 3 b — DB 20 EELTEEY v 2 —HE2HL
BhHEMSToNG, CHERBECYAREERESIECTHEVEBLES, BE»LE£B~
REEEHI>FILLID, BHOO/ MEEETEI LRI DTHE. COLBOHH, B, NBEZE
LICHET AL ECED, BEOO/ MIkE v Po -T2, ARXRTRINEEAREREL
UTBRRT v 2 %2R0 2HEERD LY, EVvA~NOEEFEOKRY, MHOBREHKIK, #
OHDBEREBIC SO THSREFMT 2 DOERET o BEF v 2 —DEYA~DEE
ELTRTVvFL, vy b, B -—BEEY v 7, BERANOGRSESrOMBENE L
SNBY, BREOT v # —~DOBEHEE, CrBEOEEHLLHFEEAET~OI—F 4 ¥ 7
TABEESROBEXRNLELEI NG, BEY v 2 —ORBFEAE~OaI—F ¢ ¥ SEEOBEREITS
NTH, E&“ﬁ%‘é@%&ﬁ?’éﬂa‘%lggz DOFEOHREET-THEY, BEITOREEREREK
FORFRTIZ—F4 Y 7VBOBEELEIIL TS, TR TIiOELELOBRES v 2 —#0
BHEZRL, S5ENLOHBIESOVTT > & 200 HFEMRABIC DN THE~NE,

I—2 EFRTvy—#H

BRET v 2 —HHELL2EBRROBEBALOREAN,

(1) BEOO / MEEBETEESABOBELT VY LE2FLTS,
) 7y 22—, ¥y 2 -8Bt BLUBRHEOLEEHORBANE N,
(i) BILEEAKE,

ivi BRILICXBEBEMIKRE L,

(V) HEFBRIREERSN SO,
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vl BREENE~D2I -7 4+ Y I/ BUETHY, GEECERELZRIZEIN O,
PEODBREBRLT, BESX v 24 - HOBEHBLLTTI, Nb, V, CrO 4 EBEBAK, Zhod
BORZERT Yy + nZRABIEHBEE XUSUS316 B L THE 35 K RT . £10 ICI38 5,
BRI BHEBEL, PETRNFEEERT . BRIEEEC DO TRIRB Y ROBIBRESE
DOBIHFICECRETTOF - 2BFELLL, 35T » £ - BLHIICs & KIGTAEMRTHX
NEBREBERDOBEHICOCTRRPLABE . T RALAERET 20
BOPOFBEERE T - 70,

I—-3 REFHEER

1. B{LRER

BREIETORMFUELBRNLZLDCRO 2EEOERET - %,

EBR1 I ALLRNTAy 77 2RV AERIVBERT vy e LD a v o —LEFL,
BRALEE Z KB BN o FMET 2,

K2 L/ HOHB30EFCO/CORATVREAFAAVWTBESRF Y Y yr0a vy b —
LETY, BILEEABRRFCIZ2AFERAFTICIOFERT 52, E8B 1 T2 SUS316F+7
VR T v 2 ~&3 —F 4 YIS UEHBEE Ny 77— EHIHALTE50CE 725°CHD
2ODREETI0MDOMBET %o /Y9 7 7 =13 Cr/ Crz0:,/C(Cr:sC /Cr:0s) & Fe
S FeOD2HBEA O, ChoD~Ny 7y —OBEXFY v w12, M35 ICT+., E36
KR+ + 7 BERTRT e TIZCrO2BEOT v 4 DN TH - ERFBRE T,
BILRT . TiOHABEEIMBFHTHREEIpm THozDICHL, Cr:C: ./ Cr:0; €L 5B
RILT 650 CT 16um, 725°CT25um Ll b IMAR Oht . Fe /FeOlt & 3 Bt TiZ,
%I 650 °CT 14um, 725 CTR 60umid WML Tk, Ti A Ti0: & TELKEIC
BRELEBEGOKBENMAH 18K THE20T, BEENM» SHBELTHTAD/ Ny 7 7 —
DEEOHLBOOEELETLTNELEEZ OGNS, -7, TidAH YR TFREIS
ERIALT v+ ORGTTLTHLBEEELE T2 L WHTE5, chicHLCr 0
BRECTLONMARAKLBOTHREAZEEEMERLTE 5F, RICEERTI K L~/p
SnEEZoND. M- TLUROERTECrEZBES v 2 —DORELSBRA LT, RICEER?2
THRIEEEC IO ERNUGEELEEMNE LTARTLEHVAEETo/e ZLTH v & —
HHELTH K HEDLESTHEL T AN EVAERICMA A, @39 KEBEO 70—
EART . ARFIKEARO Ly RCFHEORE T THOBLAICTIE T #8735 20E s
(EZERKKH) A0k, FR2EIRESE TORRRK T, Nb, V OBEROTERE
ToThAE, F-2O0BRENBECHRH LTS, 20BEEELTHE, 2781 KRS
ROHZRBEBRB I TLEr-REREI OIS, 6K, RBBATLOHRBESS T DA X
DT, BEVZAOFHEASLELSAN T,
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2

B

REY v 8- %3 —-T4 7 LBBELZRARETKES, Yy ¥-a3-74 V7%
LT ROEEEDBERLER T 2BICIDS v F - DEBAERYBORELT -k, F +
TELEBER Ny 7y - EBEAEBELGES (F+ 70 1) SRBENVEE (27
v2) D2BRTEREM»Ho N 77y —RBBLEEROESEAKIC, Cr;C. /Cr0s &
Fe/FeOD2EHHERA VL, BAHFELLTECs, TeDRAE®H (Cs:Te=1: DEHNT
MEFEH0CL T25CTI0h Tt F+ TR I ERAVTTI I—F4 VI BEES
CrsCe /Cr20: 7%y 7 7 — Db ETMBALEEREFE4O0IKFa—FT 4+ v/ HEBEDES &
HICRT, TiT-F 4 Y7HBBEINTOROEBEE CREREARELLDIIWL, Ti =
—F 4V BB TREARNAON L T, 2T T, 4+ 70 1 TWECs, Te Bisvy 7
T lREFEELELIDTI 3 -7 4 Y/ HEENECCs & Te BHHRELEL TV VLA
BEHBHE, -TRIEF + 7V 2EFAVTI -7 4 v/ EBTDIIREDCs, Te ITHEZ
NERBTOERET -, TOHR, SRUE2— T4 v I/IHBERLPGOIBLONAEED
HEzn, (H4) . CORBRRITIRESSZEOCs, TetRELTHHELTLESER
LORFBIEMEERY, F2-FT 4 YI/EEEOBAGLABKOEAERER4E Uicten i FEX
Nde M-T, DILOBUEBEAEERLSIATIi zo—-F4 v/ ENFET 2BA0RHEEL
LTORELULLROERED - 1,

BES v 2 —-EFPORE

BAEATZ 2 - EBRAYYACEBL TV ABACTFARNEER, sT¥RE»OBEL
BOBLLDT v 84— OBUEDBEI S, RICHHVERAKIKY v & —B{t¥ds FP, #ic
Cs tRIET 2. COBEFT v 4 ~RBEADY v 2 =L LTORBLITHEL, CsD¥ v &
—ELTHEMCELHFTENS, LELEL, CsEtORBIEIDERL-ERMABE 1
Aed 25 3R EEL2FHEMbGE 2. -0, BlEoAEREET 5T T
Cs & v 3 —BILBORISAETTo ¥ v % —BIBE LTETiO, NbyOs, CraOs ,
VoOs ZIROD Eif, B420F + 7L EET 125 CI100h O MBAET -1z, MK, LD
ARFHERAREHOH L, CuKe XBICXZ2EFAEET, MAHORE & i, K43
oI AR BRORABD XBEH*F - v %2 RT. TiO:, Nb2Os, V:05 13 Cs EIHT 5
BREIOFLOBEOARBR LN S, —F4, Cr:0: i 3EF 2 -1 oR23BOCs EOR
BBED oNiydpotcs TiOz, Nb:Os, Vo 05 WFNOBEGLERLEHL EIBRLEHD
BT EDEULERBEYT, 520RLEBTHEVER, ZhoolEf 2 — v ERET 3
FIEOBEDI, > TRIBERMIRCs 2238 Cs—M-0=TRI1LEY (M=Ti, Nb, V)
THAIENTUTE 2, COBRRAAHIESVTRXEBERT - FRBEBLEASS®RTHD,
RERTERLALEEGHDOME, BERLLIREORAETHE, 51T, 2honbe®
DSUSSIE WHEBLHT ABAM I PV TRASBRORNEETH 5,
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N. & & » k&

PABBEBCEOTRIEAHNELTOFPELTCsETe #H D FiF, Teli{k, Cs—Te
mixture & SUS316 CDOBEEH LW, TOPTEOLOEERTNRBAB -, I Cs—Te
CI2BEIRFERBAERFEELLECLEBEL, X, BRIECS,  Te<2TOHEL B &1 7
BREBERBE SN T LD >R bDTHE, Cs-Te L LEBALERIC BT Z4%BOEEL L
TH. Cs/TelbtDFEW5Cs—Te mixture OMARCHKE, A ERHILEHEEAMLEOR
FRF VYL EBBEC I bo -0 LEERETSEBEBETON S,

NEBEERLETE, BEY v 4 - 2H0EHREFZRALTVASE, ChZEOC,/ MEME T
EBRCHRYEE > LV IBBRLESTO TS, BEORICE UL TFARAERERLFHL
CHRIKRA B, BMHCYATHBERT VY s v BETHEESHE O Cs,” Te KO EINIC
DAY, BENKEESIFHIN2D0TREVHEELI OGNS, BEY v 2 —HOBHELT
(dTi. Nb, V, Cr8B 0 oh, Borh0HERMERET -8 Z0H L2 U+ 2 2 T i3
S, REIET v 4 -~ DAY R EERRER LD THEBLETAIETE & 00,
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gl Ny 7r—DBERTFIT N

-AEO (kcal/mol)
Buffer 2
725 °c 650 °C
Cr3Ca/Crs0y 127 130
NbOo /NbyOg 115 118
Fe/Fe0 94 97

#2 SUSBI6ANMOBRE:

(Cs:Te = 1:1)

after 100 hr

650°C °
Buffer 725°C
. Gas. zone
Ligq. zone Gas. zone
Cr3Cs/Cra03 130 um 50 um 70 um
NbO2 /NboOs 160 um 50 um 80 1m
Fe/Fel 100 um 30 um 110 ym
after 25 hr
650°C °
Buffer 725°C
. Gas. zone
Liq. zomne Gas. zone
NbO, /Nba0Os 60 um 40 um 60 pum
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#3 TeBEfpkRIizEAOERFEZ
t+ I ES Teft (wg) | &E (CCI [I0EBHE () Ei R (BE#EL 4m)
A— 10— 1 670 900 30 SEEAE (304 £ 21 )
A—11-19 670 800 30 LEKE (163 = 84 )
A—-10— 2 670 725 30 £HEBE (130 = 192 )
A—10— 3 670 650 30 LEBEE (91 £ 45 )
A—10-— 4 670 550 30 £MBE ( 63 £ 51 )
A—10- 5 670 500 30 £HMEE ( 54 £ 55 )
A—10— 6 670 475 30 £EMA (37 £ 14 )
A—10- 17 670 450 30 2EBE (37T £ 30 )
A—10—- 8 670 425 30 2EEAE (33 £ 79 )
Fd4 TeBEkicL2EEOHMEL
Y IFALEES Te & (mg) | HE(C) itk YS! i g
A—5— 9 69 725 5 min eyl gy
A—-5-~-10 70 725 10 min 2EER
A-—-5— 14 69 725 30 min & EEA
A-5—12 66 725 1 hr 2EEA (FEER]EEEOBN IGE)
A—5—11 67 725 7 hr 2HBE (+ " )
A—5—16 74 725 24 hr 2HER (+Te DRF ¥ L ANDREA)
A—5- 3 70 725 42 hr SEEE ( ” J
A—5— 4 74 725 100 hr LEEE ( ” )
A—b—15 75 725 200 hr EEEE ( ” )
£E5 No 77—, BHOBEEFTV L
—~ 4Go; (Kcal “wol ) 0/ M — 4Goz (Kcal/wol )
Buffer .
at 725 °C in ( Upr Pues )02 at 725°C
Nb./NbO 158 1.94 160
Cr/Cr; O3 139 1.96 155
NbO,/NbO; 136 1.98 148
SUS 316 134 1.99 142
VO U; Qs 131 1.999 123
NbO/ Nb; Os 115 2.00 86
Fe /FeO 95 2.001 68
Ni /NiO 70 2.01 59
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X6 BMEMBESEELZOES
DCs —Tell L5 SUSSIBHASTOER

E xpt Cs;: Te | Cs:Te amounts | Time Resulis
o ratio (mg) (H)

A—12-1 1:8 100 : 770 1 50 4m MA. locally 170 4m MA + IGA
A—12-2 1:4 100 : 385 1 60 #m MA. Tocally 2004#m MA + IGA
A—-12-3 1:2 100 @ 192 1 304m MA + IGA
A—-12-4 1:1 100 : 96 I 40 #m MA + IGA
A—12-5 21 100 : 48 1 No attack
A—12 -8 3:1 100 : 32 1 No attack |
A—12 -7 4:1 100 : 24 1 No attack
A—12-8 18 : 1 270 1 144 1 304m MA + IGA
A—12-11 1:4 160 : 385 3 130 4mMA + IGA, Tocally 2504mMA+IGA
A-13 -1 1:2 100 © 192 10 min 804m MA + IGA
A—13 -2 1:2 100 : 192 120 130 4m MA + TGA
A—13-3 1:2 100 : 192 100 220 4m MA + [ GA
A—13—4 1:1 190 : 192 100 120 4m MA + 1GA
A—-13-5 2:1 190 : 96 100 No attack
A—13-6 25 11 500 : 192 100 No attack
A—-13-17 35 : 1 340 : 96 100 No attack

MA = Matrix Attack
IGA = Intergranular Attack

£7T BIEFXFvE2-BEETIELSD
Cs —Telt ks SUSBI6gHEEOEE

Expt Qs Cs:Te:Getter | Cs:Te amounts| Time R esults

fo. getter ratio (mg) (h)
A—12-9 AL 1:2:08 300 : 576 1 130 4m MA + IGA
A—12-10 AL 1:1:08 300 : 288 1 75 tm MA + I GA
A—12-19 Ti 1:2:04 300 : 576 1 80 um MA + IGA
A—12 -1 Ti 1:1:04 300 : 288 1 20 4m IGA
A—12-139 Nb i:2:025 300 : 576 1 60 #4m MA + I1GA
A—12-14 Nb 1:1:025 300 : 288 1 40 gm MA + 1GA
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=8 BMEKBESEET L >ELAOD
Cs —Telt &5 SUSBI6 BEREOBA

Expt 02 Cs: Te Cs : Te amouts Time Results

No source ratio (m'g) (h)
A—14— 1| NbO:;. Nb; Os 1:2 100 : 192 1 100 km MA + IGA-
A—14— 2| NbOCz ./ Nb; Os 1:1 100 : 96 1 100 #m MA + IGA
A—14— 5| NbO; ./ Nb: Oy 1:1 200 : 192 1 100 #m MA + IGA
A—14~ 3| NbO: . Nb; O 2:1 100 : 48 1 No attack
A— 14— 4| NbO: .~ Nb; Os 411 100 © 24 1 No attack
A—11-—11| NbO; ./ Nb; Os 211 134 : 67 100 No attack
A—11—10| NbO; / Nb; Os 4:1 268 : 67 100 No attack
A—11— 9| NbO: ~ Nb: Os 6 :1 402 @ 67 100 No attack
A—15-1 Nb . NbO 1:2 100 : 192 1 100 #m MA + IGA
A—15— & Nb / NbO 1:2 100 : 192 i 100 ttm MA + IGA
A—15— 2 Fe . FeO 1:2 100 @ 192 1 100 tm MA + IGA
A-156— 3 Nb . NbO 2:1 100 : 48 1 No attack
A—~15— 4 Fe /FeOQ 2:1 100 : 48 1 No attack

k9 BEUKKBELEAETLIESOD
Cs iRt k3 SUSBI6 Al EOE &
Expt Q2 Time Results
No. source (h)

A—8-—1 Cr/Crz O 100 No attack

A—8-—-2 VO./ V. O 100 No attack

A—-8-3 NbOz / Nb2Os 100 No attack

A—8—4 Fe/ FeO 100 10 #m MA

A—8—5 Ni/NiO 100 45 um MA + 1GA

—20—
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£10. BEY 4 —HOEEE
A A % o om 2 e F BT
(o)) Voxide / Vmetel W (ov—)
Ti 1667 5 x 1073
TiO 1760 1.22
Ti:z0;3 1820 1.47
Tis0s 2177
TiO; 1870 177
Nb 2468 8 x 1072
NbO 1935 1.38
Nb Q2 2080 1.95
NbzOs 1490 2.74
v 1915 <1 % 1072
VO ( 1700 1.36
V303 > 2000
Cr 1900 6 x 1072
Crz0s 2400 2.02
Ar Ar
(
/05+Te ______74/
vl 7~
Specimen N .‘
e Buffer
| i | |
—+ End plug ——
Capsule type [(A) Capsule type (B]
. BaEHABRF+ TN




NB41—-81—30

f f

Inner surface Inner surface

'p (i _ :

Inner surface Inner surface

& 2. Cr3Ca/Cr.0s, 650°C 100h
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¢

Inner surface

Inner surface

® 3. Nb02/Nb»0s, 650°C 100h

—23—
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Inner surface

Inner surface

X 4 Fe/Fe0, 650°C 100h

_24_'_
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Lig —0u |

Lﬂﬂ~ff#’*#’f

SUS316
specimen

7

J7777

Cs+Te
L Ll LS

/

W5 B LURMOCs — Te & @R IGAE

7

7

NN ONTSE

NN NSNS N RN

>
-

N NN

=——END CAP

<—TIG WELD

%

.

TELLURIUM

[ —STAINLESS
-~ STEEL TUBE

H6 B A& R EBR+*F s+ 7 & 0
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900°C
800 -
725°C
$ 600 -
g
3
E 450°C
W
Q.
£ 400 -
@

200

10 20 30
Heating Time(min)

7 FoABRMEBEFICL 2 NAESHE
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SUS316

X 8

BEEARAENEME

«——END CAP
ae——TIG WELD

N

STAINLESS
STEEL

NN NSNS NS S ST

ANANENANANANEAN

#T—ELLURIUM

" le—— STAINLESS
STEEL TUBE

K BEARAR+*: + 7 &
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10 TeB{k, 900°C 30min
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K11l TeBik, 800°C 30min
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TeB{k, 725°C 30min

K12
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5113 TeBi{k, 650°C 30min
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14 TeBik, 550°C 30min
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500°C 380min

Te B 4K,

w3
—
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TeBi{k, 475°C 30min

16
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17 TeB& , 450°C 30min
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B 18 Te®B ik, 425%C 30min



30min

19

Corrosion

Process

24hr

at 725°C

200hr

0E—18~1¥8N
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SUS316 | Corrosion Product Fe

B 20 EPMA 30min. 725°C
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SUS316

® 21 EPMA 24hr 725°C
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SUS316 Fe

22 EPMA 200hr 725°C



Liquid Corrosion Product

B 23

Solid Corrosion Product

‘AL

0g—18—-178N
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TEMPERATURE °C

1000 9°|° 3?0 70 6%0 5019

}Jm
I
O

= T Q=7.Tkcal/mol
<

=
4100:—
> .
E 1
b(_ —
= L
L.

'e) .
X
x|
0.

ul

(]

10

T TTTT]

|

] | | ] |

0.9 1.0 1.1 1.2 13
1TEMPERATURE

24 BEEEOT7 Y L9 RTa v b

103 K
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SUS316
Capsule

L.

Cr-—i’iCh
phase

Te :“a
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N

CAPSULE 1

X 2 6.

Specimen \ I M
/

Corrodant >///
/]

<— SUS316

Oxygen source

CAPSULE 2

Cs-Te mixtureix X 2 AEEERF + &

0e—18—1%8N
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K27 Cs : Te=12:8, 725°C 1h, BRFEHBIILL



B 28 Cs

Te

1

1, 725°C Th, EBeZ{LATE7 L

0g—18—1¥%8N



—Ly—

X 209

Cs

Te

1 : 4, 725°C 3h,

BREHHAES L

0E—I8—1F8N



10min

Innersurfac"e ;.
before
reaction

100

A-13-1

X 3 0.

Cs

: Te

20h

A-13-2

1 : 2, 725°C, BHEHHBELL

100h

A-13-3

0E—T18—1%8N



1, 725°C 100h

2, Ti, 725°C Th

0e—18—1¥%8N



Nb/NbO

53 3

Cs

: Te

Nb0,/Nb20s

1

: 2, 725°C 1h

Fe/Fe0

0E—T8—T1¥8N
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Fe/Fel

K34 CsH{E, 725°C100h
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