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Statistical Approach to Defective SiC Fraction of
Coated Fuel Particles

Toru QOGAWA and Katsuichi IKAWA
Division of Nuclear Fuel Research,
Tckai Research .Establishment, JAERI

(Received February 18, 1983)

As-manufactured defective SiC fractions (@'} of nine groups
of coated fuel ?articles, which were produced on an experimental
basis in 1%75-19281, were measured by the burn-leach techniques.
Six out of seven groups conforming to the present specification
showed ¢’ less than 1x10°° with 95% confidence. And there was
no significant increase in @' of those particles by fuel compact
fabrication. Third-layer crushing strength measurements were
also performed; a simple model for predicting @' from the particle
size data was proposed on the basis of Weibull statistics of the
third—-laver crushing strength. Besides, possible means of
reducing ¢ such as the change of size specification were discussed

in view of the model.

Keywords: Coated Fuel Particle, Defective SiC Fraction, Crushing

Strength, Burn-leach Techniques, Statistical Approcach
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Fig. 1 Bizs ms/m of the Weibull modulus m_ determined by least
sguzre analysis and standard error of m as functions of

samzle size (Jayatilaka (9)).
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Fig. 1 Bias m /m of the Weibull modulus m, determined by least
scuare analysis and standard error of m as functions of

samole size (Jayatilaka (9)}).
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Table 1 Description of samples for

the present study.

Sample - Particle size Compact size Volume loading (%)
75FP2A B C 22

75FP4A B c 30

75FP4A A c 30

76FPC1 A - -

760PC3 A - -

78FP2A A a 30*

79FP2A A b 30%*

S0FP1A A b 30%

81FP1 A b 30%

*Containing inert particles with sintered SiC kernel.

Particle size (Um)

Ak%

Kernel diameter 600+60

- Buffer thickness 60£15

ILTI thickness 30 5

SiC thickness 25+ 5

OLTI thickness 454+ 5§

Compact size {(mm) -

Outer diameter 36
Inner diameter 18
Length 36

** Reference design for VHTR.

24

36

B
500+
40¢
30
25%
454

c
24

40

20
5

5
5
5
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Ay b AR Y ORFES T v ionic, KE#EDENE LIEH-TLEIBER, %
nNEND 2 YAy NG RLEL O O LREBBRZ 1x10 PAEBATLES, LbL, av
N7 PEREROHFICOVWTORREADES L, ¢ < Ix10 P LnsceBEECRLIE
EhTh D, |

T9FP2AD ¥ /30 PORRBEHTH -, ¢ BTABRE B - LHRICSVTR, 55
ETHEET 5, '

4.2 FI3FUTHRIRRE

%3 BT WEREE IS0 2 T HOBEE Fig doRit, 74 7 VREE ETo
FESRD 7oy FOERPLFLCTNALVRD, 26NOHETTA T X34 —5m, Fy
RIWZELEERT LTS CEMBGPE, ORI LTRDIET 27 2m B LRk
EFO%TmmSKﬁLkO6@®ﬁﬂmowfm:5i7,$ﬁm=aof550ggmﬁ&
D, mIEOWTRY V) v SBEFFTIU~18%HALEEEZLE, BIRICETSE
BN THIERED 7470« EF 27 2Adm=6 TREIE TRV THA D, —T, HEHE
Fo i£668g 5937 g $THHDVTWA, LML, m&Fy OfliCi3 oS R4 T L
AT & 1210,

For REH B 0T, OB 3 B FISERE F & TR T lEL S BE L 2RACE
» CHEHB I ONET EER LT

F:C'rg{ri—rj }
C: ¥ (kg cm®)
ra . w3@ARE (em)
re - (ra—ts)
ty :SiCBES (cm)
LT, FEEEF, €20 T

Fu:Cn-rg{rifri}

LIRELT, Table 412Co DEAEH L1z, Zhh b, Cp =1L1x10° kg /em® EBIF 5T
EWMG b,

5. % 23

Table 31Ci, %f:, HHETFICEY SHEORBERP A SiCBHEANAES KHLYL
BETE, F (P=0') AF 5 22(RARCTEELTH S, 7771, HEREOENDS
EBLoRimOBEDOKESEZERLT, —ECm=6 RELK, ThbhoithbLED, F
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ETOFP 2AARIIE, 95 HBEWETE < IX10 ' THBLEEAD, BREASDRE, 3V
NN T ES D O TERS DS BV enic, KEETORSEL (LM ->CLE IEE, +
NEND I V87 bGP 5ER G O LAERRREZ 1X10  28ATLES, LL, 2V
27 FEMATOR T YW TOBBREGLERE, ¢ < 1x10 B LERIZICRLEE
BOTH b,

T9FP2AT v P OBRRIRFITH-T, ¢ BABERELL B ERIC>VTHE, E5
BTHEET 5, '

4.2 FIBRTHIZEE

F3ENTHEREATCES I 2R TROEEL Fig 410Rd,. 74 7ERKRETD
MESD 7oy PAEBEPSELLTNLORDYD, 25HOHIETTA T e NIFT LA —Fm, Fy
F—IERELLEERLTOA T ENDDE, COLICLTROAET 27 2AmE L Pk
EFEF, 2 Table 30k L1, BEORKKT OO TMm=5~T, EHm=60THd, 22 T~
D, mIEOLTERF YT Y IBERITIA~I18%H5LEE5E LD E, RIREBITLE
B FWEBREDTIA T s £EF 27 A 3m=6 TRESHTRNTHAH, —7A, FEEE
Fo 11668g 225 937Tg THOS20 TS, LAL, mEF DN oM # S Hlid &
MTEIT,

ooz E B0 T, THOE 3 B TRERE F &OREON T IEE s s L aRA L
S THREIT oL T AR LT
' F:C°r3{ri‘r;}

C: EH (kg cm?®)
rs - HIBAF (cm)
rg o (rg3—tsy)
ty . SiCEBEx (cm)

T, BHEMEF, K20 T

FD:CQ'rﬂ{err: }

&ﬁELT,T%w4KCn®E%ﬁﬁLhDCﬂ@%,CnZLdengmséﬁﬁéc
LIS b,

5. #¥ 23
Table 3icid, £7:, BEEFIKHTLAEOREEEP M SiCBIAZA S KELIL
LiE, F(Pi=0') #F, /5 22(NREFHOTHEE L TH B, 1720, WEREOEM D
BLAFMOBEDAEIEZLELT, —Hikm=6 &HE L. CUPLALELEED, F

(Pf:(b’) 2, TOFP2ARI T4, 3iF200~250g K-> Td, £2T, & 2.21(1)
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Ao,

Bl = Py=1—exp (— (" 1
Ty
ELT, SICEBMEEHGETRAITEALDLREST S, §7bL, m, F(P=0¢ ), Fuhiidh
niF, ¢ A ERick > T B4 2T EMTE2L3 3, Table 3OBEABMB LT, BiElic
m=6
F(P;=¢"=225r25¢
CELTEMTEDE, $/, 42WBicEHE, Fo BRKick - THELTE S,

Fo :Co'ra{r§ '(H"tg)z } (2)

Co =11x10% g/cm?®

LichioT, CoEICEFNMTEE, 1y, LIARNE G BFATELLILNB, 1135,
FCF(P;=¢") 35 3 BB TRNEOIE D » A DEEE AL T EMBTE,
B« BURGRIEICHET B ERTH B,

Fig. 51ci3, Loz FAsM0nTii ¢, LER0 skl TarsE, 1L, A
Mok T9FP 2ARF R 2VTORRRIBROTH %, ok 8HuervE LTHE, THl
e ERMBEHGR —BLTWET ERDIDE, Ll, LoeFih, AEBRICHLIZD LS
R 5k, ABOBRBRERTIC2WTHENTLNE SR, RIEORY TREL, L)
Db, KTOTE  ERHEAS CERIUE, BHEOMRVALTENMbALATOKRE SRELS
BEEP O THD, 21, By KHTADRIT2WTH, 221~ k51555 3 BB
FTOWERHOERIAEZDLE, 13 £t DHLWHHARBCPVTEST S LWV D RILIN
A

Lisl, FIALE, BAEOWBRER TO~TE « (18 (Table 1, BTTHEA) OWHNBEE
B I RIFTEBOFMICIE, LIREFVRENTHA S, Fig. 61, SiCEES ty 27¢/
W RIET BB A SR L fo, BAEMBETHE, r; =390 £m, t3 =26 pmTHDB, LEH-T
¢ = ax10 "t EFEENS (EhEd) » Ll, Table 1itRaEED, kL, KTFOF
YRS 2T BIENGEHET 5, £ CTHEOFFRRED EDiT/NE L, SiCOECKTT
i, ¢~ Ax10° LA THAS (BH) , THbS, HLEE b- HEHRICAS L 5CE
Dy FOWBBREHTARELAEE, 2o ¢124x10 ' OfLERBICAHT 59
B, SR FEACEG =Ax10 P Ev sty FHBBT AAREMSSH B, LA L, HHEICH,
BEOBEED ZEETLH 5, BESEEREASL XD ORNBEOMEL TS 5 &5 L 5M LR
FATHAD, Tt, ~HTHE RO S, t, REHEOPRE2S pm D PPE (D
BEEICH 5. CNSOBEREEA A0, 553 BHEHTORRERSCELOETH TR
b, BEOHBORTICOVTEG =1x107° TRESEHENTELS, £LT, ¢ %
HEDEENH1G- T3, ts =3515 pm ABERENS, Lo, BIKCEESIEL5

H6) TEFP 2A, 3A, dABLUTE6FPC1Dry ,t; KDOWTHEHA A —OREEEFHH,
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missible in the present specification.
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pm PRI SICEAEL T4 813, WEKO ¢ OBV IBA»SEST 0 BRERK
HOTHAIe E0IDH, 2 vy P REROEBREE ST TIRIEE 1 X107 ICET 5
PHTH B, Table 5ICRB LB, 2 vy NhOWEER TO ¢ & ¢ Loiici3E &N
AR, QOHIEE ¢ DEIEE ST L AMETAEL EELLND, E0HD
&, SiCEAMEEY 20E5 3 BN TORSFR, SORNEOIERVETH D, HalEzE s
LCa vy bRIERTH L EEAOCNINGTH D, THbb, ¢IF 3B THERTLD
3, DLAFABHEBERON TORBEREMAELTCOLRTTH S,

Table 5 Comparison between fraction of defective SiC ¢’ and
that of through-coating failure ¢ of the fuel

compacts.

$'(95% limit) )
75FP2A 1.4x107° - 2.8x107° < 6x107° a)
75FP3A 1.1x10°° - 2.3x107° 4.4x107° a)
75FP4A 4.5x107% - 1.5%x107° 9.5%107° a)
78FP2A 1.3x107% - 1.1x1073 1.9x10°% 1)
§1FP1 1.3x10°% - 5.9x107% <1x10”%

a) by Minato et al. (14)
b} by Kobayashi. (15)

EoeFr (1) ORrdscrTE, ¢ DEMILCEZE 2OITE 2S5,

L TAFNWe EF272AmEARNEL TS,

3 BrEWET, 2 A% § 5,

@ F (P;=9¢") #/h&L 4§53, .

FTHE LB SICEBES t, OEER, Fo 2RELTEHTECHMEEE0, mERELT
BlTlE, 7y FAOKTOETEP SIC BRADKIHATEAZ L UTHENRSBVTEHS
5, Lnd, EORTHAMERETEHIZATROAREMEALTOLZDR, VWEDOEIAE(H
ST, Lichi-T, mEPERINCAS T 5 ER3RAMEICGE Y, 3L A, SHROMER
BEOMRICHE LT, mOEFSEEsh2, F (P=¢0)2/N&(F5L0501E, B3IBH
B, BABLAEBETLE COBIRKNTRMbLANENES L THLLEEEKT 5, —2IITHE,
E BB TFORIN 5EATRTLCETHD, LrL, BLEDEIOE, H3 - 4BEER
2T ORATHS S, THbL, HI3EWERBTERBK, OO BS T, FIEMa%4
BAWMEALTLESLETH A,

Bitie, FREFAOEALS, TIFPLADEPICAEN ¢ OREIS>OTEELTRE

7)Y ZrC — Triso R F DO TREREHEBETHERIN T S(10),
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BN T & L CRMCMA SNz, Table 2, 3, 410 3L—1, 24 LTRSS AT BOHBZH HOH
3BHENTTH S, TOHH, IL-1HTOSICEBRI20m&FEDT, FOEFIVIC &
BYRTHG 2ox 10 icEd 5, € Fthd 5 4—%, F(P,=¢') X EIBHBEL T
KM - ANOREEEST 2L EH8TEDL, Lich- T, EEALBIEEL D BT RS UFE,
=¢') =300g HELOATN D - 1 & EETHE, 3L—1 HFOBBRINSE FIRETE 5,
LAL3L-2HFO SICBOEXI225 pmbbh, EENSRBEVEZITOEED, ¢ P
1X10°4MAB L REDBHVEITTHE, Table 3iKRBE D, FAMNTD ¢ 2HMT
BIHF (Pr=0")360g & LAFAEELEL, $Hh5, BRVBEOEH TALE
ERANA SN A AR S L, T CTHKECDR, BAKROTIFP 2AKTOO 7, 3L
—1, 20 ¢ DIRBTEACL > TOBCETHD, T, —IOARENFRAIR, Badc ¢

MREDP-FORIL-1KTONIZ T TH-T, 3L-2RT39HE;, FH230E2BRITHA
SNAETOECHT, HEAMAGNIZENISDTHL, FIBHRNTAHET LFDE
ERTEAROBI A HMEE G, Fig, 71T, 20X HHHEVARTHEL RTOM 41 L.
BEHEONTE - « ) —FRICL->TSiC BEBEEGEAELEDLOTHD, HEREA,
BRAEZEOAETHBLLLDEEL SND, 5B, TIFP2ANFO ¢ 33 v bk
RS S o 5f5iIciEREH - T35 (Table 2) , ChaioEBICRESHTLOWEHRTH S,
—2DBERE LTELONSDE, BRTOE 4BEAAMRRETER 1.65g. /om® L4EHEE 185
+005g /ecm’ ICHANTELLEDP -7 ETHE, TDRdIC, 3 757 FRART SiCEY
ZELCBHETALOHBALNEZINES L LDEELSNS, FE, Ba v "y hOEBREE
G HH 1x10 % EES Bplc K& BEARLTO B,

Fig.7 Metallograph of a particle having defective SiC layer.

Defect should have been introduced after the burn-leaching.

F8) EHEMHBRB» LHETE.
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