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Failure Mechanisms of Coated Fuel Particles during Fabrication

Kazuo MINATO, Fumiaki KOBAYASHI, Hironobu KIKUCHI
and Kousaku FUKUDA

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 16, 19860)

In ordér to decrease failure.fraction of as-fabricated coated fuel
particles for HTGR, failure mechanisms of the coated fuel particles
during fabrication were studied. More than eight thousand as-fabricated
coated fuel particles from seven coating batches were observed by means
of X-ray micro-radiography, ceramography, optical microscopy, etc. Two
possible failure mechanisms were suggested through the observations.

One of SiC failure mechanisms is that SiC will not depesit on defective
inner pyrolytic carbon (IPyC) or gas-permeable IPyC because CO gas gener-
ated by carbonization of UO2 kernel interferes with SiC deposition. The
other SiC failure mechanism is that flawed SiC will deposit under unde-
sirable fluidizing condition of the particles and that the flawed SiC is
apt to fail because of its low strength. It was also suggested that SiC
failure lead to total coating failure easily during fuel compact fabri-
cation. The relation between coating failure and odd shape of the

particles was not clear.

Keywords : HTGR, Fuel, Coated Fuel Particles, Silicon Carbide,
Coating Failure, X-ray micro-radiography, Ceramography,

Pyrolytic Carbon, Failure Mechanism
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1. 12 U ®» Iz

e 7 2 (E ML) TR 1SO BB 713, SvNRiRomelgc:, RERASBRKERE (
buffer PyC), REISHEERSRELRE (IPyC), Ry 1 ER (SI0), BIUAIRER
HOMBEEEE (OPyC) THELAZLDTH 5, —HAMO buffer PyCEIE, #2RKOKS
BUERY (FP) 2INMRT 2%EMAEZ 5E &bz, IPyCBERBEARR PBEHEOR Y =
)y A E LT LRI R TS, IPyCER, FRIRFPOUWLMEETH L, SiCREE,
PyCBABBIIERLTRTLESLBFPOLHEETH L, —BEAMDOPYCER, AR
FPOMMKERTHS EEbiC, RO SICAEEMNICERET IREbFH-THD, TDKD
L ThooWEBIR, £4ELT, FPAERAKRET 2EELZEL TV 5%,
Lkﬁof,ﬁ%%ﬁ#%ﬁ?%@ﬁLfmkﬂew{FP%&%?%&%%ﬁﬁitﬁc&
BTEF, FPREB LT, HEBOBEOEELLTE, BA2D0DPELLNLD,
EEBEOBRETOES, L, BAMESXUSICEHED 2EBEFEETH S, BRIBLH,
SEBENTHRL TV R ETHbE, HRBERF»513, FAFPEIUERBFPOKE SO
2Fi, —F, SICEWEEE, SICERERBHEL TV, HBEBHRTIZWIETH D, SIC
BRHEK T 51k, SBFPEEH NPTV, FAFPRELASEEPyC B THREFIN
%o .
BEBOWAR, BEHICE-THEL LN, HEBRCEOTHRET L, RFICXSHED
ML LTl BB (72— ) ik AR, WIELRIC K BRI, FPICEBSIC
E@Eﬁ&wﬁfﬁ%éo@ﬁ@ﬁmﬁﬁ%ﬁ@®ﬁﬁﬁomfd,%ﬁﬁ@ﬁ%%%ﬁﬁ?é
fzhic, EAEIKBWTS, %@ﬁ@%ﬁﬁﬁfﬁf&bn‘a\%@_@c, LirL, BHEREBLIZET5
Wi, BEESENL - TV D, SEEENRL - TR T5E, ZhERIKAFFEUMET
H 570, MOWEREBZICEL LY, TOBREEESTREHBHI LI TENL L,

27T, WEREN T OREEBORBRAKL §A0nIE, fE, FOXSRUFT S
#%%Ebmﬁ%c&%E%&L,%ﬂ:yﬂybﬂﬂﬁ@&%%ﬂﬁ?mvwfﬁ&®@%ﬁ
T UERBR ATV, BEEMEN FOREBEICE I AEEREOBBICOWTRI L1,

iz

2. %

2.1 & #

EERICH G -EENS, BElo vy PERETOSME Yy FORE 2 TEEOUO: M TRISO
WA FCh 5, TEEAOWHBRER FEE O, BELSONEMESE, Table 1R T,
CHLOWBMEE T, whwAMK-THREGEOLDOTH S, 0 5OEEMER 75k
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1. 3 C ®» I

R A 2FHREIO TRISO BAEMERL 713, #MUNERROBEE %, HEEASERERRE (
buffer PyC), WRSHEHSMEER (IPyC), Ribr 4 B (SiC), BLUANGER
HOMREEB (OPyC) THEL LD THD, —BENMD buffer PyCHER, #AROESD
U ERE (FP) 24 2EMA 52 5L bic, IPyCEBARMESRA PREMDOZ Y <
DY AR EDP LT ARE AR TV, [IPyCEId, VRIRFPOWLMEEETH B, SiCHEI,
PyCEBABEBICER L TRTLESEBFPOHLEKETH S, —HIMIDOPyCRER, ¥R
FPOWMEETHA & & biz, WMlDSICEBABMMICEEST 2REBF-TD, ZOLD
i, TRALOWEBIE, @KL LT, FPAN MRS AEELHEL TV 5,

LichioC, HERBS—HBYTOMIBL TS, FPERFTHEINERDRIT L
HTEF, FPUKH shvd v, HEBOHBORERELLTE, B4D6DPEZ oNL,
WEBOBEETOBRSY, S, EAHESLUSICERED 2EEFEETHS, HEBERL A,
SWBBLEEEL TOALETHLS, BEWEK TP LR, PAFPELUEBFPARE N
2F i, —7, SICEEEEIZ, SICBRBIEL TV LY, HEEETRALWIETHS, SIC
BEEN T o, @BFPRKE shPT0H, FAFPRELUESEEPYC BETRFEIN
Bo .
wEEOEEE, BHIL-THED 3 SEARCBVTLRET 5, BHK ISR
WAL LT, BB (74 B 1ok B, AF ERICE IR, FPICksSIC
Emﬁﬁ&wmaﬁééoﬂﬁﬂ%mﬁﬁ%@E®ﬁ%wowt@,@%ﬁ@&%ﬁ%ﬁﬁ?é
kbw,%ﬂﬂwﬁwfﬁ,%®E@®%%ﬁﬁmbhfw§&?)L@L,@ﬁﬁﬁwﬁﬁé
BRI, BLEBEMEN - TV h, BEEEREL - TV T5L, TRFNIKEELHET
H o, BOWEIXBEICINN LY, FOERLFEFESITHEHLEERTEE Y,

2T T3, BAERER FOREROMERELE TR, A%, LOLICHEBTE
m%%;mmtaa&%@%&u,%ﬂ:vwﬁb&@ﬁ@&%ﬁﬂﬁ%mowrﬁb@ﬁﬁﬁ
L UHB AT Y, WERER T OREREICK T AERREOEBEIC OV TRE L7

2.1 = #

ERiCH AR, B oy FPEEFIOEE S, FORNL L THEEOUO, % TRI1SO
HBBER T TH %, TEHOEBRENTFEEOE, BELSOBER%E, Table 1IT/RT,
IS DERER T3, bW AMK - TREHED LD TH B, T oOWEBREHA FElx
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OEEFEE LT, B o 7 b AROBERNN TOBEBIHBR B L USICBIIEE, K5
W a vy b RER O MEBREN FOBEBEIEFE £, Table 2icE EHTHRT,

BE D ooy MR O BRBHER L, WHMENETIESNIETH L, BEEBEEEL, 10
g OHERER TAHBERIC AN T 206ME R L2 L X, HBEE &¢K@&Ltv7/g
ey vBEDHTELENS, ' '
BREL D Vv s b RAIET O SICBBHESIY, M TR TR S h i Th . SiCIBR
HEIT, mg@ﬁ%%ﬁﬁ?%wﬁ¢%WC@9ﬁ@mﬂL,Oﬁﬁééﬂﬁ%Ebt&,ﬁ
M%ﬁﬁﬁ&wknf5ﬁﬁﬁﬁtt&% HgERhicEs Lk s vBE2Y 7 VEBEDR
THELEN 5,

mﬂnzﬂoh&iﬁwméwﬂﬁ¥®ﬁﬁﬁﬁii BRULFNER—BRHETAEX N
RETH S, BEBEEGE, 2@ofEa s s 2 NREED CES/LFMICEBEL %, 20
%ﬁ%@bt&% kot Teartd &Ltvyxiééw7/%a@ﬁtibénéo

2.2 RBFE

EBRTTEOHREE Fig. 11I0RT, #HEREN FORERRE ST 2O R EBELTH~5
Hic, 7, HEBEKTEZXR V277 7B EDBE L, XB7 9477 77E, %8
BoBELRE, BEEORELENbrE, X875 9477 70BEZER» S, BEEFEE
DOREDH TFERECHE AL DIIC, XI5 U477 70BEREBL TR, BERERTF 1o
CHESEMTTEV,

SICEBEHRESFOREG — 30020 T, ¥2, 000 OWERER T4 88 L0, fho
6 EHEHORENC T, L& &ES-0H 1,000 AR L 2, @A—RAkic>wToXES U4
77 7 \EREE 1 & Lo, SICEBEEESFVEEG - 1251k20TH, B {vlolﬁlfﬁé
DR o '

X7 2477 70BERRIc Ly, WEHBOME, KRiax CoBE I, BEL -%ne
HTFA2FR s icBBoE@icstitt, X85 o407 7Fd, FHEETHIEDT, thod
EMOWBEBER TIC20 T, SO 0RRETEH>CENTS, £/, EHE0ERER
BLEBHERETH B,

22T, 7&K, ThoBEHic>HT, SiCEIIEEEMER, SICEALMmMERE, RFitE
FERE, WTUTEEREREL S R1TH - 1. SICEBIaRkREER T, WEREK 2725
G00 "CTONRFMIMENT S5 Lick D, SICEEIEN T Th 2 hGhi#l~/, SiICEAZmE
ZETHOPyCEEBRERE LA TFAMREL, EAEMEsHCTHE Lo, NFlEENE
MECETRISOKBEHER T ELUOPyCEABRER EZ LR F4ARRE L, HlEh 53
10K & Liog '

7, BBEG-125 o, HEBEN T 10 A8 LT, XREFEIRL D, BEH
DEEZ T,
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3. & eS

3.1 HHEG-125

X7 o477 77T, KBILT, BEESEELSNT, SICBICRMOS BT, WIFD4
EORTF, BIUBCEFORLABVR LD 4BEIEE I,

BEHE SRR SN TOXR S V4 77 70RFF %, Photo. 1iTRT, Fh, KEHABERE
BEE%, Photo. 2iCFKT. ZOXHIREZESEELSR TR, 1, 0048035 ThH-7. TH
SOEMEIGE ORI, XREFkRickY, ZBLy 5 vo—8#PyCBERIGL, RibyZ v
EREINTORRETHE CEdibots, XEBREEHSREA Fig. 2i1RT,. Photo. 2iTBWVT,
B ONEE LU buffer - PyCEORBTOAL-TRAZHSE, RIELVIVTHELE
A 5%,

ZhoORTFOREIZ, buffer —PyCE, IPvCE, BLU SICEBONHD 3 >OHEEN
TNTHIELTHY, OPyCEBLEE2THEL L THD, XEF VA7 7 7 Fiodmdfies
T, WEBOWESRA NNV T&H - 088, SiICEBHHEHEZERRICLD, SICEVEHRLT
WHT ENDP o, CDTER, XTI YA /57 i 3NEHBGEE TR, BEs-—-Hiic
BELSNTWBILHTHHEEL GRS,

T, BOEEHRAEL TV ARFBLUHCETESRE ONE b - KN FOBBERELAAE L 7.
Z DR, Table 3 RTLHiT, BEARILL T AN TORBMAEDOTEI 0.9 kg TH
D, ¥cEEHRER LN - R FOEAD 1,47 kg i, 930 B/NEh ot DT LR,
WEHEDRILL T AR T, #Ela vy blBRSe, BBEEN FItEhPTnl &R
LTWwWa,

SICBIKMOH B TOXET va 75 7D %%, Photo. 3iRd. SICEORME
2, SiICEAHAFICHRSMicHE L THWE2ETHE, COLHUASICEBONFIE, 1HH
ODXEs OA 7 7OBETE, 1.054%h 2R TH-7c, X5 VX 77 70EEE 10
BnELIETA, 104K R 124K TH -7 SICBOKMEEEHHTH S8, X7 V4
757 THTHREESNDG LD D TR,

X#5 94777 TEASICBOMALEOMI AT R >hicd, SiICBOWERRRSH
ot UL, SIiCEBBEIEMAESRR THE, 124Kd 5 s SICBBBR FTHE I Eabh
=27z, "

WUSREORTOXET U4 75 7OREHE, Photo. 4IRS, 2I TR, WUDLIHE
CDOWTERNEERES LISh - 12, #iEEE ISR AE—1B 60, BLURTOENA

SRV ELLDE, WEORBORFE L, WUOREOR TR, 1,054k 6 THS
too TNHORITIDWT, SiCEPIEMEARBEITE - o4, SICEEHEN TR -7

X7 o477 7OWKRicE T, RESHREOhRFiCE, 0o SICEBRIBR F#8
FhTWi, 20RO SICEWEE R, Table 2icaRLiz&kHiC, 5 0x 0P THEDT, X
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WMot r7r7 7088l y, BE2HOSICEBEBN T2 TACENTELEEZ GRS,
SICEBEN FiI, BEESR{EL TR T, BIUSICBRRBEOHEH FTH- 1,

3.2 HEHG-1281

X#hs oA 75 7T, BRSO LREESRT, SiICBIRMOs T, WSOk
F, BLUFCEFOR ARV TFIBEEI NI,

BREE DD LRI FOXM 7 ¥4 47 7% Photo. 5 AT, MG - 120 DBELAK
~NBHE, CONTTR, BEHELRCEMURIELTW A0 6 LAWY, FFMEAATH S,
CDEHIEREESD LREE AR FIE, 105K 11 K Th-te, HEBEOMIAR, XE7 94
757 TRONEDP- 1, T4, SICEBBERASRIIENTS, SICEOBBRRA LR -
1ie

SICRBizRMEOHAKFODXES V4 45 7% Photo. 6itRT. $/, MEHBBETE
% Photo. 7R3, Photo. 6 (a), Photo. 7 (a) &L (b) &, SiCEBHHAR
EHCER SR L T A DT, REG- 125 TRONAL D LEHRDKMTH %5, Photo.
6 (b), Photo. 7 (¢) &L (d) i, SiICEBHHBRFRICEIMNCRELTVEHDT
B, HHNEHgLORBLIIGDEELZOND, SICBOHSWIIREEL, OPyCEOEE
B CHh 5. SICEIRRMOHBR T, 1,054KP TR TH -7,

SiCBiz Kitm & % 60 Fiic20T, SICEBEEZERBRELTL-1d, SICBORELEHSLD
DT, SiICEOHERR AN, -7, SICEHEERIZRED SCEARTHRETEL,
Photo. 8IiZiR¥, Photo. 8 (a) XU (b) TR, SICEBHEHMICRE LTHLH T
BRZ B, $12, BEAEDRFILE-BEVHADL IR ODHBRI B0, Thid, SiICEHR
BMLTLWAHER THBEEZEA OGNS,

VOSBRI, 1,054 Kh 19K T - 7z 69ROV U EFORFIRONT, SIC/E
WIERERARBR LTI 7208, SICBHIEERSA M-,

SiICBliRMDH HF, WUSHBORT, BLXUBCEEDORLNAL > FILO0T,
T OWEBENELRE L f2. ZOEE Table 410RY . 3 EHOK FHlic, HEREOERZ
LAXBD O -1, £, OPYyCEBRERDSICBICRMD & 2K TBLURICRFED
Rontid - tchiFic 50T, NTOWEEMELATE L /2, £ OR% Table 51CRT, 0
&b, BENEOER, BEALFEDONED T,

3.3 H#®G-300

X85 24777 TR, BEENDLEELCNT, SICBRRKO® R, WU273EON
F, BIUORIKEFOROALONTHEESINI,

BEE AL L BE R F &, Photo. SIGRLIESN, FAEG—- 281 TR HD LG
BObDTHS, ZOLHIWRFIF, 2,188 P 11K TH-7, T, BEG - 281 DEA L[
FRiC, SICBHEEHRFEHARICSV T, SICBOBBERRSHEM -,
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SICBIAKEDOH A FOXERT Y4 75 7% Photo. 91T/RT, SICBORMEL TH,
SICEAHEAECESMCRE LT A b0MR NN, RERRONEA T, SICEN
MR REE LTV AR FIE, 2,108 Kth 85K TH » 1. SICEVIHAANICRHBEL T3 61 %]
o0 T, SICEWEERRRETE &0 s, LR SICEBMEN TTh -7, SICEHE
MRAREBREROSICBAFRBEEES, Photo. 0IRdT, BETRE, H-JFVHEADLSI
LOMRZ AN, Chid, SiICEMRHELTVWAESTHLEEL SN S,

WO RTEDK FOXE S Ur 77 7% Photo. 11 iC/Rd, Photo. 11 IR LR T,
KNTFOERICEADHALHDT, XEF V477 7TH, SICEH2ERRATVS, WUDL
ook Tk, 2, 108 Kith 122K Th » 720 SICEHBEHARBR T, SICEBREMTRRLNK
inrots '

z OFERO SiC BE®E L, Table 2itRLicL S, 1.2x 1072 ThHdH, XB7 I 77
7OBRIC LD BECHS W Fodicd, SICEWERN TR 1K) H -k, SICEBERNT
12, SiICRBIXKMaDH 2B FEFOGICH -7, SICEHMER T 1T Lol aniib-
ok, 1BoXEs V475 70BETE, SICBERBOH 522 TONT A4 5T &48
TEUhTichEELLNS,

3.4 H¥G- 449

X35 U4 757 T, BEESEELHT, SICBiRMod sNT, WE2HBOKT,
5 ORI RE O R SRR A X

BRI A RE SR FIE, Photo. 12 IR LD, HEIG - 125 TR oW IEENZ DA RS
BEALL AR T EEROD O, 104K 2R TH»7. ZHOOR T, SICBMIanNEES
Bz B30T, SICEBHEN T THB I Eobh o, BBG— 125 TITH -7 X571, BREmi
B XEBEHHC & 2321, COREHT SO TRITE > TWiEW, XE7 V4 77 7 O8IED
5, HREEORLEEEE NS,

27, REG— 281 TROALOERBES, BEREASLDLURELRFE, 1,04k b 18K T
Hoto TNHORTOSICBHEERZERKR T, SICBBRRR NPT,

SiCBIRMOH R TOXES Y4 77 7% Photo. 13 1K7Rd, SICESHBAMICEHD
e HE L TO AR TSRO, COEIBRFIE, 1,054RM 164K TH 7o XBT IA
757 Tk, SICEWIRIEROND -5, SICEBUEREEAR T, 158%h 1 KxSiCRE
BBRFTHET b1,

WD BIBORTFE, 1,054 Bith 37 KL TH -7, SICERBHARAR T, SICEMHEN TR
=AY R AW RN AN

XEF 9475 70BEICENT, BESRONIRE T, 3HOSICEERBRTFREEN
Tt ZORABDSICEER L, Table 2IELAZLSIT, 3 1x 107 THEDT, X#E7
A 7OBMRITEY, FFERO SICEEEN TANETLIILPTEEEASN S, SIC
BEUER Fid, BEHSRILL TORERT, BLUSICEBICRMOH BT TH 70
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3.5 H#G-508

XE5 U4 757 Tk, BEEDSD LRSS, SICBIREAEBH Y, WISnEoN
T, BLUORICEEOR SN VE T8RS/,

BEESL LAEGR TR, FHG - BLTROALbDEEAHO LD T, 04D 2HT
H ot SICEBICKESAS AR TIE, SICEPSMRBGENCERSNICHEEL &0 T, 1, 054 ki
ERTH T WIDREORFIE, 1L054Krh 240 Thote ZHSDRIFIZDNT, SICE
WIEHRMER ST - 7248, SICBBIBR. T, L0Baicd, Rohiid -1,

BIREFORLAKCHFILOVT, MEOBEHBERE L, +0BE4 Table 61057,
WIEEEOWEE, 2.04 kg Th -1, -

3.6 HEHG—-636

X7 9475 7T, BEREND LRESHN T, SICRBIRMASEZRT, W nEok
F, BLUORCAETOR OO TOEBEsN,

BEHEAVD LR TN ik, B8G—- 281 TROh b LHEBRED T, 1,054 B 26 A
Th -t SICEBICREaH® 2K T3, SICESHEARICHE B L0 T, 1,054
PR THoT WEDHBEOR TR, 1L04ARD U TH7. ThoDRFic20T, SiC
BBHBERRAR A4 T7L - o2, SICEBEEN I3, F0BabRonmh -,

3.7 #H¥G-1764

X7 VA 777 TE, BEESDLURELSHT, SICBi KNS BN, W2 uBok
F, BIURCEFOR B O FH#EEanT,

BEMZ AL LRESR T, BHG- 281 TR D LKL T, 1,064k 6kT
Hofze SICBITKiED S ARF1E, SICESMAREICHSNCKIBEL 26D T, 1,054 kith
B3RITH»7co WOUDRIEDK Fid, 1,040P 220K ThH-70 CNHDRFIEDNT, SiC
BRIEHERRER LT - 724%, SICEEEN Fi, FolBaibRonins -1,

4.1 BEEBEOREEHE
HEG - 125 BXUG - 449120 T, BERUQ, DAREE AR LTOAE THE S fui,
COR FOREIE, SICEMSHIBELT0AZETH DB, WL 2D T TE, buffer — PyC/E,

[PyClE, BLUSICEFABIRL TL 200BES N, OPyCEBOBWREIR A D -1,
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3.5 H¥EG-5009

X7 ox 777 TE, BEEND LEEGH T, SICEBICKIENS aR-F, Wi iiEok
T, BEUKRCETOR SR RFHEE ST,

BRSSP LEESR TR, 86 - 28l TRONAZLDOEREOGD T, 1,054KE 24T
H ot SICBIRKRMENS ZH AL, SICEAMAL IS SHICHEL-60T, 1, 064fid
ERTH T WIDREDR T, L04HP 24N TEH-T CHLDR FIEDT, SICE
WHEERRBRETE - 723, SICRBRIEN T, FoBEaicd, Roniddr -7,
BIEEORLAZVHFICo0T, HTOWEHEANE L7, ©OKEE Table 61CRT .
IR EO PG, 2.04 kg T -1, -

3.6 H®G-636

X7 o477 7T, BEEIWD LURESK T, SiICEBITRENS BT, WUIE2EEOR
F, BLUORCEFTOR Oh W FRBEESA,

BEESD URERN FiE, S8G- 281 TRohboL@BAEDT, 1,054 B 26 ki
TH -1, SICRBICKMENH AR 114, SICESHBARICEMICHEL /26D T, 1, 054K
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Table 3 Crushing strength of sample G-125 particles.

Crushing load (kq)

Number
Particles with .
" carbonized kernels Intact particles
1 1.31 1.76
2 1.15 1.74
3 1.07 1.66
4 0.96 1.58
5 0.95 1.45
b 0.91 1.45
7 0.88 1.40
8 0.88 1.34
9 0.82 1.15
10 0.71 1.14
mean 0.96 1.47

Table 4 Crushing strength of sample G-281 particles.

Crushing locad (kg)

Number
Particles with 0dd-shaped .
flawed SiC layers particles Intact particles
1 2.64 2.45 2.06
2 2.64 2.36 1.98
3 2,36 2.36 1.98
4 2.23 2.10 1.96
5 1.83 1.77 1.86
6 1.78 1.74 1.80
7 1.66 1.71 1.73
8 1.64 1.68 1.56
9 1.53 1.63 1.50
10 1.22 1.35 ' 1.40
mean 1.85 1.92 1.78
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Takle 5 Crushing strength of sample G-281 particles
without OPyC layers.

Crushing load {kg)

Numb . .

e f§2523cé?g Y;;grs Intact particles
1 1.07 1.31
2 1.04 1.17
3 0.99 0.94
4 0.86 0.92
5 0.96 0.89
3 0.88 0.88
7 0.88 0.84
8 0.76 0.82
9 0.73 0.66

10 G.59 0.66

mean 0.89 0.91

Table 6 Crushing strength of sample G-509 particles.

Crushing load ({kg)

Number

Intact particles

2.81
2.64
2.51
2.48
2.04
.90
.86
.43
.38
.34

O W OO N o W N
N

-

mean 2,04
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X~-ray micro-radiographs of the particles with

Photo. 1
(sample G=125)

carbonized kernels.
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Fhoto. 1  ( continued )
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Photo. 2 Ceramographs of the particles with carbonized

kernels. ({(sample G-125)
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Photo. 3 X-ray micro-radiographs of the particle with
flawed SiC layer. (sample G-125)
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Photo. 6 X-ray micro-radiographs of the particles with

flawed SiC layers. (sample G-281)
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Photo. 7 Ceramographs of the particles with flawed
SiC layers. ({(sample G-281)
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Photo. 7 { continued )
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Photo. 8 Photogrphs of cuter surface of flawed SiC
layers. (sample G~281)
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Photo. 9 X-ray micro-radiographs of the particles with
flawed SiC layers. (sample G-300)
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(a)

Photo. 10 Photographs of outer surface of flawed SiC
layers. (sample G=-300)
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Photo. 11 X-ray micro-radiograph of the odd-shaped
particle. (sample G-300)
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Photo. 12 X~ray micro-radiograph of "the particle with

carbonized kernel. (sample G-449)

Photo. 13 X-ray micro-radiograph of the particle with
flawed SiC layer. (sample G-449)



