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Raman spectra of SiC layers of coated fuel particles

Kazuo MINATO and Kousaku FUKUDA
Department of Fuels and Materials Research,

Tokai Research Establishment, JAERI

{Received January 25, 19%84)

Silicon carbide coating layers of coated fuel particles for High
Temperature Gas—cooled Reactor were characterized using Raman spectroscopy.
Samples were chosen from five batches of as—produced and heat—treated
particles. Thesé SiC layers were found to be stoichiometric B8 -SiC
containing no excess silicon or excess carbon, which was consistent with
the result obtained by chemical analysis. No marked effect on the spectra
was produced by the heat treatment at 1800°C for 1h. While the line
intensity of transverse optical mode was strong, that of longitudinal
optical mode was very weak. The ratio of longitudinal to transverse optical
line intensities was less than 0.1 without exception. The outer surface
morphology of these SiC layers did not show a cauliflower-like structure

with undefined grains but consisted of large interlocked grains.

Keywords : HTGR, Coated Fuel Particles, Silicon Carbide, Raman Spectrum,
Morphology, Heat Treatment, Very High Temperature, Longitudinal
Optical Mode, Transverse Optical Mode
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%8 (buffer—PyC), AREEEROHKER ([PyC), {LEEZRMLT 1%E (SiC) 5
FOANEEERSERERE (OPYC) CEBILL > THELASDTHL, CNODOWERE
m,%Wﬁ%&d@%ﬁ@&%ﬁéﬁ%(FP)%&WK&%?%%%%ﬁbfméo&<m,
SICHEIL, 2BFPOMLMIEEE L TEETE D,
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Tivd,
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otk o B LD, £1, B—SIiC La—SICoXANbTESL, 50, SiC, 5i,

. . 7 .
BIPCOEREOBRHIRYWTHEERNE L5, Krautwasser b()ii, EArOEHTHE
2 | 7-SICBico0T, FoAms, B, SIUOBESEIBCL ZREZHTV L,

z e, EFELRONERE TOSICEBO 7w vA~s MERELIZOT, TO/MRE
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21 SeUE
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ZO10, ThoOEREEL DR THES S SICEOEREE ORREFHBUEMNT
hhe st chooBETE, HRIO LS CHEME CHMEEE LS HAD TR
15, X@mEFr, /N XEEE, SEMEER, TEMBE, Svv2x7 blIELLETE -
T3,
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EEOEIE, TORBKOXEKRETIOT, X (2-3) »obhi LI, Z00TH, &k
TRV B L VotV OXERIET 5. BTE ORI v, DOXA L4 Y — (Rayleigh) #ELE
Tk, BREDEHM v, T V. DJh 7 < (Raman) BELETH 5o 77 VHELED S B,
BEH v— Vi DbDER P —27 R (Stokes ) #, BBV~ ViDbDERAM—7R
(anti — Stokes) &9, R (2-3) KBVT, A b—=2 ARERR b — 2 AROBIELD
= STVAD, ChREELSODTHALLAIWTHYD, EBRICER F—7 AR
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iz, (0a/0Q) %0 THIFNEFNHSLL, 2F ), TNTCOREN T v /FETHS
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32 YR~ N VAERE LR, SiEA PR Triso HEBREH 7O SICE TH %,
MESE & LT, Table licmd &5ic, SEEOEBEBENFOSICEEZMVL, Tho
DS, HES—P, 6P, BXU TP, ThEnls y FOREIEBBHAT TS
2. —%, BES-CBLUE-CH, HENyFREHS-PELF6-P LTOENE—-T
5505, HEBEE T ARE o oy MR, o Loy P ZESEENITREE L TR
OH L7 B T CH B, Lichi-T, BES-CBLU6-Cid, #BH=2 vy bikE
B iz Ezeh 1800°C T 1 B DBLEE A 21 T b,

s OREREN T SICEORERES REAE ®E, #ES R, BLOC/S
b%. Table 1 itd, SICEBIZ, KEBEKTAFVINY 2700y TY (MTS, CHSiCE)
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e Ui, MEEES B3, SiCEEhichif S b U w4 (NaNO.), B (HNO,), 7 v bkkREk
(HF) 2IZ THEL, k7 i=v 4 (APCE,), ®) TFvE7vE=7 4 ((NHids
(Mo0,0u ] » 4H,0), BEAM (CHi0), BLTANSZIAT, HRELLE)ITFVYHED
ML AR Y, R L (JIS—R6124), C/Sitid, 2REBSLIUET M1 REOLDS
RWi, BRERE, SICHHEBEFTHSTKEL> U v4a (NaOH), BIUBERILS
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5=y AR FORIE T, EEREKTEEOREETLE THEL, 8 o0/ SiCE
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T (A20cm™) THLH0T, EEEAROAELEL T,

z T, Art L=+ (514 5nm) EXEE LTHY, BH200mWTHIE LU /2o L— .
B - LR, 2~3umicgy, MEMEDOENBLIUWRE, =57 LKL ->TTHE-
Fro L—HF s B A %X SICEHBRICHBH L TOARETA, Fig. 1IKRT, atdaid, &K
B (25 ~900cm™) T M) 7AVES J U A—%%, EEEE (800 ~ 1800cm™ ) T4

Tues pax—sk, TRNEREL, ABBEE 90° HEICKEL S LEERIE L,
3. b &LURE

SICBD 3w A~ MOSENEARMERS IcHic, £9, F70E/ 7ait-F 2RO
TRIE Ltce FOBRAFig. 2107 T, AERBE-PTHa, BlESH P T—EKE
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CENENTT, CHOHOR~RY M AREIE VTS, EiEEER (25 ~900cm™ ) TH,
a—SibiUc—SiovY—sHEREoiHicbyFrvES 7S —o AL, SR
(800 ~1800cm ) T, #7nEs 2ot -2l LT,

chonRZE s, B P LERIC, RBSIBIURBCEELALEENL L, ELD
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3. HRE IUOMBE

SICBDSwv A~ P OSENEMERZHIC, £9, F7vE/ 78t -5 EFH0D
THIE Lo ZDERAFig. 2R T, AIERKES P Thd, MIESNAHT-FERE
me—2id, A-SiICOTO7 /v (196cm™) THY, LOV#/ »OE—7 (970cm™ ff
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me~qwmm”¥)@,@&éh@mqtc%ﬁSnoowt@.mg2¢éﬁmme@
THOOT, P FuE/7ar—s52B0T, EEEMEEIE L. £0HEREFig. 3
g CORpbhidLsic, 2H S (~80om L~ s80cm D id, Rt Eh
Kot CHEDT EMD, TOSICER, BEERDF ~SICTHLI Ltbp-T,
C ORI, (EFOTIC R AR LT,

S¥l5~C, 6—P, 6-C, BLUT—PDI<v2~7 bVAIEHKRE%E, Fig. 4~Fig.7
KERENTT, ChoDRRY MVRAIERE TR, KK (25 ~900cm ') T
a—SiBLUc—SiDE—-IHAEDREDITIN Y 7LE/ oA —FEEHL, SEHEH
(800 ~ 1800cm™ ) T, # 7 WE/ 20 A —4 %/ Li.
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25 ~CBLU6 ~Cld, B —PBLUE6 -PEZTHFNBALBLILEDTHSA, #
MERRIEBY 55 v ARy bvOREREMRRSN LD T L, A6 -CO

F-SiICOLO7+/v0E—213, @B 6-POTLLDENEh>7 LbL, BEF5-P
L5 —Collicid, 2ok sBBRER LN T, i, HEEITIZHM TEL0Gs, Bl
HEillcbBOTRBEINEA - c—SiDE—-7 (~508cm™') 2, BABEITEVTIED
ThHhicEETHELIRERA S,

LCTRE LAt ~NTORBICHBEL TV AKRE LM, F-SiICOLO T+ / YO~
pENEL, Ta—-FEK-TwWbLETHb, &IT, BT -PTHE, LO7#+/ DY
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SOTME LT, lio/lioBAKELSICEBOARER, KEUHBRESENGHE ST
(large, interlocked grains) &% L T0AM, ~H4, Lo/ 1o HhEiSiCE DH
EHiIZ, WbWwaH Y 757 —fiE (cauliflower structure) 2L TVWAIEERWHU

Z27T, 20Th, SICEBRHOAZREE SEMICE - THE L, ZOHR%EFig. 9 LR
T, AN, CITHELETTORBOAKREL, #V 777 -BETREL, KED
FEERSERNAD S - BEE LT, 4, bitli~xfc ks, choo@Ricid, RE
SiHELEALEEN T dotee F1b5, Tio/ Ino @/ &7 SICHEH, Krautwasser &
HEE LIS, AREMAY 777 -BEL2LARBSIZSLSICEELOITRENT
Ebhl o,

Io/ Tro d, SICOMRUDINTLOHMBECE I LDOTHLLEALSNED, &
iz OV TRELATIEL, £/, SICBOAREDOHEE To/ Lo &id, BHEICEHETN
IPIANT Edshir ot SICEBOEEEHFML GRS E, Krautwasser lo( DEEMS, I/
Iroid, HEBRHAOBENSHON LTORBREIIRELTLI0TRROHAEEL NS, &
%, HEUAmMmOBRBEEA,, BL2ORETSICEEEL, FhOKOVT Fv v R<Y
FERIE LD, OBBRBICOWTHANEZTFETHD, N BLT, Lo/l K20
THHLOHENE LN O LHEFS NS,

4. £

BNy FORLZIBLLIVEFNSZHAE L2 BosE A2 FRERBER FOSIC
BD5< 2y b vEREL, UToOG®REE.
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B 5 —CELD6—Cid, BB5—PEBLUE6 —PAREFNFTNBMELAZLDOTHSLY, #
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FAERIELLYD, MOBREC>OTHNETFETH S, CNOEEBELT, Lo/l K20
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4. % 4
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(1) ZZTHIE L5 BDSICER, RESi BIUKRBCERILALEET, BEERD
5 —SICTHBT &bibhnot, TORRE, (LEMFICK DB SIBLY C/S1 ORE
HERE—H LI

(9) EZeh 1800°C T 1 M OBE I L 5, SICEOD I v YAy bADREBSELE,
BIHohish -7, ‘

3 CCTHIELA5BDSICETH, F-SICOTO 74/ YDE—2BEKT, LO7 4+
JyDE— 2 NEC, Tu—Fitl-TW LO7 4/ »ETO7 # / ¥ OHEELE,
EORBICHSVTS, 01T TH-T.

4 ZZTRIELE SEBOSICEOAXEIZ, WhYwaA ) 777 —#iE (cauliflower
structure) T, KEHESNOIERADE »12 (large, nterlocked grains)
BiEa LT,

5] SICBOAEEWELLO7 4/ ¥ETO7# /7 vOMER L, WHICEHEUHHE
RO

AEREDTOMETCES -0, 77 AT FvORER, SICEOWEEHANS LT

HENUFETHLC ENbh 1, 5, BA2OSICBIDVWTRRINICS vy 2RI P A%

AEL, BonsEEELDFMCEIFT 2L -T, HLVARGBONS L LHIfF

ah b,

i ¥

CCIRBE LTy ARy FUOREER, 30 Y ETEBWBIUHAS R OEIFRIC
ED, HEASRBEBOTIHEONA DO TH 5, AEMFEHCEHRLE T, S, FHE
FLHBIChY, WEETE >4, BHLFBREASERICBEHERLIT,

% & L W
(1) R. Forthmann et al., High Temp. High Press., 14, 477 (1982).
(2) T.N. Tiegs, ORNL /TM— 7203 (1980).
(3) R.]J. Lauf, ORNL /TM— 7393 (1980).
(4) R.]J. Lauf, D. N. Braski, ORNL /TM~—7209 (1980).
) R. J. Lauf, D.N. Braski, ORNL /TM— 7571 (1981).
| A. Naomidis et al., High Temp. High Press., 14, 53 (1982).
.} P. Krautwasser et al., J. Am. Ceram. Soc., 66(6), 424 (1983).
) P. Krautwasser et al., ORNL — 5871, P. 29 (1982).

i9) P. Krautwasser et al., *Jahrestagung Kerntechnik '8¢ P. 618 (1980).
0 PHESEE, S FER(L¥HEE L, P 659, AE (1976).
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(1) zZTHIE L5 EOSICER, 2ESi sLURBCERLIALEET, BEERD
G —SICThBT Lbibhate, LOMEE, LEMTICEZERMSIBLY C/Si ORIE
R EH LT

(9) EZeth 1800°C T 1 Wl o#iic £ 5, SICB® 7 vy A~y bAORERELS,
FH ol o7, ‘

3 CZTHIELASBOSICETHE, F-SICOTO 74/ YDE—IHRAT, LOT#+
J D=7 phEL, FTa-FiglE-oTwWk, LO7 4/ »ETO7 # / ¥ OBEHE,
CoREBiconTsd, VIBMTTH-7o

4 ZZTHELESEBOSICEBOAKEEZ, WhYbA ) 777 —#iE (cauliflower
structure) TR, AEHEEHIEREDS »12 (large, interlocked grains)
e LT,

5] SICBOAZEWELLO 7+ /¥ETO7 +/ YOMELEEF, BHICIHEOMNPI
bots

SERTIDTOMETIESD -1, 5= AT FVORIER, SICBOHEA#H~L LT

HENUTFETHECENDP o1, 518, BA2DSICBRDVWTRENICS Y AR2 P A%
AEL, HBonaEHELDFMCEIFT2CEicE-T, HLOARNGBONS L LHIfF
b,

ccwﬂ%btivvzﬂabw®MEu,:ny87ﬁgw$;waﬁﬁ%%®ﬂﬁﬁw
£, AAAXLBIEENTITHEOLNILEDTH 5, HHEEECRHHR L 3T, T, REE
T EBLHIY, AEHTS -7, BEIFHEESRSERITERRLT T,

% # L W
(1) R. Forthmann et al., High Temp. High Press., 14, 477 (1982).
(2} T. N. Tiegs, ORNL /TM— 7203 (1980 ).
(3} R.]J. Lauf, ORNL /TM— 7393 (1980).
4 R.]J Lauf. D.N. Braski, ORNL /TM—T7209 (1980).
(5) R. J. Lauf, D. N. Braski, ORNL /TM— 7571 (1981).
6) A. Naomidis et al., High Temp. High Press., 14, 53 (1982).
(7' P. Krautwasser et al., J. Am. Ceram. Soc., 66(6), 424 (1983).
(8) P. Krautwasser et al., ORNL — 5871, P. 29 (1982).

9 P. Krautwasser et al., *Jahrestagung Kerntechnik '80% P. 618 (1980).
a0 PEEEE, CFEREFHEEL, P65, AE (1976).
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1) ZZTHELSEDSICER, ¥ SIiBLIUREC EREEAEETT, BITELD
5 —SICTHST Lbibhot, TORRE, (LEMFIKDEMSIBLY C/Si ORE
R EHE LU

(0] EZerh 1800°C T 1 EOBMEIC L 5, SICE®D I v ¥Ry PADREBSELE,
BEHoLNLE -1 ‘

3 CCTHIELAZSBDSICEBTH, F-SICOTO 71/ vOE—7HERAT, LO7 4
JyDE— NS, Tu—Fitl-TwWko LO7 2/ »ETO7 1/ ¥ DEE LA,
FoREC VT, QIEUTFTHE-T,

) ZZTRIE L SEOSICEOAXRIZ, WhYwa A ) 777 —#iE (cauliflower
structure) Tt/ {, REHERNIERADE -1 (large, interlocked grains)
Wi LT,

5] SICBOAZREBEELLO T+ / vETO07 4/ vOREREEF, HHICIHEOMPI
I atio

LERIDTORMETES »1d, 77 AT FVvORER, SiICBOREEHANS LT

HEFRTHLCEBbh -1, 4%, EL2OSICBROVTREMIZ S vy R<7 bk

FL, BohaERs L DFMICERT AT LRE-T, FLOARMSRON G L LHRF

N5,

it T

CCK%%Lt?vVX47bw®MEﬁ,30?57%%%5&@51%%%®@ﬁ%ﬁ
N, HASGHIKBOLTITEbhicbDTH b, MELMHFREICEAKLIT, T i, BKEES
LHBIChicD, BEMHTE -7, BREIFEREFAEERICERHRLET,

z & X W
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Laser beam

IPyC | SiC oPyC

Fig. 1 Typical observation spot of the SiC layer.
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Fig. 8 Raman spectra of the £iC layers

observed by Krautwasser et al. (7).
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Fig. 9 Quter surface morphology of the $iC layers
obtained by scanning electron microsccpy.




