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Development of Advanced Fabrication Technology
for High-Temperature Gas-Cooled Reactor Fuel
— Reduction of Coating Failure Fraction—

Kazuo MINATO, Hironobu KIKUCHI®*, Tsutomu TOBITA**, Kousaku FUKUDA*,
Sigeharu YOSHIMUTA?*, Nobuyuki SUZUKI*, Hiroshi TOMIMOTO?*,
Kazuhisa NISHIMURA* and Takafumi ODA*

Department of Materials Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 23, 1998)

The advanced fabrication technology for high-temperature gas-cooled reactor fuel
has been developed to reduce the coating failure fraction of the fuel particles, which leads
to an improvement of the reactor safety. The present report reviews the results of the
relevant work. The mechanisms of the coating failure of the fuel particles during coating
and compaction processes of the fuel fabrication were studied to determine a way to
reduce the coating failure fraction of the fuel. The coating process was improved by
optimizing the mode of the particle fluidization and by developing the process without
unloading and loading of the particles at intermediate coating process. The compaction
process was improved by optimizing the combination of the pressing temperature and the
pressing speed of the overcoated particles. Through these modifications of the fabrication
process, the quality of the fuel was improved outstandingly.

Keywords: Coated Fuel Particle, HTGR, Fabrication, Coating Failure,

Fuel Compact, Quality, Coating Process, Failure Mechanism

* Department of Nuclear Energy System
** Department of HTTR Project, Oarai Research Establishment
* Nuclear Fuel Industries, Ltd.



JAERI —Research 98—-070

H X
L T BT oot 1
11 EBRARFEBEN ZIFIREE o 1
1.2 AFIED BB oooveoosseessee e erss e 4
O MREMEITE TAR oo s sssee s 5
91 MREMBIE TARDEIBE  ooooveevereees e 5
29 TRISOBEIETIR  oooooveeeeeeesee e eess e s rss s 6
93 MREFII Y REIEETER o 8
3. MREIREIC B A BERBRMEE 9
31 TRISOBKBETEICBUIDHBEBBE e, 9
39 BREIINAY MIBTRERICBITDEERBBI 15
4 EEEROBRBEBRBHREDREIL s 19
41 TRISO EMERI FOBBEEM EMRE oo, 19
4.9 MBI DY D OBIEEMETE 22
B I B oot a AR 23
BB e ee et 23
BREE TR oo eeeeeeeeee e sess e 24

i



JAERI—Research 98—070

Contents
1. INErOQUCHION oottt ettt e ettt et e s bae s sbb s st saa e san e e nbbe e abe e b eesessaaas 1
1.1 HTGR and IS FUel ..ot s e e 1
1.2 ODJECEIVES  ..ovoveieieiiieereie ettt ettt a e bbbt e e 4
2. Fuel Fabrication ProCesses ......cccciieiiiiiiiieeiiniee et st ssnee e s snn s 5
2.1 Outline of ProCesses .......ccoooivivieiiiiiiee et s s 5
2.2 TRISO-Coating Process ......ccocceeveiiiciiiiiiiiiiiiiiin i 6
2.3 Compaction ProCeSs .......c.ceoieoiiiiiiiiieniiiieiiiiic i 8
3. Coating Failure Mechanisms during Fuel Fabrication ... 9
3.1 Coating Failure during TRISO-Coating Process ........ccccoovviniiiiniiniiininnnnnnns 9
3.2 Coating Failure during Compaction Process ...........ccccviviiniiniiiiiiinn 15
4. Development of Advanced Technology and Fuel Quality ... 19
4.1 Fabrication Technology for TRISO-Coated Particles and Quality ................... 19
4.2 Fabrication Technology for Fuel Compacts and Quality .........cccccooeinniniinenns 22
B SUIMIMATY  oioviiiiiiecieetie et e et sbte e eb e er e e e et eb e et e eabesbbe st esbssaaeeaaeatsasananasre s 23
ACKNOWIEdEEMENES  .....ocvovieiiiiiiiee ettt 2O
REfEIENCES oo st s 24



JAERI—Research 98—070

1. 3T U0 ® I

1.1 BRAAFEEERTAFRE

R ZFEL, RENCHEBRERIT. BEMICESR. BRHAMIIANI DL ZEHNWSREF
FTHO. 1,000CEEOHBOREFACHOET I LD, REET TRABLSFHEOR
ZRATELLEVWOIREND S, oo F—0FERCEL TS, FOOREEIIHmD TR
BT HOREBERMRBREL S THUTEZ 2L, FORAOKRISERERBEDL>TVS Z
EL FDIHBEICENZBERELII VI ATHERINTBOBRLRVWI E, REDE
2 LORENDS.

HARFHHFEN T, SRAZFOMARREZED TETHBY., BETERAOERT X
FTHD (EiETFRARVIZEF 1 (High Temperature Engineering Test Reactor : HTTR) @
B, KIS BNT, TORKEBEEZDNZI TS, HTTRIZ, BHH 30MW, ET
FH OWAMIBE 950C (RERARERR) KU 850C (EHEERN) Z2EEELTAIEHTHE
Thd,

HTTR Tid. UO: Z#EHZ & T % TRISO #HERER FNRAWVSE NS, Fig. 1@z, TRISO
BEREPTOMBHEOXAFEMETERVIXBRI AT I TE2RT,

UQO, kernel

_— Buffer layer

— [PyC layer

SiC layer |

OPyC layer

Fig. 1 TRISO-coated fuel particle; (a) ceramograph and (b) X-ray

microradiograph @,

TRISO #BEBERLTIL. BUNERIRD UO: k2, EEERIMRRE. NAEEER
DR FE (PyC J&). Rt 1 %&RE SiCB). RUAMIEmBEERIMEXFRE (OPyC/E) I
KOMBEIZHREBELZDDTHS, Table 102, MEHIR IS HKBRBOTERTEEZLNT
TURT. INCORBEBIL. MARERDZRRNTHEFTIREZ D> TVND., Ny T 7 —
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B L BITEN B EFE PyC Bid. IPyC BERARHNOETD LEBIT, KFROMIIRE
BRI KD ELS CO HARBD B TV L0%ENH S, COARE, 772D
BMARCEOMKINZMAELHFBEBORREORIKCLDERIND DO THS. IPyCE
3. SARROMHEERH R CO HAZNY 77 —RBRICEALAD 2 %EINH 5. SiCE
3. BERER T OBBKREEFEDEEBIT. KARNIPYC BEAERITHBL T 5%
RS B RN AT BIL MR TH B, OPyC Bid. SEEMLUAD D LEDIT, SIC B
I RE T B REIDND D,

Table 1 Design values for coated fuel particles

Diameter or thickness  Density

(pm) (Mg/m”)
UO, kernel 600 10.63
Buffer layer 60 1.10
IPyC layer 30 1.85
SiC layer 25 3.20
OPyC layer 45 1.85
Coated particle 920 (4.45)

HTTR OfF DI T, BERERI T, BRBRE & HITHLILER T 2 HERORE
ALNRY MeREESNTHWSNS, 1EORED >/ MZiX. # 13,500 KD FEREAL
FREENTWS, Fig 20 IREIO 7 NOSAEEEZE, Table 20 BB NI MO
R ER, FRENRT. REaINAY ME BRA)-TIEASNREELRD, &
SICEMT Oy ZICHAINTREMEZRR L. FOoNEREN2, Fig. 31, HTTR O
DO ERYT. HTTR T, 70,000 fOHED 287 MRMELCER I D, TROE,
9 109 RO BB AL T NEFT SN D,

Fig. 2 External view of fuel compacts®.
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Table 2 Design values for fuel compacts®

Quter diameter 26 mm
Inner diameter 10 mm
Length 39 mm
Fraction of particles 30 vol%

Graphite matrix density 1.70 Mg/m?®

BB FORERBIL. BEN (BHEED KBLWTHEANRNWI & RTRBHEFICE2
BERBELTVWDZENBEANTHS. L., EB L. HEBNBEALUKERBRLT
AR P TR TERORE D DY NRICEBELTWIONETH S, HEBRKEBICIE
BaOHBRNEZSNBMN, BORERMORFOBRANSIE, SiC BRENKRLELEE
RIFT, 200, BROBREOSBEFMOEBO—D & U T, #RKE— HERRH (Burn-leach)
HEick D, SiC BHAE (SiC BB L TWAK TOHE) ORENMTOHNTVS, 0
HETHE, BB Y M ERIREEREBR T 22K 900CITm#AL., RA< )y R
RUOPyC BEBRERELEIC, BMBCIVEHLEZY I 2BHULERTS. SiCEN
BERL TV &, Z25H 900C O MmEd Iz, IPyCBRUONY 7 7 —BAMMREREINS & L
BiT, UO MEMZIZE (L INTHFIRD U0 IRV BH T2, BHLED S B EREX
SREIDOT S B LD, SiC BEERTDH D,

BTSRRI

or X% N
HOTNES

BRI |

ui TR IYT

et 0
Sy HEEEED
§RAUD B
(=%
RO BBt T

Fig. 3 Structure of HTTR fuel element and reactor core.



JAERI—Research 98—070

1.2 FWHEROHH

ABISEIE., WA ZFOLEMEORF « M EZBERL T, HEEBHEEMED TEN, &
REORE 2 BET 2RI ERSIT 52 2B EL 00, XHFROMBUANCS. #E
BEBROEVREZEEL LS ET38ARTbNTWE, 20HKE, o, BERH
ALY, HEBHBROENVRBOMBREZELHTEVDI DO TH >,
BELDRE Z2BNRENA EXEEZENTE RNz, TNEDOWMETIE. MENB/NRE
BRERITTHD., FNEABRCROZFORTNIRSRNED, B2 ORTOREZHN
ZOTIERL. PTEAELTORE (RERBKERR) OHEBL TV,

A TIE. BIFERTIRRL, B2 ORTICHBALE. ORBBNBBL IR T 2R T
HEHAMNE BOTHIL, @FNs 23 MICERT LIk, HEROBRBAR EBE %7
L. @F0HRECEINT, WEREFERZIMOBR 20O, BRHREEZITV. OFRER K
BROEVRE ORISR ZHILT S, EWIERNERHCEDERREILTEEVND FEE
Bz,

RAWKTKEICBN TS, BREOREZH EXF XS EVIHROORITHN TN,
PREIOREICE L TIR, 2R ChoOMBEROHEEBICEARMEZEZFATNSC
& RUOZHHIICOWTIRARINTWRNI LR EDRED. HEDBEITRRSIN,
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2. M " E T B

2.1 REBGE TR OB

HTTR BB OBE T DONT, MBI NI FETEEZ D & REEEE TR, TRISO #
BITE., ROREO N7 RGETEDO 3 DITKYIENSD, UORBEIL. Fig 40 ITRT
K3, WEYIZINBREERYE LT HIARIINVALKECED., EUSCBT £
(ADU). =BtV 5 U ERBEL T, #ET, REKLOHEIL. REBEKITBII2{LERE
HFIZEH>TITW, Ny 77—@. IPyC/E. SiC B8R OPyC BZ#EL T. TRISO #EA
BHRIF &9 5, BRELO D NT ME, BBERBRLTENA U5 -0 7z ) —IIlEe &80 24
MRIZEDA—N—a—rL, BET L ZRE —FERIEIC K D RET 3,

T, BEBEOBKBRICERT S, TRISO HE TRELKTHREID X7 FEETRIZDON
T, AFicR3,

Uranyl nitrate UO2(NQ3)2 Additives
v
Mixing
v
Dropping
)

Aging NH4OH
3

Waihing Hz0, alcohol

Drying

T Spherical ADU ]

!

Calcination

Spherical UO3

Sintering

4

|| Spherical UO2z kernels —l

Fig. 4 Fabrication process of UO: kernels .
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2.2 TRISO @ TLH

RERIZBWT, {LEREFHRCIOBRBIC TRISO % B %/ $. Fig. 5O IKRTXII.
BEEANRRETHAINY 77 —BOHBEIIWETEFL > (CHy) E7INIT. IPyC B
OHBIZWEXTOEL > (CHe) E7INT >, SiC BOHBICWEAFII NI oo T >
(CH3SiCly) &AKF (Hp). KU OPyCEO#HEICIZTOEL Y (CHs) ET7INITEFN
ZFRRW3,

[ Spher?fal UO2 kernels Ij
ﬁ_I_——

Low-density pyrolytic carbon coating C2Hz + Ar

i)
High-density pyrolytic carbon coating C3He + Ar

v

Silicon carbide coating CH3SiCl3 + H2
I
High-density pyrolytic carbon coating C3He + Ar
3
l TRISO-coated fuel particles I

Fig. 5 Fabrication process of TRISO-coated fuel particles ™.

Fig. 6 Particle fluidization in a simulated coater.
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HEEEL. T%&L:ﬁxﬁ}\/73)&%%97‘:%%%&&55%‘ b— =R ENSEMRENT
B, ¥Q?Eﬁm’%mf?ﬁ%éﬁfm§6ﬁﬁl/ClA<o Fig. 6 1T, RISERN TORFDRE
ﬁ%%ﬁﬁbtﬁ?éﬁfo:h@AJ%?ﬁ%T%&%%%@twKﬁot\ﬁ?ﬁﬁﬁ
OB ERO—FITHS.

Tmmmwt‘%%%menrmtTRmomﬁI&éﬁio:miﬁfm‘ﬂv77w%‘
IWCE‘&CE\&UOWCE@4D@W%IEEQ#&TBD‘%h%ﬂ@&%l@m\
®&%ﬁﬁ«@ﬁ%@%ﬁ‘@mﬁﬁﬁmfwﬁ?mm@(mﬁﬁ\M%w‘&UWEﬁy
®&§%§ﬂ6®ﬁ?@m0&b\tmﬁﬂﬁmIﬁ#B%&éﬂTméoEB‘%MeB
K%bt%jmtxtﬁbtﬁ%tvwfm\%3ﬁtﬁmr‘§bmﬁféo

Table 3 Outline of the conventional TRISO-coating process @

1. w7 r-BHRETE
1-1: BIERE RO KA
1-2 : REHE O3B
1-3: Ny 7 7 —BHEETRT OHH
1-4: )Xy 77— BBRERLT OB
1.5 BELBNS Ny 77— BRERTORO 4L

2. IPyC BB L
0.1 MEEB~ANY 77 —ERBERTOKH
2.9 1 Ny 77 —RHEBRTF DI
9.3 : IPyC B#E PR F OB
9.4 ; IPyC BHBER T OHH
0.5 WELEN S IPyCERBRTFOROLL

3. SiICE#ETLE
3.1: BEEEANIPYC BRI T O XA
3.2 : IPyC B#BER T DR B
3-3 ; SiC BHEET R T O HH
3-4 ; SiC BHEM T O R
3.5 : BELEMN S SICEBHRBERTOMD 4L

4. OPyCEB#ETE
4.1 BEEE A SICBHRER T OEH
4-2 : SiC BB T O R D)
4-3 : OPyC BB ETFH T OHH
4-4 : TRISOEEKI T OB
A5 HEEEMNS TRISORBRITOMDY M4 L

%ﬂ%ﬂmwﬁiﬁtﬁmfu\ﬁﬁ%?%@%?»ﬁyﬁX%ﬁxbmﬁB.ﬁ%%ﬁ
mﬁt%mgﬁﬁféoﬁﬁ%ﬁ&ﬁ%ﬁﬁt@at&%@‘ﬁmﬁx%ﬁmﬁtgxb\
?ﬁ%bfwéﬁ?wﬁiﬁ’éﬁﬁﬁéﬂ"éo WA BB TREIZKD Rz BH. 1,350~
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1,650CERETH D, HBBOES, HBERFEICXVHEALT 5. 4 DOHBEROP T, SiC
BOHBEREEIRDE <, HARMAREORD., RBOR TSI TR, RIBHAZT )V
TOHAANGOER, BREOREZERICETRT., BN TOBRDHLIX. RKIEE T
NSO TII L AADHMBEZRS L. BB TZHAEABECHETIESLICLD,
FEEFEOTHNSITI. BB, ROBFIRICHA DD, FRLULEZKSE, TXE
A Rz EDWER. ZRETH, —DOHBLERZKTT S, TRISOHKHD=DITIK. &
DITRZAERRDIRT,

2.3 PN MNUETR

WREF 82 M. Fig. TOWRT LI, BRI T2 7 /) —IVBIEZEDRA K
RKickDA—N—a—rL., BE T AR - BERIFBICEDRET S,

| TRISO-coated fuel particles | Graphite powder || Binder
1) V!

Overcoating € Mixing

1]

Warm pressing

v
Preheating Nz, 800C

]
High-temperature heating vacuum, 1800°C

4
II Fuel compacts |

Fig. 7 Fabrication process of fuel compacts .

F9. ASBEHME. RARBMOER, RUNI Y —ELTT7x /- KIsE2EBH T
16:64:20 ITIRE LR ZREL . B BRI T 24— N—3— T3, F—/N\—2— 3.
TV A=)V TES B RPICHEBERERL TN T EICXD, B3 EFEBERIC.
HEBRERTOAICHEREINZBTHS, F—N—a—r2T3EHE. R 7 k
HIZBWT. EED UOKRBERER FREEZEAMLBZNWEICTEIETHB. A—/N—0—
FNOEIIEH200 umTH S, ZOfEI. REIQD N NORTHRERNSERESZHDT
HB, DE., @RIEHVWT, A—N—I—bLIKTZ2HT0AEZETSHRRORE D >
N7 MCRETVARRIT 2, N5 —0O7 7 —)VEIEIX. Al 143 C OB D &
BTHD, BEIZ. EREMHP 800CTT =/ —IVEIEDRICNER, KROEZEdg 1800C Tt
HAMBEZTN, BB N7 NOBERZEZT T3,
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3. PREHELE I BV D B U A

3.1 TRISO#EBIRICHI2HERBR

3.1.1 #HEBHIRR T OB

WEBHEOERREZERAT B0, KTERN S RERERN T2ROTHL, 215
EGICER L, HEBOKBETESETEOEXORETHET 2 J L RBBHKE
B DRIz ORABOT, EFREMEEE. XRITVFT I 74, REIVEAFL R
—Xﬁ5917574®®®#m$%é%mt0@W%@&EEM@&%K%LTM‘xbﬁ
@RERODIC. FENTHOBRREEbTo/k. SiC BRAROBREBEICANSNTHNIR
ﬁ—%&ﬁm%m‘mgﬁﬁvﬁéwf.%EEﬁW@bTm%ﬁ%%ﬁ%?%@tﬁKﬁ
mTH 5,

AUEAF L YB-XEITAT T T 413, BERERI T 2% 3.3 Mg/m® DI V{EAF
Lo BLEEI. XBI DAY 7ERETHLOTHY. REBOEBRROAEEN
Bmt?%%O%b,mEEKEE®MEﬁ£6t\avmx%V>MME%ﬁm6ﬁ?m
%KEEL‘Nv77~@t@ié@f.Xﬁﬁﬁﬁ%ﬁﬁﬁb%<mb‘xﬁiviﬁi
TIZBITAINY 77— BORIENELT 2.

IMCE.&CE‘itmowCEHEIE%TﬁmﬁwrW?x%umﬁﬁ%@%%%
ﬂﬁ%%ﬁ%&btﬁ%&@%%@%%‘@b@%%@ﬁﬁ@&@ﬁ?ﬁ@é:té%%ﬂ
L. =hoid. DIPyCBOMKE (Fig. 8®). @SiICRBOBIKKK (Fig. 9@), ORF
BMOWAMRILEES SiICRBOME (Fig. 110), OREHORILE DR SiC B ORKE
@mlwm\@m%&mwﬁmﬁﬁéﬁagmﬁﬁﬁﬁwﬁﬂ&(mgpw»‘&U@m#
RISDESNZNEREB S ROROREE (Fig. 16@), TH5,

3.1.2 IPyC @O

IPyC RIEORT (Y1 7D) . IPyC BHRETEEIC. Fig. 8 @) KRKRHAZER
T&ﬁt,aﬁm%?vyﬁ—xﬁ5917574E&Oﬁﬁﬁatongw)mﬁ?f
. AEAFLIARNY 77 —BIBALTWSHIZ. Fig. 8 O IRTREATLE
B0, Ny Ty —BRASEKRLS., IS0 IPyCBHEAKT TR, IPyCEO#KEI
%TLTED‘%H&EEERM%®BnE@OEOitjmcgﬁﬁlﬁﬁtﬁjﬁat
IPyC AR L TW AR FIE. SiC BHAL TV AR TOBEITHART, ROMDHEN
Hlzinolz,
Iwcgmm%udmﬂgwﬁﬁﬁ%Tbt%t,iUt%@t%iBﬂéJ&Mﬁt%
LB TEMN DML DI, HEEBANTO IPyC BHEBERTOMLWRBICL DR T
E5bﬁwmﬁ¥&ﬁm%¥@&®@%(7Dtxzn‘ituﬁwcgwﬁﬁ?%wﬁﬁ
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BHSIO M TEROBOWERAER (70X 2-5) ickD, IPyC BICHRRAMNELCLEEX
515,

Fig. 8 Methylene iodide infusion / X-ray microradiographs of I[PyC-coated
particles @; (a) IPyC-defective particle and (b) IPyC-intact particle.

3.1.3 SiC B D EIKKM

SiC BOBIRKNM (RBY 1 7@) 1. SiCBHELERIC, Fig9@) KCREFAZRTX
512, SiC BHBR TOEFAEMEEZCIY., HTEHO—HEINAELEFSRICEAL
TWBZEMBRDONo T, INSORFOMENT 28R T5E, Fig. 9 O) TxRTED
. HAAMCH S TRIRORMEPRED -, BIRREOH S SiC BOKAZEERNET
EMETHZT S L, Fig 109 1TRTEIIC, 2<ORT7HRDLNE. BERORRIE. B
RRIEICE D SiC BOREIWCHFH - RRKHEANTEZ2DTHI LB NS,

Fig. 9 SiC coating layers with circumferential internal flaws @ ;

(a) stereomicrograph of SiC-coated particle, (b) ceramograph of SiC-coated
particle, and (c) X-ray microradiograph of TRISO-coated particle.
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SiC B BIR RGN B BRI T OB, BENY FIZLD RIz>TWEA, B%~% 10%
THol=. SiC BOEBEWBOEEEFRD 0. SiC BITBIRRMNH DRT 22T
900CITIBAL /=25, BlBEBANH IR TOHEII4%U T TH o7, SiC BOFIK KM
3. PTLULHSICRBZEBTARBZEKRLTWRWA, Fig. 9 () WKRTEIK. BIKR
M- T SIC BO—ENRRELEZVTEIELHD . RITOEMNAEENEPKS RERY
R BEEZRDIOTHRTRETDH S,

Fig. 10 Scanning electron micrographs of the fracture surface of the SiC

coating layer with internal flaws®; (a) many pores in the flaw and (b) the
coating layer partly peeled off.

SiC BOBIRRIMD MR BEOBRNS, SICBHER (Fut X 3-3) QR TFOHRENIK
EMNMLTES &, RTIIENARREEREANLERGEO LA ETRELTFENE &M
HD. FITEAMDOSIC BEEINT, BRRENERINZEZAE5NS, BB, 2O
IR R, BOEDOXKEOHBERBITICHRD SN TH DA, FRINTHRN,

3.14 MEMKOEAMIRLEMND SiC BOKE

PREZ DR B A 2 £ SiC BOmE RS 1 70) 1. SiC BHRETERIC, Fig. 11
@ WARTEIK, XBIDHTIT41LD. BREEOBEGN 2O SN TIE R &
RCHBIENSEDON o, XBITHTI77 4T, BEOHMICLD., HEEBOHE
HAEILTUBRIZDIT TR, BRERICRRNRELSNS SiC BHEZO R TITIE,
Fig. 11 ) WCREFZRT LD, ERBEBEERICLD. SICEBICEVWRITANRD SN
7z. TRISO #BMREHBI T IcBNTH, BRELDOEBNRIRTH IR TNRXRI AT I T4
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WKEDEDND, ZOPHEEEHOBZRTIE. Fig 11() WRTLI . BREEO B S
<HHOTHED, OPyC BEMRSTRTOKERBMHIBL TW -, FERFME B OB Bk
HERICBN T, SiC BOBBBME. BWMWICHEB LA SITIEIRL. BB O E ik
NERTH DR T OHBHE O X BREFICE D, REEEBKOHES < Ko TWBIBLIL. ™
TR TH D ENHE NI 202,

Fig. 11 SiC-defective particles with partly carbonized kernels® ; (a) X-ray

microradiograph of SiC-coated particle, (b) stereomicrograph of SiC-coated
particle, and (c) ceramograph of TRISO-coated particle.

UO REME D kAL, DEDRTEHEES NS,
UOz+3C — UC+ 2CO

CORIMTBNT, Fff CO AAMRNICREIN-25E, BERFOEEDOLDIT. =
ERISEZE N LT LRW, B2, SiICBORERICIPYCBMBLTWS L. Zons
COHAMMBEINZ =0T, BEEORIILED b D EEZ 5N 3B,

MEEDEA I RACZ DS SiICBOBAIL. SICBORKER (FO+X3-3) IKIPyC @
BERLTOWIHBCOHELZHDT, U0 ENY 77y —BORKIETERINS CO H M
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Fig. 12 Crushing loads of SiC-defective TRISO-coated fuel particles with
partly carbonized kernels and those of intact TRISO-coated fuel particles ®.
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Fig. 13 SiC-defective particles with nonreacted kernels ® ; (a) stereo-
micrograph of SiC-coated particle, (b) stereomicrograph of SiC-coated particle

with part of coating layers peeled off, and (c) methylene iodide infusion / X-ray
micrograph of SiC-coated particle.
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Fig. 14 Stereomicrographs of (a) a fragment of the coating layers and

(b) bare kernels with traces of chemical reactions found after the SiC-coating
process @,
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Fig. 16 Stereomicrographs of (a) a fragment of the coating layers and
() bare kernels without traces of chemical reactions found after the SiC-
coating process .
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Fig. 16  Vertical cross section of fuel compact .
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Fig. 17 Horizontal cross section of fuel compact .
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Fig. 18 External view of fuel compacts® ; (a) fabricated at low pressing

temperature and (b) fabricated at high pressing temperature.
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Fig. 19 Improvements in quality of TRISO-coated fuel particles ®.
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Fig. 20 Observed modes of particle fluidization as a function of the amount
of loaded particles and the gas flow rate in a simulation of SiC deposition @,
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Fig. 21 Fraction of particles with internal flaws as a function of coating time

and three modes of particle fluidization @.
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Fig. 22 Improvements in quality of fuel compacts®,
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9.80665 1 2.20462 h 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
t5 B 1Pa.s(N.s/m¥)=10P(#7 X)(g/(cm-s)) 1.33322 x 107 | 1.35951 x 10~ | 1.31579 x 10~° 1 1.93368 x 107°
#MIE 1m¥/s=10'St(A b — 7 2) (cm?/s) 6.89476 x 107 | 7.03070 x 10~? | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgfem kW-*h cal GTRH) Btu ft « Ibf eV 1 cal = 4.18605 J (Gt &#:)
3
;; 1 0.101972 2.77778 x 1077 0.238889 0.47813 x 107* 0.737562 6.24150 x 10'® =4.184J (BfL)
| 9.80665 1 2.72407 x 10°° 2.34270 9.29487 % 107° 7.23301 6.12082 x 10" =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%* =4.1868 J (HBRE KR
- 4.18605 0.426858 | 1.16279 x 107° 1 3.96759 x 1072 3.08747 261272x 10" fr#s 1 PS ULE)
" 1055.06 107.586 2.93072 x 107* 252.042 1 778.172 6.58515 x 10?! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 1077 0.323890 1.28506 x 10" ? 1 8.46233x 10'* = 1735.499 W
160218 x 1077 | 1.63377 x 10" 2| 4.45050 x 1072%| 382743 x 10"%° | 151857 x 10?*| 1.18171 x 107** 1
fﬂ( Ba Ci % Gy rad 8’ C/kg R L Sv rem
Bt e & &
1 2.70270 x 107! 8 1 100 & 1 3876 i 1 100
fE B & it
3.7 x 10 1 0.01 1 2.58 x 107* 0.01 1

(86 5 12 A 26 BHAE)
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