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IRRADIATION BEHAVIORS OF COATED FUEL PARTICLES (V)
(Irradiation by JMIR 73F-13A capsule)

Kousaku FUKUDA, Satoru KASHIMURA, Toru OGAWA, Kazuo MINATO,
Katsuichi IKAWA, Kazumi IWAMOTO, Kiyoshi ISHIMOTO*

Department of Fuels and Materiais Research
Tokai Research Establishment, JAERI

(Received December 19, 1983)

The TRISO coated fuel particles prepared correspondingly to VHIR
preliminary design in FY1974, the coated particles imported from England
which had been prepared also under VHIR design, the coated particles for
1st O0L—1 fuel assembly, and ZrC coated particles were irradiated in the
fuel zone of JMTR by 73F-13A capsule. Irradiation cf these coated particles
was attained up to 3x 102} n/cmg{E> 29 fJ) of fast neutron fluence, up to
5.3 %FIMA of burnup, and up to 1820 ° C of temperature {peak temperature

17300 C).
In the post-irradiation examination, inspection to surface appearance
of the coated particles, X-ray microradiography . ceramography,

acid—leaching experiment, measurements on fission product inventory in the
coated particles and on the fractional releases of metallic fission
products, EPMA(XMA) observation on segregation of the metallic fission
products in the coated particles, and measurement on crushing strength of
the irradiated coated particles. It was found in PIE that the coated
particles Erepared in FY1974  were intact by irradiation up *to
2.7x1021n/cm (F» 29 fJ) of the fast neutron fluence, 4 %FIMA of burnup and
1380° C of max. temperature. Both of the domestic coated particles and the
imported ones kept their integrities under irradiation below 1380° C. Ahove
1800° C. on the other hand, the domestic particles did not fail =so
remarkably as the imported ones. By the measurement on the releases of the
metallic fission products, the fractional releases of 137¢s, 134cs and
UBry were around -5 orders of magnitude or less, whereas 137cs release was
estimated over C.1 above 1800° C. In the coated particles irradiated above
1600° C, accumulation of palladium was found at 1inner surface of SiC
coating layer by EPMA.

Reywords: Irradiation, Coated Fuel Particles, VHTR, PIE, Failure Fraction

Metallic Fission Product, Palladium , Temperature Dependence

+ Department of Research Reactor Operation, Tokai, JAERI
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HLte 7 AT R AhDOFPEEOTRITER, SPECTRAN-F2— Fitk o7, BUEEIE
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RO SR II CEN A FIH E b,
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1 Cs B, R BLTHCe B STRISNEEEE L C FEID, FEEEOY Cs O B
B, Lici-T, IhoORBOBERICOOTE, "Ry T Cehr b KD o ESPUHL ST
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51 RHRE®OSE

FUEEFSCER o O B AIFGEAT & v b 7 RICHA L BN T3F—13A F + 7 & VO RIZEEH] 55
B SEH SN, COFe7 2o U L BN T OB % EEIEG Shi, Fig 8
iCBHERBARNANE L TR,

5.2 MR, SHEBIUXBRICFT ST RE

A, SRBIUOXEZ VA7 7 BERETOEMEEK FICSVTiT -7, Fig 8iTm
4 k9 AV EERRTIIC 14 300 KiEIC 4 DIt YT S 7B, 1200 KA L, € O KR4 2068
& AV OB ER FRER <L A 3 -7 (BB, BalM—150) THEL .

SFREEN V5 1 v No b No 12 CiThhi, CORECRUTICHTE2EHLL
B e S & e BRI S0 B A T A U RIS iAG, RO T CHEEL A,
EARBROCHEGLH SHUBIELEAL TR, #EN TORILERE LT THELEITT 5
HEThb, TOEHNFEEORBICEY, {EROFEICLZEDICENTEL LA
BEERE AL S ICH o7, COBEICI TELATOMEIGEMES (Reichert GmbH
AUSTRIA) %{# - TiTh i,

NERB A AR A Fo B, CARE LB PR X® T V4 77 7 BAKEhEN, X<
705 od s ckE CeEN TOXBREET- . ABREBIUXET V4777
ST & DB FHEROER%E Table 3l &H T4,

PITFIciE, LE=->ORBRTHE SN NER T OBSIEE%, SEBRTECRT,

150C1—1B (Fig 9) [BEZM: 12007, 56%FIMA, 18x10% n cm? )"

OGL—1 8 1 iREREHARICHEL L 42 C OB 713, Table 1IwmR Lok 512 12% e UD iR
HAALTED, FEABEICER AN TORICEPpb Y, BRI 362 FIMAL SV ELE
TL77e Fig SIAOLGBOEMICE SN S L2, HiELVEFELRRD oL, 0D
BOMTFICE, Sy 77— BO A F g PyCE (IPYCRBEWE) o FIBEL TO AT
MELASY, ¢ 0> HABEEBETEECH S & ke L snm Y, Fig 9B (B2
LEUA4) CBLNESICBIOKMEBES(CREHRICA--HDREELSNS, Fig 9 (B
(BEBE5HLU6) 3, #NFNREB LN T TOR--REFOEEERT, FmILHED /Y
w7 7 —EBTHE, AECEAPSEICE S, BRPEATY ARTHEL 50, HIeRoK
OCL -1 TomuERT 'Y BRSBTS <y 7 » —BOLAOHEBHSERICENT
BY, ChEARHOBSRET L, Table 3mlizkHic, A8, X#7 947774 T
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VR GBRESHBNTFRASDLNT, E2UREER - Tt LEA L,

74UC1—2 A (Fig 10) [ B 1200°C, 328% FIMA, 222 X10% n /o’ ]
SIOLEEH% Fig 10 (A)IFET, COhc3BOBREEPRONEA, MOBEN T K
FiC o R & BRKEAD SNV, IETELALIKTAUCT BEHANTT, € OMEX
R ETHRE AN SDOTH Y, oEEHEORE L3R >T0 5, Fig JITURLIRBE 747
Clich~T, it BohAMEMESRICNEOERBR SN, Yy 7 7 —BOSHERIL
0k AR S - T, BRENE L Ny 7 —BORICFE v o T TOSRRTAR SIS,
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HH o b, MM XERETLHERTHREED SNEL -7,
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Tid, BOMEES L B SR TV A3k, A PyCE (OPYyCELIET) DHOWEBR A
MEA A, Lirl, COOPYCIEBRE, 5, &EOIER SICED o NHlOHS
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B AETFOBITICOVTE, Blid 3 EPMAEE (56) T3 oltifL{li~s,

Fig 12 (C) BH 2R LAk 3 1C, AGRE T 120040 D OBBEEESR St s, X
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UC,/SiC 0 RIE T 1600°CH ETSICHME SNEH T EDM|E SNTOD T, Figl3 (O
DEL 1, 2 TR BT A S ARBEE Uk EBLNAMBARLTEY, % OWEMNITER
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7AFC1H-5B (Fig 15) [ &I ; 1380°C, 388% FIMA, 273x10% n /em’ )

WK Y SBEEME TAFCI-5 A& F-1  AUTH LM, T OHBENT RN I800C
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FRbe T —BTIEE - TED IPYCENEA-TOVEL, Fig 17 (B) EE4TIROPYC
IZ I RIBER S SN BIAE - TV A0 S 2D, CAPRBFHILLLZ DR LED iz
iy, A B LUSHRE TRETRERED oY, BRETH -7

5.3 FP A v~ RFU—HIF
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NOOR LD HREBNFOMANFALODL, THANXY PaX—FTEZOHRD FP A I~
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Lg%, MIESVEOFARGE LA ORI e Ly, MCe BAER L O DRACFHAL TY
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EHTV B,

5.4 EBRRHHEER

B2 RS I 1L 260 XMA OB BER £ 2RV - 2 TOREBEN THAVv onf(Fig 88K,



JAERI—M 83 — 232
200mL® 7TEL . HEBERTICHERT 2 AN, 120 CTREMOBINET -/, HE, <
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ORIGENStEz — FCHE Ui BAH - 72, Table 5 it B4 OEE TROI-BERELE &
¥ T B,
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BRSSP BEEH T OEPNMEER LI bOEELEZ SN S, HE, CsDRWICDOT
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CDLAHNELOEEAE AR E FP A4 vy b ) —RlFED R S ABIRHECE M Pr
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5.5 € FPOBEY
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DHEE Y — D0 ThE~ 109 i dEh-i, R ER, KR H vy —Tid 2 BH
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Cs O H 5 EGH, Sz Bty AT SN DTHAS D,
ﬁ654TT«t;UC,Na&4®%%$wﬁ—¢®4ﬁﬂmowtu,FP4VNV%U
~HIEORER, VCs DMMBOKENEON L, £ 0T, me HMice Ll EP S PTCs A

BEAHEL, EHsh P CsnB& B LA (Table 7) u*ﬁﬁﬁ&%i"ﬂ' Vil & DFED BB
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BWTHAHD
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5 6.1 MEEEDNT I L

KR+ o b3 O EPMA BT, WEBHD/ 7 Yy L (P OBFHEHE~T, BELT
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5 U ApED NI TD 2 RBEFRE LU P LRI 5l EREENg 191057,
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Ve — T, T A HIREEI LTORORLAKTFIREN TS, N7 Iy L0 SICHARI
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& QBRI S TR,
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RREGEEEL LT, COCo: HRADOTMHMESTFVEN &, UQ: 3P ORE O BIEE
HARETLEHDTHEL,

57 fEATOWERERE

BHEES JURBHOMEN FORIBESEAHEIE L, BHATRCRERE T8 Lz, it
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RIS B LS (3B) OTAUC I RFTH A, RFEIE, 2T 20RTTh-1.
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g e RBERT &BFERF & TR, HEOEPEL - T 200b0 5, REER FOE
&, fEd, WEAERAERIC, TACCERETES, —H, BEBENTOES, WEE,
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WEEREORITEERO7 4 7N di%d, TAFCLR T D0 T Fig 234, 7T4UCLI R TiC
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TR U, B0 BREEREE OB IC L S REVDE £ gl d IR E & OMRE Fig 25
RY, BEWEG, SEPETEHEORINIZE LWL T AL EBDh 5,

WENT OIEREORRIC L ARDEZE T S0, HeoBROBRELLIEER D
THB, Kaae ke, FovEERE L PyC ORI 5BEE(LRED LALD -
by E1-. SICICBIL T, Sheldon™ #5550 COBSEE TS ¥ 10°° n/m? (DNE) O R4
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T3F— 13 Ak + 7 TR, F30 4 2B 0T, ERREICER L oWBR H, B
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13A %5 72 UC LBWERTOSG T 5,
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Table 6  Fractional releases of metal fission products.
Holder No. 1 2 5 6
Ru106 3x10° 5x10° 2x10° 2%10™°
Cs134 1x10~ 2%107° 1xl0” 1x10"
cs137 <1x10” 1x107° 1x10"~ <1x10”
. . 1 .
Table 7 Estimation of 3?Cs release for the particles
contained in holders No.3 and 4.
*
s 137 . 137 ; - 137 137 137
Ho}der Sample Tmax{°C) %FIMA Cscal_(CL/gU) Csobs'(CL/gL) (Cs__y ~Cs . 1/Cs_ .
1 T4FC1 1650 4.4 0.137 0.114 0.17
74UCL 1650 5.3 0.165 0.137 © o 0.17
2 ZrCi42 1650 4.8 0.148 0.091 0.39
ZrCcl45 1650 4.1 0.126 0.123 0.02

* Cbgserved value for the particles retaining whole uc, kKernels after acid leaching.
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S

Parts and constructed appearance of 73F-13A capsule.

2

Fig.
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Fig. 4 Ceramographs of unirradiated domestic
particles and imported ones-
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Thermal neutron fluence (n/cm?)
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Fig. 8 Flow diagram of the post-irradiation examination
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Fig. 9(A) Overall sectional view of 750C1-1B.
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Fig. 9(B) Typical ceramographs of 750CT-1B-
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Fig. 9(C) Surface appearance and X-ray microradiographs of 750C1-1B-
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Fig. 10(A) Overall sectional view of 74UC1-2A.
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Fig. 10(B) Typical ceramographs of 74UC1-ZA.
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Fig. 10{C) Surface appearance and X-ray microradiographs of 74UC1-2A.
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Fig. 11(A) Overall secticnal view of 74FC1-28.
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Typical ceramographs of 74FC1-2B.

Fig. 11(B}
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Fig. 11{(C) Surface appearance and X-ray microradiographs of 74FC1-28B.
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Fig. 12(A) Overall sectional view of 74FC1-3A.
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Fig. 12(B) Typical ceramographs of 74FC1-3A.
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Surface appearance and X-ray microradiographs of 74FC1-3A.

Fig. 12(C)
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Fig. 13{A) Cverall sectional view of 74UC1-3B.
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Fig. 13{B) Typical ceramographs of 74UCi-3B.
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Fig. 13{C) Surface appearance and X-ray microradiographs of 74UC1-3B-
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Fig. 14(A) Overall sectional view of 74FC1-5A.
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Fig. 14(B)  Typical ceramographs of 74FC1-5A.
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Surface appearance and X-ray microradicgraphs of 74FCI1-5A.

Fig. 14(C)
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Fig. 15(A) Overall sectional view of 74FCTH-5B.
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Typical ceramographs of 74FCIH-538.

Fig. 15(B)
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Surface appearance and X-ray microradiographs of 74FCIH-5B.
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Fig. 16(A) Overall sectional view of 750CT1-6A.
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Fig. 16(B) Typical ceramographs of 750C1-6A.
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Fig. 16(C)

Surface appearance and X-ray microradiographs of 750C1-6A.
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Fig. 17(A) Overall sectional view of 74FCPT1-6B.
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Fig. 17{C} Surface appearance and X-ray microradiographs of 74FCP1-6B.
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Fig. 18 Fission product inventory of the coated particles
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Fig. 19 Palladium accumulation at inner surface of SiC layer.
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Fig. 20 Observation on cooler side of amoeba particle.
(a) Back-scattered electron, (b) U-My, (c) C-Ky and
(d) 0-K, images.
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Fig. 21 Carbon inclusion (a) in-pores and (b) along grain boundaries

of UO2 kernel. (a) 74FC1-3A, (b) 74UC1-3B.
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Fig. 22  Load-deflection curves of unirradiated and irradiated
74FC1 particles.
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Fig. 23  Crushing strength of unirradiated and irradiated
74FC1 particles.
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137¢g in-pile fractional release
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Fig. 27 137¢s in-pile fracticnal release from TRISO coated particle



