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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



JAERI—M 83— 232

1 & T E R L TR RRE 1
DA g TOHZ UL eeeeeeeeeeesaneee e 2
D 1 o TR REELE oo 2
20 HENA p A e T 2
3 BETBHELIT oo eoererer e 3
4 1B g‘} T OO RS 4
41 FEETFLES L OFTEETERRE  crovvremo s s e 4
A2 BBEBHEEE oo 4
43 THEETTRBEFE  creerrreemremrers s 5
£ 4 MREEERIS K UFP W EE]G oo 5
B, MBEFHRIRER  ooreerreeorero me e 5
5.1 FRAFEEEREEOHEEE oot 6
52 7R SHIBLUXE T D4 75 7 FREE e 5

52 FP A w2 b U*(ﬂ*ﬁi ........................................................................... g
5 4 @f‘;tﬂ?ﬂ%ﬁ .......................................................................................... 9
5

5 Lo P DRI veveeveremrres o ms o mn e 10
5.6 EPMAIC - 2 HEEER IS EIED  oovrmrerrerrorss e 11
5.6 1 MEFBETICD /S 5 0 @7 La ooeeeeeeriesenne i 11
BB 2 BREHEEE oo oo 11

6. BT reeeeereen e L 13

6.1 MUBEEY REHE  ceeeereeorees e e 13
6.0 HEBE THAEHEGEE  coooorrer oo 15

7 % B e s T 16
Eﬁf -Igjrt ................................................................................................... 17
72{%'_‘}{ @\ ...................................................................................................... 18

i



7.

JAERI—M 83232

CONTENTS
INEroduCtion  ceeeeiior i i e 1
CaAPSUTE v oo e 2
2.1 Capsule coOnfiguration - «-ecevvrreneiiieiieeacenann. 2
2.2 Inner capsule et e 2
Coated fuel particles .« ovveeeeierr i, . 3
Irfadiation ......... [P 4
4.1 Irradiation hole and duration «----vcoieiiniiinnnnnns 4
4.2 Irradiation temperature ... ..ot 4
8.3 Neutron TTUBNCE v rreraerennacasenannnnanaanssssaranns 5
4.4 Burnup and Py fission «...cevriiiiiiiiiiiiiiiint 5
Post irradiation examination ... ceeveerieiniiiiieiananaan, 6
5.1 OULTIME vttt ieni e eennesaasesanennsssnnsns 6

5.2 Surface appearance inspection, ceramography

and X-ray microradiography << .eeeeioiriiiiiiiiin 6
5.3 Measurement on fission product inventry .............. 9
5.4  Acid-Teaching experiment ............cooeviiiiiienannns 9
5.5 Release of metallic fission product ............ ... 0. 10

5.6 Observation of fission product segregation by EPMA ... 11

5.7 Crushing strength of coated particles ................ 12
DISCUSSTOM  wev s vreneaar s s s casnsnanaeneeseannarrnsennnsas 13
6.1 Coating failure ...t iiiniinn ittt 13
6.2 Irradiation performance .......coeveeriinirniiniaunnn 15
CONCTIUSTON v et inreneieaennraatnssneenaraasastoraarsnssnns 16
ACKNOWTEdgement .+t vvvrteriin e 17
RET I BNCES it vsevteeneosennessnansonnnnennsnsastnssnsenynss 18



Table

Table 2
Table 3

Table

Table 5

Table 6

Table 7

Table 8

Table

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

G o W

8

9
9
9

(A

(
(

B
c

)
)
)

JAERI—M 83— 7232

List of tables

Characteristics of coated particles irradiated in
73F-13A capsule.

Irradiation conditions of the coated particles.
Failure fraction of irradiated coated particles
inspected by surface appearance and X-ray micro-
radiography.

Fission product invéntory in the coated particles
irradiated by 73F-13A capsule.

Results of acid-leaching experiment.

Fractional releases of metal fission products.

I3765 release for the particles

Estimation of
contained in holders No.3 and 4.
Calculated Pd amount.

Summary of coating failure.

List of figures

Configuration of 73F-13A capsule.
Parts and constructed appearance of 73F-13A capsule.
Configuration of an inner capsule.
Ceramographs of unirradiated domestic particles and imported cnes-
Fuel temperature during irradiation.
Distribution of neutron fluence through axial direction of
the capsule.
Distribution of calculated thermal neutron flux in a radial
direction of the capsule.
Fiow diagram of the post-irradiation examination-

Qverall sectional view of 750C1-1B-

Typical ceramographs of 750C1-1B.

Surface appearance and X-ray microradiographs of 750CT-1B-



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
rig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

21

22

JAERI—M 83— 232

Overall sectional view of 74UCT-2A.

Typical ceramographs of 74UC1-2A.

Surface appearance and X-ray microradiographs of 74UC1-ZA.
Overall sectional view of 74FC1-2B.

Typical ceramographs of 74FC1-2B.

Surface appearance and X-ray microradiographs of 74FC1-2B.
Overall sectional view of 74FC1-3A.

Typical ceramographs of 74FC1-3A-

Surface appearance and X-ray microradiographs of 74FC1-3A.
Overall sectional view of 74UC1-3B-

Typical ceramographs of 74UC1-3B.

Surface appearance and X-ray microradiographs of 74UC1-3B.
Overall sectional view of 74FC1-5A.

Typical ceramographs of 74FC1-5A.

Surface appearance and X-ray microradiographs of 74FC1-5A.
Overall sectional view of 74FCIH-5B.

Typical ceramographs of 74FC1H-5B.

Surface appearance and X-ray microradiographs of J4FCI1H-5B.
Overall sectional view of 750C1-6A.

Typical ceramographs of 750C1-6A.

Surface appearance and X-ray microradiographs of 750Ci-6A.
Overall sectional view of 74FCP1-6B.

Typical ceramographs of 74FCP1-6B.

Surface appearance and X-ray microradiographs of 74FCP1-6B.
Fission product inventory of the coated particles.

Palladium accurmulation at inner surface of SiC Tayer.
Observation on cooler side of amoeba particle.

(a) Back-scattered electron, (b) U-My ,{c) C-Ky and

(d} 0-Kg images. _

Carbon inclusion {a) in-pores and (b) along grain boundaries
of UO2 kerrel. (&) 74FC1-3A, (b) 74UCT-3B.
Load-deflection curves of unirradiated and irradiated

74FC1 particles.

V



Fig.
Fig.
Fig.

Fig.
Fig.

23
24
25

26
27

JAERT—M 83— 232

Crushing strength of unirradiated and irradiated 74FC1 particles.
Crushing strength of unirradiated and irradiated 74UC1 particles.
Change of crushing Toad as a function of fast neutron

fluence.

Failure fraction of coated particles irradiated over 1600°C.
137Cs jn-pile fractional release from TRISQ coated particles.

Vi



JAERI—M 83 ~ 232

1. #

i

ZHWERSRERF (LT, ERiF &1 OHid, M Rl icahn 5, B
A6 T FRERATHER L, S5, BRI50 BHCiZdT I «k*ﬁ%’:;&.d (Mk—M &P A5 T L,
. CAEBITLT, R RREN T HREORMSKD, JRR- §THRA L TWIHWL-L K
o e CHETN 45 fEIC k) st B 46 T, IMTR %48 - T, 2 QESHMHEEREIA
D ST,

MR 50 Fin BT 5 TR 25 MK—TT S ~OLETIC & b, FERBRICE L o wEnT
BB RS T - oo PRIETHETHE, #EHE (UO)EEZ 500 #m, HEN TEE 7804m
“hn, B FASATOEMk—EEHEREENFIC NG &, DB TFTH -0 HE
% I IMTR BHEBERIC 0TI, UNOHEEILE LHTH L,

| 70F—d4A %o 74 JAERI-M 6480 (1976)""

0 TIF—TA %+ 74 JAERI-M 6717 (1976)""

3§ TOF—6A, T2F—TA% v 7 JAERI ~M8949 980)""

i T3F— 12A # 4 7 JAERI—M 9644 (181"

K%%@,%Wwﬁﬁ@ﬂﬁMSEﬂﬁUTmﬁRWﬁ%ﬁﬂf%%bﬁmF—BA$&ft
WICEAE B DT, COF e TR Al A9 ERICEIE L TIREETTRISC #BIR T 2T,
OGL— 1 B R TOZrCHEN T8 S&%5m L, T3F—13A & » 7 biC & 5 RS
DOEMRUTO BN TH S,

(1) 49 EFEFTRISO B/ T O £ =l ~ 5,

(9] FREE RSO TERETHE L TRISOWBR 1 LMo EE KRR O REHE

EEA LB T B,
(30 21 ROGL — 1B A ic s L~ TRISOM B fAS 0 S ik TR T R L, @it
MWFREEEBAEVE 1 ROCL — 1 BEHADEEFEE LK T 2,

(1) 1800°CTOWEN FHAMESBEEEIC EOL S WEBLRIZTHEHEND

(5) ZrCHBfF oA H~<S,

(1 4)2 T HEEARE N FORMEREATM T2 C & HEE LT A0 (BIAHREM
OBESEEICET S LOTHD, ARESTRIMICIELTRET, D& WESN .

COF T OBEEE, K-6ILTH ¥4 7 nichizo>Tirbh, AT TRBEEBE X
31x 102 n em® (E > 0.18MeV), M5 11 5.3% FIMA i #4260 THD, FEROWEER TR
KT ST O IMIR BHEZBROD TR LE L VRERETH -7 B3 H T i+ +
T WO BRENLET LS, B2 IR IREE O BRI b B EHOKES b, CCES
4 AH L WBMEHRESES 55£E 3 HicsEni L, KIEGHERIN OEBAAFNOF v 7 v O
#3504 104 caﬁéﬁhtf;&) ® , AR R oS AIRICER

RS EGR T, ERORBEIICNA T, FicXMA (KSEREF & » b 7 8) 1T X 580H
W TOALBFPOBITAE, HLUME FTOREN T OOEEFPORHZESEHANL L&



JAERI—M 83 —232

iz, MEEORNELES LUREBERBNTOBREHOAELAEL, BEBHIEOVTOF -~
5 OISR £ 2K - 72,

2. ¥ ¥ 7 kN
2.1 FrFEILEEES

T3F—13A + ¢+ 7V DLKOREEEFig 11, £k O LT EDS: » 72 VEES Fig
DICTde COF ¢ TN RT TILHE L T3F—12A £ ¢ 7o L6485 %H LTV B,
Hglmﬁﬁi5ﬁ.$$%7ﬁ»f@3&®ﬁ%$ritw@%ﬁ@.%ﬂ%ﬂ@ﬂ%#+f
e BN TEMBAOIL AT T ARSIV — 2 28 L T4, EENEE + 7O
R FERILEFAdL, & EJ7 41mm &238mm DRI AIE L, PEAHT + 72 L OREMILE
TH3mmé 9dmm, FEATF » 7AE NH204mmé 28 mmOEitfiE L Tind, ¥+ 7
EAEIESUS 304 T # ORlCIZA 28RN S, o PHEF I L -2 YR T Y
KUy a A LBEWRARINTV S, Tk, SAEF v 7 duLEficidWeRe BREXATH
ASNTED, #HEBERNTFEERCOEEHICLIDEMMEN S,

2.2 ABF+TEIL

Fig 3iC T3F—13A% » 7+ L ONEHEEE RT, F  FTERAK+» 72 s bEl—HE
THY, BEREHEOLS, ChOETEEBSICE > TH 5, ARIISUS 304, WEEND
— 1BZrTHD, BEMMHEICOE v » 7OHe BEFAELXE, Fo o TOBZELHET S
¢l E DR B, Wy T RE ST B BN FER 0 B F oy —1k 187,
50 lnm DA E &T, BHRBALY —iCE FEBL O FED SHVEN I ZREN 4RO R(23
ﬁmﬂ%ﬁ%@ METOLNTHAE, &+ 7 2MEARICKH LT EREMAOD EFA, TRMLED
RAEBERAT B, c i, ABEUBOARICEE BB FHEMINLDTH B, &N
s T VICEMINTOA 2EOES vy -D9 5, FEICE T 5B+ vy — bR
s mEHEENEHOR RS T b, COPIEW - Re AEWSBAIN TS, ZWHDESMT IV
& — Mo BICITiE ., CADND— 1 %BZr AI+ + 72 VT A - TV B, Mo i (3B A D
BHAE T L & b, BMFLY —OREAE IR DHHOEAM TS 5, Rl LD
K,%%*WV_KHZﬁﬁ@ﬁﬁﬂ%ﬁﬁﬁéﬂék@,1@@@%#%7?»K@4@ﬁ@
WBIK F AN S 05, R Ay — OEIRICEZIO M B, Zr R v 5 - ZtEM &
KUZIERT v 4 ~ONRICR SR, MTEOROBIEHILL, =¥ F777 Nb— 1%Z0) @
BE FREA CbEHTin g,



JAERI—M 83 —232

b, MERORE G JUCBRHBEEN FOBRBOAFEAEL, BRHEHCOVTOF -
& O R AR - 72,

2. ¥ ¥ 7 & N
2.1 F+EIZEHEE

73F —13A # + 7 VO KOEEFFig. 11, £ ONMEMTEDS v 72VERS Fig

KTt COF ¢ PG CIOHE L1 T30 12A £ ¢+ 7 L E—HEEE LTV B
Fig. 1 iCRT LI, K& v 7L TEHIBOWHF » 72k 580, ThEhORES+ 7
L RN TR AOIAT T AES TS 2 2 EE LTV B, EERAAE v T D8
BRI FRATLADL S B 41mm £238mm DIICAIE L. hBRASF « 7w DRmli

FH3mmé 94mm, FTEAEF » 7R TAH2MmmE 28 mmOBlizi&EL TWb, £+ 7
£ VAEIISUS 304 T, FORMNCIEA 2BEERA S, COTIPHEEI VAT VR T Y
g KUy o A VBRENARENTV S, £/, BRE+ + 7 i 8ICIEW «Re BEXE
ASHTED, #HEBENTEERCOEEHICLDFRIN S,

2.2 ABF T

Fig 31T T3F—13A% + 7+ L ORNEEEERYT, k™, TERASH+ » 7o s bE—HE
THD, MEEEHEOY, CHhold TETESICL - TV, ABIISUS 304, AREIIEND
— 1HZrTHD, BESHEZCOF s v 7OHe BEEEALINEE, Fr v TORCELHES S
CEIEDITRR A, BT +» M VRSN TOEHBR FEGHOER$B LY — ¢w¢
50 lmm DA E ST, BEMELY —E FEBLO FEP SHVECE ZRhER 4 KD(23
¢mXM%m)ﬁ&H%ﬂTP5 oy FeMEABICH LT EREPODRAEA, TEALLD
RAEBEIKET B, i, ABLUBOARICERE - HBHNFHEMINLDTH b, &N
e T MCEHSNTOA ZHEOBR LS -0, LEICMET 2 E#Ht vy — ok
mirmEEENEAOR KBS T LR, CDOTIEW - Re ABWABAZIN TV 5, ZHDOEHF IV

¥ — 3 Mo BiCllia . chdNb— 1 %Zr AR+ + 7 VKA - TV A, Mo 3 BUEARD
BHAET S & & bic, BERFLy —OREAE CROKHOHRBM TEE L, LiBLAZLS
o, HESkvs — I 2 BHOBEN T AERR SN LY, TEONES » 7 erid it 4 BEO
W SN S N A, BE Ry —OEIIRICIIZrO WEM, Zr BES v -, ZoEHL B
LIRS L v - DIRICRR S, BTEOROE T EHILEL, TV F735 (Nb— 1 HZr)D
BEEFE DTS



JAERI—M 83~ 232

3. MEMBMMKN T

73Fig — 13A % v 72 A CRH L 2B ERER TORKFEETable 1 IRELDHTOE, ZOF+ T
TSR T & LT T4FC 1 (LSRRI T) 2 ulic, AR ERAEmEL 2 vy FRfTH
we gk & LTOTAFCPL, &7 48 4£EE It HE RFL (Reactor Fuel Element Laboratories) itdst
TEBIF TR RICE SO TEEL A 74UC 1, S 5icOCL—1 38 1 iRk A A & L TR
PEL#-750C172E O TRISO Mk FAFICEMEN T 3, COKRT, 5B RifHL s —flic
SR X 1T\ B TAFC THE, JAEIETIC TAFCT 4 1800°C T 1 BERd, MZEMM L7 WER T T #
oo s M oER T A RICEBR TS0 BB I RETHRELNNL I o AHMLE
LTWg, £/ 1A, 4A, 4Bicid, TAFC2(BISOMBI T NCZrCHEE M L /oh 1452 qy
SHTVBES, COSHOEMT OV TRIEHET 5, 73F —18A + + 7w ICE 6 Lo iR
WFoBENZIR, 2TU0, THD, ZORBREE I S>VLTHE, TICIEZBRVWT8%eUTH S,
750C 143, OGL —1 TOEMPHTRMAENT &6 H 0, 1000CDHEONT 7 AERST 22155 DI
CSER I EET A0, 12%eU EE LTI STH B,

T4UC 15 B FO MK (Z, B 77 v (UO(NOp) i (/)27 & =¥ (NHy B TF
NHOH) e afb L g i Bk 2/ v ik icd » T s nfohs, 14UCH
ek, HABRD 1650°C BABe R - T sh | R & CRERAREEE
HTORENTEMAERE 4 IGRT, COTHEICRLAL LI, BEHBEEHEDE N DY
TAUC OB T, ZOhBRESINS R IER L, fhoER PR & 3BT rE -
T,

Z1@PyC (N 7 r—B)id OFROEENSTTLT F LY (CH) oSS, TO
WL 1.09~ 119 g om’ (BRFEOR S0 %) L2 HDETH S,

EoELEABIE b T oL Y (CHs ) 5EE S LTI —PyC{(Low Temperature
Lotropic PyCITdH v, &N B5ALIFENS O C &P MTHR D, PyCRER DR
%774 0AF (Optical Anisotropy Factor)id LO2LITFTH YD, THho@PyCRREFMETHL &
AT E0,

H3BOSICEAF Y7 oo Y (CHSICLDSEES SN/, HER FOSICHERL
b 820g, emBPl ETHAD, TUCOSIC FEHIFINLLOH FhEt,

1 BEORERER TERR 1¢h 5 1.7g THO, WERNTHTH 100~1700 W THE L.+
T RO BN TEH SR 1851gT, 97 YETI066gTH B,



JAERI—M 83— 232

T3F—13A % v 7 ViC R LI BN F O RS &G ETable 2ICE L HT0 S, F+ 7L IAAT

IREOHBN TAR BN TREIN TS, BN FORMEZOHNFTRILEZE R T
NHHLHDT, DROEBENFOLTICEEBRNFAEERFINVT —DOROES & EMICT 5,
COF v T OIGERGOFEMEZ L PICRT,

4.1 ESTFLE LTRSS

73F — 13A 4 & T AEIMTR K—6 FLUREMERAL) TF 38444 L (HIfN 52521 f 12 B~)
POF A4 o N (~HEETS3ET A8 E)E T 644 7 W (F 4l #4 7 viBeEnd )bl » TH
Fr&tic, OO EEEERE 2659.1h( 111.2efpd)™ Ta b, HEEERTE L TREROWKER
FHMTR + + 72 LD TEHE,

4.2 RHEEE

T3F—13A & + 7 L BANET R OMEHEEERE*Fig, 5 {TRd, Fig. 5@{1) ITEBEX
ERic & BIBEELET T T 30 4 s uhic FEABONo3 BREMERAREE &1L, <
NIC L DB {5 o7 T1T 044 7 VDRI T4 2 ERHCTENEONC2
BEMAWE LI, CO+ v 72 DREHMIIN2 25E ﬂ%infﬁhﬂfbhk@ 40
HA4 7 LERYLRE, ETREFERON) Y LES Y TIREE e L TR T S i, & B
F A0 A BT, FEABON] MEMSICBE S EbN A HSsEbN 8, Ca),a%f&
EAHRE G EHERTE (-7,

D&, 2TOHBNTREMNTEEAESSHEL/LD, 2BHFIAREZE U TORER
A {a] S DHETRET S MHEHE Ui, Fig 5D (200 GIEH HIKEETOBENERE & &
TEEE S CHETELCBHEEOCEEART, £/, TableZ &BEHF 1 7 VEBOHEGRE %
FL TR, Fig. b iRLickHiT, 39 ~F 404 4 7 g p ot T FEINERE I, No
IMBHBEE O, T2 A TON2 RBHEEEZDE 8570, F 4004 7 Vi LD
W ORBHRE L, 5T OW-Re BB, M Eic & »Thee Ui 25 L
too Fig B0 BHRER NS X Dir, HMEHMOREC1210 DI SR TRE s, 5
[T B BRI 1500°CHL Rt S N T s b o s Bhi g, F0OMTE 3991 7 LICiEf 1
BRTic 7o » T 1700°CE, Fo@EgiRiciE s hi, L L, BFETH, 5 7 RETOELOD
BEHERE IS, DEARIERE T~ 1000CTH 7%,

% effective full power days @B
o FFRAEER AR _EERCH ?&%E%Jfﬁlﬁﬁ# vy TN 7 LEFERL, COBO#
=EEABCLTHEARESBRFSEAREZ O

_4_



JAERI—M 83— 232

4.3 whitFRHEHE

A2 BRI, Sl FRMEENERS LT, Fexng» 94+ —, Boplk TREERE
el TCotod—e T4 ¥ —HEEfsnTED, ChLEENEEBRTE v 72 AED 5 I
HEh, MERBRPRHERCENT, FREAOPEFERESHE SN &+ 7 Vil
MTOEEDEF B LUt FIREBO A EFig. 610nd, £/, TORICHE, ¥ 7
WNTOELZ DB LY —DRBEERIELTRELTE Y, Ik BB TR OhE 1M
Baskw i, MOMTEEEEC OV TR, Fig.7 IORTE I, BEATHEREPEF 71 a -
IR CEVI—TOBHETR-THY, AIETORPETFRABRTFON B B THADT,
Table 2 I3 BN FOMPHTREES, 72T VR« 225 —C L BRTMED 0885
& LT

coEICRLIZE S, BADBRGEFEEEEINLER VI —(Z2rC142 —4A ZrCl145 —
AB) AT, 236x10¥nemfTH -7, —F, @il TRAEES COBBFLy —HY T
BAEND, 309107 nm? (Ex=018MeV)TH » 7.

44 BERSIUPURFIBES

K4 S VTRE L AR ToBERE LU 20 B0 22 PulinRORIe %, £IE
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RO SR II CEN A FIH E b,

145, No 3 40 HE ko y—hed 4 28 (74FC1, 74UCH, ZrC 142, ZrC145 )IE 20 TAE & 41
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
WL ARBICEE LS
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5. M &% % A 8

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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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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Fig 13 (A) IGELASADOEEE TR, 28 MONTHEREN Spic BIBHEEE LT
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OPYC LU [Py BAES TH - T bSICHILHETT 2 - 74UCI—3BOREMRL LT
2, TA -SSR THEBESEL, BEICH AFEBESLD
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DRIEIHE - TRE Oy 7 » —BREXEE L TREESR/EN, S5t UG HSIC B
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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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£2 %, $7-Fig 14 (C)ImLALH T, ABL XERE TR TREE S - (EH N
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WK Y SBEEME TAFCI-5 A& F-1  AUTH LM, T OHBENT RN I800C
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I RNFI TEOC 1—1B L DiEE, MEFsLUESEPEFBHEBLGET SV L TR S
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IZ I RIBER S SN BIAE - TV A0 S 2D, CAPRBFHILLLZ DR LED iz
iy, A B LUSHRE TRETRERED oY, BRETH -7
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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,
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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
BB TEHLLEY, PIr icou T, BREHETHSBIEICES £ TOR SR 4+
Madpb, CORIHEBRLT ARESEHELD -,

CDLAHNELOEEAE AR E FP A4 vy b ) —RlFED R S ABIRHECE M Pr
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5.5 € FPOBEY
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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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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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HARETLEHDTHEL,

57 fEATOWERERE

BHEES JURBHOMEN FORIBESEAHEIE L, BHATRCRERE T8 Lz, it
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g e RBERT &BFERF & TR, HEOEPEL - T 200b0 5, REER FOE
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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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EEDETHEIC X ZPyCONF O & EA 0N AH, CoOWEEOHES, Fig 221ORL
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T3F— 13 Ak + 7 TR, F30 4 2B 0T, ERREICER L oWBR H, B
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R ETE, TAFC1—3A& T4UCI—3B 5% - o (M URH TR SN, Table 9
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o L BISOMT &L &5 7RAEIc 50, KTk - TH, Homan %° 5887 5 &
S, EEMOEIIL NS, 2E D, TITR, KDESU o eaPEL oD, SiC @
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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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DOMESTIC PARTICLES g
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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-

__34 —
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Fig. 9(C) Surface appearance and X-ray microradiographs of 750C1-1B-

— 35i
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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}



