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Effect of Porosity on The Thermo—Mechanical Properties

of UO>—5wt%CeQO, Pellets

1700°C/4hr &3 A8 AZHC JI2s0 T
S Bluw 2ZoIRUCH AZB 0.3~1.0wt% EHIH0l & UO-5wt%CeO, &2 M2 &= 0l
ELE2 97.6 ~ 93.7% OlH, JIBE2 2.4 ~ 6.3% OIUCH. IS8 B2 &

HaT)o e Ity SsdA [ (Hy), MUAE(Ke), TTUEHMUX(G)] Bt 2F

SIX @EpALH, 2ZAHC JISE H 2st T2 gtel HatE LIEHHAl &E%ALH

Flﬂl

Abstract

The thermal shock behavior and the thermo-mechanical properties of the pellets
were evaluated and compared in terms of the various porosity for UO2—5wt%CeO.
pellets with differenct porosity prepared by adding 0.3, 0.5, 0.7 and 1.0wt% of
AZB poreformer to UO.—5wt%CeO, and sintering at 1700C in reducing
atmosphere for 4h. The sintered pellets showed that in the range of 97.6 ~ 93.7%
sintered density and 2.4 ~ 6.3% porosity, the fracture properties(Hv, K., G) were
not changed by porosity and thermal shock temperature difference (AT). The
fracture strength was not affected by the pososity change and the critical thermal
shock temperature difference(ATc) of the pellets were increase for pellets with

higher porosity by AZB addition in the low temperature range (80~1507C).
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20l Bo2d 6.66mel CeO, 2ZLE 5Swi% &Jtotl OGJI0l AZB 222 0.3, 0.5,
0.7, 1.0wt% &304 3 ton/en°2 AEE = ,1700COIA 4AI2HS O 93%NA7%H, 21710l

m
N 3 AZotH AZHME MEIoIALH. AZBE EItolt JISES B 3tAIZ] UO—5wt%Ce0.

Ol

AZAHS dE= HEYH(water immersion)22 =HoIH D, JI2E(porosity»w)2 A2Z2d

CE 0lE8 UsAl[5]2 0IEstUTt.

P = (1-p/po)x100

P : Jl28(porosity %) p : A2Z2YZ (g/cm®)  po : AZHO 0122L=(g/cm?)]
(2) 287 JHE L Y& = 24 27
JlEBE832 2aldol= U0—5wt%Celd, AZ M2 E5H AEH=2 EEHA ECHHN &L=

gs8s zAS6H)] ol Al.Ogz cementE AP0 2mm SIS Al,Oz dummy pellet

S 2mm=Z EHE AAX disk L HEAIZI CH2[6], Thermal shockZZ 0|26t

200~1400C Al 200C XIOlQ 7X2He 2 €6t 28 &8 2% 0A 3022 8K &t
=, water bathOl € SLHAII| = LHOZ AAFOH, JIED SHAIQ AtsHEX]

E flofl 24 WAL N 2III0A AAISIRUCH. 82 = AlE EEfe 2&0 ¢

0

Mol 24 =HE <ol AMES mountingdt & AN (el M8E 222l HAIEC
SEHE 2FoI”D, BZ(Hv) ¥ MH(Ke) =SHES Micro hardness testerES 0| &3t
O 50002 St=2=2 16& =t RSN M2l 2E° 2U0E FHGIW A&, 0l

o X 22 AESIAUCH. Il A (Fracture tougheness)atS
Indentation Crack LengthE2 HE3IR 20, Micro hardness tester2 1kg2l dHSO0llM
156 S0 FXISHH 21 2=2 20| (2a)2 @Z2A0[(2c)E 53 EFHGNW S A[7]

CZ Aot AL

Kc (MPam'?) = 0.16 xHvxa'?x(c/a)??
(Hv : HIHAA 2=, a:

rlon

2019 BH, ¢ 2209 B

0D 9 oK 22 O2 Al[8]22 HAHSHACY.
G (J/m?) = (1 - V)% K¢ ?

(vi IABH|, Ke: IHD 1&g, E: 98 )



(3) &2 I 2=(of) ¥ LHEEA 2=XH(ATe) EF
JISE0l CE UO5wthCel, ~ZXME M 1mme diskEEHZ2 EHE =, BHEES
#6002 sandpaper2 HAIGIH HEHS ZE 2 == MHE8 F, biaxial flexure
technigue2 Z&0t XXM HZES Cup&Corng jigE 0l&0ot( crosshead speed 100
m/min22 Cg Al[9]2 0I838t0 AH=E5HALH.
of = 3p/2xh2 x {(1-v)b®-a’/2b® x b’/d® + (1+v)In b/a}
of: Fracture strength, P : Load at fracture (N), v : Poisson's ratio
d : specimen radius (mm), h : specimen hight (mm)

a : Upper ring tool radius (mm), b : Lower supporting fixture radius (mm)

JIBEE Eclot= UO—5wt%Cel, AZXHE MUZE SHE AlEWY SLotA JtSE
80 ~ 200CHtAl JtEotH 2 €8 2=0A 3022 =X =
g OAIZD AIEO Oiet MUZ2EE SEOIHW, M2 Ege =38 MHotE 20l €53

SEXE ZE[10]0tH E=A X& parameter QI LN E=AH 2EXH(ATC)E =&HoHY

(1) AZB &0l & U0r5wt%Cel, AZ Ml LE=HSE

Fig.12 UO—-5wt%CeO:0ll AZBE 0.3, 0.5, 0.7, 1.0wt% EIt&0ll et L
ZHe YEHIE UEHH  JO0ICH.  Porefomer@ AzBS| FHIHE0l ZSIOtetol  [et
UO~5wt%Ce0, 2 XM= 97.6 ~ 93.7%2 &UHE =2 2.4 ~ 6.3%2 JIS
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(2) JI380 HE U05wthCe0, AZ X S5H HE S& B
Fig2= JIS82 Zelote U05wt%Ce0, AZXC EF5F 2EXH(AT)H HE Bt
o HalE LEtY H2Z, U0-5wihCel, &2 M= JIZE2 B2 28538 =2&X

75t ZBEgtel 2 HEIF 2FE X LAUCH.  U05wt%Cel, AZ M E5H 2=XH(A

Tl & mueldatel Hate Fig. 301 LIEtH Hiet 20l JISE2 B €52 25
HIlE 706t 2 B 2 X LUACH. A2ZHS S5F 2=XH(AT)H OHE Tt
HOE 0lUXIgt2 Fig.40il LIEF BH2E M eldgtit sAtet BeS LIEHHRUACH. Fig.5

= AZBE FOteh U0-5wt%Ce0. AZ M2 252 2EXH(AT=1000)01 HE =€ MIIE
EHE LIEtURA =0, AZB &E0[ 0.3 ~ 0.5% & 2 222 MOt SFHIZUMA SR
Aoz HNHEHOZ LWL, 0.7%014 BILAS e @S2 dI B gH



(Cross)EEHZ LEIE S & £ URACH. AZBE EIIst U0-5wt%Cel, 22 M2 E€5H =
(AT=1000) HIHZA IndenterOl 2/8h 2E L FSEAES Fig.60l LIEIHLH/} =0, AZB &
0l BIt=+== IndentationOll 28t @E2 MIIF porel 2/of trapEsS & = U
Ct. Ol&S] ZDHOIA UO~5wt%Cel, £Z XM= AZB SZSIH0l 02 L24 L JIBSE2

Z0t0l el Ss20 28 22 M4 2 Mol EIHFig.b)et 012 218t Il 248

o|gt #Z0| Ch£=2l poredl 2ol trap=lH, =29 &

Ol
HO| AMELZM, IS8 H E5A 2=XH(AT)S S0l 276t 520

(3) 21380 HE U05wt%Ce0, AZ X MUZE(of) & LHIESH2EI(ATe) EL
AZBE EOtot JISES €2let U0-5wt%Cel: 2Z M2 =8 25X 2= Fig. 70l LIE
LIA =0, UO-5wt%Cel; &Z XM= U0, A2 MO HioH T 22 gtS LIEHLRA LD, AZB B
Jroll 2let J1EEe HEils =706tl, MuZE gt2 Hlxg ZES LIEHURUC.
Fig.82 AZB ZIH0Il [E UO-5wt%Cel, A2 M2 SH 53 2T AE LIEH RS2,
AZBE ZItet UO-5wthCe0. &2 X= U0, 2F AZBE FItotAl &= U0-5wt%Celz 22 Xl Ol
Hloh Cta =2 &H €53 2= XUE LIEHHACH. HII0IA UO—5wt%Cel, 22 M= AZB
Eotol 2lst d=Za D
fgedl. Old=2 &AM LIEE A
LX) OF&DEXIZ porelll 28 =2 XA AN 28t 202 M8 4~ QUCH E8
olgigt Sd2 A £33 2ZXH(ATe)E SHMT 2EL =0, ABE EOtE
2 25989(80 ~150C)UHAd= UO5wt%Cel, AZMBCH Cha

S g5 NEHS UEES 2 & AUACH

i

»

)
=2

iy

UO>,-5wt%Ce0,0ll porefomer®! AZB 2= 22 0.3, 0.5, 0.7, 1.0wt% EJIotH 3
ton/cm’2 H&E8t =, 1700CUH A 4AI2ESOF 93%NAT%H, 22D I0A &2 AZAEH0, D

£2 Zclots AZHY €532 S4 2 AZHS SH/IIHAN E42 2460 Usw
22 28 €Ul

(1) UO2-5wt%CeO.0l AZBE 0.3, 0.5, 0.7, 1.0wt% ZHIt&tol et A2ZHMeE 97.6 ~
93.7%2 AHEE2F 2.4 ~ 6.3%2 JISES UEHHALH
(2) UO—5wt%Ce0: AZHE= JIE82 Bt S5A 2= XH(AT)H et ool s43t[&3
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Fig.1. Variation of sintered density for UO>,—5wt%CeQO. pellets
with the addition of AZB.
1000
900 —
800 —
700 - °
i '%$§§A7Zi g >N/‘4;
<  § 2 > 7<
500 —
——UO,-5% CeO,
i UO,-5% Ce0,+0.3% AZB
400 4 —¥—UO,-5% CeO,+0.5% AZB
UO,-5% CeO,+0.7% AZB
1 —<—vo,5% ceo,+1.0% AZB
300 T —

T T
0 200 400 600 800 1000 1200 1400

Quenching temperature difference (A T)

Fig.2. Change of Vickers hardness for AZB—doped UO>—5wt%CeO;

pellets subjected to thermal shock at various AT.
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Fig.3. Change of Fracture toughness for AZB—doped UQO.,—5wt%CeO-
pellets subjected to thermal shock at various AT.
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Fig.4. Change of Fracture surface Energy for AZB—doped UO.—5wt%CeO>
pellets subjected to thermal shock at various AT.



Fig.5. Influence of thermal shock temperature difference(AT) on crack Patterns
of AZB—doped UO,—-5wt%Ce0O, pellets at AT 1000
(a) AZB 0.3wt% + UO>—5wt%CeO2, (b) AZB 0.5wt% + UO>—5wt%CeO>
(c) AZB 0.7wt%+ UO>—5wt%CeO2, (d) AZB 1.0wt% + UO,—5wt%CeO>




Fig. 6. Vickers indentation and crack propagation patterns of AZB—doped
UO>—-5wt%CeQ, pellets subjected to thermal shock at AT 1000.
(a) AZB 0.3wt% + UO>—5wt%CeO2, (b) AZB 0.5wt% + UO>—5wt%CeO>
(c) AZB 0.7wt%+ UO>—5wt%CeO2, (d) AZB 1.0wt% + UO2—5wt%CeO:
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(£ 4.3)

(x 0.97)

specimen

Fig.7. Fracture strength of AZB-doped UO.—5wt%CeO. pellets.
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Fig.8. Critical thermal shock temperature difference(ATc)
of AZB—doped UO>—5wit%CeO;, pellets.
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