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ABSTRACT The densification and grain growth mecchanisms of UQgy in H; and in CO; have been inves-
tigated. Uranjum dioxide powder compacts were sintered at 1700°C in H; or at 1100C in CO; for various

times from (0.5 h to 16 h. The grain size and density of the specimens were measured. From the measured data,
the mechanisms of the densification and grain growth were determined by use of available kinetic equations
which express the relations between densification and grain growth. In both atmospheres, it has been found
that the densification was controlled by the lattice diffusion and the grain growth by the surface diffusion of
atoms around pores. It appears that the surface diffusivity as well as the lattice diffusivity increase considerably

with the increase in O/U ratio in the specimen.

L A =

&, 43 ALz eM 7|2 WA el 2Ab
fe dadz AR A%T 182 2) AYskin-
pile densification), FGR(fission gas releéase), PCI(pellet
clad interactionyd =ol| 28] = A odspti=ct” el
g e 713 g, oF 271, $29 JAA=7159
Pl A 2A2 2] X2 #), FGR, PCIe 244l <33k
o). Adze] 45 el AsAe,
AzAes B o, six=27)7} a3 Fdshd, 715
o] FAspl| LB A s o] w2k st
U0, AR vlAEAL FAD $L URT A4
sholet SiehE 47do] ojahol T WEkE e S
24 B9719 dadsdel 24 4% Wt HE
o]-8-gk T 74 1700Ce) 22 o=
AT Ak, o}2E FE CO, 5% ¥47] 7tam
ARgste] AbAEbe] vy =2 E71elAM 4d

=B o)

=

3T

214

ste Zolle aua g ERAXE £70) FbE
it} AAZ COE o] &35 AL, 234425 1100
~1300C A= g}

Lay$} Carter”= CO/CO, E¢7] A2 AbzEgl
£ 273%te] O/UR] 2,037172] 9 W9l M 27 dA 2]
43 A%E ATsE I, Aol uhE $582] A
= AAste] U0 427 Z7]00) AMEibe]] &)slo] A
=3} =cky $leic}. Bannistere} Buykx®:= O/UH] 2.1
H9lellA] dilatometer® 5383} BAA-g P2}
U0% ALs} 7= dAGA 7)1 Feka B sy
o} o)A U0, xUs} 7|97}t w2 A vehd A
2 47 grREe] Fgride] B sseR 27] Fol
o} A7kl A A7 LAY A zEe] R)gpel] e
F7] W¥al Ao Azl =, 247)F Alo]d])
o] A2 zfel7} A7) o B2 HER 7T AA o
e go] M=, B 244 JAAAE 7

3t 7] Wl A7l 2 Fe] AW 717 A



24 FY7)d wE eo)4abs f2bwol AUz 9 izt 215

Aol| 23 5kg ]2 A Hoh

U0, 5-2 slA4 el dat AYPe Be AFALE
ol &3] o) Foi A%} U0, 1AM A el & 7}
Soeal E4e Falopgu), B4 S o4 YA
QR Fo) A o8k W= Aolrh, We odTelA]
QAR

G"— Gy =kotexp (—Q/RT) (1)

2 B2ASeA, 471M G 2719 Akar), G
T ARERAM AL el i YA, k= AR
A4, Qe ZE7] 45 7], R 7] H A} 5=o]c}.
24 e 2 el N 7139 k] gl A
ol 2, 715 e ge] U0 Aldehdz)e} 4
o] F3L gl AtelellA] 7] 3| F4k(vapor transport)
7Wded 302 Felalct 28, G<3G, A
, G2l 2715 FAIR = gleud (1) Alg 443
dl= A7) odek. w’l 2232 AU} deju}
2 e e 7R (1) A2 YRR E4o)
B2 AA 24 AEHAA (1) A& o83t ddR
2] 72 7175 AAEs 2 AL ol S,
A 2AedA dAA S E4E] 3l
2L gke] F-E Aol e sheo} g}

22E A EH7ldlA FEx] ddge) FHE 9
Alrze 24 37144 A9z 2 5 ek o)
A7kA 2] U0, &7l thg - 2715 ol 4] <]
2477l g A7l i Relgln Ak Bt

[ T

w2 A%, Aol gt AFSL Hste) la}

A2 FHAH R 23t} ATEYY 24 Fol
WU GRAe AT F7IRel weh XYy
= -5 Agskst FAlel <)k
ol dejutrz £ A2 Mz g vAA
ot webA HEFdA vz o] WEE olsls)r] 4
e A shel QA A-E Tl Helel g}

£ delAE U0, sfsteFEnlol] & Fgs |
e 24 E90710 9-E U0, Yol 24 d447)
Pl AT-E E el Ek G g3k o]l & Ao HE 4
A A 2] 27 297l W AU L qlapg
7 7170l Asix dTetedet Azke] 2 B917100
A 2 Akl g WEe) gat=r]E Sl
o, SR %S A} AL Tl w
274 SR Hgste] #HEF 424 DA Vo,
AR e| x4st 717e} YA 7175 AAsin

x

A} shich,
2. Y

527 o] AH-EF UO, ¥-2-& ADU(Ammonium diur-
anate; (NH),U,0” FA 02 A% 22z ¢us
99.98%, F# YAt=77]E 0.9 umo] 3L O/U v]= 2.32
et 28 27 10 mme} APE=elld oF 60 MPa
2 A/ ¥er $ 200 MPa®] ko g At
AA¥sled A7 9mm, Fo] 9mm Axe) YEH A
HAE =k AgAe] AdUEs 5204008
glem’sict. H, 2917] 2729 A4, QYA S g
oA A td 2l FejRd o $e) 28
=51 17004 308-5E] 16474712 22 d)eic).
CO, #1718 74-F-oll= MoSi, & A 2 3= 4F
PR pE AR A W ol el el
321100 CAA 1588 16X 7477 22 skedc) &
AA] FEHEEE T E917] 2FllM 550 KhZ
ahadet. o]Ake] A elA -T2 B-97]d w2 5
FofEn] Wshe TATL AroldhV ¥5)7) 248
s AR 710 e 25 99.99% o] Aol
31, $%RS 200 ce/min 0]} o 2 §A)5lc) 424
2] vAFRE fRAsh] $3le] AHe HdHe
SiC advlA] oA ¢lrkal £ 0.04 pm Si0, d=telo g
v Al elsled vk, Hy0, H,80,=9:1 L0 7 3}
A3k dvpala) A3 AJH e oivhde FalA
Adr| Aoz fFsch Hg7lolA 238 &
A2 A5l 1250CeA CO, 7hAS ZelFo
30£4 1A17H5<F A7t oAlsld 1, CO, #4710l
A &g 27 AL 7Sl 10007C, 1x 107 torr2]
A FE 7oA 583E A7E oA shgdct.

224 A L] W= ZFpelA 34 (water-immer-
sion method)2- o]-8-5tof FA3lodc}. QiR l=7]= o
vt o] FAPARVE |7 AlAlol| 4] Ad#-ATH (linear in-
tercept method)2 2 Z+7+o] AlHol| i3] 3007) )4}
o] ZAHE 194 FA s} )lRk=17] Ge B
FAZH L& 7 G=15L72 sle] Alsisdch
A7 A9 O/U vl 2 AE 5007, F715el4] U
0,08 AAIAA FA WslE SAste] F3jole

o, CO, EH71NA A7 A A o] 2UEE T

317] $19) Xeray 184 o) 83ke] Arbiba-2 St
ek,

Vol. 4, No. 3, 1997



216 oled L . Al E

A8} $elw AYAFE 1700T, Hy ¥91719) 1100
©, CO, F97|dA 22k 308 4Ashy o]v] =E
71Fe] TRHGT HE 2AGA ] =25 et
Fig. 1=} Fig. 2+ 7—'7—}' 249718} CO, £471414
308, 4417}, 16417 S9F 243 A8 A 9] vl A4
Aol A R4 7)) F-atsbA A7kl whE )4
Z2 W3}t fAbslges Al aE sk ql
28 2 2 glvh H, B97|ollA] 223 2742 O/
U Bl 2.00, CO, 39)71e4] 248 2742 O/U

Fig. 1. Polished and etched sections of the specimens
sintered at 1700°C in H, for (a) 0.5h, (b) 4h and (¢
16 h.
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Fig. 2. Polished and etched sections of the specimens
sintered at 1100°C in CO, for (a) 0.5 h, (b) 4 h and (c)
16 h.
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Fig. 3. Measured increase of (a) sintered density, O
and (b) grain size, @ with sintering time of specimens
sintered at 1700 °C in H..
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Fig. 4. Measured increase of (a) sintered density, O
and (b) grain size, ® with sintering time of specimens
sintered at 1100°C in CO..
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Fig. 7. Grain growth rate of samples sintered at 1700
°C in H, for various grain growth models: (a) surface-
diffusion-controlled pore drag, (b) lattice- or vapor-dif-
fusion-controlled pore drag, and (c) solute drag.
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