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Abstract

{haracteristics of AN doped U pellet have peen eramined.  Sintered density decreased
lingary with ingreasing the comtents of AN added pen porosity was also reduced due to
the addition of ANXIN put 7 was independent upon the guantity of ANJOH AXIOR ircreased
the grain sive of (W pellet up to about 104 wm However, more additipn of ANIMIH than
OOgwt® didnt lead to fumther coarsening of gram. The degree of densification of AN
doped (r pellet resulting from annealing for 216 hr was similar to dosant free (0 pellet as
P23 TD. Pores of U0y pellet comtaining AKIOR had grown and turmed into spherical shape
after annealing. The maximum grain was obtained after annealing for 744 hr and its sire was
25 um.

1. Introduction

The experiments regarding the effect of addifives on UCe pellet which has been
uzed Iin atormie reactor as oa fuel have been carried ouf zince long firne  ago.
Additivesz =uch asz TiOg”, hhzt}f], MgDS] and Al cammunds‘“‘ﬂ are known to hawe
bereficial effect on the pellet. Eszpecially, MboeCk and Al compounds  had  been
consicdered as the most promising dopant due fo their roles in the pellef o Increase
the creep rate which iz very belpful fo prevent PClPellet Cladding Inferaction) and to
reduce the open porosty, respectively, az well as coarsening the g,,rair‘l.”':a BMNEL had
corducted maszive studes on the miobia doped UCs pellef since 15980z and abtained
posifive resulfs

Different frorm ather addifives, Al compourdd has been used fo produce cornrmercial
Uk pellef. Siernens had substituted ADS for corvertional lubricant, zine-stearate fo
erhance the properfiez of U pellet as well az to reduce defect pellets which
oocurred I the process of cormmpacting.  In case of Cadolimia-Urania pellet used as a
burnable absorer 0 the PWRs and BWR=, Al compounds are eszential additives not
only o increase the zintered density but also to ooarsen the grain zze. In particular,
Cermnany  and  Japan have been actively  performed  the  experiments on the Al



compound. Mowadays, they are deeply concerned with the effect of zecordary additive
an the Al compound doped UCe pellet zuch as S0 In confrast to other countries,
only a Lab studes were macde and there was no atternpt @0 apply Al cormpound fo
produce cormmercial UZe pellet in our courtry. In order to use Al cormmpound 0 the
Uk pellet az a dopant, a lof of basic data about the effect of Al compound an the
Uk pellet should be accurnulated. Experirnental results obfamed by other courtries
can ke reference but can nof directly apply o our manufacturing process, In addition,
rmost of the data were acnuired from ex-AUC Uy powder, so they would be rmuch
differert from ex-DCDry Conversion) Uy poweer,

This work has been urdertaken fo urderstand the influence of AICCH an DC Uk
pellef, Charactenstics of LDe pellef as a function of AIOOH content swch as zinfered
dernzity, open porosity and  rcrostructure were  exarnined, To dbserve fhe
rmicrostructural  stabilities of AICOH doped UCk pellet caused by therrnal  energy,
annealing fest at 1700°C for 216 hr was carried out and analyzed the variation of the
pellet properties due o annealing.

Z. Experimental

In thiz =fudy, U= powders manufactured by DC processz n KNFC were  ws=ed.
AICCH n the range of 006 fo b wi®f was added as a dopant 0 the U powder,
Mixing was performed by the two sfeps 0 order fo erhance the horogeneity of
AICOH in the UD: powder. The sarme arnount of AIOOH with UDe powder was rixed
in the first step for 20 rminutes and the mived powder was dilufed with addifional
Uk powder for 90 rminutes untll final cornposition was obtained. The rmixed powders
were pressed 0 make green pellets having densifies of B8O ﬂ:-:].ng’cmS. The green
pellets were sirfered in pure He atrnosphere at 1730°C for Bhr. Irrmersion rnethod
waz uged fo rmeasure snfered density arel open porosity. Annealing fests were
carried ouf at 1700 i 50He-50MNe atrnogphere up to 216 hr. One pellef was taken
in every ZJdhr to obeerve the microstructural change of pellet caused by annealing.
Cne pellet of each condition was rourted, polighed and examined cerarnographically.
Therrnal efching was perforrmned o see grain bourdary in CO atrnosphere af 1300°%C
for D0 minutes. Crain s=Ze was measured by mage analyzer.

3. Results and Discussion

The wvarnation of =zinfered denzity of Uk pellet az a function of AICCH conterits
acdded 12 shown n Figo 10 As expecfed, density decreased linearly with increazing
AICCH conterts. Density of UQ: pellet cortaiming bwt® AICCH s reduced fo
BEEEETD. n comparisan with B5.726T0D. of UQ: pellet without AICCOH. It 1= thought



that thiz 1= attributed to lower theorefical density and parfial evaporation of AICCH.

The fraction of open porosity in the UCe pellef decreased with the addition of
AICCH as dhown n Figo 20 Although abeolufe quartities of reduced open porosity s
aguite =mall, 1€ rust be true that AICCH 1= effective to decrease open porosity. 6
seams that AICCH confents hawe no great influence on decreazing open  parasity.
There 1z rmo rmwh difference 0 the fraction of open porozity befween 006 ard
02w AICOH doped UQk pellef. Az dhown in Figo 3, the grain sze of LDz pellet
cortaimng D0Bwt?E AICOH haz grown to 104 2m compared to 756 «m of LCk
pellet, Addition of AICCH more than O0Ew®€ wasz not contribufed fo more grain
growth, U pellet including D0.2wt?6 AICDOH has sirmilar grain size as O06wtPE AICTH
doped  pellet. Therefore, f can be conduded that seall  addition of AIOCH s
sufficient fo irnprove the rcrostructural properties of LSy pellet. Since Al elerment 1z
perritied to indude n the cormrmercial UCs pellet up fo 250 pproaz an impurity, the
apphcakbility of Al compounds az a doparit in the pellet 1z ruch higher than other
additives.

Therrnal stality of UQ: pellet iz imporfant snoe U0 pellet ie burnt at high
fernperafture during operation.  Accordingly, observing  rmicrostructural change of  the
pellet  affer annealing 1= wery useful to predict the bebhavior of the pellef during
operation. The cormrnercial pellets are reguired to meet the Uk specification n which
resinfered density of L0 pellet should not exceed ceratin value. Denzity variation of
the pellef with annealing time 1= shown in Fig. 4. Density increases exponertially until
the annealing time of 144 b in both specirmens. But, in caze of the pellet containing
O006wt? AICDH, densification was mot proceeded fromm 144dbr and 16 could nat be
zeen further density increase by anrealing. On the contrary, additive free LC: pellef
was densified continuously with annealing time over 144 hr. Fig. & shows the degree
of denzification with annealing firme. Both specimens were densified up o about 1,258
T.D. after 216 hr. The densification behavior of the pellet 1z thought fo be clozely
comnected with pore morphology. Az can be zeen 0 Fig. 7, pores of O0BwtEE AlCHIH
doped UCk becarne large and furmed into zpherical dhape from rregular as annealing
was proceeded. Spherical pore 1= more sfble than other shape of pore =zo 1t iz hard
to rernove by anrealing. In general, pore removing 1z the main cauze of densification.
Therefore, 1t 1= thought that pore coarsening and morphology change of pore fo
spherical shape due fo annealing were affribufed to a halt of densification which
could be seen 0 AICOH doped Uk pellef affer annealing firmne owver 144 hroag can
e meen In Figb.

The grain zize wariation of the pelletz with annealing time 1s shown 0 Fig 7
Cran growth can be s=een and the maxirmum gram was obtained in UQ:  pellet



cortaimng AICOH  affer annealing for 144 br. The madirmum =ize was 26 2m oin
comparison with 20 2m of Uy without AICCH and further annealing did not lead to
rore ncrease the grain size of the pellet. Grain growth oocurred by the movernent of
arain bourdary and  grain o would  sfop coarsening o there  were  inhibators which
preverted grain boundary from moving, 1© has been known® that pare cortrals grain
growth in UDz and its mobility 15 reciprocal to {pore radius]z. Therefore, pore growth
would refard the mowvernent of grain boundary az can be seen in Fig. 8 Pore growth
due fo annealing, consequently, results In ceasing the grain growth.

4. Conclusion
1) The denzity of UDe pellet decreased linearly with increasing the corferits
of AICOH  added.
2) AIOOH had an effect on reducing open porosity and coarsening the gramn
of the LC: pellet but they were mot dependent upan the cartents of AICOH.
3) Az a result of anmealing fest, it was revealed that AICOH rmade UCs
pellet rmore stable in longer anmealing irne through the change of pore
rmorphology fo sphere,
4] Grain of the pellet had ooarsered by annealing and the largest grain was
cbfained affer annealing far 144 hr.

B) Frormn the above results, it can be deduced that AICOH has a bereficial effect
on the ir-pile behavior of UDs pellet
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Fig. 1. Density variation of UO2 pellet with AIOOH content
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Fig. 2. Effect of AIOOH contents on open porosity
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Fig. 3. Grain size variation of UOz pellet with AIOOH contents
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Fig. 4. Effect of annealing time on density of pellet
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Fig. 5. Density increase with annealing time
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Fig. 6. Grain growth with annealing time
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Fig. 7. Pore structure changes of pellet due to annealing
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Fig. 8. Microstructure changes of 0.06AIO0H doped UOz pellet
(a) assintered (b) annealed for 24hr
(c) annedled for 120hr  (d) annealed for 168hr
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