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Abstract

The air-oxidation of the sintered UO: pellets sheathed by zircalloy tube was studied.
The oxidation rate increases with an increase of the oxidation temperature at
temperature range of 400~600 C. However, the oxidation rate at above 600 T is so
slow that UsOs powders were not produced even for a long reaction time. The lower the
oxidation temperature is, the more uniform the particle size distribution of UzOs powders
is. Based on this experimental results, an air-oxidizer of 20 kg-U/batch capacity was

designed and made, and several tests on the oxidation of UQOz pellets were performed.

Az gaAA ASFadn By ZA4 2 dd4e ARAAY A% AEFAAR A
Al BTN AR Fol JrHI] AEFHAR AA B FAL A ol
gy Bud, wFel oF Seby ASELY FHAR, Ngn FHon AW A}
gAdR F580 F2 Fon PAND ¥ w=Ee A WA w99 22¥4 AL
dmel Bus FAI peste] FAW AT gl

[e)

>~
o
o
o
)
r o

fi

fiay
2
—_&,
s
S
=
Lo
of
ol
=2
>
%
—_&,
i)
my)
i
H

=

ro
1o
of
~N
S
o
~N
=2
>
2
L
i
2



TUHHE dEtEo] guFo] o] FoXrh AEFAAT] 2 Gy WHoRE A Gt
Aoy 7R W Ee] ATE o, o5 ARt FS zEal 7] wWEel 4 A S
o AAA HAsE v FEHEFAFA ] dF T& adEte] gIE WHS ddsA dn
AFEE AT AAY BTG A= BIE TAHNA IFEe dAnEdo] +uE
B 7} Eojof T&ol F&A% FAHANA WME MSEEE IS FUF A wEhA giE ¥
oA EHFe e AASEAS AL 5 Jom HlwA s FAHJA T Abste] gk
w28k (Voloxidation )< A8 slo] A& Axe] EEstd digt A5 S8t &

i

A AFSEAIA UsOg 22 d3kste= A a1,
A ARE PR S AMET AR AAY T T A HET Bust A ATFE
YA e Ad AxzFE F dhgxd 2 Rds B 5o U EARE vtgow

20 kg-U/batch i+=°] A& A7, A &ate] £2st A4S P8
2.4 9

Az2zZg2o] FEAS AL U0, IS muffle furnace e 22 7] E97] 3hollA
UsOg w22 AFstA 71w &9k Algtel] wet 233t ¥ FAE S48 27 0122
x 158 mme] UO, Hd F NE A=Z=o] 3HA(0123 x 32 mm)ol] ¥ o]& 2l
g 282 AZAS 25 mm x 50 mm x 25 mm 7] 9] AFZFE &) ol oA A
muffle furnace Weoll 2ol F7] 29714 AFsA Z o AFsad g
Al & Fol Rl AlZke]l sk ol & furnaceol A Aol L wjzbA] rstE EES e -

o
ok
rlo
ki
il
Jo
)
ol
ol
=
30,
rlr

st FAE SA4SL, BUE] gAY 2 v E S48
71Ee] ArAAES BH, U0, e w2 2xgddMe Adstsnrt be =g,
150~300C el Aol bt 2bsh g &2 B-UsOs ©lehal Aot of AFspihse F 7

o] Wxr} H$2eky] wEol (U0 = 10.97 g/em’, B-UsOs = 114 g/em’) B287t oy
&=tk 3 Peakall ¥ Antil[2]9] Aol ofstd, U0, Aol 4k
A FHo7E B 650T ol el A= At ER, U0, Bl F2stE 9dte] 4hsee 79
£ 400~700C= &to] 100 T FAe= HdFsto] 2us 545 LA

oy
o
rlo
rfo
k1
o
S
a
9

3.1 UO; B9 33 7

UO: B Ho] UsOs @2 Ar3ted wo] v7hy S a3t o] AW Ir3]. 3229
M AkEE Al A Fel U0, Bl el bzt F2hso] diasol F4Ha olek EAd
T3E s U0, AAE Sste] ks F2o] AE dojdr. 23 vt 52
d 5 U0, #e dell= U0y olHt UsOr o 62 Fo] dA-dH. oldd ¢ & &

el AFA7F BAE cracke] 713 A E crack AololA UsOse EHOZEE 7o) A
ol YrtHA A2 20-E =IA7A Hw AlgE AbshbSe] ofste] Al EEs)



Ha BEE UOs &2 Wsts. = A dAo = UsOr o] AL olwf U0, A4
ARpo| A ofzke] w3 - o] Aoy, FA @A A g A o] UsOr0] APEA
Al (orthorhombic) ] UsOse. 2 WatA HEd ol DX} 114 g/em’™lA 853 g/em’ O &
Ak o]e UsOso® $hds]l dEtsty] faix= oF 30 % #3971 F7kefok 38 ¢
v gt o] & gk {3 #FLe U0, 29 EEsts FdAzich
U0, He o] Astdd wF dAS ARF Aoz 4std BEes 87258 el
kA EEER WA &S UO, Y] FHE Ay Ay, A=z vE#AY} HFH
Ho A= U0, Ao dHe Hdse Abste A &g 719 HF5H = "ike] Absiyo] =7
7F dele] o vt dap Lol Aol HAHUTE o]k ojfE ABRZE] Ik
ol U0, "o whawgro R o] Ak gbs Wefebal 3 bW orol Rugis
oJAIst7] wiitolw, o]& Qlale] A=zt o] & gho] o dPAEte] WP E T ST
A drg gk vke o] U0, Helo] oA AbAe]
= = Ao, =3k 7] A -aLA §Eg-A|
9] shringking core model[4] o] & H &%= dAAoltd.  Shringking core modelel] ¢]3&FH
aAFEREAA L Z)A-ALA S AlGAE A Aoy Av AWAE gas filmS
F3to] Z1AVE mAFHeR Sl dAola, FHAE wEE A9 ash layergE S-S

’

©
N to
N
N,

O
c
9
e,
Py
lo,
2
o
)
ofl
rlo
o
9

1A el gk, agla AWAR aAZHANA SikE v Ao A ebe] gFEuk-g-hA o] o)
UO, Bde] 2o MSAAELS UsOse # 22 EASIER ash layerE T3 71A42 &
Zbell digh @ AS Aol wbg&ErE 1 Ao wFo] Hol gas filmo st A%

42 Aolmy AA §5& LATWAS ool A Aoz Yzw

ot

3.2 U0, A9 435t &%

a9 1) U0, B F A Aol WBW e 23 AL e

2 A3kl mE

wesES AR =2 YEhlida 29l B upel o] 400~600 To] 2= 9]l
M s wobdel uwhel BEstS=rE WA a vk ey 700C o] e k=
M= 4rRbo]l Aatstol = AE BEsrE WA gtk ool Afold uwhe} 4bsh& Tt
U2 olfr UsOsel ARG wizbHFel Aol o3 Aow dAWs 5 k. U0,
& At x7)e U0y = UsOr 5o T30 FAd whe 3-4%°] F-y54d o3 Z2AH
A tdo] dojubar, T3 UsOsF o2 do] Wty fajg oz lste] £27t €
© =94 54 vE Ao, 600T ol

oX
e
of
o
fru
[-40
2 G
ot
o
s
Mr o

g7F =2l B3 900TCelA A
Fol vh27] wjitel] U0, Hlo] UsOso. =
W= spAIYE 7 dEEETE gids] =guh. U0, Rele] AbstAE S 71A-4 jEg-Al 9
shringking core model ©] Z H&= &= dAol7|&= &AW T A9 o] AlFke] it &
Takg o] AHaAVE BHeA goerng o Rulg HEsto] AFHor HUIES oAF
stz = of#® Hol vk ol AHE UsOs &S 3t U0, He] xHO

E
7 SatE e A LA ES UsOs ol oJa] o= Ao Ado] 7] WiEow

N
%)
o
)
L
ol
SN
ki
rfo
é a
>
flr
c
o
oo
(o
Ny
X
o
o
ol
o



A=, Aol mE EEeE e g dSS Astols gas film &9 9k shekuk

g7t Bite AA MeE e Yd AR ofgel wrh AU A o Am

3.3 UsOg 9] 9% B¥

AR V0T I4a1sh MERAS FH5e] 1) dehigleh 4senst 22
FE QY UOs BT 945 BRas)E A4 MERAES gadt oe nE A
A6le] wiohe AR s AFoRA, AL weh 448 U0 Te A%} o

= o}
2re Ao RIFH UOsel 244484 vztdse] &= wet tdavgs A4S F52 5+ 3
o a9 20 AbslE UsOs 2o A=AV = R
log-normal ¥XHHE Vel gom Aaenrt 2S52 AAHdE JdAREY HFa]E
AAARE 227 "9l WA FEF

sl wEsty Adle 3gste] FAE SAENL 2 Z23E F 29 HERHAT
U0 9] AFsiibg2 b o2 FAH =

3 U0 + O — UsOs

UO, Aol sl UOs oz dand o224l FAWMS= Us0y/U0: =1.04 2 °F 4%

2 [3d “H«] FAS7E} dAstE s EO]—’ Jormyg Ay EIEEL ZHE UsOz0]
g AL EYoR & ¢ 9o XRD EA4d 9itd R AtslE EHELe 25 UsOs o
o] IHHS

[e]

Table 1. Mean size and specific surface area of UszOs powder

Temp. (C) Mean Izilrrnti)cle size Specific( rig;ée)lce area
400 18.03 0.7012
500 29.65 0.5073
600 42.90 0.2836

Table 2. Weight increase of UO; pellet during the oxidation into UsOg powder

Temp. (C) | Initial wt. (g) wt. of powder (g) Theoretical wt. (g)
19.055 19.733 19.808
400 19.130 19.805 19.886
19.295 20.002 20.058
500 19.390 19.819 20.156
19.341 20.039 20.105
600 19.317 20.032 20.080
19.215 19.919 19.974
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Al Asdetel A¥s sdsden, ARy iyl IFe= U0, Ao d¥=
muffle furnaceoll Al $+33] 4kshst AR 7] AapgAdd dgt =d4AS FReA] Kot
Ak 53 AFS AL YA AsA PN o AR Faso] AXF olf =
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Table 3. Operation results of the voloxidizer
ek | 1 2 4 5
AQZE(T) 350 340 340 340
& 715 1 F(L/min) 30 30 — 20 10 20
U0 &H=%(kg) 15.712 9.975 13.702 11.994
#3125 /9121 ('C/mm) 574/350 572/350 550/330 547/350
Tadd 156V, 6.2A | 152V, 6.1A | 142V, 5.7A | 152V, 6.1A
Us0s 3]+ (kg) 10.34 7.80 12.19 12.34
3] 8(%) 63.3 75.2 85.6 99.0
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Fig. 1. Time for conversion of UO: pellet into UsOs powders.
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Fig. 2. Size distribution of U3Os powder produced at the oxidation
temperature (a) 400, (b) 500C, and (c) 600C.
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Fig. 3. Drawing of the voloxidizer.
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