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Abstract

The spent fuel dry pulverizing/mixing device mechanism is used to deal with the spent fuels
voloxidation method which is one of several dry de-cladding methods. We have benchmarked dry

integrated and compared several configuration, and finally derived detailed specifications proper to
requirements for the device. Also, thermal characteristics of the device such as thermal stress

from UOy solid pellet to UsOg powder in the device. The device have been developed based on a
de-cladding methods, analyzed applicability to the advanced spent fuel management process,

for the safe disposal. The separated pellets from hulls by a slitting device are put and oxidized



and strain have been analyzed by the commercial software, I-DEAS, and the reliability of the
results have been verified by the KOLAS(KOrea Laboratory Accreditation Scheme). The UOq
solid pellets are put in the device which has a capacity of 20 kgHM per a batch, heated up
about 600 C in the air environment. Then, the UQO: solid pellets are oxidized into the UsOs
powder, and the powder is collected in a special vessel. The device has been development as
follows: the multi-staged fine hole meshes are used to reduce the size of the powder gradually,
heat and air(oxygen) are supplied continuously to reduce the reaction time, and slight vibration
effect are applied to collect powder cling to the device.
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A4 EEs/E3 7= B

AA7EA dEd 1A Mol ARl kst g3 W& VoloxidationZt AIROX (Atomics
International Reduction OXide) W o] At} o]E F Wro] 3k U822 A Voloxidation W'H 2
Aad A5 E 400~500 T &7 #9714 7Fgdst, stz lste] UO.7F UsOge] = W
shgir), o] 9 ZE AWl ok Ry o s Qlsle dds Aol ATt AstE dAAmT &
R A GaEo] FElEE ot AIROX Wi diEd E49 3= 248 A 1t 559
=T U0, %9 HIME F3to AMEFdse] Abs #9s AF

& h
4 Ade dsngoel dolyEs F/8 Fads] dao dud
A ] 1=

3tz Sl HEE A

A%
fAg2e] o] WP 25~4

mme 7Aoo ® & TS &3¢ Rotary PunchE o] &3] WETH 3715 400 ColA e Ak3kA
B ge gHo]l do| wet FHHHa, dMdm Aol HEHHErt Cubic oA WEIF e
T'1:}\:'

Tetragonal o2 AHo|7l dojd uf F3 o] IHAS gt HAs st 712
sb/&3 349 7IE Vles HAYEY, Sl A AHgstal e 7l =+ DUPICS OREOX (433t
2) &Aool Atk FLdA st Y 7|EE v el Al AF¢F ANL, DOE, BNFL A}, Cadarache A
A, RIAR 174 To] dom, W& ofefo verd viel Zrh =yl DUPIC &4ddlA+= 250 mm
2 Aoy dA5Ee IEAS VAHeR 9 E ¢ § U0, IS OREOX 2o FSiste] &
st FAHOR Trayol AUS 124 7i 7Fdste] Abstste W o=m 379 HFHste WA o] #ot
Shle]l 100~200 g wroll 2s}l shx] Fetop, =gk Absl gde] AQFE AR 1 Batch & 9F 4



A A7t 2850 Ao EFw 20 kgHM/batche] A g 223l & 49 2o Agto] 4285
W, o] FAHo Hgo] KA} ATE A AA AR FHE 5l RAEXR &L U0, 98
5ol A2 duE FAHI BHE FAS el w-E7](Voloxidation)oll Al =318 4= &= AdA IF
ol Wkl & A AXE Asta FH e AeS Hriste U0, Al Abst 271 (2% 40
0~600 C oA Hit Jx 20~60 m U0 w2 )k b vk 28, o] Fx+= Zo] 30 mme]
ANPE AFESS gidez 23S e, A8z 87te 250 mmeoll daiAe 483 4 §le
9AHS 7R A ATk

2.1. Al A}

HAIROX), w& ddm9 Fa2s-2523H(RAHYD), ®©H3E 3
ol Atk AIROX 7]E2 U029t UO:-PuO: A5 A& 7Fsshw, W7k 11.0 g/cedl UO7t
83 g/cce] AWUEE Zhe U2 Abste A A== 35 %9 A4 WsE o] &= 7ot} o
W UOz= 400~500 T2 2ba 97104 UsOs2 Absbel &, 600~850 T2 4 E97]dA thA|
UO:Z g ¥th RAHYD 7142 U, U-Pu, Th 59 o5 A5 A& 7lesty, 129 4 &
A71NA w54 At F4a7 et T4 ggEe] F4HE AS o] & 7I=olth. CARBOX 7|
%< UCHY ThCet 22 &stE 2 ddmo A8ye 124 AgHez "WE7F 1363 g/eccdl UCTH
8.3 g/cc?] UsOsl 2, T+ 10.67 g/ccel ThC7}F 9.86 g/ccst ThO:&2 AstE|dA 2+2F 84 %< 17 %
of A el ME o] g3l 7l=o|t)

v =to] Al(Atomics International) AFlA A=k 72 34 7|2 A3E 3
3 A

i

2.2. DOE

v 5e] DOE(Department Of Energy) A& AH&F3dds & 59 st -2hw ddue ARS
A AR AAY Wdow ue AY &9 A G- o f-ehw R TRUS #2 &74c]
A werel#hs ghdkake] 19963 EH ANL & Aol A
E A% A WA T4 ASE ST AR F5 A

Lab. Scale testE 3 o At}

2.3. ANL

"= ANL(Argonne National Lab.) A& & AFATAIAE AAds7] flste] A7 73
ol Atk Lab Scale Test(X 9] AF&EFAAT AR, A2 &3> 20 kgHM/batch) & &4 T4
FEATA, Li 3434, LiCl 9489 moldst 34 2 1438t ¥4, a5A18879 742

A
P40 cm x 70 cm(88 L), =2 F vlx b4 2 SR 8k 7]EL2 100 ppm U] o]t}

2.4. BNFL A}
g9 BNFL A= 1963d%H 2 &3 7|eS FA3gkon, 1970~19833 714 = Sellafieldll
A 98 15T A E Ao A Blending 71ES A &3

2.5. Cadarache A4
Zgx= A Cadarache AAdA uE&Z228 33 Adg AR 7<=
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g Alore] RIAR A7aolM 383 Vipace ©] &3 AR Ax 7es F3F v vk

3. 479 F8 T4 DAY

AAEFEdE Y A4 BHI/EY A Wt Ee 8 249 HA4/8E s& =E8] A
o F2 42 Air Compressor, +% &7], ¥4, Cyclone 7} 71, AbstAIRE, B2 das, Y
A A 8% 2 A, B2 Yk TolH, F& A E 1A Re ubeh g o5 47 4
ek = - 9o Ves EAste] AR FA ] e 8s EEdked AEsd £ gt
el ek el ARE BY Us0s B B2 J=EE 20~60 m= 223t 5 Aoz vely g9l
ok =l o] AIROX 23 A3 944 27 35~48 ¥WI7F 70 %, 325 ®l417F 30 % HE= AL A

2t} 7k 71 Voloxidation®] 75 48} £E7k 400~600 C o™, AIROX®] 4% AHs&E7} 600
el Ao ZAHITh B s5gd] U =l -9 4¥ A3 DUPIC 44 999
ARl A= 99.9 %= UERY 9l

odt
4

- 8% 1 20 kgHM/batch 7|5

/74 -4 ¢ =o] 940 mm, & 726 mm, Z°] 726mm

- Hopper 774 : ¥°] 300 mm, ¥300 mm(38l), #150 mm(%)

BT % 0 20~100 m 7=

- 12} : OD @260, Hole @4 x 7 3 mm, #7437 274 Aol 6 mm

A - 22} 1 OD @205, Hole @2 x 74 2 mm, 2743 274 Aol 3 mm
- 32} 1 @145 Disk Type, #l4 Size 40 W 4]/Inch
- Cyclone &% £%(V) : 15 m/sec(1,500 cm/sec = 90,000 cm/min)
Cyclone S S A (A) 1 2.06 o
717 A &5 600 TA,000 T 7HA 45 71s)
271 CPnE o Moz Aw A

—

- Cylinder, Vibrator, 7}€7] Sol €23 F7] =4 #
TV EAgS 110 #

- A7) EE% 1 186 4 /min

- &7 EE% 0 258 4 /min)

ol
tlo
R
Ar )
p‘L
32
o

ks AR - 2kE Ak 4 A wwoR sh)
T 3 3228 1999 % o|A
g A - Y& 20~100 gm

-4 : Rpm 32,000

- Cent Force : 1,650 N

Vibrator - Air comsum : 105 L/Min

AR R 1

&S 70 db °o]s

- 7487 A %E 600 C

-4 &O] 96, = 96, A& 100 mm
B3 ues 15.3 kgf/cnt

. -:—]_LA]'*Q‘O\:}H 10.2 kgf/cnf
Cylinder CAREFA2E  -10 T~70 T

. 6§Z4 71o] : 1&;1]. +1.0

- AFE Y AEEE 1 50~500 mm/sec

Thermocouple
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HHEE 3 W4 Fol AR Yol EA@L eE BE 5
o] absh 7ba717E WAS] Y BARA 400~600 T @ FFL wETh
3ol £t QFRE 34 w4 F74AE 600 T olxL, 37 w4 FRE ETAAE 330 C
AT, o W GwFe] e WIS AR el BAT F Yk I AP

carancesh AAFAAS] 21 g otatley. 14 WA AL o)
e AgsArh 183 33 o
JdaA 3% W4el 2717t Uo, A B3

o
A

400 ~ 600 °C

300 mm

Mesh

7. 5tF HAA 14 v o] AFF AL

7.1, A e
13 4ol B w9 oF 20 kg /bE Pk @ W 14 w4 AR S ge 54 AN
58 2Hols] Wttt

79, HA ma

124 wae] 3k 84 R OF 3o ®e wpeh o] siAstaA sk 14 vide] F3 &4
oty 19 39 9F] wol= w442 S9-urF a9 339 22 g Fd As 7HAs
o £ stzol FAEERE 7] A% oH A =24 o e Holss Aoy



73. 34 At

12 W el T Wstel ks el mE A Ay 1 394 Re ovkel 2k 13 vg 9
FAZF 3 mmd Wl 7 mme wWel AxE YERA Holt)
& 3 1A Wgle] FA Wkt o Ta el wE sA A
T W ek <9 g stz
7] 3 mm 0.407 mm 17.3 kgf/mm?2 20 kg
7 7 mm 0.0352 mm 3.41 kgf/mm?2 20 kg
7] 3 mm 0.102 mm 4.32 kgf/mm?2 5 kg
F74 7 mm 0.0088 mm 0.852 kgf/mm?2 5 kg
a9 4, 5% 12 WA FA7F 3 mmY wWel 7 mmed W] A = FxE Aol EIRSEE
HYE 98l w49 v HEe nAst S Fdstan. ¢4 g8 F2 v F28 2497 v
of FA7F 3 mm¥ Wiy 7 mm ¥ W BEF ZX] &okh a8y 2 el A 20 kgel skso]
S FEE HPEFS £ o AR F AE X shrh a8 APESE Eol7] Hs AA Al
Y RS BEEZ 3HI0H 3 mm FAL HAZE d5 AEE HoAME TAV S, 2y
n2 APEy g8 9 55 1y 14 wHY A9 EERZ 3AE st Ao T, FAET
mm AEH 3 mm o ¥&] FAgE A Apfe] # 4 S A AT X dFo] 5 kg FET w9
AFES 19 §, 9, 10, 1194 2 vke 2o 4 23+ 3 mme 7 mm EF ¥y Wy
T et A9 E RAFS T 4 Ao 29 6, 72 1A WA FA7F 3 mmet 5 mmY o
o] Wy HS YeEhd Aotk



a9 4. 12 WS $E A A3 (F7 3 mm, 20 kg).

29 512 W4 &9 sA Aa (57 7 mm, 20 kg).

2" 6. 12 WA ARG i 23} (A 3 mm, 20 kg).



#Z a4 A3 (57 7 mm, 20 kg).

[e]

g% 7012 A W

a9 8 1 W4l &8 A A3(F7A 3 mm, 5 kg).

& 4 A3(F74 3 mm, 5 kg).

[S]

909 1% W4 A



g
/f{f’gff%”fé

.

29 100 14 v &9 A 23 (F7 7 mm, 5 ke).

a9 11, 12 Wig] my siA ZA(FA 7 mm, 5 kg).

8. 3& w4 Hole W3 F At
81. A /e
32k Wl 4el g Holed] 2713 20~80 um otk o] w) uwlgo] o3k Holeo] W@ F& A »

AN
%t

2. oA me

29 125 HAEA s 33 WAlel H@ 82 Rt A RUe 249 49 4 Akl
52 918 Hole®l 7] 80 ym& 71702 A A% AAATE 80 yme] WAL sfofelA ne 4

efoll A o] Aol ok EAHE dpobs| H okt



8.3. sl A3}

# 4= 3z el digk Al 3tellA 80 um Hole ==%9] X kil .
Fol el A7 WstaFo] 0.0004764 mm= Ao FASA dEbF S & 5 odrh AA FAe] 80 umel
A 04764 um Aol Z7tgch 2erz dwde] o /¥ Hole 59 #74 WaE A% &89

o
4 T A

#* 4. 27 WHst=F
T Hole 1 Hole 2 Hole 3
12+ Node -0.2382 um 0.2230722 mm 0.3201502 mm
22} Node 0.2382 um 0.2235486 mm 0.3206266 mm
27 WstE (um) 0.4764 0.4764 0.4764

AAE AAG7) SAske] NE A& A 4 BA, QAW GuE/Rws gA 48 24
2 Ao A% adQ) FA/EH $2 EEHAT ool U@ B Ams 7 REA g U 5
e zAS7] st 9% B HAw W 7% Ardel §9¢ odste] o 4 xZzad
(IDEAS)S.% A} A8 (Simulation)& FAstAth 0|59 A3 Ang Feate] 428 A 0.

W, X AAEE 29 1364 B vkep gk Zx 9] Al #Ee A A 5 A, Hopper, 7HE

Vibrator, Cyclone, Thermocouple, W|¥ A]=® Butter fly valve @ Sintered filter, ¥% &7,
Control panel 522 TFAET. o X+ &I E(Slitting) FX=2FY Feld LAs +32 v-E7]
o FQlsk & Al w4, Heat, Vibrator 55 ©]&3%tt). ¥E&-7] YHEZ 43 A2 E F53+9

=

- =~
=
i



Hir

U0, B e U002 B 3 5 s Ak Ao F4L %] 940 mm, £ 726 mm, 20|
H

726 mm=z ARG oH, ALES 1Y 1494

5 FE 2 ] HE
HELHARHEEHEEREREHEREER
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Handle Sintered Filter
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Control Box

19 14, FA o] A A
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"Mechanical Decladding of Stainless-steel-clad Oxide

1973,

9], 2000, “Af
DOE/ID/12651-2-Vol. 1 DE88 004219.

Fuels”, CEA-R-4469.

3. K. Fukudome, 1997, "Mechanical Decladding by Rolling Straightener”, Technical Report, Kobe
Steel Ltd., July.

5. Fuel Rod Consolidation Project Final Design Report Contract No. DE-ACO7-86ID 12651.

1. Matcheret and M. Bourgeois,
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