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Abstract

It is important to get basic data to analysis physical properties, behavior
in reactor and performance of the DUPIC fuel because physical properties,
fission gas release, grain growth and et al. of the DUPIC fuel is different
from the commercial UQ: fuel. But what directly measures physical
properties et al. of DUPIC fuel being resinterred simulated spent fuel
through OREOX process is very difficult in laboratory owing to its high
level radiation. Then fabrication of simulated DUPIC fuel is needed to
measure its properties. In this study, processes on powder treatment,
OREOX, compaction and sintering to fabricate simulated DUPIC fuel using
simulated spent fuel are discribed. To fabricate simulated DUPIC fuel, the
powder from 3 times OREOX and 5 times attrition milling simulated spent
fuel is compacted with 1.3 ton/cm’. Pellets are sintered in 100% Ha
atmosphere over 10 h at 1800°C. Sintered densities of pellets are 10.2~10.5
g/cm’,
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1. A—]i

T

DUPIC(Direct Use of Spent PWR Fuel in CANDU Reactors) &893+ AISF 7
T2 A8 E AH A 7HF3te] TR tA] AAEEnA dte Y AEE H‘é-ql
Agolth AMEE AS5E A8 e o 15%9 HEFE Edo] JE3L glo] I
HE50.71%)% ABE ALESE S5 AALE] HEEY, 53 8 vEge
T2 A2 T2y JAZE FA B{ED JAE Z7EA ol Ze Y
2719 A& HFE Frieltt.  AFRoAN AR2AH FHE UF AMEFE dd

E FTFEL0E AAE W ALSFT YA AHEF A EE AYY AT
folgte F 71A BAH G FAd 24 + v o] Ve EREFS £E 7H
229 TYE TEHoZ AFn Ue 7Igol7] Wid, d&D AP dds
dl & i 2EAEd F3 ATV AFHAARA FAHFHoE ABF S B Y
o olg JidS ugoE DUPIC dds /i 53 Auct B v5o] FA3s
o S5 on, 199%6dFEHE FA HEFD FA7F JAEAE FH3tE FAF
TATEA 23] AAHT UArH1-4].

19939 =71%] 83 el3dA 479 ZAZ AN OREOX(Oxidation and Reduction of
Oxide fuel)7} 713 ulgz 3 AzFAolgls ZEL utgog OREOX ¥A3E& o&
T HdE Ax 2 o9 HeHFT AFE ¥ Fo Jduh DUPIC Qs SAHL
oF 0.6%°9 Pus B E3td T AL G AXNES Egstn ez EAA A
o] dyt HAdgds tErE Aotk &, HAFY B4, HEEVA HE H A
F Tol Ut AR g ALR gAFHER o3 EAY FH = AF H

AR EZAY A% B4 A% 72AEE FHie Aol FLIrh Y A
2% JdAEE OREOX TR L AA A 243 DUPIC HIES o83l SEXNT
2‘471‘3 ZH3te A AIRF HAFERY DAL E & PANTF g e 28
o dFole WAM AHF B ool wEG, wEA JF ot g

f o

P

(1)

A9

O

o

6—“1-5—%‘_ A3EL HIHE B9 A2 ARF HAdRE o83ty 29 DUPIC sds
g Az T A& A2=E g&HY, o]& DUPIC a5 EAF &g A7 &
T F e ez AT E RIaNgME R ZFFE ALE HAdEE o

st 29 DUPIC #dmE Ax37] A% £2A=), OREOX, 48 % 2Z 33
st 7lesth



2. 29 A$F AAE Az ATAY

7t A A

AAE L o] &3 AL dE HAAR v dr]e NOx SO« Y COll 2%
LEAATE Yol FAAUAZ LHA ok g A7A TARE AHEF AR
A7t ARH o] B2 Aol Hi Utk oY ALEF HAR

FAY A%

ol A& YdAc AHEE dA8e] EA BE A7V osHAT 52 WA
gl 44 FR dFoA ol AAH o&rie EV% T Aoz AZdd.
melA] ALRE dAdF e BA W AFd @ AT o83y e HAAsHAFL
2 R AEF dAdEE AZde ATV o|FAXT Utk AMRF ddg5e FQ
ERL AEYE A4ER HEEVIAY HEolt AEGV|AT ddE We2 WEH
D2 ARE ddsde JFESA G AR F3 1 Adsadwd ALY AL E
< H7Mete] 29 AL % #SASE UE F Yok AMEF AR EAse HEL
APEL 5 2ok
- matrix Wl €3l¥ ¥4 : Sr, Zr, Nb, Y, La, Ce, Pr, Nd, Pm, Sm;
- 84 A&E : Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sb, Te;
- A3 &8 MEE : Ba, Zr, Nb, Mo, (Rb, Cs, Te);
- 7184 €4 : Kr, Xe, Br, I, (Rb, Cs, Te).

2o AMEE ddgd digt A7e 44 AAF D ddE ArFAE S FHsE]
A F2o 2 19629 AFHA. 2o AHEF dAF9 matrix B A EA5-7]
I AAF TN 4kA potentiald] |8l Wi AFE FAHJ =3 FEHEHE

29 F3A g 2 71EetEd #% dT7[9-11]E FHALH, simulated mixed
(U, Th)O: #Ad x5l digt AFAA12-14]0 28t UOS AFA FASthE AE &
HAAA HAG 1A 2 AL 448 AT 4SS HUstd dakd mE
UOz-based 29| A% #dxm Axdd dig 771 FF AU 15-17]. ©] 2o A}
€% Hdgde 714 2 Vg4 S TFEA @7] W A AR WA
BZHE bubblest EFSHA Fevh E£8 Z1A E 713E 948 ion FEEHE
[18-21]e= = o ALEF Hdge FYste] 2x0 mE AZTIAHE7IA FEY A
TE ATHVIE SRS a3, d4aE BE AR dAEEE HUsty] AT
AT[1821,22]= A=A

oj¢} Zo] e AlEF AAdFE ZAlY nEAE HEEE AT £ Jde FYF
non-radioactive S0tk X AlLF FAZE o] &3 H3 A dv A

A3t AlHE Addez Fo] 712 5 v olHo] oy, fission gas bubbles}
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Tgol g AARY intrinsic SAEEE FBY 4 Uvh. 2AHE Ad59 FALE
Z2 Q3%te] 2o A4F AJdEE thEFH Zo] g3 dPd o] &Hx U

1% %= (thermal conductivity)

N EBAA71A ©) 5 (fission-gas mobility)

~ A3} A ¥ (oxidation behavior)

- DUPIC(direct use of spent PWR fuel in CANDU) &8 dF,

- £3] A & (leaching tests)

- & 7] 3} 8 (electrochemistry)

- BAS-FEH 35 A (fuel-zircaloy interaction)

- ZAbEA AT (radiation damages studies)

- 83 54 T (measurements of physical properties)

4. 29 AEE gdm =4

Aty oz ZAtE #MARY GBS 7] AEF} ZuUdA £ ¢dtq
AAA. PWRAA diag #ddEe dixd mE 4&& ORIGEN[23] E&
ORIGEN-2[24]9] &3t Axtgith, HA 2 AMEE ddgE Az
L2t Pr, 718t BIEF 9429 Tc 52 Cem Nd, Mo 422 o
I ZE dArEL HEENALF] F7] dEd FAE

DAEEAA g FRE BAE] HiAs 2o AMRE ddRE FHlde
T BELAWHEDRZ Hrlg BE Y2E0] ofF vlHsn FLsA EEFHA &
= A AHEP =EsA e Aol etk F, o]RAL R AEF dd®E T

dEo] we A EFHoloF stx, FAHA EFE A7) Hetd EA g
ojof i},

Aol transuranium

]
gtk In, Sb ¥

1) 9%[2526]

daxd o Aa=lol HrlEe 9459 43 ¥$EL Table 13 o, o
Ztz} F-& HNOz&Ho| £aAZ . UA Table 13 2& 2L 2= EF LY
FH]3 AT, o] AL hot platedl A AZAIZ T dojxd EFEL Rust Mod 7]
3lEAS 937 YEted 4%Ha+96%He 91719 1173Ke] &£ 971 (He, 50%CO +
50%C0s, 10%CO + 909%COs, 4%H, + 9%B%He) 1A 421 7HEt 2 A AT

o
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2) sy H16]

AaEo wet A4 HrlEE 94259 % Table 29 Zth 1194 % Ba
£ BaCOsZ, Ud =] 1074 94+ 238 2 UO09 submicrometre scale® oY
A £t Atomic FFEANAM FEEE FAE = A #BFarE = (diffusional
rates)& ©1F7] fsiA 2o 7fEHolol gk olF A U0t additives®
co-grindingE At} Grindinge &4 stirred-ball milldto spray AFE 34t =
g3, AuitE, 9, R 1650C FAEA7IA 240 28T A7IANE
A EA ) wet 2Z2EN7E -

3) 54[27]

TEE7F 35% U-2359 LWR 59 dEE HAHEL OREGEN coded ol &
3o Adsdch dotE SEY HAEL Table 33 Zon Z3Eehe YL o
AEoZ st fetEd ARG B YT EFS A 2L o %
& 4 EZYE 4N FYPsden AXFE Ar #9719 950THIA 24/‘]71} o] 4
Auit-&g AlH FY3Hgranulation)dE EEE @& o E 60% AYLEE &

3. AYAE Ar/HA6%) 9719 1640CANA 32417 &< 5\_75_—3}9&3@’ 7n
stearateZ A A3s}7] 18t 400CANA AA] 5X 3}



Table 1. Composition of simulated spent fuel(ORIGEN-2, PWR, 25U=3.42%)

Burnup(%FIMA®)
Element | Stand-in role 5 10 . Reagent
(mg/gU initial) | (mg/gU initial)
U 936.5 &R1.7 U0,
Ce Pr, Pu, Np, Am, 12.0 19.1 Ce(NOs)s - 6H20
Cm, La, Sm, Y,
Nd Eu, Gd, Pm 10.2 20.0 Nd(NOs)s - 6H20
Cs 4.00 717 CsCl
Rb 0.48 0.77 RbCl
Ba 2.18 491 BaCl; -+ 2H:0
Sr 1.23 1.83 Sr(NOs).
Zr 5.08 8092 ZrO(NOs)s - 2H20
(NH2)sM07024 -
M .
o} Tc 592 11.1 A0
Ru 3.77 8.46 RuClz * 3H0
Rh 0.54 0.62 Rh{NO3)s - 2H20
Pb 2.36 7.02 PdCl:
Ar 0.13 0.25 AgNO3
Cd 0.22 0.86 CdClz - 25H:20
Sn 0.15 0.34 SnCl: - 5H20
Te 0.74 1.61 TeCly

* FIMA = ~10,000 MWd/MTU




Table 2. ORIGEN Code calculations and measured composition of 3 and 6 at%
burnup SIMFUEL, as sintered.

Ove-ralld’ Actual composition
Compound” compostion(wt9%) :
3 296 | 6 ato ICPAES WDX” | UOsmatrix”

3at% |6 at% |3 at% |6 at% 6at%

UO(Puw) 9768 95.31 - - - - -
BaCOs 0.147 0.311 011 | 039 | 015 | 026 0.02
CeO2(Np) 0.285 0.526 023 | 053 | 027 | 058 0.56
La203(Am, Cm) | 0.106 0.194 009 | 015 | 0.08 | 0.20 0.19

MoOs 0.359 0.730 028 | 064 | 026 | 062 -
SrO 0.072 0.11 006 | 012 | 005 | 013 0.06
Y203 0.041 0.061 0.03 | 007 | 003 | 006 0.06
Zr0; 0.339 0.601 023 | 058 | 031 | 060 0.40

Rh203 0.028 0.031 002 | 003 | 001 | 004 -
PdO 0.149 0.440 014 | 037 | 015 | 042 0.01

RuOa(Tc) 0.364 0.764 030 | 069 | 028 | 071 -
Nd20O3(Pr,Pm,Sm)| 0.460 0.912 041 | 087 | 037 | 0.8 0.85

a) Concentration increased to account for the elements in parentheses.

b) Average determined by WDX scanning five different 200im X 200im areas.

c) Average determined by WDX on five UO; matrix grains in spot mode showing
the dissolved additives.

d) ORIGEN Code - To calculate the fission-product compositions, a constant
linear power of 60 kW/m and an initial neutron flux of 55 X 1014 n/cm’s were
used with no subsequent cooling out of reactor. Idealized conditions were assumed;
constant power throughout the irradiation period and the same flux through fuel,
although, in practice, the linear power decreases with burnup and the flux is not

adequate for any reactor type at normal power ratings.



Table 3. ORIGEN code calculations and measured compositions of 3 and 6 at%
burnup SIMFUEL,as sintered

Overall composition(wt.%)

Compound
3 at% 6 at%
UO:(PU) 97.68 95.31
BaCOz3 0.147 0.311
CeO2(Np) 0.285 0.526
LaO3(Am,Cm) 0.106 0.194
MoOs 0.359 0.730
SrO 0.072 0.110
Y203 0.041 0.061
Zr0; 0.339 0.601
Rho0O3 0.028 0.034
Pdo 0.149 0.440
RuO2(Tc) 0.364 0.764
NdzO3(Pr,Pm,Sm) 0.460 0.912




3. 29 DUPIC #ds £4A Ax
7t. A A

DUPIC 43 424 9A AEF A8 Ao nrtAE 29 ddss Al
Z3td ddgo BAD W A% B Ao de o]&=2 4 vt DUPIC #d
B AHES #dEE A3/FY(OREOX) A4S ol&3dtd BIHAA Axdste
RAoZ B DUPIC HHES AXde R 2o AMEF A8 g Axse ARE

E FTAHLS AAA Bt &, 29 DUPIC dd8+E 59 A% #dsd AxdE
24 2o A8F A8 E 3 s#dE AFH AxFdo Az 2o
DUPIC 89 AxFAHL 29 1o Jepdided. AEd M U0 €22 &
dalA EFS 3 229 UAEE ZFA 37 Y5t attritor millerdl A BA 0} A
HA 228S =ol7] 915t oF 1 ton/em®e] B2 ZY3Hgranulation)E A] 33
T EAYEE T 2Fe 38U BEA71(100% H)olA AZE oA 2ZE B
o] AHEF HAEE 339 OREOX FAHE AX BLZ #E] A9 AxFTHE iy
3t R DUPIC #d&E AT

_l

Hir

¢

-

oAz 24F

A=

2ol DUPIC #dz ARXE sty HdA oJAdgdea3w5U0)2 ADU
(Ammonium diuranate) ¥ H o2 AFH ELE o&IIT IIFAFEAA 33
MWd/kgU 74A] <148 AHES dd8E RANE] f3td #27td HEd AHES
ORIGEN-2 ZEE o] &3t Aisided, Hud 32 wiAstn TFe) & 15
N AAE AR HrkstA . ol FdAA AlFdA T37] AL AL FAol H
<3 442 gRse Hrbegoen, HtE HEE AHES FE table 49 UYERY
Nk HEE BAES FL dAZ HE7] A mortardl A FA 2L F U0 &
2 FLstA 7] A8t turbulardl A oF 12412 E§3H% o
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Fig. 1. Flow chart of manufaturing process of simulated DUPIC fuel



Table 4. Contents of fission products added to UQ:

2 7} Oxides %
Elements AR} = Oxides A
g/1000g U g/1000g U
Zr 91.22 4.347 ZrO: 127.22 6.060
Mo 96 4.040 MoQs 144 6.060
Ru 101.07 2.767 RuQO2 137.07 3.753
Pd 106.4 1.921 PdO 122.4 2.210
Ba 137.33 2.247 BaCOz 197.33 3.229
La 1389 1.474 Las0s3 162.9 1.729
Ce 140.12 2.865 CeO2 176.12 3.601
Pr 140.91 1.346 Pr:03 164.91 (1.575)
Nd 144.24 4.896 Nd203 168.24 5711
Sm 150.36 1.035 Sm203 174.36 (1.200)
Rb 85.47 4,160 Rb203 109.47 (5.328)
Sr 87.62 8.694 SrO 103.62 1.028
Y 38.9 5.329 Y203 112.9 6.768
Rh 102.9 5.053 Rh203 126.9 6.231
Te 127.6 6.021 TeOq 163.6 7.720

B3] oxide ¥& NdEZ qx 3 %9
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TZe 4348 2 2Z2A4E Foi7] f8ld 29 dx& FAA, /88 E =
A 28n ¥ ZEHE WAST UFeR HNEsdn HEE A8 Eo] 7Y BT
o] dA=Z7E &AHA 3d7] A ¢ 400ge attrition millerl] F <3t 150 rpme
am 3 HMEEE ¢ 1587 EHdH e, 53] HEHT. o EHdvuid F 10g&
AHste] 23 wE £ S4NUE FAHAT. 17 2 24 #E ¥
ol FA4E el Aot dAY mge EHd wEl 4t A7 FolxHA
ME g8l8c WA (agglomeration) =l &l @olal ez ety 2435 &
dAel Z71Este 2y 3o e 271 £48R g £ 4=V 3284
moll A 13]2d%F U= 168um, 53 E4F UXE 05um7AA EHAF7 7S4S
HZe FZolA e AoZ veigt 53 E4€ £2S 4x9 377 vF 37 g &
of £ f54 2 LT Eol7] 9t 2UPE A =, o 1 ton/em®]

HHo 2 oy P JFAE mortardlA oFstA 2L F 35W A& ol &Iy =Y

Y

)

Thol ok A A kel Wizl os) SHEES EF LA He RS 2] & E Zn
stearic acid& WA o JPrio]l Yo X3+ Wge] Ut
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Fig. 2. SEM morphologies of the powder after attrition milling.
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Fig. 3. Varation in particle size due to milling times.
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-1z 24223

Ao A E T 29 € AV 48 2 22 AXE %L &
3

olR 7] ¢l Y3 E J B ¢hgt EUS Aoz AFsdd -&%ZHET‘E Zn
stearateE Al£3tgon, o 02wt%e SZAE 1 ZYIE AT L, FEA
g A g3 st NPT 2o FEAE HA ¢ H3= A3tz g

a:
BN

Holl $EFAE =X3A &
= T ulEgo] Ay W Y FEAE X
3o HYE AT AP 9TE dolry] Yt A¥E 1.878, 2.086,
2.295 ton/cm’ o2 mﬁmam A Agsgon A 98mmel AHTel S o849
T} Table 5= 229 ZFd ©E A¥A Ase d=E Yeld Aot 22L& &
A4 EH471(100% Hpel 1700ColA 4A ¢ 83t 28 42 Al &
22 E gl Foln 7)o AN A2ZZUR Ar 7128 F 108 &8 &
g4 4712 9E F 700C 7R £% 5CE 7143 Rth 700CAA &&AA Zn
stearate® F{'TA1717] st F 1A B FAAFH T, 1700CAAM F 42
ZANAG. &2do] B & Wzbo)] o8 AAA L Wi 9y 2xxzo) 2% FF
TAE Y] 95e 7198 B ¥ B9 4CY £x22 YAAFEY ¥ 58 &
AATNE Yed Aolth. BEE 9936 g/em® A 10041 g/em® ©2 YEFLD o
t olBYUE(107343 g/em® oF 92563 % oA 93541 % =A AuwtHoz WAEr}
PA Hetdo E8AE 4R €L Aol AL ARG ¥L& UYEE Bolw glod, =
HIE Azl Aol ¢ ¥ YEE ‘«}EM Kok = ZYP P vt BT F
7bete Aoz eyt gty & Uxo AZAS TEY] e A¥E o
d¥tho] Huld SZAS EE?‘S]—I’_ Fdols AALE Aol fsy, HIHE Al

galm HELS ETole: Zo] Fstth 18 6olA 85 EY TFHFA mE A2AAY
711-‘4 FEHE Uetd ot 1Y 62 SEAE 41 YIS 3 29 2FEA
715 el Aoz 7139 ariy ezt E7AEA Jehgt ol AV &
AA % 700CoAHNA HdsEo Fet At 7|FoE Yelyy] bqEgez Aztdo
O 72 SE8AE AAGL ZHIE F 2T 22H /3 Udgd AR J|F
9 A7V BErt 29 6RtE TAstA YERt 2¥ 8 S¥AE 1 =¥
T RGeS Bdy 2ZA 71EE el A2 J1FY Avid e ¥ 62t
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Table 5. Variation in green density due to powder treatment

and compaction pressure.

1D Diameter(mm) | Length(mm) Mass(g) Density(g/cm®)
1 10.044 11.707 5.01 5401
2 10.041 11.740 5.00 5378
3 10.047 11.628 499 5418
4 10.046 11.906 5.009 5.308
5 10.043 11.710 4.991 5.380
6 10.047 11.769 5.017 5.377
41 10.048 11.565 4999 5.451
51 10.052 11.442 4.997 5.432
61 10.048 11.442 4993 5.503
ID 1,23 : Zn stearate mixed and granulated

456 : no Zn stearate mixed and no granulated
41,5161 ! no Zn stearate mixed and granulated
1,441 : 1.878 ton/cm’
2,551 : 2.086 ton/cm’
3,661 : 2.295 ton/cm’
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Fig. 4. Variation of sintering temperature with time
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Fig. 5. Sintered density due to compaction pressure
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Compaction pressure : 1.878 ton/cm®

Compaction pressure : 2.295 ton/cm®

Fig. 6. Pore structure of pellet mixing Zn stearate and granulating
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Compaction pressure :@ 2.295 ton/cm

Fig. 7 Pore structure of pellet granulating and no mixing Zn stearate
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Table 6. Dimensions and densities of green pellets

ID Diamrzser(m Length(mm)| Mass(g) |Density(g/cm®)
31 13.306 14.675 10.993 5.387
32 13.307 14.386 11.001 5.498
33 13.312 14.185 11.000 5572
34 13.313 14.024 11.004 5.637
35 13.318 13.731 11.009 5.795
36 13.320 13.498 10.999 5.848
ol 13.288 14.259 10.997 5.561
52 13.295 13.848 11.001 5.722
o3 13.305 13.576 11.004 5.830
%! 13.308 13.442 11.003 5.885
95 13.310 13.412 11.007 5.898
o6 13.310 13.034 11.005 6.068

ID : 31 - 36 : 3 times milled powder

Bl - 56 : 5 times milled powder
2nd number 1 : 1.725 ton/cm’

S O A W™

: 2070 ton/cm®
: 2.300 ton/cm’
: 2.530 ton/cm’
: 2.875 ton/cm’
: 3.220 ton/cm®
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Fig. 9. Variation of green density due to the compaction pressure
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Compaction pressure : 1.725 ton/cm®
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Compaction pressure : 2.875 ton/cm®

Fig. 10. Pore and grain morphology of sintered pellet with 3 times milled
powder.(1700°C, 10hr)
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Compaction pressure : 1.725 ton/cm®
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Compaction pressure : 2.300 ton/cm®

Fig. 11. Pore and grain morphology of sintered pellet with 5 times milled
powder.(1700C, 10hr)
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Fig. 12. Variation of sintered densities due to compaction pressure
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P

Compaction pressure : 1,878 ton/cm’

Compaction pressure : 2.295 ton/cm’

Fig. 13. Pore morphology of sintered pellet due to compaction pressure
(17507C, 4hr)
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Table 7. Dimension and green pellet density due to

compaction pressure 98.11.23
ID | Diameter(mm) | Length(mm) Mass(g) Density(g/cm®)
11 15.492 11.175 12.008 5.700
12 15.490 11.133 12.006 5.720
21 15.492 12.057 13.015 5.720
22 15.496 11.973 13.009 5.760
31 15.496 11.900 13.010 5.800
32 15.499 11.822 13.015 5.840
41 15520 11.762 13.019 5.850
51 15.491 11.749 13.019 5.880
ID : 11, 12 : 2.244 ton/cm’

21, 22 : 2480 ton/cm’
31, 32 : 2717 ton/em®
41 : 2.835 ton/cm”
51 : 2.953 ton/cm’
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Compaction pressure : 2.480 ton/em®

Compaction pressure : 2.717 ton/cm?®

Fig. 16. Microstructiure of simulated spent fuel due to compaction
pressure (1800C, 10hr)
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Table 8. Green density and sintered density of simulated spent fuel

and simulated DUPIC fuel due to compaction pressure

98.12.21

D Diameter Length Mass Green Deglsity Sintered Dsensity

(mm) (mm) (g) (g/cm’) (g/cm’)
235 15475 13.324 13.003 5.19 10.057
1100
235 15474 12.956 13.001 5.34 10.125
1400 :
235 15478 12.837 12.997 5.38 10.149
1700
OR 15.462 10.977 13.007 6.31 10.037
1100
OR 15.432 10.976 12.990 6.33 10.222
1400
OR 15.463 10.860 12.998 6.37 10.142
1700

ID : 235 : simulated spent fuel

OR

1700

. simulated DUPIC fuel
1100 :
1400 :

1.3 ton/cm®
1.65 ton/cm®
: 2.0 ton/cm’
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Fig. 18. Sintered density of simulated spent fuel and
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SIMFUEL 1,65 ton/cm®

Fig. 19. Crack shapes of simulated spent fuel and simulated DUPIC fuel
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Table 9. Green density and sintered density of simulated DUPIC fuel
due to compaction pressure

Green Pellet Sintered Pellet
ID Shrinkage
Diameter | Length | Mass D%fseirt}/ Diameter | Length %gﬁzl;%’d
(mm) | (mm) (g) (g/cm®) (mm) (mm) (g/cm®)
OR
1100 15.437 | 11.376 | 13.005 | 6.108 12.775 9.560 10.365 42.45
OR
1200 15466 | 11.307 | 12.995 | 6.118 12.808 9.454 10.370 42.66
OR
1300 15470 | 11.273 | 12.997 | 6.134 12.811 9.459 10.389 42.46
OR
1400 15462 | 11.148 | 12996 | 6.209 12.824 90.434 10.398 41.79
ID : OR : simulated DUPIC fuel
1100 : 1.30 ton/cm®
1200 : 1.42 ton/cm?
1300 : 1.54 ton/cm”
1400 : 1.65 ton/cm®
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Fig. 20. Sintered density of simulated DUPIC fuel due to
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Compaction Pressure : 1.54 ton/cm?

Fig. 21. Microstructure of simulated DUPIC fuel
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Abstract

It is important to get basic data to analysis physical properties,
behavior in reactor and performance of the DUPIC fuel because physical
properties of the DUPIC fuel is different from the commercial UO: fuel.
But what directly measures physical properties et al. of DUPIC fuel
being resinterred simulated spent fuel through OREOX process is very
difficult in laboratory owing to its high level radiation. Then fabrication
of simulated DUPIC fuel is needed to measure its properties. In this
study, processes on powder treatment, OREOX, compaction and sintering
to fabricate simulated DUPIC fuel using simulated spent fuel are
discribed. To fabricate simulated DUPIC fuel, the powder from 3 times
OREOX and 5 times attrition milling simulated spent fuel is compacted
with 1.3 ton/cm® Pellets are sintered in 100% H» atmosphere over 10 h
at 1800°C. Sintered densities of pellets are 10.2~105 g/cm’.
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