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Oxidation Behaviour of Plutonium and Uranium Mixed Oxide Powder

— Oxidation Process and Oxidation Rate —

(Research Document)

Masato Kato” Hiroki Uno? Tetsuya Tamura®? and Hideo Endo?

Abstract

JNC have been manufacturing MOX fuels from Plutonium and Uranium mixed oxide powder
(1:1MOX) that were prepared by microwave direct denitration method. It is well known that
MOX raw material oxidize in storage and manufacturing process due to heat generation by
self-radiation. The oxidation process and rate of MOX powder were examined for three kinds
of powders having different surface area. The examination of isothermal and non-isothermal
oxidation was carried out by TG-DTA. The oxidized samples were analyzed by X-ray diffraction
measurement. The oxidation of MOX powders proceeded in two steps and the oxidation process
changed depending on the surface area of the powder as follows.

Process 1 (Surface Area :@ 2.24n%*/g)

First Step : MO,—MO0,,,—MO0, .- Second Step : MOy 55—=M0O; o5+My05-,
Process 2  (Surface Area : 5.59, 3.86m%/g)
First Step : MO,—M0,. M0, ;—MO, ,5tM0;;  Second Step : MO, 55tMO; ;—MO, 55M;05-,+ MO;;
The kinetic analysis of the oxidation was evaluated by Avrami-Erofeev equation. The
equation of 0/M change on the MOX powder was obtained as function of temperature, keeping

time and the surface area of the powder.
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1) Fuel Technology Engineering Section, Plutonium Fuel Fabrication Division, Plutonium Fuel
Center

2) Inspection Development Corpration
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i, BELIRE I KB ETEIEIT 2L, n=0.29~0.44 THD, 3k 3 TIX, BLDS MO, D X DEEMN
W EBBMENZEIRI THAMN, REHLE21Z, MO,_, DHTHB MDY, 220D INIEIVEIS72D, n
PREDKFEEZRL TODLEE ZHID, FIGRE n X, BAERE TR DAL KBLHYL
A n=1.5 [FERIR, n=1 13K, n=0.5 1ZEPROBRESN TS, ARBOREHI, #HRDE
TNE—ET B,

4.2.1.2 FE 3 ORISR LR E TG
BB E (R DB SN2 o 7o 38 3 ORISR ENE., n=0.36£0.08 THH7=®, n=0.36



JNC TN8400 2003—013
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2112 InK % 1/TIZRLTF ey iz, In K i, /T IZR U TEFARICELL TS, K 21 DE#K
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K= 8.84X10%xp(-27000 /RT) --+(8)
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[O/MIg:BlIE O/M
o rizeXTELLND,

£,=(0/M—2.25)/([0/M1}~2.25)=(0/M-2.25)/( -8.6277 X 107%-T+0.1072) ---(23)
QOREFANT()RENV T4 T T U= REX 25 177,
FISRE n 13, BRUS1O8TIZIN T, $RRET N ORISR (0=0.5) I —&§5ZL%RLI,
RISHS, BB2ABDIT A XE IR G EIL. BIRET LV OHE n=3. IWRET LDOHE n=2, #Hik
ETFNVOBE n=1 EREIILTND, FR21E, U0, DTN XEBITHY, K1 DT R
FVEHRET NMZE > TERATEDLE X ONDT-D, n=1 LU TEEHTLI-, B 25 XV n=1 ELTT 1
TAr 7L BIREIZBITHEEEHE RO, [ 26 IZInK, & 1/T OBEFREZRTH, K 26 L0&E
EER K, IR EDB#LL TRHREBT-

K,=8425 X exp(-19200RT)  --+ (24)
FIG2DEHA LT RAFLLT, 19.2kcal/mol 2157, UO, DEE{LIEEIZBE T 5B TIL, U,0;
—U;04 DRIGDIEME(LZRNAFEL T, 30.5kcal/mol & 35kcal/mol DEERHD, £/=, UO,—
U;0; DER{ETIZ, 21.7~24.Tkcal/mol EB|ESN TS,
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4.3 B {LEFHE=oE A
1:1MOX DEkIZED O/M OEKIE, KIS1i2Es O/M O EFETAO/MI, Kt 2 1285
O/M D EREZ[AO/ Mk TBE, (2R TRTIENTES,
O/M=2.00+[ A O/M;,+[AO/M], +-+(25)
LAO/M], R U A O/MIE, KA TEZHND,
[AO/M];=0.25-1,
[AO/M1=([0/M]g -2.25) +f,
LoT, BMEIZED O/M OE(ITEL 7 aE 21, RU2ITOWT, (26) 2R THRBTES,
B{b7 X1 LREE 2.24m%/g
O/M=2.00+0.25(1-exp((-K, * 1)*¥))+(-8.6277 X 10°+ T+0.132)(1-exp(-K, 1)) - * (26)
K= 8.84X107%xp(-27000 /RT) +-+(16)
K,=8425-exp(-19200+RT) -+ (24)

Bib7 ot 2: lhREE 3.36m*/g Ll E
0/M=2.00+0.25(1-exp((-K,” «t)** ))+(-8.6277 X 1075+ T+0.132)(1-exp(-K, 1)) *++(27)
n, =(-25.434-5+291)+exp(-0.0154+T)  -++(20)
K;’=9.65X10"°+exp(-14700/T)  ---(21)
K,=8425-exp(-19200-RT) +++ (24)

K 27 12X 5 D&E ERL R EEET 572012, 30°C~800°COM % 3SCRIETAI A, &R
ET 180 MERFLIZHEOB(LMBROHER LR T, £RELD | KSOERFBRLELRIZ,
BOG 1,2, 3EBETDIENTED, 72, 3k 312t~ BB 1 OFNEE O/M BMEL 2B ZE
HES—ELTWB, Zrud, BB, 23, BIER TRIZBWT, RIS1OB LT L T2
T-DITBEINTNHA,

& 28 12 200°CDERFE( LB RDORERE TR T, BEZ R T7/ oy bz, EREEOKEZR
BHI, OB LITE A, Z0%, RICERIEMMBHS, SHEEFELRFIIRTH, B
FRREIECRLTND, F291Z600°COFREHMUBRORRELT T, FRICEEE T oy
L7z, EREEORERFEBI LT, BRBEERLH TV KL TR, it KIS 1OB(LEE
DFEIZ, 200°C UL T DIKIB DT —F TEHE L7245, EBRTIZ 600°C TORERROERTHY,
ER{LAEAD MO,., DITHOREL BITEV DY, BLEEICHEL CW\EdEEZbND,

30 {2 O/M OEAEFHELZFERE R T, ILREMRIL 5.6m%/g &L7=, B 30 1Zix 70°C,
100°C. 150 COEALERLI, F=, TN P=U LB BB ETRELHEZORRELO/MOT
—ZZ Ty Li22], BEEIL, B ROREREDERIZRV 25, REHSOIRE, 50
~200°COFFEETRIND, K 30 2R5E, 100CTREL-BEOHERRELIKAITEND
ARV
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5. BHYIZ

VA7 OFEEERBIZZ o TELNL  IMOX FERHYRIZOWTE L E8 &2 T 7, FDR
RBLT 2 BRETEZY, ERER I TUT OIS T o 2N BT 2L bhho
7o

Ot utx1 3RE3(LRERE 2.24m%/g)
1 B B :MO,—MO,.,—MO, 55
2BX B :MO;25—MO, 55+ M;04,

@b mEx2 3, 2(thREHE 5.59. 3.86m%/g)
1 B% B :MO,—MO,.i+ MO, ,—MO, o+ MO,
2% B :MO, p5+ MOy ;—MO, 55+M;05_,+ MO,

E&{LERE% Avrami-Erofeev DX TRHMEL R, KGRI n SBLEEIL, BLIBELHR
EEICE > T LZ, 1 BB OB{LDORIEIZ DN TIE, MO,—MO, s DEELDBAIT. KIS
KEIE n=0.36=0.08 THY, MO, ~MO, 45tMO;_; DS DFE ITEE IR EIZ I RS IREAE
{EL. n=0.09 ~0.61 DEEHTH D, 2 B B DEELIT, RISKE n=1 LT, F/2, MO,—>MO, 55 D
BALOEML T R XL LT 27.0kcal/mol %, MO, DT HDEMIL=FAFLL T,
19.2kcal/mol 757~

FEHORDOBE{LRFD O/M OE(LZBEBIO R ER. RFIRE., REFRFM TR TXEERL
RBERERELBERTIENTELDOEHR L. BB ROBCEELFTMETI2DTENEELDL
nas,
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