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Fundamental Properties of MA-cont.
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Masato KATO?, Yoshiyuki KIHARA®

Abstract

The thermal and mechanical properties of minor actinide (MA) containing mixed
oxide (MOX) fuel were studied from the properties measurements of simulated fuel materials
and computer simulations. The simulated fuel materials were prepared, in which MA is
substituted. by rare earth elements such as Nd. The effect of Nd content to the elastic moduli and
thermal conductivity of simulated fuel materials was studied. The molecular dynamics (MD)
calculation was performed for MA containing MOX fuels in the temperature range from 300 K
to 2500 K to evaluate the thermophysical properties viz., the lattice parameter, thermal
expansion coefficient, compressibility, heat capacity, and thermal conductivity. The
thermodynamic modelling was carried out for the O-MA-Pu-U system and the oxygen
potentials of MA containing MOX fuels were evaluated from the assessed thermodynamic

database. The results were compared with the experimental results obtained by JNC groups.
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# 21 AFETCHAWERF UV IYARTA—F

Ions z a b ¢ Dy Bj ;¥

o~ -1.2 1.926 0.160 20
(for U*"-O” pairs)

Ut 24 1.659 0.160 0 18.0 1.25 2.369
(for Pu**-O* pairs)

pu™ 24 1.229 0.080 0 13.0 1.56 2339
(for Np4+-02' pairs)

Np* 2.4 1.190 0.080 0 10.5 3.27 2.339
(for Am*"-O” pairs)

Am* 2.4 1.052 0.080 0 8.60 3.98 2.339
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2.1

FEMAER (Ao, FIHIECE)

Actinide jons

Oxygen ions
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Heat capacity, C, (JK'mol™)
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Thermal conductivity, & (Wm™'K™)
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Thermal conductivity, A (Wm™'K™)
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# 3.1 HHOETAOEHE—

WEHEDEF L B ERE
U-Pu  Substitutional (U,Pu) TOEEEATEE

0-U  Associated (0,U,U0,) Tonic Liquid THFE  (U™)p(07%,VAL0),
OPu  Associated ( O,Pu,Pu0,) Tonic Liquid TEFHl  (Pu™)(07,VALPu,0,,0),
O-Np  Associated (ONp,NpO,) _ Jonic Liquid THFHE  Np ™02 VAL0),

Q : B A DY (2 DBAeIE+H)
P : B A OEHMmE (=2yor+dyys)
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«-Pu ALPHA PU (Pu);

B-Pu BETA_PU (Pu,U);

v -Pu GAMMA PU (Pu,U);

0 -Pu FCC_Al (Pu,U),(VA),
§’-Pu TETRAGONAL_PU (Pu,U),

£ -Pu,v-U BCC A2 (Pu,U)(VA)s
o-U ORTHORHOMBIC U (Pu,U),

g-u TETRAGONAL U (Pu,U),

e ZETA (Pu,U),

7 ETA (Pu,U),
Pu,O; PU203 (Pu)(0);
PuO; 5 BCC_PU1000152 (Pu)100(Ohis2

(04 -‘PHOLGI BCC_PU1000161 (Pu,VA)lgo(O)m]
Pu0,,U0; FCC_Cl1 (Pu,U,VA),(O,VA),
Uy U409 (U)4(0)
U;04 U308 (U)s(0)e
U0O; UG3 (U ()
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(VAN(O); - (VA)(VA),
(UN(0), - (VANW(O),
(Ui(VA), - (VAX(VA),
O-Pu-U % (Pu,U,VA),(O,VA), (Puy(O); ~ (Pu)(VA),
: (U)x(o)z (U)I(VA)Z
(VA)(O
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# 34 =X HR~OILRBOBEIZEEE LimBSIFENRT A—F
Gibbs energy Parameters Temperature range
functions (J/mol) (K)
Gruoz =  -1087288.7 +505.66828T -83.319199TInT
-5.8418x10°T> 298<T<4000
22241610 4913505
Gravaz = ¥42603.691 +80.301382T -18.1258TInT -0.02241T% 298<T<400
= +33394.038 +236.786603T -42 4187TInT
-0.00134493T2 400<T<944
= 42.63443x107T*+579325T" 944<T<4000
e +35537.844 4232 961553 T -42.248TInT .
Guoz = -1112055.29 +433.851907T -74.6514TInT
—0.00610305T> 289<T<1500
= +1.7213x107T° +649010T"
-1707426.87 +4369.94495T -604.679TInT +0.205276T* 1500<T<2670
= -1.58314833x10°T° +126580500T" 2670<T<4000
e =1303255.56 +1218.63701T -167.038TInT .
Guvaz = +41592.266 +130.955151T -26.9182TInT
+0.00125156T> 208<T<955
= -4.426050x10T% +38568T" 955<T<4000
e *27478.2 4292.121093T-48.66TI0T e,
Gyam = 71030383 -51.0061T -22.2720TInT —0.0101978T?
+1.32369x10°°T> —76730.0T" 298<T<1000
=  486862.5+25.3198T -33.6276TInT —0.0011916T>
+1.35620x10°°T> +525810T" 1000<T<3300
= +72026.5 +62.5193T -37.9072TInT —0.000850486 T
e 214420x10°T° 48766400T  3300<T<4000
...... Guwae = A0 e 2004000
L%wova =  +90000+68T 298<T<4000
L puova = -935000-196T 298<T<4000
_____ Dewown....= 187200 e 298<T<4000
L%ova = +88353.17-32.37686T 268<T<4000
o Lwova = ARS8 36 e 298<T<4000
_____ L ovAOVA T . 208<T<4000
...... L pue = O 208<T4000
Lpvao =  -205000 298<T<4000
Lpuvao = +0 298<T<4000
_____ Leovao = 600000 ... 298<T<4000
L% vao = +184216.70+135.94271T 298<T<4000
L'vwao = -1422742.46 298<T<4000
o Luwe T HTBISSLI6 e 298<T<4000
Lbwuva =  -340000 298<T<4000
L'pouva =  +1189000 298<T<4000
_____ Looguva = 1500000 . 298<T4000
o lmvana S RO e 298<T<4000
Luvava = +0 298<T<4000
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0-U &
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(Un(0); - (U)(VA)
(VA)(O); - (VAL (VA),
(Un(0)z - (VAK(O),
(Un(VA), - (VAK(VA),

O-Np %

( Np 2O\ VA),

(Np)(O)2 - Np)i(VA),

0-Pu-U %

(Pu,U,VA)(O,VA),

(Pun(O), - (Pu)i(VA),
(Un(O); - (Un(VA),
(VA)(O), - (VA)(VA),
(Pu}(O); - (UN(0)
(Pu)(0); - (VAQ(O),
(Un(0)2 - (VAK(O),
(Pu);(VA); - (Un(VA),
(Pun(VA); - (VA)(VA),
(U)i(VA), - (VA)(VA),

O-Pu-U-Np %

(P uaU:Np 9VA) 1 (O 2VA)2

(Pu)(0); - (Pu)i(VA)
WUn(Q),

(VAX(O), - (VA)(VA),

(Pu)(VA)z - (U(VA):
(Pu)i(VA): - Np){(VA),

- (VA)(VA);
(ND)I(VA); - (VAY(VA),
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# 3.6 MTHA~DOIROBICHEM LB HE T R —HF

Gibbs energy Parameters Temperature range
functions (J/mol) (K)
Gpuon = -1087288.7 +505.66828T -83.319199TInT
-5.8418x10°T> 298<T<4000
2200416710 T 4913505
Gpuyaz = +42603.691 +80.301382T -18.1258TInT -0.02241T° 298<T<400
= +33394.038 +236.786603T -42.4187TInT :
-0.00134493T1> 400<T<944
= +2.63443x107T°+579325T" 944<T<4000
... 135537844 +232.961553T -42.248ThT .
Guoz -1112055.29 +433.851907T -74.6514TinT
—0.00610305T* 289<T<1500
= +1.7213x107T% +649010T"
-1707426.87 +4369.94495T -604.679TInT +0.205276T* 1500<T<2670
= -1.58314833x10°T> +126580500T" 2670<T<4000
e 7130325556 +1218.63701T -167.038TI0T
Guvaz = +41592.266 +130.955151T -26.9182TInT
+0.00125156T° 208<T<955
= -4426050x10°T° +38568T" 955<T<4000
L ¥27478.2 +292.121093T-48.66TInT e
= -1059069.6+469.04396T-80.332802TInT-0.0033890400

T2 298<T<4000
+828430.00T

-402857T! 289<T<553
= .7015.112+664.27337T-102.523TInT+0.0284592T*
-2.483917x10°°T°+4796910 T 553<T<1799
_________ .= 137907.264+255.780866T-453964TInT  ~ _  __1799<T<4000 __
Gvaoe +93038.3 -51.0061T -22.2720TInT —0.0101978T*
+1.32369x10°T° —76730.0T"! 298<T<1000
=  486862.5+25.3198T -33.6276 TInT —0.0011916T*
+1.35620x10°°T° +525810T"" 1000<T<3300
= +72026.5+62.5193T -37.9072TInT —0.000850486T>
e ¥2.14420x10°°T° +8766400T  3300<T<4000
...... Guavne . e 298STA000
L%wova =  +90000+68T 298<T<4000
Lpwova =  -935000-196T 298<T<4000
_____ Lleova = F787200 .. 298<T4000
Liyova = +88353.17-32.37686T 298<T<4000
o Lluowa = HA285836 . 208<T<4000
Livcona =  +12498.8561+681.601745T 298<T<4000
L'vwova = -17301.578-749.30885T 298<T<4000

-205000 298<T<4000
+0 298<T<4000
+600000 298<T<4000

..........................................................................................................................
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208<T<4000

~1422742 .46 298<T<4000
________ wao = FT8SSLI6 o 298<T<4000
I i i

-340000 298<T<4000

+1189000 298<T<4000

-1500000 298<T<4000

+0

298<T<4000
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OB HRE SN TWS [1-10],
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K. 7ro=T 0N AKER TR, B S, SR X BEFRETSHF L, &
TREEEFHE Ui, RER () BHEERTR., BS - ERFRSTER (EMGA-550/650
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Z (11,1212 ATk Kopp DR »hifEEicskD 7,

C, =>X,Cpn
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X, : RO n DENSFER
Cpn : EE%@{K% n @ttﬁ

422 FERLEBEZ

ERLERBICHLT X REFECI> EEBEORERZ ERE L &,
(Uss7Ce0sNdp13)0; @ X BEIHT/F — % H 4.1 1ITRd, ERPORESEEITEH AR
R OB TH HHELREDR Uk, X BEFEEDCHE R, LREBMOR FER L Bt E
PEHLE, BRERE 411577, BILOREOMMSERIRIETLFERER, DO
THOBEEIIHEMKE <. ERICHBIOBRESRZTET 2 7-HIIERBIO OM Ik
PR L TBLLENDH D, SEBFERSITEREIC THE LHEt0o OM Hik 2.02
LRy EFEEREELLIZEAETRTW WD LERER LT

(Uo.s7Ce03Ndo 12)0, DEURE R DR EKTFHE % U0, [13]1& Fukushima [14)i2 & ¥ & &
N T3 UPLNDO, RILEWMOBRER L & HICK 42 1077, FUREROEIICH
VN B BIE Kopp DEERIM B EH LT, RBSERET 2B OFEHEROEIIRD
Maxwell-Eucken DB R, [15-17]% AT 95 %TD IZE#EL L T3,

~ 095 Y1+4P
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B LARE LTz, (UogrCeoaNdo 3)0; DEFYRERIL, #1000 K E TIHBEHEMY 5 &
A L, Fhil bEcpic ERT AL T L

— 5K 42 HOFERTE B L 50, FFR THIE L 7(Up7CepaNdg 13)0, DEYRESRIT,
71000 K £ TOBEHEC, BHICL Y AE SN TMoNdy )0, M: (UpsPug2)O) DEL
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ERIITNV =0 a2 Y DATRATEIZLD—0DORYBETLTNWELEXD,
WEIZH W TUPULNDO, RiLAWICHL MD StEZEBL., HEREZ:
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(Uo7Ceo:Ndo.13)0, (Z351F 5 RERIR & Helt - HETT 5 2 & T, MA &F MOX BBty
EZFET 5 ETORBEWHEEE L MD StE0F Attt ERAICTET 5.

43 SFESFEERIC & D UHEEE
43.1 BEEHG

Fukushima {Z & 5 &, (U,PuNAQO, RALEB O FEROMENH S . (UosPugsNdy 150,
DILFFL, (U050 Puty NG )0y, y=0.13 THEZ BNB Z L RHFESH TV S [14],
o TZDRTMD HEEERT ST, BEEZTCIRELATVS UY, 0%z
T U, Pu* N&*DRT v Ao%5 A —H RUETH B, SEIE Prico Tt
7 =& [191& AV U, Nd™iZ-2V Tid Ndy0s, (Uo 1Pty :Ndo 13)0; DI F I D EHIE %
FAWTHERELE,

Nd,0; » MD 5L, +3 lDR AV AL A &2 lDOBEA A2 %5 640 {8, Mn,0s

ERECRELCERTER L, B#EShTOABRTEROREREM 202 B
THLY, RITHEBANC AT A— X R RE LT,

(Uo7Pug2Ndy13)0, D MD 3HEIZ, B2 ZBOR 21 IR LELDERL. M BT 7 F
= FIEEA A 108 (L2 OB A A2 216 E % DEIEE &L LT CaF, B EE
LR CER LT, BEEIIMD ¥ VR CREDED TS VEFH 5 5 ATl
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W5EBY Ths,

432 HRLEZE

BRRTRELIERTF LV V¥ VT A~ F 2K 42 I0FT, ZOEE NGO, &
(UosPup Ndo13)0, D FEROEAHEE AV CERBHICRE L b OTHS, fEoT
KRR ORBEE CEET A IR F L vy LT A— A R R E L OISR
BB B0, NdyO; & (UgsPug;Ndo13)0, DI F EE OB HM 2R,

FE L VB LN NGO; D 0.1 MPa 81} 5 87 EROE EREME S TR — & [20]
& HITHE 43 IR, BRHEARFEETI FRAT v 7EZH L, — OBOEBE. T77.
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1200 K BEZTERONTWEA, ABFE TR BRERIC BT 3B ERETHT
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Z LB, NdO; DFERERIZIVUO, DFN LB LETREL, FLRELF LHEICE
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# 4.1 (UosrCep20Ndo13)0, DIERAEIE. BRI ERBIURE
FUBHERR, fE e BT EE FE OM K
(nm) (gem™) (%T.D.)
(Uo.67Ceg20Ndg 12)0 CaF, ZU#EE  0.54538+0.00016 9.196 9424 2.02
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H# 42 AFETHWERT Iy ANRTFA—F

Ions z a b c Dy B I

o* -12 1.926 0.160 20
(for U*'-O% pairs)

u* 24 1.659 0.160 0 18.0 1.25 2.369
(for Pu**-O* pairs)

Pu* 24 1.229 0.080 0 13.0 1.56 2.339
(for U**-Q* pairs)

U 3.0 1.287 0.160 0 18.0 1.25 2.369
(for Nd**-O* pairs)

Nd* 1.8 1.395 0.080 0 7.00 0.80 2.353
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Calculated thermal conductivity at 360 K (Wm 'K )
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5. MA &7 MOX BB O M3 E
5.1 Am ‘S MOX BARIOBERRT > T x VBIE

AmMOX BRI O EEIF A D7 ORRBIERE, BESHFMICIT. BA. BMREES
DEWIET —FZ BRARTHY . FIRBOBRRT vy ik REEORL -B&
HEEECEEBRPELAHEETHD, MAT, ZhoPHERC An BHREORS
EEA~FEY 52 ABRRENESBIE T O/M) EELRREIRRE N A—FTHD,
O/M LB T8 Lo R 2 BT A - DICIIBERT v L & OMEOBEREFEEL T
BLYBERDH D, & 5HIT An-MOX OBEFERT > 3% /7 —F 13, CALPHAD #51Z K 5 AnMOX
FHREFIMO=D OB/ N7 A—F L LTAHARBRLEDTH D,

AmQ,, DEEFERT v ¥ % /T PO, DENL Y HH I0OFRESVWZ LBAMLNTEY
[1]. Am % MOX BREI~FIN L-EBOBEBRRENEEZLLND, LHL AnMOX RO
BERT Uy I RE TIREESRTWRY, FI2C, [IEEEEEZAVW-RER
S5 (TGA) 12X Y. An BHK 4.5 wihEHF L7 An-MOX OBEBERT ¥ VEIEZIT-
il

5.1.1 AmEHE MOX B OBERART i v AVRIERER

BEIT, OAFEEHE T6-DTA (Y F 7 8 168120) 2 MmIUEMEICHE L. btk
WEDOREDED Zu—7 Ry 7 ARICBEBLAELOE AW, BREIEOCTHEIL,
Ar/4%H, £ 72 8% Ar/0. O5%H, B UFAr 2703 Co, 2w A7 n—ay hr—J3 KX >T—ER&
BE L. AKSEMBT 52 &2k Y H0/H, F/iX CO/M, RATEEEEVET LS ko
TW5, B5 LT un—7 Ry 7 ARG T6-DTA FHEBRRKEZ T,

s ™
el S e
KEEZBHRTG-DTA
200mt /mmin. HAEHALO) 85mt /min.
1 ’, HERS 1
o e o P
9 — &8 | s y
265me /min. i
- B HASFH -
**X I -
Ar/005%H, |
-t Vo
REMEBE

B5 1 Zu—7 v 7 A%E Tc-DTA EEHKE
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BRI An-MOX BUBHZ, Pu BLEE 234 30wt%D MOX BREI~2 1 v MZ, Am % 4. 5 wt%
BHSELLOTHD, Z0ArMOX <Ly ME, EEHYROER A —L 3 WIRE, —
BHRREL, Ar/BY%H, T 1700 ‘CIZT 3 BRRIER TS - Lic L VIERZhE=bDThs, =
DRV PERBETY RE—F L X ) THER RN THRE L L 0% TCA R
feo |5 NIEBHIEZ =T,

Kb 1 BRBT v VA EHEMAE

BB R 4.5 wt%bAm-MOX
B E 94 %TD
PuB{LE 27 %

HARE - B #9100 mg, Bk

5.1.2 REBFiE

RRIIUTOFECEIVERE L, E3t8s L TULCARDTAIFE &R
TG-DTA Z2BAFFNIZE » b L, —EHRE (850, 1000 Bt 1150 °C) THRFELE, &
(Z Ar/4%H, F 721X Ar/0. 05%H, B OR Ar % 7213 CO, IBS He. KOMBELFHEL, BESE
TEEICREE LT, SER (16) OBUMBEEINE L ZolmREN bRIE S BRE L
o BMRAEZAT v TRIEELERBZ LITEB 16 DTHKE 1 re DEAE CAlE
L. BERSE L EREEOBEREER, KIC, BENELEL ST LEEL{EAR
DIVRVESE O/M Fh=2.0 & L. O/M H=2.0 =331} LRBEENSERE(LE OM I
WL L, BRSEL OM EOBRE B, BREAE () XUl o =TREREE Y
—EROCTERBIEL. Ar/H, F 7% CO/H,BA N A D H,0/H, kb B OF COL/H, LE % 254k
SEDZLIZED 107~10% atm % TH{L S w4,

5.1.3 HBRER

R 5. 2RVES. 21z, An-MOX DERFAE & 0/M HORRE . 1BE D MOX #58} (Pu
BRE 30 with, BAT MOX) [2]& & HITRd, BEZS 850 CHb 1000 C. 1000 CH &
1150 'C& LA THICHE-> T, BESERTRZRE 10° atn o LT AHEA B
Ihi,

1000 ‘COEFA. 0/M Hh=2. 0 1238V VT An-MOX DEER KT 3 3 /FH9—220 kJ/mol
TH Y., MOX DEAI-350 kT /mol XLV K&\, 7 0/M He=1. 997 IZRBW T 4. 5 %Am-MOX
A3~350 kJ/mol {25 LT, MOX }3-490 kJ/mol & 72 o7r, U EDHERNS, An&GER
IS BIT2H T, O/M b2 ORISR TER R F o v A L LETCH-oTHED
BRIIRZNT LR,
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#£5. 2 mmEEWXRBOBRERT ¥y

o/M 4.5 wt.% Am-MOX (Uy.7Puy ) 0, [2]
ratio 1123 K 1273 K 1423 K 1273 K
2.000 267 216 179
2.000 305 243 235

1.999 357 295 267 439
1.997 413 348 298 514
1.995 371
1.993 453 381
1.991 389
1.988 472 410 352
1.984 444 380 569
1.980 493 486 408
1.976 500 433
1.972 458
1.967 506 468
1.957 507 483
1.952 494
1.932 509
-5
[ & (UocasPro270Amppe5)02 1123 K A
- @ (UggasPug2ieAmpps)0ax 1273 K .
0 b & WogssPuoanAmmgs)O;x 1423 K »
I o (UggPugs)Oy 1273 K [2] A
~ I L
oy F A
" a5 | N ot
Bo-bor ©
= i L a A .o° =
— L A o
20 * ' P °om
20 | . o L
B .
[ B T
.25 N ——— w

193 194 195 196 1.97 198 199 200 2.01
O/M ratio

5. 2 AmE7E MOX RBIOBERART Iy L 0/M EEDBEER
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5.1.4 SH%OBRE

FREEZ BT A—F & UTHAWT, CALPHAD 3EIc X % AmMOX #EIRAESIR 2
ToTWL, 4 ERARERRICET 2B FHEE  FHMEE EHB LT FETH
5o
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5.2  MA &% MOX #RElDBEHEIE
5.2.1 EU»IC

GV A ZNOBEE LT, w4 =T 7 F 74 F M) SFEREREOFREIE
D HNTVD, BREHE ST 5 BB e Lk, EXELHE L BXHABEHEORHSE
% 51, REOWEE L Uik, EERE 2Ly MERER L LTHERED LN T
W5, BREIOBRELED D LB T, BRNORSEZIZCY LT 58WmiET — 7 PR
weh, BESEFMLEEE L 25, VA SHERE MOX BB OZWMEICEE L TIXRES
RENTHRWEDT—Z ORBRLETHD, €I T, VA EFRBODET—F0
P L BE AR OB T BAT —F OBBE BN E LT, Np, Am RUYREE FP
FEH SHET NOX BB R BIEEIT - 7.

5.2.2 BLEHEIE

BAHEITY—<AT LA METITo ., BREHT 0N AEDRE, HRIZHE,
90%W-10%Re MORBAEBRICHEEH AL THIRE L, ZORBERICL VAR LRABE
B0 Kt % ER S ¥ T0, OB B EFEMEIC & - TITW, FEBEER 40°C
/min & Ufr, REIOEBIZEREFTHAIL, BERIEIX ALD, Nb, Mo, Ta OElR
EEWTITo ke, BUAOHREIROESTHEE 2y ML, £OEMKZAEON
EIOBMES LT3 FEE AW, K5 3CRANIEEBEOHIENEEZ R,

=N

AR A

Qonosan

[jé - W-RehF il

= O

[ [ [ nemmernes
i Ll

5 3 BRAERE
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5.2.3 RBFIE

RBRIZ AV T BUBHE, 30%Pu—MOX 12 Np % 6, 11%& 7 L 7= 2445 (6%Np—MOX, 11%Np-M0X)
30%Pu-MOX IZ Am, Np ZZh-Th 2%&H L=k (MA-MOX) , MA-MOX |{Z RE (rare earth)
THRAETT 2RI L 723U (MA -MOX-R), MA-MOX IT RE, Zr, HE&RBREEF AR T 2%
AL 738 (MA -MOX-RP) R UF Pu JBEEAS 30%0 MOX (30%Pu-MOX) O 6 BETHA,
R5JCIND DEBERT, FRBHI TN ZH Pu-An-Np-U B LK (MA-MOX) i
SREMELIEEIE MA -MOX-R) ESE LY BATEALEREMASL (MA —MOX-RP) s}
EBLEbD LTINS,

#£5.3 AP0k
\ Pu| U |Am Np

30%Pu-MOX |30.2/69.4] 0.4 | —
§%Np-MOX [29.5{64.8] 0.7] 5.6
11%Np-MOX |29.7(58.3| 0.7(11.3
MA-MOX 30 | 66 2
MA-MOX-R 30 | 64 2
MA-MOX-RP | 30 )| 64| 2 2

o

I

I
el
HINININE
Pyl frgl

b
=
o+
4]
[+]
Lo iy
Z
: 65]
B
BN
H
&
Fifefrfr |8
]
(=1

I | e
[
|

o
bo
[
o
o|e
= 1bo
j=2 =]
Moo
(=0 [ =]
Ll 3]
e
P
[=]
(9]
=3
[
(=]
Y

5.2.4 HEAFEE

B 5. 417 0/M=1. 988 R T} 1. 963 Iz 355 L 7= MA-MOX DERAERERETT., M OE
WERUBHT 30%Pu-MOX & RIHRIC EHEER & B L TR Y R —HE LA SR S
ShTe, O/M DEVEETIEZ OSSR 2ot E5. 51C MA-MOX O 0/ &5
DRURERT. Np, An % EH LARBHI- OV TR MOX & FHRIC O/M DIETIzHE» T
RRBEL 22 LW ORRRED NI, Fir, HUE FP OMEMRE CIIEORE T -
TRRBERRDZ LB bho7, 5. 612 Np-MOX & 0/M BOMRETT, Np OB %S
A L7238 T MOX R0 MA-MOX D & 5 BB a8 BAREIZIZ BN S As o 7o,
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Temperature(°C)

g (°C)

2900

2850

2800

2750

2700

2650

2600

2850 O/M=1.963 D& - ikiaH
2800 F
0O/M=1.963 DEGHTEEHR
2750 | / .
2700 ¢ . }\
2650 1 O/M=1.988 ©F - iR
/M=1.988 DI EhiR , '
2600 ek :
200 250 300 350 400
B (sec.)
b. 4 (Npo.ozAmo. nzPuu. aUs. es) 055 DHER R
@ a0%Pu-MOX/EH
—&- MA-MOX/FE48
- @ ‘MA-MOX-R/[E1H
= —@— -MA-MOX-RF/E#
A 30%Pu-MOX/HHR
- — & - MA-MOX/HE
- S~ TT——a | —a MAMOX-R/HH
& — & -MA-MOX-RP/H18
1.93 1.85 1.97 1.99 2,01

O/M

X5 5 MA-MOX D o/MEORSR (EM - WAER)
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2800 ® 30%Pu-MOX/E4g
=@~ - 8%Np-MOX /B35
2850 | —&— - 11%Np-MOX/Elig
' A 30%Pu-MOX/#8
:,6 2800 _ A | —a S¥Np-MOX/iiE
\g - — & - 11%Np-MOX/3H548
¥ 2750
[
a
§
2650
2600 : L .
1.94 1.96 1.98 200
0o/M
BI5. 6 Np-MOX @ O/M&EDRE (B - B
5.2.5 &%

Np, Am R OBHEFP 2278 L7 MOX SBIOBLERIE R, BTFO L 5 RE8and
CEEMRB L, T, FAECLY, BEAREORICHT BT — & ORER
T&EZ,

*Np, Am % 252 L72AE O/M OB CIIEE _MEFREAEZ I /25, (B, 4
BR) |
* MA-MOX (BLBE FP 2 5%0) ORLED O/M {RTEMEIE 30%Pu-MOX & FIREIC O/M BMETF 55
RS> TERETEMICH D, AREICLY, BB ORI RS — 2 0
@R TEE, (H5. 52H8)
NpMOX DRAIZELTIE OM DEFIZXoTTFEL LS II—FEDEE 2 b ;
30%Pu-MOX DI L 13R72 5, (K5 65HR)

(1] T. D. Chikalla and L. Eyring, “Dissociation Pressures and Partial
Thermodynamic Quantities for Americium Oxide” , J. Inorg. Nucl. Chem., 29, pp.
2281-2293, (1967).

[2] R. E. Woodley, HEDL-SA-1830, (1979).
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5, ¥&®

KT, MA &85 MOX BEIOEMER L OBIROIHE L BERICELTE S
D TERICEMET S Z L3 B E L, ST EEEEFEHE L Vo ki ER Y I 2
L—3a vk, EEREE L AW YEIEORE S, EEZ T T,

AR L D LT ORENRH LMITR o7,

FHEDE 2 FIBWT, MA 88 MOX BElomEE: T 5 FEDO—D2E LT
MD ¥BHBELE, Bx Wil oW TOHERR L EREREHETDHI LT, MD
OB, ERAMEEEME L, U0, PuO;, NpOy, AmO, KOWTHREEERL., &9
B O EEPEMERR LV o AR T — 2 0 b, BER, BnEER L Vo
i 2 DI ZTEET 5 Z L IR Lz, UO,, PuO;, NpO,, AmG; iIZ oW TH LR
ERE G LT, FEUPULND)O, F7IZUPu,AM)O, IZHEIRE Lz, EED MA &8 MOX
BB DR T H D UisPuo2Npois)O2  (UossPuosoNpeos)Oz,  (UnsePuos0Npos2)O2,
(Uo.67PU0.20AM013)02, (Up 67Pu030AMmg03)02, (U s6Po.20AMm005)0; O 5 FEERIZ-2W T MD FHE
PEEL, BTER, BFERE. EER. BB EEFELRD. MA 5F MOX
BBHT oW, 2 0 E CAMBICRSET — F LD E TR T ARRIKLD
BUHTHRA LR,

AHEOE 3 BBV T, MA 38 MOX BERIOB N FHMEZTET 5 LT, £
AAK7Z O-Pu-UNp WAFERICOWVWT, FEY LEM DEAET—FEEFL.
CALPHAD ¥:% 3\ VT RERRRER % VERE L7z, O-Pu, O-U, O-Np, Pu-U & Z5RICZHIT S
SHERERIEENLEARER : B —H L, ZhoOFERZAVWTEHE LR O-Pu-U
SEFREEIE, PuU,00u, FEEBEEET T A CEL LR ERR L Y IRV foo fHH
WAE Uiz, 27 773K, 1273K RN 1773K @ O-Pu-U ZnRRER L D . BRELOZEED
BT A ECEEL 25 fec ML, BELR LHIEVEREREZETIE KRS
T LERTFRENTE, Xk, BOAK O-PuU SXHF—FIZ ONp ZxRDEAET
—F EME DI XD EPWU, NpO, D fee Cl HDEBRERT Uy VRERIT oI &
LREHEBERIEREL RS —&ELL,

AFEDE 4 HTEWT, MA TREOEEDE L L TNd ZRE L. (UpsCeraNdy13)02
ot APPERIE & . (UpsPugaNdy 3)0x 1285 MD AR EFER L. ThETIIRED
nTWE UY, P, OCOBF % WG A—FIZMAT, U E NSORFA—F %
WA Lo (UorPugaNdy12)0, D& ESD MD BHEREERIE. (UssCeoaNd13)0: 72 6T
(MpsNdg )02 (M: (UpsPug2)O) DI T B D ERIME & 1EIE—E Lz, MA &H MOX %
DR EHES 5 L TOREEREE L MD HEOCHRAEEZIRRTE %,

AEEDE S ZIBWT, MA 2548 L7 MOX BBOBHAEEIT>7, Am 25
& L7 MOX MREI DB R T 1 o % Wb MOX & le_THERIZEN 2 & | Np/Any# T3
ZEA Lis MOX BABOR AL, EERIZEY OM E~DERFEERERLZ Z LELER
ENZH BT L,
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EHRIZ L VBORIREIR, S%RELx OERBHI SV T OMBRIEL EHET 3L,
WO CHRAPSEERBHCRB LWV B,



JNC TY9400 2004-001

AR BT DHTEE

(D Ken Kurosaki, Mitsuhiro Imamura, Isamu Sato, Takashi Namekawa, Masayoshi Uno, and
Shinsuke Yamanaka, "Molecular dynamics studies of neptunium dioxide", Journal of Aloys
and Compounds, submitted (March 19, 2004).

2 Ken Kurosaki, Mitsuhiro Imamura, Isamu Sato, Takashi Namekawa, Masayoshi Uno, and
Shinsuke Yamanaka, "Molecular Dynamics Studies of Minor Actinide Dioxides", Journal of
Nuclear Science and Technology, submitted (March 19, 2004).

16 EERIZ, EHIZ3HBEBETE,

HEFRER

@ Ken Kurosaki, Mitsuhiro Imamura, Isamu Sato, Masahiko Osaka, Takashi Namekawa,
Masayoshi Uno, and ShinsukeYamanaka, "Molecular dynamics studies of actinide oxides",
11th Symposium on Thermodynamics of Nuclear Materials, 6-9 September 2004. Karlsruhe,
Germany, accepted for presentation.

@ Masayuki Hirota, Ken Kurosaki, Masato Kato, Masahiko Osaka,Takashi Namekawa,
Masayoshi Uno, and Shinsuke Yamanaka, "Thermodynamic. Modelling of
Actinides-Oxygen System", 11th Syniposium on Thermodynamics of Nuclear Materials,
6-9 September 2004. Karlsruhe, Germany, accepted for presentation.

8 Masahiko Osaka, Isamu Sato, Takashi Namekawa, Ken Kurosaki, and Shinsuke Yamanaka,
"Oxygen Potential of Am-containing MOX Fuel", 11th Symposium on Thermodynamics of

Nuclear Materials, 6-9 September 2004. Karlsruhe, Germany, accepted for presentation.
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