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Oxygen Potential of (Pu,U)O2 |

Oxygen potential measurement of UO2+x and (Puo.3Uo.7)O2-x

Research Document

Masato Katol Tetuya Tamura? Hideo Endob

Abstract

The ratio of oxygen to metal is one of important fuel specifications on UO2 and MOX
fuels, because it effects on irradiation behavior. Oxygen potential of oxide fuels have
been measured by various methods on the purpose of optimization of irradiation
behavior and fabrication condition. In this repot the oxygen potential of UO2+x and
(Puo.3Uo0.7)O2-x was measured by thermal gravimetry and differential thermal analysis
(TG-DTA).

Measurements of oxygen potential were carried out at 800 , 1000 and 1200
in Ar/Hz2/H20 mixture gas flow. Ratio of O/M was obtained from the weight change of
the sample according to the partial oxygen pressure that was controlled by H2/H20 ratio
in atmosphere. The partial oxygen pressure in atmosphere was measured by stabilized
zyrconia oxygen sensor.

The experimental results agree approximately to the other works. Thermodynamic
data,AEOZ, A Hos, A_SOz, were evaluated from the experimental data. The oxygen
potential of UO2 x, (Pu,U)O2, x and PuO2.x was modeled by lattice defect theory using
the data of the literature and this work. The resulting equation well reproduce the large

amount of oxygen potential-temperature-composition data for the Pu-U oxide system.

1 Fuel Technology Engineering Section, Plutonium Fuel Fabrication Division,
Plutonium Fuel Center

2 Inspection Development Corporation
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2.
2.1
MOX MOX
MOX 29.7%Pu
Am 0.6
Ar/5%H:
1700 x
150mg
2.2
TG-DTA
u g TG-DTA
+1pg
99.9999% Ar/5%H2 Ar/0.05%H:
Ar 1 2000ppm
300cc/min TG-DTA
200cc/min 100cc/min
2.3
TG-DTA KOA-200
700
E
@
RT Poz(air)
TAF ~ Poz @
R 1.9865 cal/K  mol
T 973 K
F Farady 23.066 cal/mV mol
Poz(air) 0.206 atm
Po2 973K 2
InPo.=  1.580 4.773x 102 E 2)

Ar/H2/H20
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3)
H.0 2 Hz + 1/202 (3)
A3) A Gr @) Kp
A Gr° (5)
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A Gr° R T InKp RTIn—™ 4)
Pr2  Po212
A G 58900 +131 T (5)
(2) E(mV) 973K Po2
(4)(5) PH20 /P2 PH20 /P2 4)(5)
T Po2
4Cr O2- Cr203
2.4
150mg 1200 4
800 1000 1200 6
TG lpg r
O/M UO2+x 800 1000
1200 20 -24 12 -20 2.7 -l1l7atm
O/U  2.0000
MOX 800 Goz -95kcal O/M
2.0000 (6) O/M
oM = 20000 + &+ AW ©6)
16
M MO2.0000
w MO2.0000 (9)
AW (@)

DTA



JNC TN8400 2002-020

3.
3.1 UO2+x
2 2 800 2.27E-27atm
6.59E-25atm + 1
g
150mg 15
2 3 O/U
4 T.L.Markin [1,2]
V.G.Baranov [3]
M.Ugajin[4,5] CO/CO:2
3.2 30%-MOX
5 5 1200 1.25E-13atm
2.05E-18atm
O/M
Poz O/M T.L.Markin [1,2]
33 AGo. AHo. ASo
UO2:x  Goz O/U Markin[1,2]
Ugajin[4,5] 10 15 kcal/molK UOz0000 A Goz 800
1200 100 110kcal/molK
115kcal/molK A Goz O/U  0.0005
o/U 0/U=2.00 O/U
0.0005 Ugajin[4,5]
O/U  2.0000 A Goz
MO2x  Goz O/M 1.9965 800
1000 1200 T.L.Markin[1,2]
800 1150 O/M=2.00  Goz 100 kcal/molK
800 1200 20 kcal/molK
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O.T.Sorensen [26] (20)
13 b)
1202 - {O% h+} (10)
(10)
(10) Kz  (11)
[0 h]
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[Vo] = [e]
a7 (18)
X=[Vo]l= (114 Kug)® Posl/6 (18)
(18) X Pozl6
15 T.L.Markin[6] 30%Pu-MOX
O/M 1.99 Po. -1/3
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19)

202 -, Vo,2e",Vo) 2e +02 (19)
(19) 2 2 e
19) (20)
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15 (18)(22) Kove
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[13-15] 18 20 X Poz 31 Pu-MOX
Po2l/2 UO2+x
X Po,/6 MOX
MOz2-x 10 11% 20 25 40%Pu MOX [16-22]
21 25 X Poz 30 Pu MOX
10 25 Pu MOX 21 24 X Pozle
25 40%Pu 12 30%
Po, 13
26 MO2, x X  Po O/M Pu
X  Po2 Pu
X Po2l2 X Pozl/e UO2+x
Pu<30% X Poz 16
Pu 30 X Poz 173
X  Poz 28
Pu 30 Pu
(Vo,2e,Vo) 27(a)
Pu 25 Pu MOX
1 Pu 2
27(b) 2
2 2 2
Pus3+ 2 6
2 Pu 33% Pu MOX (Vo,2e,Vo)
30 Pu
(Vo,2e,Vo) 30 Pu MOX
3.4.4 PuO2x X  Poz
PuO2, x P. Kofstad X Poz
1/3 1/5 28 30
28 Woodley Po2-1/3 29 30
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3.5 MOz, x
MOz, x X X
25
X=[0iz] [Oiz,h*] [Vo] 1/2[Vo,2e-, Vo] 25
9 12 18 22 (26)
X=Kiz2 Po.t2  (1/4 Kue)3 Pol/6—(1/4 K-ae)l3 Porl/6
1/2(1/4  K-uz) 13 P03 (26)
UO2+x  (Puo.3Uo0.7)O2-x
14 15 23 24 MOz, x
Pu
Kz 18 20 (12) Kz 31
Kiz UT 31 Pu
Pu 32 Pu
31 32 K2 Pu
T (27)
In Kiz 17300  1/T) 6.8972 Pu+6.5375
Kiz 1/exp(6.8972 Pu+6.5375) exp(34375/RT) (27)
Pu Pu
MO2-x 10 25 Pu MOX X Po2
21 25 Po21/6
K-1/6 33 InKw UT
Pu 33
(28)
Kwe 368.7 exp(-112965/RT) (28)
40%Pu 25 15 30% Po, 13
28 30 PuO2-x Po. 1/3 -1/4
Po. 13 33 (22)
K-z 34 In Kus UT 34
30%,4%,100%Pu Pu
Pu 35 K- Pu
29
Kz  exp(4.0972x Pu +24.687)x exp(-224471/RT) (29)
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Kz Pu Pu
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K16=1/exp(16.79+30x Pu)x exp(37999/RT) (30)
MO2,.x O/M (30)
O/M=2+Ku2 P02 (1/4 Kue)3 Pol6—(1/4 K-e)l3 Porl/6
1/2(1/4  K-z) V3P0, A3 (32)
Kue 1/exp(16.79+30x Pu)x exp(37999/RT) (30)
K12 1/exp(6.5375+6.8972% Pu)x exp(34375/RT) (27)
Kas  368.3x exp(-112965/RT) (28)
K3 exp(4.0972x Pu +24.687)x exp(-224471/RT) (29)
Pu:Pu/(Pu+U), R: cal/molK)
O/M  Pu T
3.6
(31)
3.6.1 UO2+x
36 Chilton UO2+x 37 38 UO2+x
Oo/U log(Po2)
1
84 +1 38 O/U
ou 21
O.Toft Sorensen ou 21 X Pol2 X Popl3
O/u<2.1 o/uU 2.1
X Pozl2 o/uU 2.1
3.6.2 MOX
39 40 30 Pu 40%Pu-MOX
Oo/M
41 43 MOX 480 76
+ 43
O/M Markin
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45 46
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TG-DTA UO2+x (Puo.3Uo.7)O2-x
Ar-Hz-H20 800 1000 1200
A Go2 60 120kcal/mol
Oo/M

UO2:x  (PuosUo7)O2x A Go, AHo, A So, A Go,

10 20kcal/mol AHo. A So

UO2:x O/U 2005 AHo. A So
(PuosUo7)O2x  O/M=1.995 A Ho, A So,
UO2+x  (PuU)O2, x PuO2-x O/M
MOX
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ppm)
UuO2 MOX

Ag 0.5 4
Al <10 <50
B <0.6 <2
Ca <10 <50
Cd <0.6 <2
Cr 10 90

Cu 2 5
Fe <10 390
Mg 2 <20
Mn 9 10
Mo <10 <20
Na <10 260
Ni 16 40
Si <10 <20
V <10 <50
Zn <50 <50

16




LT

UO:

800 1000
0/U PO2 Go. 0/U PO2 Goz 0/U PO2 Gos»
2.0000 4.00E-25 -119.7 20000 4.71E-21 -118.4 2.0000 2.83E-18 -118.2
2.0000 5.31E-25 -119.1 2.0000 5.71E-21 -117.9 2.0000 2.52E-18 -118.6
2.0000 5.71E-25 -119 2.0000 1.01E-20 -116.4 20000 3.11E-18 -118
2.0000 6.58E-25 -118.7 2.0000 518E-21 -118.1 20000 3.19E-18 -117.9
2.0000 6.92E-25 -1186 2.0000 4.28E-21 -118.6 2.0001 9.01E-17 -108.1
2.0000 2.07E-24 -116.2 2.0000 544E-21 -118 2.0004 182E-17 -112.8
2.0000 3.94E-24 -114.9 2.0000 5.06E-21 -118.2 20006  5.14E-16 -103.0
2.0002 1.54E-23 -112 2.0000 4.60E-21 -1184 20009 5.26E-16 -102.9
2.0003 3.07E-21 -100.7 2.0000 5.71E-21 -117.8 20011 193E-14 -924
2.0004 4.18E-23 -109.8 2.0000 5.70E-21 -117.9 20018  4.66E-12 -76.4
2.0005 4.82E-21 -99.7 2.0002 2.07E-20 -1146 20020 8.65E-12 -745
20006  7.43E-23 -108.6 2.0004 1.30E-19 -110 20020 9.31E-12 -74.3
2.0008  1.97E-20 -96.7 2.0005 7.07E-19 -105.7 20025 2.02E-12 -78.8
2.0008 8.25E-20 -936 2.0006  2.59E-17 -96.6 2.0067  3.03E-10 -64.2
2.0009 4.77E-22 -104.6 2.0009  1.32E-16 -92.5
20009 1.65E-21 -102 2.0010 9.75E-16 -87.4
20011 1.22E-18 -87.9 2.0010 1.28E-14 -80.9
2.0012 2.32E-18 -86.5 2.0010 2.30E-15 -85.2
2.0015 4.32E-18 -85.2 2.0012 6.00E-14 =77
2.0019 143E-17 -82.7 2.0013  129E-13 =75
20020 3.37E-17 -80.8 2.0015 5.05E-13 -71.6
2.0020 1.44E-16 -77.8
2.0023  5.61E-16 -74.8

0¢0-¢00¢ 00¥8NL ONC
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(PU,U)Oz-x
800 1000
Oo/M PO2 Goy o/M PO2 Go, O/M PO2 Go.
20000 4.10E-20 -95.2 20000 3.92E-12 -66.4 20000 2.39E-09 -58.1
20000 210E-20  -96.6 20000 833E-13  -704 19999  472E-10  -629
19999  700E-21  -989 19999  361E-13  -725 19998 191E-10  -655
19999 250E-21  -1011 19998  7.48E-14 -76.5 19995  3.85E-11 -70.2
19999 110E-21  -1029 19996  3.53E-15 -84.2 19992  254E-12 -78.1
19993  7.90E-23  -1085 19996 320E-15  -844 19989 376E-13  -837
19990 120E-23  -1125 19996 863E-16  -87.7 19989 163E-13  -86.2
19987 220E-24  -116.1 19995  8.24E-16 -87.9 19989  1.25E-13 -86.9
19982 200E-25  -1213 19995  3.85E-16 -89.8 19989  120E-13 -87.1
19995 188E-16  -916 19983 7.98E-14  -883
19995 175E-16  -918 19983 6.75E-14  -888
19995 155E-16  -921 19976  161E-14  -93.0
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