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Abstract

The lattice parameters of stoichiometric UO: and U,-Er,O: in the range of y=0.01 to y=0.33
were determined with use of X-ray diffraction data. Oxygen potentials have been measured by
means of a thermogravimetric method in the range of 1200~1500°C and 10 %< po, <1073 for
pure UO, and U;-Er,0z ;. solid solutions with y=0.02, y=0.06 and y=0.20, respectively. Their
oxygen partial pressures were maintained by controlling CO,/CO mixture atmosphere, and the po,
values corresponding to x of U;-,Er,O2.. solid solutions were measured with an electrolyte oxygen
sensor.

The lattice parameter decreases linearly with an increase in the erbium content. The change of
the lattice parameter can be expressed in a linear equation of y as a(A) =5.4695—-0.220y for 0<
y<0.33. The experimental coefficients of y=—0220 in U;-,Er;0; was an intermediate value be-
tween the calculated values —0.273 and —0.156 in the case of U** and U°®*, respectively.

The 4 Go, has been found to undergo abrupt increase in the range of —360 to —270 kJ/mole
for y=0.06 and —320 to —220 kJ/mole for y=0.20, réspecﬁvely, in the temperature range of
1200 ~1500°C. 4 Go, increases with erbium content, but the effect of the dopant for x =001 is
less significant than that for stoichiometry.

The oxygen potentials for UO; and UygEr,;0,., can be approximately represented by the
Us*/U** model but those for y=0.06 in U,-Er,Oz., solid.solutions cannot be interpreted by the
mean uranium valence model.

2 <%

0<y=<0.33 99 24% 714 Ui-,EryOzsx 8- 9] ARY4-E- least-squares methodel] 2} 8]
soich. L 8A 9] AaeE Erel Arbeko] Zr)5tol e} ohem) o] A Ao 2 Pasigict : a(A)
=5.4695—0.220y, (0<y<0.33). U;yEryO+x & Aol A Er &akol odt AxpAt4o vl A 4

118



Analysis of the Mean Uranium Valence of U; -yEr,0z.. Solid +-- HS.Kim and D.S. Sohn

y=—0.220& Er**¢} 37loll a2 A7) 4 $4-¢ 2h53h7] sl mgAdol4 U =& U o] o] 7
7+ 2A @k sHdste] AR F, y=—0.273, —0.1569] Atelol glet,

Ui—EryOpax LEA 9} UOz+x8) AbLEElARS AL RS 1071 —1073, 2% 1200~1500°Cell 4] ther-
mogravimetric methodoll &]a] ZA st} CO, /CO E&7trg ] TGAWS A4 B ]S A1y
ou, ZEALAAE AE3he] po. & A8k 4 Go, 3L 1200~1500°C 8ol 4 y=0.062) 2
£A12] 7% —3603 —270k)/mole, 12} 3 y=02021 TFAlell4E —3205-8] —220kJ/mole 71|
77z FAA ke Aoz vebgel

u, JEOzsx L&A oA Ere] ghepo] we 7

ol £ UP* /U modele] Aba 24k wlojetell 423k

119

o2 velgtort y=006 o4l AFell= 33 TehE A7l os]A Aba TRI4FY] WlE
"é“"é‘ A=t
1. Introduction doped with various foreign cations have been rep-

Erbium is considered as slow burning absorber suit-

able for use in a PWR fuel management scheme for
high burnup and/or extended cycle operation [1]. It
is important to consider thermodynamic properties of
erbium doped fuel in addition to its neutronic prop-
erties. Uranium dioxide is known to accommodate
erbium ions, forming solid solutions of the type
Uy -yEr,02.« during sintering of Er-doped UQ: pellets
at high temperature. Therefore, the addition of dop-
ant to UQO; matrix influences the lattice structure and
thermodynamic properties due to the differences in
charge and size of the cation. Well defined thermo-
dynamic data of Ui-,EryOz:. are required for better
understanding of thermal and irradiation behaviors of
Er-doped fuel.

Themmal processes of the oxide system such as sin-

tering and creep at high temperature is mainly con-
trolled by the uranium diffusivity which is related to
the mean uranium valence. The mean uranium val-
ence of Ui-,EryOz:« solid solutions can be found
from the change of lattice parameter with dopant
content. It can be also deduced from the relation be-
tween mean uranium valence and oxygen potential.
The most reasonable valence can be determined
from the degree of agreement between measured
oxygen potentials and calculated values from the
mean uranium valence models.

The oxygen potentials of UO:.. and that of UO,

orted by previous investigators [2-19]. Kim et. al,
[20] have reported the oxygen potentials of the
Ui-EryOz:« solid solutions. In this study, further ex-
perimental work has been done to obtain the ther-
modynamic data for y=0.02 and the supplementary
data for y=0.06 and 0.20 in high po, region.

In the case of the M™ ions with m<4 substituting
U** ions of UO:, oxygen potential generally increases
and the uranium atoms are oxidized to a mean uran-
ium valence higher than 4+, unless the correspond-
ing amount of oxygen vacancies is formed in the
anion sublattice resulting from neutrality condition.
According to Ohmichi et al[21], the lattice par-
ameter change with y in U;-yGdyOz+« can be interp-
reted by considering that the accommodation of one
atom Gd®* causes oxidation of one U** atom in the
crystal to UP* in the composition range where the
mean valence of uranium is between 44 and 5+. If
this holds also for the present U,—,Exr,0:., solid solu-
tions, the uranium ions will be oxidized first to U**
from U** and then to U** from U°* by introducing
further Er atoms.

In the present paper, the lattice parameters of
pure UO: and the U,-,Er,O.., solid solutions with
erbium content in the range of 0.01 <y<0.33 were
determined. The oxygen potentials of UO; and the
Ui Er,Op:. solid solutions with y=0.02, y=0.06
and y=0.20 have been measured in the temperature
range of 1200~ 1500°C, respectively, by the thermog-
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ravimetric method using CO./CO mixtures for con-
trolling the po, in the gas phase. The mean uranium
valence of the U;-Er,Oz., solid solutions is analyzed
in terms of the lattice parameters and oxygen pot-
entials.

2. Experimental Methods and Materials
2.1. Sample Preparation

Powder samples were prepared for thermograv-
imetric studies by mechanical blending of UO, gy, with
weighed amount of Er:0s powder for 4 hours. UO:
powder having total impurities of less than 200ppm
was obtained by the ammonium uranyl carbonate
(AUC) conversion process where AUC precipitates
were pyrohydrolized and calcined in wet hydrogen
gas at 650°C. Er:0s; powder having the metallic pu-
rity of 99.99% was supplied from the Aldrich Chemi-
cal Co., Ltd. The impurity contents of UQO; and
Er:0; powders are shown in Table 1.

Mixed powder samples, which were mixed using
inclined cylindrical mixer, were pressed at 286 MPa
into green pellets of about 15 mm in diameter and 9
mm in length, which were then sintered at 1850°C in
hydrogen gas for 4hours. The sample preparation
procedure is intended to ensure that true solid solu-
tions are obtained. Sintered pellets were encapsuled
in quartz tubes in vacuum and homogenized at
1000°C for 405 hours. The pellets were then crus-

hed into chips, and used for thermogravimetric meas-

urements.
2.2. X-ray Diffraction Measurements

The homogenized pellets were sliced, polished and
annealed to obtain the stoichiometric composition at
1200°C in po.=107"'2, and then used for x-ray dif-
fraction specimens. X-ray diffraction measurements of
the solid solutions were made with use of a diffrac-
tometer with CuKa radiation. Lattice parameters
were determined by the least-squares method.
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Table 1. Impurity Contents of UOz and Er;O3 Powders

U0, powder

U content : 87.72%

H0:0.22%

O/U ratio : 2.099

Impurities {(ppm U basis ) :
A <10 B <02
C 60 Ca <20
Cd <02 Cr <10
Cu <10 Dy <01
F 238 Fe < 50
Gd <01 Mg <10
Mn <5 Mo <1
Ni <10 Si <10
Th < 100

Er:05 powder
Erbium () oxide : 99.99%
Er content : 87.3%

Impurities ( ppm Er basis ) :
Rare earth elements : none detected
Mg 45 ppm

Cr 25 ppm
Zr 20 ppm
Ca 5 ppm

2.3. Thermogravimetric Measurements of 4 Go,

The thermogravimetric method of measuring equi-
librium oxygen pressures is based upon weight chan-
ge of a sample. As shown in Fig. 1, the thermograv-
imetric apparatus is constructed with use of Setaram
model TGA 92 that has an electronic microbalance
vith the sensitivity of 1ug. The balance was connec-
ted with a carrier gas and auxiliary gas supply system,
and with a graphite resistance fumace with an alum-
ina work tube. The sample was placed in a Pt cru-
cible, and it was suspended from the balance by a
Pt-Rh wire into the work tube.

Thermogravimetric measurements were performed
under the oxygen partial pressures of 107 to 103
for pure UO; and for three Er compositions, namely,
y=002, y=006 and y=020 in U;-,Er,0.+. solid
solutions at the temperature range of 1200~ 1500°
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Fig. 1. Experimental Apparatus of Thermogravimetric Measurement.

C. The oxygen partial pressure was controlled within
+0.03 of log po. value by adjusting CO2/CO mixing
ratio with calibrated digital mass flowmeters. The pur-
ities of both CO2 and CO gases were higher than
99.99%. The oxygen partial pressure was checked by
an oxygen probe inserted in the fixed-temperature
furnace that is connected to the inlet of the TGA fur-
nace. The value of oxygen partial pressure was
obtained from the sensor woltage E (mV) using the
Nernst’s equation as follows ;

E
0.0096 Top® @71

1085 0,0 5en = D 0ys ver =

where po,, = is the oxygen partial pressure measured
by the sensor, po., » the oxygen partial pressure of

reference gas (po., -« =0.206 atm at air of 1 atm.),
Ten sensor temperature.

For the reaction CO+!.0.= COq, equilibrium
constant at oxygen sensor is

K _—IOA-—' pCO,sen ’)()?sm
sen - ﬂ(.‘O; [

(2-2)

where A=—14,749/T.n+4.534. The equilibrium

constant at TGA fumace is

M 1]
bco, 164 Poy rea

Knia=10°= . (2-3)

Pco;
where B=-14,749/Trca+4.534 and Trea is the
temperature of TGA furnace. Since CO,/CO ratio at
inlet of TGA is nearly the same as that at inlet of
sensor furnace, the oxygen partial pressure at TGA
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fumace is

8 Pco, 1A 107

’/§= ==
I’Oz.n.a 10 pC(). TCA IOA ﬂ();!wn .

(2—-4)

From Eq.2—1) and Eq.(2—4), the oxygen partial
pressure of TGA furnace is given by the following
equation :

log #o, ., = 29,498 (_Tl; - TLA)

_ (%jf + 0.686 ) 2-5)

The potential 4 60, value is obtained as follows :

4G o (Jimole) = 2.303 RTrca logpo, .. (2—6)

For insitu determination of the oxygen to metal
ratio by the thermobalance, it is necessary to adjust

the oxygen composition to produce stoichiometric ref-

erence state. It is assumed that a straight line in the
curve of 4 Go, versus relative weight change corres-
ponds to the stoichiometric composition. The values
of the O/(U+Er) ratio at various oxygen potentials
and temperatures were calculated from weight chan-
ges relative to the reference state as follows :

5l rato = 2 + [Hefp B 2-7)
where Wy is the molecular weight of stoichiometric
dioxide, W1 is the weight of sample, and W: is the
weight after conversion to the reference state.

3. Results and Discussion
3.1. Phase Relations

The oxygen to metal ratios of U Er,O» solid solu-
tions sintered in hydrogen atmosphere are con-
sidered to be below 2.00 since the oxidation state of
dissolved Er in UQO: cannot exceed the ionic valence
+3. Therefore, xray specimens were annealed to
obtain the stoichiometric composition at 1200°C in
po.=10"1'2 after homogenization treatment Une
and Oguma [15] analyzed the oxygen to metal ratios
of Ui-ErO2 solid solution pellets sintered in hydro-
gen atmosphere at 1700°C, by a spectrophotometric
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method. The results showed that the O/(U+ Gd) rat-
jos of all pellets were in the namrow range of 1.995
to 2.000, being independent of GdO, ; content with
0.04 <y=<0.27 and averaged to be 1.997, just below
the stoichiometric composition. However, Beals and
Handwerk [22] analyzed chemically the oxygen to
metal ratios of urania-gadolinia solid solutions sinter-
ed in hydrogen and argon atmospheres, and found
that the O/(U+ Gd) ratios were about 2.00 up to 40
mole % Gd cations.

The change of lattice parameter of the U;-,Er,02
solid solution is plotted as a function of dopant con-
tent in Fig. 2, where comparison was made with
other similar solid solutions. It can be noticed that,
for all the solid solutions, the lattice parameters de-
crease linearly with the increase of the dopant con-
tent, and the trend of parameter change of U;-Er,
O: was similar to that of U,-,Y,0: solid solution. The
break in the lattice parameter of the U;-,Er,0. solid
solutions has not found in the range of y=0 to
y=0.33. The change of lattice parameter as a linear

equation is expressed as
a(A) =5.4695 —0.220y for x=0, 0<y<0.33. (3—1)

The linearity shows that the solid solutions exist in
a single phase and the crystal structure is the same
as UO; structure up to y=0.33.
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Fig. 2. Lattice Parameters of U;-,M;0: Solid Solutions
versus Mole Fraction of Dopants.
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When Er** is substituted for U** ion in the cation
lattice, either an oxygen vacancy is created or some
of the U** ions are oxidized to U* or U%* to meet

electroneutrality conditions. Using a simple ionic mod-

el, Ohmichi et al. [21] explained the rate of change
of lattice parameter with y in MyU;-yOz., solid solu-
tions. It is found that the oxidation state of uranium
is UP* rather than U%* in the low concentration ran-
ge of rare earth elements. By applying the model to
the present case, the following two equations were
derived according to the resultant oxidation states of
uranium, U?* and U®*, by the incorporation of Er**.

In the case of U?*, the chemical form of the solid
solution is described as UtZ,Us* Er3* O;2. The lat-
tice parameter is given as

a(A) = 7%((1—2_\)) roety rgety vgatreh

(3—-2)
By differentiating the lattice parameter with v,
%=-é%’(7£,h+rlf»—2 Y. (3-3)

In the case of U°*, the chemical form is
Uity USs Erd* O;2. So, da/dy is obtained in a
similar way as
(3—4)

where 7g:+, Yunsr, 7us and 7y are the ionic radii of

da _ 4 1l _3
7;—75(”5#*"'2 Yvr—% QTR

the respective ions for eight-coordination and 7o+,
which is not a function of y, is an effective radius of
oxygen.

The coefficients of y in U;-,Er,Oz, which were cal-
culated by above Ohmichi’s approach and by taking
1.004 A for eight-coordination effective ionic radius

Table 2. Comparison of the Coefficients of y

on Radius(;\) Experimental |  Calculated da/dy
da/dy | U°* state | US* state
O CN=4 1368
U** CN=8 1.001
U°* CN=8 0.880 —0220 | —0273 | —0.156
Us* CN=8 0.860
Ef* CN=8 1.004
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of Er* [23], were —0273 and —0.156 for the oxi-
dation state of UP* and U°®*, respectively.

As shown in Table 2, the experimental coefficient
of y=—0220 was an intermediate value between
the calculated velues —0.273 and —0.156 in the
case of U** and U®*, respectively. It shows indirectly
the coexistence of U** and U®* in the U,-,Er,O; sol-
id solutions for y<0.33.

3.2. Oxygen Potentials of U,-Er,0;., Solid Solu-
tions

The oxygen potentials of Ui-,Er,0... solid solu-
tions against O/(Er+U) ratio are presented in Fig. 3,
Fig. 4 and Fig. 5 for the Er mole fractions of y=0.
02, y=0.06 and 0.20, respectively. Fig. 3 shows that
the 4 Go, values for UossEroezOz:+ solid solutions are
higher than that for pure UQOz+x. The plots of 4 Go,
against O/(U+Er) ratio show the expected increase
in oxygen potentials as the oxygen to metal ratio
goes to hyperstoichiometric composition. From the
slopes of the plots of 4 Go, against O/(U+ Er) ratio,
it is found that 4 Go, increases more rapidly at
1500°C than the two of lower temperatures. A very
rapid change in 4 60, is observed in Fig. 3, Fig. 4
and Fig. 5, when the composition deviates from stoi-
chiometry to hyperstoichiometry.

4 Go, has been found to undergo an abrupt in-
crease in the ranges of —270 to —360 kJ/mole for
y=0.06 and —220 to —320 kJ/mole for y=0.20,
respectively, in the temperature range of 1200~
1500°C. No data are available on 4 Go, for Ui-,Ex,
Q2+« to be compare with the present data. K. Une et
al.[10] suggested that the exactly stoichiometric Uoss
Ndo14O2 and Uo73Ndo2702 exist in relatively small ran-
ges of —240 to —280 kJ/mole and —180 to —230
kJ/mole, between 1000 and 1500°C, respectively.
The oxygen potentials of U,-Er,Oz.. increase posi-
tively with increasing Gd content and the steepest
change in 4 Go, occurs at O/M=2.00. The 4 Go,
values are —50 to —65 kcal/mole at stoichiometric

composiion for y=0.14, and —58 and —43
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keal/mole at 1000 and 1500°C, respectively, for
y=027 [14, 15].

Hypostoichiometric phase is appeared for y=0.20,
as shown in Fig. 5. It shows that an addition of Er
cations in UQ; remarkably stabilizes the oxygen de-
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ficient part of the solid solutions. This stabilization

trend in the hypostoichiometric phase by foreign cat-

ion additions to UQO: has been reported on the solid

solutions of Gd [15], Mg [24], Nd [10], Ce [8], Pu

[18, 19], Pr [9] and Eu [12]. Divalent Mg ion appear-
s to have a much larger effect on the change in

4 Go, value than trivalent Gd and Nd ions.

It is regarded that the O/(U+M) ratio giving the
steepest change in 4 Go, is exactly 2.0 which is true
for Ui-M;O2.+, with M** but does not seem to have
been corroborated as exactly true for those with M**
and/or M?*. The shift to a lower O/(U+M) ratio
than 2.0 has been observed for the solid solution
containing divalent Mg [25], Eu [12] and Sm [11].
The steepest change of the oxygen potential in
Ui-MO24« occurs at O/(U+Eu) ratios less than
2.0, namely 1.983 fory=0.1 and 1.950 for y=0.3, and
O/(U+Mg)=1991 for y=0.05 at 1000°C. Lindem-
er and Sutton [13] note that if the O/(Gd + U) ratio
is set to 2.0 at 4 Go,= —287 kJ/mole at 1500°C for
Ur-yGdyO2+x as for UOz+x, the nearly vertical portion
of 4 Go, data shifts with increasing to higher oxygen
potentials. These observations are not consistent with
results reported for the most other solid solutions
containing trivalent lanthanides. It has been reported
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that hypostoichiometric U;-,M,0.-, solid solutions
are very readily oxidized to stoichiometric compo-
sition during the fumace cooling in 10~! Pa vacuum
or standing in air at room temperature, so that the
oxygen composition in equilibrium can not be deter-
mined [21, 26]. However, the precise determination
of the O/(U+ M) ratio, where the steepest change of
oxygen potentials occurs with oxygen composition, is
essential for the use of the reference of the compos-
iton in 4 Go, measurements.

The 4 Go, values as a function of erbium content
for x=0.00 and x=0.01 in U;- M0z« Ui-,Er,0z
solid solutions at 1200, 1300 and 1500°C are shown
in Fig. 6. It is shown that the 4 Go, values increase
with erbium content, but the effect of dopant content
for x=001 is less significant than that for stoichi-
ometry. A clear relation between erbium content and
magnitude of the difference in 4 Go, for x=0.01 is

not observed.
3.3. Mean Uranium Valence in U, - Ex,O;.

It has been known that the oxygen potential of
hyperstoichiometric phase of fluorite solid solution
can be interpreted by the change of uranium valence
state [16, 26]. If dopant cation has a stable 3 + val-
ence, the deviation of solid solution from exact stoi-
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Fig. 6 Oxygen Potentials of U, -yEry0;., as a Function
of Exrbium Content.

chiometry must be permissible because the uranium
has many valence states.

The mean valence of uranium were calculated as-
suming the valences of erbium and oxygen in the
specimen to be +3 and —2, respectively. The equi-
librium among uranium ions and oxygen ions in
UOz+x and oxygen gas in the atmosphere is written
as follows :

07~ +2U°* =2U*" + 1, 0.(g). (3—5)

Application of the law of mass action to this equa-
tion vields
[ U4 + ]2 f)Oz lo
[PV 0* ]

where K is the equilibium constant and square brac-

K= (3—6)

kets is the concentration of each species per total ca-
tion site. When the composition of solid solution is
taken as U,-,Er,0zs,, the concentration of cation sit-
es satisfies following equation

(U*] + (U™ = 1-y, (3—-7)
and the electroneutrality condition requires
4[U*] + 5(U%] = Vu(l-y) (3—-8)
and [0%] - 2+x = 3y + 1vull-y) (39)

where Vy is the mean valence of the U ion. By sub-
stituting equations (3—7), (3—8) and (3—9) into
{3—6),

log po, =2 logK+210g[-g—y+ L vi-w

V —
+4log?£7z . (3—-10)

In the case of a combination of U** and US*, the

corresponding equation is

logpa,=2 logK+210g[%—y+% Vil -]

+2log SVE ;.4
u

(3—11)

The variations of oxygen partial pressures with the
mean uranium valence which is calculated by Eq.
{3—9) at 1200, 1300 and 1500°C are shown in Fig.
7 for y=0.06 and in Fig. 8 for y=0.20, as a func-
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tion of mean uranium valence. The change of po, val-

ues with W has a similar trend with the case of
4 Go, versus O/(U+ Er) plots.

The po, values cakulated by Eq.(3—10) and Eq.
{3—11) and the measured values as a function of W
at 1200 and 1500°C are shown in Fig. 9 and Fig.
10, respectively. The measured values for pure
UQz+« are intermediate values between the U°* /Ut

-1
F Ub.g4Ero.06024»
-3 - )
[ /‘/“t
—5:— P
: ////‘_
g1t [
o [
o ~of
-nf
[ , ecooee 1200°C
-13 N seans 1300°C
r sassa 1500°C
JRTY FYTTTP IS FRVPUTERTS FTTITTVETT FRVTVEUTTI FRTTEUIOT
4.0 4.1 4.2 4.3 4.4 4.5

Mean Uranium Valence (Vi)
Fig. 7. Oxygen Partial Pressure versus Mean Uranium

Valence for UogExo.0602+x.
-1
F Uo.80Er0.20024x
-3 ; o
: g
sk /
[ /")‘//..
r { 2
8§ -1 i
O -9} A
9 1
-1 /
o [
E } esces 1200°C
-13 5 esves 1300°C
s saass 1500°C
—15 ¥ aaelegesy FETTVTITUTUUS IVUTITITEE FIVYPTIT
4.0 4.1 4.2 4.3 4.4 4.5

Mean Uranium Valence (Vy)

Fig. 8. Oxygen Partial Pressure versus Mean Uranium
Valence for Ug.soEro 2002+ x.

dJ. Korean Nuclear Society, Vol. 28, No. 2, April 1996

model and the U** /U** model as shown in Fig. 9. A
complex model including the contribution of small
amounts of U* in addition to U** is considered to
meet with the best agreement in this case. In Fig. 10,
the measured values for UossErocOz+x at 1500°C are
reasonably represented by the calculated curve from
‘the UP* /U** model.
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at 1500°C.
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Yamashita and Fujino [27] have studied the phase
behavior of Ui-,Ca,Oz+x solid solution, and observed
two types of charge compensation ; in the range 0<
y=0.1, uranium valence remains unchanged but the
0O/(U+ Ca) ratio linearly decreases with increasing y.
In the range 0.2<y<0.33, on the other hand, U*"
atoms in the solid solution are oxidized to the higher
states. It means that the concentration of oxygen vac-
ancy increases for y<0.1, the concentration of posi-
tive polaron increases for higher dopant content in
order to compensate the charge valence with increas-
ing of y. However, introduction of trivalent ion neces-
sitates some U ions having higher charges than U*”
as positive holes or additional negative charges from
excess interstitial oxygens are compensated for by U
jions only. The mean valence of uranium of +5 is a
major factor which determines the single phase limit
of the fcc solid solution [27]. Fig. 2 has shown that
the lattice parameters of the solid solutions contract
as the dopant content increases that means the
mean uranium valence increases from +4 to higher
value.

However, the measured values for UosaEroosOz2:x
and UosoErozo0z:« never approach to the calculated
values based on both the UP*/U** model and the
U* /U model, as shown in Fig. 9 and Fig. 10. It is
considered, on the contrary on the results for
Ui-/Gd,Oz+« [26], that the oxygen potentials for
Ur-,Ex,Os:, solid solutions cannot be determined by
the mean uranium valence alone. It means that the
oxygen potentials cannot be interpreted by the mean
uranium valence model if dopant content is increas-
ed. It is caused by that the interactions among def-
ects may play an important role for defining the oxy-
gen potentials in solid solutions.

4. Conclusions

The lattice parameter of the U;-Er,0. solid sol-
ution decreases linearly with the increase of dopant
content in the range of y=0 to y=0.33. The linear
equation was expressed as a(A)=5.4695—0.220y,

(0<y<033). The experimental coefficient of
y=—0.220 in U;-,Er,0; was an intermediate value
between the calculated values —0.273 and —0.156
for the oxidation state of U** and U®*, respectively.

4 Go, of Uy-Er,Os+y solid solutions increases as
increasing y and/or equilibrium temperature at a giv-
en oxygen composition. The 4 Go, has been found
to undergo a abrupt increase in the range of —360
to —270 kJ/mole for y=0.06 and —320 to —220
kJ/mole for y=0.20, respectively in the temperature
range of 1200~ 1500°C.

The oxygen potentials for UOz+x can be expressed
by the mean uranium valence model which includes
the contribution of the U¢*/U** model in addition to
the U%*/U** model. Meanwhile, the oxygen potential-
s cannot be interpreted by the mean uranium model
for y>0.06 in U;-Er,02:..
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