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Abstract

The lattice parameters of simulated DUPIC fuel and UO; were measured
from room temperature to 1273 K using neutron diffraction to investigate
the thermal expansion and density variation with temperature. The lattice
parameter of simulated DUPIC fuel is lower than that of UO; and the
linear thermal expansion of simulated DUPIC fuel is higher than that of
UQO,. For the temperature range from 298 to 1273 K, the average linear
thermal expansion coefficients for UQO: and simulated DUPIC fuel are
10471 = 10° and 10.751 x 10° K-1, respectively.
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Table 1. Lattice parameters and average linear thermal expansion coefficients
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UOgpZ A4 sX7t S7Fshel uhel Axda5 0544629 054411 nmE 747 F9
Erta BE T U0z orthorhombicF%E 2to™, a = 06717, b = 03977 2 ¢ =
0.4144 nme AAAFE zZt=th UOwe 254 e Axyss o8 Aoz 33t

ST},

ar = 054704 [1 + 10.8 x 10T - 20)] + 0.00004 nm.

Baldock et al. [5]2 20 ~ 2300 C 9 =W oA UOig ~ UOgpe LS
XRDE o]&3sle ALY, o] 2= oA HuEAEaqGASTE (108 £ 0
10%C= gelatdrt. =a 900 C 7HAE (104 + 02) x 109 T2 wxaty

Albinati et al. [6]= TA A3 AEE o] &3dto] 293 ~ 1733 Ko <=9 Yol U029
ARG TE T 293 KolA U0l AAdSE 05471 nm o, %o ug
Hw3le v Aoz veRggith

a = 054576 + 4.326 x 10° T + 8477 x 10 T? nm.

Hutchings [7]2 F#F3]4d& o] 83e] 293 ~ 2930 K9 2Z=®felAl U0 ThO,
o ARFE FaheTh 203 KolA U0 Axg4 05470 nm 9o,

Momin et al. [8]F XRDE o]&3sto] UO, ThO, % dELAHAEo] Hrd
A

(UpsThos)Osl AAa42 Aol 4] 1600 Ke| £=wslold 24asith A7ke i

AANEL FEHFZ LnOs (Ln=La, Nd, Ce, Y, Sm, Gd and Eu), ZrO2 % , &¢7}g
EZ, MOM=Sr and Ba)e|t}. o]F 3|EFIREe] L&A E A3t Aoz LdEA
At TELS BE HIMEA g AAAAFIF Sod=s AS FRlsth 29 wE
AR FE U2 Aoz AAEA

a = 05469 + 4.192 x 10 (T-298) + 1.327 x 10° (T-298)%

oo A UOyel ARG 0546901, 298 ~ 1600 Ko &=w o)A A g3
A4E 108 x 10° K & vebgth U0l oF 20%9 S ERFES F7139S A4S

o
AAEet B AdlZASE 05441 nm 2 143 x 10° K 2 Z71s4
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UO,, NpO; ¥ Pu0:9 AXGTE S48t 2% w2 EFFAF+E sk
293 KolA U9l AAATFE 054699 nm fow, xo wE AxAsE tpsao
Z Yehf

a = 0545567 + 4.581x107° + 10.355 Tx10" T? - 2.736x10° T® nm
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for 273 K < T < 923 K
L = Ls5(0.99734 + 9.802x10° T - 270510 T? + 4.391x10° " T?)

for 273 K < T < 3120 K
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for 273 K < T < 923 K
a = 9.828x10° - 6.390x10°"° T + 1.330x10 " T? - 1.757x10°"" T*

for 273 K < T < 3120 K
a = 1.1833x107° - 5013x10° T + 3.756x10" T? - 6.125x10°"7 T°
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Table 1. Lattice parameters and average linear thermal expansion coefficients of

UO2

A5} 24245 (nm) i%ﬁ%ﬁfﬂT %4
Gronvold [4] 0.54704 (20 C) 10.8 (20~946 C) XRD
5 10.8 (20~2300 C)
Baldock [5] 054704 (23 C) 104 (20~900 C) XRD
Albinati [6] 05471 (20 C) Neutron
Hutchings [7] 05470 (20 C) Neutron
Momin [8] 05469 (23 C) 10.8 (25~1327 C) XRD
Yamashita [9,10] 0.54699 (20 C) XRD
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Table 2. Contents of fission products added in UO:> powders

element|chemical |weight contents |% of Weight of |weight of U|% of

form (9) element Oxide 1009 element
Rb Rb203 85.5 278.6 0.02811 356.83 0.03174| 0.0308761
Sr SrO 87.6 541.7 0.05465 640.62 0.05697| 0.0554318
Y Y203 88.9 355.0 0.03582 450.84 0.04010| 0.0390104
Zr Zr02 91.2 2888.4 0.29142 3901.65 0.34700| 0.3376048
Mo MoO3 96.0 2636.7 0.26602 3955.05 0.35175| 0.3422253
Tc RuO2 99.0 612.0 0.06175 822.61 0.07316| 0.0711798
Ru RuO2 101 .1 1724.5 0.17399 2270.50 0.20193| 0.1964632
Rh Rh203 102.9 330.0 0.03329 406.97 0.03619| 0.0352144
Pd PdO 106.4 1109.3 0.11192 1276.11 0.11349| 0.1104203
Te TeO2 127.6 379.6 0.03830 474.80 0.04223| 0.0410836
Ba BaCO3 137.3 1493.2 0.15065 2145.70 0.19083| 0.185665
La La203 138.9 957.7 0.09662 1123.18 0.09989| 0.0971871
Ce Ce02 140.1 1854.6 0.18712 2278.15 0.20261 0.197125
Pr Nd203 140.9 877.6 0.08854 1047.81 0.09319| 0.0906659
Nd Nd203 144.2 3157.2 0.31854 3682.52 0.32751 0.318644
Sm Nd203 150.4 693.0 0.06992 775.41 0.06896| 0.067095
Th 232.0 396.6 0.04001 0.00000 0
U uo2 238.0] 991154 100.000{1124402.51| 100.00000{ 97.29308
Np 237.0 354.7 0.03579 0.00000 0
Pu(Ce) [CeO2 244.0 7361.9 0.74276 5193.16 0.46186| 0.4493571
Am La203 243.0 720.1 0.07265 482.73 0.04293| 0.0417703
Table 3. EPMA results for metallic precipitates and matrix [12]
Point U Zr Mo Ru Pd Sr Rh Ba La Ce Te
1 3826 124 3414 1942 1.24 2.38 2.18 1.13
2 9833 029 0.55 0.43
3 2397 0.88 2792 4156 1.59 1.30 2.83
4 1270 1.88 42.08 32.57 2.10 2.94 .71  1.58 1.15 1.29
5  26.88 3198 30.13 228 1.74 2.05 1.36  1.47 1.08 0.47
1,3,4,5 : metallic precipitates, 2 : matrix




Table 4. EPMA results for the oxide precipitates and the oxides dissolved in the
matrix [12]

Point U Zr Nd Ba Mo Remark
1 98.96 0.40 0.65 matrix
2 13.57 34.00 52.42 oxide precipitate
3 28.76 28.76 43.93
4 20.53 31.50 47.97
5 12.40 34.41 53.19
6 86.49 5.73 7.78
7 99.26 0.47 0.27 matrix
8 98.09 0.72 0.87 0.31 matrix

Fig. 1. SEM image of polished and etched surface of simulated DUPIC fuel :

A) polished surface : Dark parts indicated by arrows are oxide precipitates.

B) etched surface : Equiaxed matrix grains, white metallic and dark oxide
precipitates are shown.

C) etched surface : Small particles indicated by arrows between the matrix grains
are metallic precipitates.
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Table 5. Lattice parameter and cell volume for UO: and simulated DUPIC fuel

UO, simulated DUPIC fuel
Temperature (K) —————=———————————— oo
a, nm volume, nm’ a, nm volume, nm
298 0.547176 0.163825 0.546832 0.163517
473 0.547993 0.164560 0.547664 0.164264
673 0.549116 0.165574 0.548825 0.165311
873 0.550276 0.166626 0.550064 0.166433
1073 0.551499 0.167739 0.551297 0.167555
1273 0.552762 0.168894 0.552564 0.168713

a9 2% UO.9 =< DUPIC &
oAl FA% UO.2 AR
H 2] DUPIC AR AxdFe= UORT AA vk
[8]e] At} & A3t} 2 UO, ThO, and (UpaThog)Oz0l 3 E
S AT RA AAGFIE Fojis ZoE R 2 AFoA %—%f& 2

e AAdse ve 4o tehd 5 vk

Asel emol we ARYFE v

For UO;,
ar = (054608 + 0.00011) + (279613 + 0.52332)x10° T +
(3.18639 + 0.72476)x10° T? + (1.00848 * 0.30533)x10 % T* (1)
For simulated DUPIC fuel pellet,
ar = (054578 + 0.00015) + (245728 + 0.70622)x10° T +

(3.96164 + 0.97806)x10™ T? + (1.34114 + 0.41204)x10** T°, 2)
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Fig. 2. Lattice parameters of UO; and simulated DUPIC fuel as a function of
temperature.

(percentage linear thermal expansion)< <%k-o] W& AxAFG9] F7hek

[e]
T a‘
g 2719 ARYFE oA AN T F Ak

’

Expansion % = {(ar - ass)/as}/100, 3)

°1714 ar and axg= =% T 2% 298 KoM o] AAGTE v, ¢ o=
3 A

AR AEgZr &L

For UO;,
Expansion % = (-0.20012 + 0.02037) + (5.1101 + 0.95640)x10* T

+ (582334 + 1.32454)x10 7 T? + (1.84307 + 0.5580)x10 7" T, (4)
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For simulated DUPIC fuel,
Expansion % = (-0.19309 + 0.02751) + (4.49366 + 1.29148)x10™* T

+ (7.24472 + 1.78859)x10 7 T? + (2.45256 + 0.7535)x107"° T°. (5)
O 38 9o Aow AME AIWlFES UERW Aotk ®eo DUPIC gl 2
AdFE U0Y ART Aoy AEddZAELS %/ veyton 257 F71ad42
1 2ol o =AA YEbwTh ol 2o Az HrbE 3 = ¢
o] Axlo] AFHo] nEAZS FA o] A AFHS A3 AR WEoE A7t

e},

1.4

0 UO,, This study ' ' '
12 O simulated DUPIC, This study
il A UO,, Yamashita 7]
1 ¢ UO, Albanati o
X UO,, Gronbold
Polynomial fit-UO,

ffffffffff Polynomial fit-simulated DUPIC

X

N
o
1

o
o
|

Thermal expansion, %
o o
EEN (0))
1 L 1

o
N
L

0.0 T T T T T T T T T T T
200 400 600 800 1000 1200 1400
Temperture, K

Fig. 3. Percentage linear thermal expansion of UO2 and simulated DUPIC fuel as

a function of temperature.
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_ 1 M)
ar = a298( aT (6)

A71A] axe® S 208 KolMel A5 tebdch 9] 4oz Add 433
e kg 34 Ao ekl 4 .

For UO;,

T = 6.38733x10 % + 8.05647x10°T - 3.12511x10 *T% + 1.82125x10 °T°.  (7)

For simulated DUPIC fuel,

T = 541076x10° + 1.34729x10°T - 9.68337x10 *T* + 2.26817x10 °T°.  (8)

208 ~ 1273 K9] &% #M9 oA U0¢ ®¢ DUPIC 1 me Hi AAdudl @A
10.471 = 10°%} 10751 x 10° K o]t}
Aol mhe WERss g A3 2ol AU & Y

L 3
o(T) = p(298) (JLZ ) (9)

T

o] S olgsle 2xo WE UL WHeE 7] AEte] H2 a9 4o YEMYS
o thga 2o How e & v
For UO.,

p(T)/p(298)x100 =100.60874-0.00157 T-1.69475x10° T*5.611x10° T°.  (10)

For simulated DUPIC fuel,

p(T)/p(298)x100 =100.58532-0.00139 T-2.1119Ex10°° T*+7.41818x10°"° T (11)

!

Siae &

7} 1273 K7HA] &7}
Ao ey, T Adel

U029t 22 DUPIC A ge 2% 5o we
Shol whel 27] U= 96929 97.02 % 7MA =

2 =
[t
o
)
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Fig. 4. Percentage density variation of UO; and simulated DUPIC fuel as a

function of temperature.
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