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Characterization Test of the Pellet Thermal Conductivity

Measurement Apparatus using Unirradiated Samples
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High burnup program of LWR fuel is now being put into practice in
Japan. The thermal conductivity of high burnup fuel is regarded as the
most important thermophysical properties. The shielded pellet thermal
conductivity measurement apparatus based on the laser flash technique
was developed for the study on high burnup fuel behavior. The thermal
conductivity is calculated from the value of thermal diffusivity, heat
capacity and density.

Unirradiated Uranium dioxide(UQ,) pellets, gadeolinia doped
U0, (U0, -Gd,0,) pellets and =zirconia(Zr0O,) samples were used for the
characterization tests of the apparatus. Measured temperature range of
thermal diffusivity was from the rcom temperature to 1700C. The
measured value of the thermal diffusivity of the UQ, agreed well with
the data of TPRC data series published by the Purdue University in
USA. ZrO, samples were prepared from a lump of Zr0, using a newly
developed devices. The thermal diffusivity of the Zr0Q, samples were

also agreed with another data.

Keywords : Laser Flash Technique, Thermal Conductivity, Thermal
Diffusivity, Uranium Dioxide Pellet, Gadolinia Doped UO,

pellet, Zirconia
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Table 2.1 Specification of Pellet Thermal Conductivity Measurement

Apparatus
1. Measurement Technique : Laser Flash Technique
2. Laser Oscillator : Ruby Laser (6 J/pulse)
3. Measurement Temperature : Room Temperature to 18Q0°C
4. Measurement Atmosphere : Vacuum {1.3x107% Pa)

5. Measurement of Rear-surface

Temperature Response : In-8b Infrared Detector
§. Measurement Reproducibility : = 5% {(Sample of Pure Ta)
7. Maximum Radioactivity of

Sample : 42.6 GBg
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Fig.2.2 Structure of Heating Furnace
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Table 3.1 Samples for Thermal Diffusivity Measurement of Unirradiated
UG, and U0, -Gd 0, Pellet

Sample Shape Diameter Thickness Weight Density
{mm) (mm) (mg) {g/cm?)

1 (t0.5/¢5.0) 5.29 0. 560 129.12 10.52

2 (t1.0/¢ 5.0} 5. 28 1. 040 239.57 10.52

U0 3 (t1.8/¢5.0) 5.28 1. 725 396.8 10. %0
4 (11.0/¢9.5) .50 0.9%5 T42.1 10.52
5(t1.8/¢9.5) 9. 4% L. 770 1312. % 10. 58

1 (10.5/¢5.0) 5.30 0. 560 126. 7 10.2%

U0.- 2 (t1.0/¢5.0) 5.30 i.010 231.2 10. 38
Ivt% 3 (t1.8/¢5.0) 5.30 i.800 410.8 10. 35
Gd20s 4 (11.0/¢ 9. 5) 9. 51 1. 000 730.7 10. 30
5(t1.8/¢ 9.5) 9.51 L. 1780 1308.3 10. 30

1 (t0.5/¢5.0) 5.28 0.485 112.3 10. 36

U0z- 2 (t1.0/¢5.0) 5.29 0.980 222.3 10.34
Bwth 3(t1.8/¢5.0) 5.29 1. 815 414. 6 10. 41
Gd20s 4 (t1.0/¢9.95) 9.52 0.950 702.6 10.40
5(t1.8/¢9.3%) §.50 1. 805 1328.1 10.38

1 (t0.5/¢5.0) 5.28 0. 5085 113.9 10. 30
2.1(t1.0/45.0) 5.28 1.030 232.0 10.29

U0:z- 2.2 ” 5. 28 1.020 230.1 10. 33
10wt% | 2.3 o 5.29 1.015 229. 8 10.32
Gd.Cs 3(tl.8/¢5.0) 5.29 1. 820 412.3 10.33
4 (11.0/¢9.5) 9.51 9.910 664. 0 10. 29

5 (t1.8/¢9.5) §.50 1. 845 1851.0 10. 33
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Table 3.2 Samples for Thermal Diffusivity Measurement of ZrQ,
Sample Diameter Thickness Weight Density
(mm) (mm) (mg) (g/cm?)
A:7102.-3%Ca0
{(Circle) 4.85 1.875 59.9 2.93
Bizro.izoxve0. | YT
(Circle) 4. 74 0.993 §7.0 4.98
Ci2r0.-18.7%Y204 | Y B N N
{Circle) (18.62mm*) 1.959 186. 6 5.11
T0:2r0,-13. T4Ys0s | B
(Triangie) (12.06mm?) 1. 965 121.1 5.11

¥ Parenthesis is sample area.
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Fig.3.2 Structure of Diamond Core Drill
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Fig.3.4 Picture of Diamond Core Drill
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Fig.3.6 Picture of Precise Cutting Device
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Fig.3.7 Picture of Zr0, Samples (aAfter Measurement)
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Table 4.1 Measurement Conditions for Thermal Diffusivity of
Unirradiated U0, and UC,-Gd0, Pellet

Setup ftem

Setup Value

1. Temperature

2. Atmosphere

3.Sensitivity

4.Data Add Number
of Times

5.Sampling Speed

6. Measurement Number

of Times

Room

High

or

Room

Room

High

Room

High

Room

High

Room

Temp. : 20°C
Temp. :
I1st; 100~1700°C (200°C intervals)
2nd; 100~1700°C (100°C intervals)
Ist; 100~1700°C (400°C intervals)
Znd; 100~1700°C (20013 intervals)
& High Temp. : 1.3x107*Pa Vacuous
Temp. : + 5bu V (Sample Thic. 1 & [.8mm)
4+ 1004 V (Sample Thic. 0. 5mm)
Temp. : Automatically
Temp. : 3
Temp. = 1
Temp. :
0.05sec (U0: & 3%Gd:0s-Shapel)
0.1 sec (UD: & 3%CGd-0s:-Shapel, 4,
6%Gd-0s & 10%Gd=0s-Shapel)
0.2 sec (UD, & 3%Gd:0s-Shape3, 5,
6§%Gd.0s & 10%Gd20s+Shapel, 3,4,5)
Temp. :
0.1 sec (UDz, 3%Gd:0s & 6%Gd:0s-Shapel)
0.2 sec (U0, 3%Gd:0s & 6%Gd:0s-Shapel, 4,
10%Gd.0s-Shapel, 2, 4)
0.5 sec (UOz, 3%Gd.0., 8%Gd.0s &
10%Gd20s-Shaped)

& High Temp. : 5§



Table 4.2 Results of Thermal Diffusivity Measurement of UO, Pellet at
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Room Temperature

Sample |{Measure-} Tempera- Half Time Method Logarithmic
Shape |ment ture Method
Number (°c) Diffusivity Half Time Diffusivity
of Times (cd/s) (msec) {cd /s)}
1 21 0.0366 11.89 0.0426
2 21 0.0365 11.94 0.0421
1 3 21 0.0364 11.97 0.0421
4 21 0.0363 11.98 0.0417
5 21 0.0367 11.388 0.9413
Average 21 0.036% 11.93 0.0426
"""""""" T T e sey T e 0osas
Z 21 0.0351 42.82 0,0343
2 3 21 0.0349 43.01 0.0347
4 21 0.0345 43. 54 0.0347
5 21 0.0339 44.25 0.0341
Average 21 0.0347 43.33 0.0345
"""""""" TR aesss | s ] oc0sa0
21 0. 0347 119.01 0.0337
3 3 21 0.03686 112. 76 0.0334
4 21 0.0348 118.75 0.0344
5 21 0.0353 116.98 0.0342
Average 21 0.0356 116.12 0.0339
"""""""" TR T oesar T azes | ocoses
2 21 0.0324 42. 31 0.0328
4 3 21 0.0326 42.16 0.0331
4 21 0.0325 42.128 0.0330
5 21 0.0324 42.39 0.0329
Average 21 0.0324 42. 36 0.0329
"""""""" U T eeste | st | oot
2 20 0.0815 137. 88 0.0315
5 3 20 0.03L9 136. 438 0.0317
4 20 0.0318 136. 66 0.0315
5 20 0.0316 137. 66 0.0315
Average 20 0.0317 137. 27 0.0316




Table 4.3 Results of Thermal Diffusivity Measurement of UO,(Sample Shape
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No.1l) at High Temperature

Tempera- Half Time Method Logarithmic
ture Method
(cH %B&ffusivity Half Time Diffusivity
{cd /5) (msec) (cd /5)
21 0.0365 11.93 0.0420
T8 - - 0.0354
521 0.0158 27.62 0.01690
902 0.0109 39.97 0.0107
1299 0.0083 h2.42 0.0078
1722 0.0068 64.09 0.0061
1509 0.0074 58.92 0.0068
10938 C.0095% 45.62 6.0092
696 0.0123 32.90 0.0134
306 0.0203 21.43 p.0212

Table 4.4 Results of Thermal Diffusivity Measurement of U0 (Sample Shape

Nc.2) at High Temperature

Tempera- Half Time Method Logarithmic
ture Method
(°C) Diffusivity Half Time Diffusivity
(ckf /3) (msec) (ck /s)
21 0.0347 43.33 0.0345
T8 0.0305% 49,28 0.0301
513 0.0161 93.31 0.0155%
896 0.0113 132.76 0.0107
1298 0.0088 169.73 0.0080
1721 0.0074 203.92 0.0064
1507 0.00890 187.99 0.0070
1093 0.0099 1561.8¢ 0.0092
701 0.0134 112.45 G.0128
312 0.0201 T4.786 C.0196




Table 4.5 Results of Thermal Diffusivity Measurement of UO,(Sample Shape
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No.3) at High Temperature

Tempera- Half Time Method Logarithmic
ture Method
(°C) Diffusivity Half Time Diffusivity
{ckt /s) {msec) {ck /3)
21 0.035%8 116.112 0.0339
83 0.0301 137.11 0.0291
500 0.0164 252.29 0.0158
901 D.0117 353.15 0.0109
1307 0.0085 434.32 0.0082
1728 0.0082 502.89 0.0067
1516 0.0088 467.89 0.0073
1100 06.0105% 392.67 0.00694
T04 0.0138 299.83 0.0129
3C6 0.0204 201,987 0.0197

Table 4.6 Results of Thermal Diffusivity Measurement of UQ,(Sample Shape

No.4) at High Temperature on lst Heating

Tempera- Half Time Method Logarithmic
ture Method
(°Cc) Diffusivity Kalf Time Diffusivity

{ed /s) (msec) (cd /s)

21 0.0324 42.36 0.0329
100 0.0301 45,67 0.03014
308 0.0217 63.30 D.0218
509 0.0164 83.82 0.0163
639 0.0135% 101.45 0.0133
885 D.0115 119.77 0.0111
1095 0.0099 138.212 0.0094
1304 0.0089 154.9% 0.0082
1510 0.0080 171. 34 0.0072
1725 0.0074 185.50 0.0065
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Table 4.7 Results of Thermal Diffusivity Measurement of UO (Sample Shape
No.4) at High Temperature on 2nd Heating (1/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /5) {msec) (cd /5)
1 19 0.0324 42.490 ‘ 0.033¢0
19 0.0324 42. 39 0.0325
3 19 0.0320 42.93 0.0329
4 19 0.0821 42.79 0.0324
5 19 0.0823 42.59 0.0331
Average i9 0.0323 42.690 0.0328
""" T R N R W FY TR
2 717 0.0304
3 T8 06.0293 46.87 6.0301
i T8 0.0305
5 T8 0.0304
Average 78 0.0304
""" S e Y R R ST P71
? 162 0.0266
3 163 0.0263 52.123 0.0267
4 163 0.0266
5 164 0.0265
Average 163 0.0266
""" e N R R ST ¥ TR
2 282 0.0224
3 283 0.0222 61.83 0.0223
4 284 0.0223
5 285 0.0222
Average 2813 0.0223
""" A R v I N R ST R
2 395 0.018%1
3 395 0.0191 72.03 0.0190
4 396 0.0191
5 397 0.0190
Average 395 0.019¢
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Table 4.7 Results of Thermal Diffusivity Measurement of UQ (Sample Shape
No.4) at High Temperature on 2nd Heating (2/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°cH Diffusivity Half Time Diffusivity
of Times (cd /3) (msec) (cd /5)
1 502 0.0168
2 502 0.0166
3 503 0.0168 §1.96 0.0166
4 503 0.01686
5 503 0.01686
Average 503 0.0166
"""" T e T Y a s
2 599 0.01438
3 599 ¢.0150 91.56 0.0148
4 599 0.06148
5 600 0.0148
Average 599 0.0148
""" AR YT R N T P
2 687 0.0134
3 687 0.0137 100. 35 0.0134
4 687 0.0134
5 886 0.0134
Average 8817 0.0134
""" U e T N N R N YE SR
7886 0.0122
3 786 0.0125 109.68 p.0122
4 786 0.0121
5 786 0.0122
Average 1856 0.0122
""" I T T N R R W T
2 887 0.0111
3 887 0.0115 119. 42 0.0111
4 887 0.0111
5 881 ¢.0111
Average 8817 0.0111
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Table 4.7 Results of Thermal Diffusivity Measurement of UG, (Sample Shape
No.4) at High Temperature on 2nd Heating (3/4)

Measure-— Temperé— Half Time Method Logarithmic
ment ture | Method
Number (°c) Diffusivity Half Time Diffusivity
of Times (ck /s) (msec) (cd /5)
1 998 0.0102
2 999 D.0102
3 999 0.01C6 129.14 0.0101
4 999 0.0101
5 999 0.0101
Average 9919 0.0102
""" T e T el o0ee
2 10919 0.0094
3 10919 0.0100 138.08 0.0094
4 1099 0.0094
5 1099 0.0094
Average 1099 0.00094
""" T rdes T T 0l 0ss
2 1203 0.0088
3 1202 0.0094 146.53 0.0087
4 1202 0.0088
5 1202 0.6087
Average 12012 0.0088
""" T awes T T wlo0se
2 1305 0.0082
3 1305 0.0089 154.85 6.0082
4 1305 0.0082
) 13059 0.0082
Average 1305 0.0082
""" R T N I R O YE LA
2 1406 0.0077
3 1406 0.0084 163. 31 0.0077
4 1406 G.0077
5 1408 0.0076
Average 1406 0.0077




Table 4.7 Results of Thermal Diffusivity Measurement of UO (Sample Shape

JAERI- Tech 94-028

No.4) at High Temperature on 2nd Heating (4/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture | Method
Number (°C) Diffusivity Half Tinme Diffusivity
of Times (cd /s) (msec) (cd /s)

1 1508 0.0072

2 1508 0.0072

3 1508 0.0080 171.14 0.0072

4 1507 0.0072

5 1508 0.00712
Average 1508 0.0072

""" DT e T T el 0es

2 1614 0.0068

3 1614 6.0077 178.48 0.0068

4 1614 0.0068

] 1613 0.0068
Average 1614 G.0068
""" P B N Y T YT TR

2 1715 0.0064

3 1715 0.0074 [85.75% 0.00658

4 1715 06.0065

5 1714 0.0064
Average 1715 0.0064
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Table 4.8 Results of Thermal Diffusivity Measurement of UO,(Sample Shape
No.4) by Logarithmic Method(0.2<#/6m<0.5) on 2nd Heating

Temperature Diffusivity

(°C) (cd /5)
19 0.0349
78 0.0322
283 0.0230
501 0.0168
687 0.06135
881 0.0110
1098 0.0092
1305 0D.0078
1508 0.0068
1715 0.0060

Table 4.9 Results of Thermal Diffusivity Measurement of Carbon Spread
UO,(Sample Shape No.4) at High Temperature

Tempera- Half Time Method Logarithmice
ture Method
(Cc) Diffusivity Halif Time Diffusivity
(cd /5) (msec) (cd /5)
18 0.0304 45.121 0.0298
88 0.0276 49.79 0.0274
279 0.0213 64.58 0.0208
508 0.0160 B5.171 0.0156
709 0.0131 104.178 0.0127
907 0.0112 123.07 g.0107
1104 0.0098 139.63 0.0092
1306 0.0088 156.93 0.0081
1505 0.0079 173.07 6.0071
1705 0.0070 195.89 0.0061
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Table 4.11 Results of Thermal Diffusivity Measurement of UO_ -3%Gd0,
Pellet at Room Temperature

Sample [Measure-| Tempera- Half Time Method Logarithmic
Shape |[ment ture Method
Number (°Cc) Diffusivity Half Time Diffusivity
of Times (cd /s) (msec) (ci/s)
1 20 0.0232 18. 174 0.0229
2 20 0.0232 18.74 0.0229
1 3 20 0.0229 18.99 0.0232
4 20 0.0232 18.76 0.0232
5 20 0.0237 18.38 0.0232
Average 20 0.0233 18.12 0.0231
"""""""" TN T W eaas T s T evesn
2 19 0.0243 58. 26 0.0232
2 3 19 0.0241 58.173 0.0234
4 19 0.0241 58.67 0.0232
5 19 0.0237 59.73 0.0234
Average 13 0.0242 58.49 0.0233
"""""""" T T 0 e ) weoasr
2 19 0.0258 174.00 0.0249
3 3 19 0.0255 176. 22 0.0247
4 19 0.0256 175.173 0.0251
5 19 0.0251 179,086 0.0250
B Average 19 0.02353 177.82 0.0247
"""""" TR U eemas T T Tweees | oioass
2 16 0.0231 60.12 0.0226
4 3 16 0.0281 60.12 0.0228
4 i6 0.0229 60.73 0.06225
5. 16 0.0229 80.63 0.0225
] Average 16 0.0230 60. 46 0.0226
""""""" T T T T oaas | ks | aozse
2 19 0.0241 184.69 0.0233
5 3 19 0.02317 187.41 0.0231
4 19 0.0237 187. 48 0.0229
5 19 0.0239 186, 37 0.0234
Average 19 0.0239 185,87 0.0232
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Table 4.12 Results of Thermal Diffusivity Measurement of U0,-3%Gd0,
(Sample Shape No.l) at High Temperature on lst Heating

Tempera- Half Time Method Logarithmice
ture Method
(C) Diffusivity Half Time Diffusivity
(cdt /s) {msec) (cﬂ/s)
20 0.0233 18.72 0.0231
82 g.o0210 - 20.78 0.0207
5117 0.0133 32.711 0.0131
909 0.0099 43.84 0.0096
1303 0.0080 54. 30 0.0075
1725 0.0066 65.95 0.0059
1513 0.0070 62.43 0.0064
1697 0.0083 52.38 0.0079
701 0.0105 41.30 0.0103
306 0.0146 29.78 0.0145

Table 4.13 Results of Thermal Diffusivity Measurement of UQ_-3%Gd,0,
(Sample Shape No.l) at High Temperature on 2nd Heating

Tempera- Half Time Method Logarithmic
ture Method
(°C) Diffusivity Half Time Diffusivity
(cd /s) (msec) (cd /8)
19 0.0223 19.58 6.0233
86 0.01%8 21.99 0.0185
2995 0.015¢0 29.05 0.0146
505 0.012% 34.93 06.0121
705 0.0108 41.04 0.0104
899 0.0094 46.52 0.0091
1103 0.0084 52.10 0.0080
1305 0.0076 57. 44 0.0071
1516 0.0070 62.44 0.0064
1727 0.008635 687.18 0.0058




JAERI-Tech 54-028

Table 4.14 Results of Thermal Diffusivity Measurement of UG -3%Gd0,
{Sample Shape No.2Z) at High Temperature on 1lst Heating

Tempera- Half Time Method Logarithmic
ture . Method
(°C) Diffusivity Half Time Diffusivity
(ct /5) (msec) (cd /5s)
19 0.0242 58.49 0.0233
81 0.0214 . 66.12 0.0207
518 0.0135 104.82 0.0128
896 0.0102 138.51 0.009%
1302 D.0083 169.80 0.0075
1724 0.0073 194.90 0.0061
1510 6.0077 185.02 0.0067
1093 06.0091 155.99 0.0083
700 0.0115 122.80 G.0109
304 0.0160 88.27 0.0153

Table 4.15 Results of Thermal Diffusivity Measurement of UC, -3%Gd0,
(Sample Shape No.2) at High Temperature on 2nd Heating

Tempera- Half Time Method Logarithmice
ture Method
(*C) Diffusivity Half Time Diffusivity
(cd /) (msec) (ck /s)
18 0.0239 59.12 0.0233
81 0.0216 65.70 0.0207
291 0.0162 87.41 0.0154
503 0.0133 106.41 0.0127
703 0.0114 124.08 0.0108
894 0.0101 140. 64 0.0094
1097 0.0090 156.77 0.0083
1300 0.0082 171,77 0.0074
1511 0.0076 185.81 0.0067
1723 0.0070 201.99 0.0059
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Table 4.16 Results of Thermal Diffusivity Measurement of UO,-3%Gd0,
{Sample Shape No.3) at High Temperature on 1st Heating

Tempera- Half Time Method Logarithmice
ture Method
(Cc) Diffusivity Half Time Diffusivity
(cd /5) {(msec) (cd /s)
19 0.0253 177.82 0.0247
54 0.0227 - 198. 44 0.0217
503 0.0140 320.18 06.0134
896 0.0108 415.5612 06.0099
1301 0.0091 429.08 G.0078
1724 6.0082 550.18 0.0085
1511 0.0084 532.57 0.0070
1096 0.0097 481.955 0.0086
700 0.0121 372.87 0.0112
303 0.0165 272. 34 0.0158

Table 4.17 Results of Thermal Diffusivity Measurement of U0,-3%GdO0,
(Sample Shape Nc.3) at High Temperature on 2nd Heating

Tempera- Half Time Method Logarithmic
ture ' Method
(c)H Diffusivity Half Time Diffusivity
(cd /s) (msec) (cd /s)
18 0.0252 178.51 0.0235
B4 0.0215 208.83 0.02114
2912 0.0166 271.48 0.0158
5012 0.0137 327.49 0.0131
703 0.0119 376.90 0.0112
B9 0.0107 420.99 0.0097
1099 0.0097 464,71 0.008%
1302 0.009¢0 501.68 0.0077
15112 0.0085 528.178 0.0070
1724 0.0078 565.84 0.0064
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Table 4.18 Results of Thermal Diffusivity Measurement of UQ -3%Gd,0,
(Sample Shape No.4) at High Temperature on 1lst Heating

Tempera- Half Time Method Logarithmic

ture Method

(°C) Diffusivity Half Time Diffusivity
(cd /s) (msec) (ck /)
186 0.0230 60.46 0.0228
104 0.0211 . 65.63 0.0210
289 0.0172 80.61 G.0168
482 0.01470 99.10 0.0137
686 0.0118 118.03 0.0114
893 0.0102 135.70 0.0097
1093 6.0091 151.986 0.0086
1297 0.0082 167.00 ¢.0076
1498 0.0077 180.70 6.0068
1689 0.0072 192.58 0.0062
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Table 4.19 Results of Thermal Diffusivity Measurement of UC -3%Gd40,
(Sample Shape No.4) at High Temperature on Znd Heating (1/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number c)H Diffusivity Half Time Diffusivity
of Times {cd /5) {msec) (ce /5)
1 18 0.0225 61. 71 ' 0.0222
2 18 0.0224 62.07 0.0219
8 18 0.0225 61.60 0.0220
4 18 0.0225 “61.81 0.0219
5 18 06.0226 1.53 0.0218
Average 18 0.0225% 61. 74 0.02290
""" A I T I R R WY PY PR
2 104 0.0202
3 104 0.0206 716,39 0.0203
4 105 0.0201
5 105 0.0203
Average 104 0.0203
""" T T Y N N B ST TR
181 0.0187
3 181 0.0190 73.24 0.01886
4 181 0.0187
5 181 0.0187
Average 181 0.0187
""" P T e ST
2 296 0.0163
3 246 0.0166 83.84 0.0162
4 266 0.0162
5 297 0.0162
Average 296 0.0162
""" TR T T v
2 390 0.0147
3 380 - 0.0149 93.07 0.0146
4 392 0.0146
5 392 0.0146
Average 391 0.0146
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Table 4.19 Results of Thermal Diffusivity Measurement of U0,-3%Gd0,
(Sample Shape No.4) at High Temperature on 2nd Heating (2/4)

Measure- | Tempera- half Time Method Logarithmic
ment ture Method
Number (°c)H Diffusivity Half Time Diffusivity
of Times (cd /s) {msec) (cd /5s)
1 4919 0.0131
500 . 0.0131
3 500 0.0134 103.36 0.0131
4 501 0.0131
2 501 0.0131
Average 500 0.0131
""" P B R I N Y S SET R
2 600 0.01119
3 600 0.0123 112. 96 0.0118%
4 600 0.0119
5 600 0.0118
Average 6800 0.0119
""" N P N I R Y TYT I
702 0.0110
3 102 0.0113 122. 83 0.0109
4 702 0.0110
5 702 0.0109
Average 702 ) 0.0110
""" A Y R R N BT T ST R
2 8§00 D.0101
3 800 0.0106 131.55 0.0101
1 7919 0.0101
5 799 0.0101
Average 800 0.0101
""" P BT YR N N T
2 898 0.0094
3 898 0.0099 139. 89 0.0094
4 8498 0.0094
5 398 0.0094
Average 898 0.0094
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Table 4.19 Results of Thermal Diffusivity Measurement of U0 -3%Gd,C,
(Sample Shape No.4) at High Temperature on 2nd Heating (3/4)

Measure— | Tempera- Halif Time Method Logarithmic
ment ture Method
Number (‘C) Diffusivity Half Time Diffusivity
of Times (cd /5) {msec) (cd /)
1 399 0.008%9
2 989 ) 0.0089
3 989 0.0094 148.10 0.008%
4 999 0.0088
5 999 0.0088
Average 399 0.008%
""" U T Y Y S R N T Y TR
2 1098 0.0084
3 1098 0.00819 155.98 0.0083
4 1098 0.0083
5 1098 0.0084
Average 1098 0.0084
""" T T T T N Y O T T
2 1199 0.0079
3 1198 0.0085. 163.10 0.0079
4 1198 0.0079
5 1198 0.0079
Average 1198 0.00719
""" U e T T eeens
2 1300 0.0075%
3 1299 0.0081 170.95 0.007%
4 1299 0.0074
§ 1299 0.0073%
Average 1299 0.0075
""" N Y T T N N B YT R
1398 0.0071
3 1397 0.0078 176.94 0.0071
4 1397 0.0071
5 1397 0.0071
Average 1397 0.0071
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Table 4.19 Results of Thermal Diffusivity Measurement of U0 -3%Gd0,
(Sample Shape No.4) at High Temperature on 2nd Heating (4/4)

Measure—- | Tempera- Kalf Time Method Logarithmic
ment ture Method
Number (°c) Diffusivity Half Time Diffusivity

of Times (cd /s) {msec) (cd /s)

1 1496 0.0068

2 1496 0.0068

3 1495 0.0076 183.30 0.0068

4 1485 0.0068

5 1495 0.0067

Average 1495 0.0068
""" A T TS S N N B T T

2 1580 0.0065

3 1590 0.0074 188. 37 0.0065

4 1590 0.0088

5 15819 0.0065

Average 1890 0.06065
""" U e T el 0ez

2 1680 0.0062

3 16719 0.0072 193. 40 0.0062

4 1679 0.0062

5 1678 0.0062

Average 16749 0.0062
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Table 4.20 Results of Thermal Diffusivity Measurement of U0 -3%Gd0,
(Sample Shape No.4) by Logarithmic Methed (0.2<8 /0m<0.5)
on 2nd Heating

Temperature Diffusivity

(°C) (cd /5)
18 0.0225%
104 0.0203
296 0.0162
5040 0.0130
702 0.0107
898 0.0092
1098 0.0080
1299 0.0071
1495 D.0063
1679 0.0057
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21 Results of Thermal Diffusivity Measurement of UOQ_-6%Gd0, at
Room Temperature

Sample |Measure-| Tempera- Half Time Method Logarithmic
Shape [ment ture Method
Number (*C) Diffusivity Half Time Diffusivity
of Times (cd/s) (msec) (cd/s)
1 Z1 0.0185 18.37 0.0188
21 0.0189 18.03 0.0187
1 3 21 0.0189 18.02 0.0187
4 21 0.0189 17.96 0.0186
5 21 0.0186 18. 24 0.0186
Average 21 0.0188 18.12 0.0187
"""""""" TR T T eene T Tesse | ootss
2 20 0.0206 64.83 0.0197
2 3 20 0.0205 65.08 0.0201
4 20 0.0207 64.52 0.0194
5 20 0.0204 65.50 0.0197
Average 20 0.0206 64. 69 0.0197
"""""""" T Y T ey e 000
2 20 0.06212 215. 25 0.0206
3 3 20 S 0.0213 214.85 0.0208
4 20 0.0214 213. 67 0.0204
a 20 0.02117 210.91 0.0201
. Average 20 0.0215 213. 14 0.0205
""""""" DT T e | eas [ ooorse
2 18 0.0193 64. 95 ¢.0189
4 3 18 0.0192 85.22 0.0188
4 18 0.0193 64. 80 0.0191
5 18 0,0195 64.19 0.0190
Average 18 0.0194 64. 66 0.0190
""""" T 7T T T enes | ety | o.onad
2 20 0.0208 223.02 0.0195
5 3 20 0.0198 228.1% 0.0193
4 20 0.0200 226.36 0.0197
5 20 0.0199 227.175 0.0195
Average 20 0.0199 227.32 0.0195
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Table 4.22 Results of Thermal Diffusivity Measurement of UQC -6%Gd.C,
(Sample Shape No.l) at High Temperature on lst Heating

Tempera- Half Time Method Logarithmic

ture Method

(°C) Diffusivity Half Time Diffusivity
{ck /s) {msec) (el /5)
21 0.0188 18.12 0.0187
156 0.,0175 - 19.39 0.0175
528 0.0118 28.90 0.01186
911 0.0092 36.98 0.0089
1312 0.0077 44.42 0.0072
1721 0.0061 55.97 0.0054
1511 0.0063 54.120 0.0057
11086 0.0072 47.27 0.0068
7286 0.0088 38.55 0.0085%
361 0.0119 28.53 0.0118§

Taple 4.23 Results of Thermal bDiffusivity Measurement of U0, -6%Gd,0C,
(Sample Shape No.2) at High Temperature on 1st Heating

Tempera- Half Time Method Logarithmic
ture Method
(°c) Diffusivity Half Time Diffusivity
(ck /5) (msec) (cd /3)
20 ¢.0208 64.69 0.0197
83 0.0183 72.95 0.0176
514 0.0122 109.26 0.0117
905 0.0098 136. 64 0.0091
1304 0.0083 160.12 0.0075
1727 0.0073 182.98 0.0062
151% 0.0076 176.12 0.0067
1099 0.0087 153.98 0.0080
704 0.0105 126.61 0.0099
307 0.0189 96.21 0.0132
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Table 4.24 Results of Thermal Diffusivity Measurement of U0 -6%Gd0,
(Sample Shape No.2) at High Temperature on 2nd Heating

Tempera- Half Time Method Logarithmic
ture Method
(°c) Diffusivity Nalf Time Diffusivity
(ch /s) {(msec) (cd /)
19 0.0197 67.53 0.0188
86 0.0172 . T7.64 0.0165
2912 0.01319 96.04 0.0133
502 0.0:20 110.70 0.0114
7G5 0.0106 125.35% 0.0101
900 0.0097 138.14 06.0090
1103 0.0088 151,94 0.0080
1306 0.0081 163.79 0.0078
1516 G.0076 174,81 0.0067
1728 0.0072 184.90 0.0061

!

Table 4.25 Results of Thermal Diffusivity Measurement cof UC,-6%GdQ,
(Sample Shape No.3) at High Temperature on 1st Heating

Tempera- Half Time Method Logarithmic

ture Method

(°C) Diffusivity Hatf Time Diffusivity
(ck /s) {msec) {(cd /s})
20 0.0215% 213,14 0.0205
167 0.0183 249.82 0.0192
541 0.0127 359.67 0.0121
812 0.0104 441,24 0.0094
13112 0.0090 508.09 0.00717
1721 0.0081 565.586 0.00686
1510 0.0085 537.76 0.0070
1108 0.0094 488,28 0.0082
124 0.0110 414.90 0.0103
378 0.0141 323.28 0.0135%




JAERI- Tech 94-028

Table 4.26 Results of Thermal Diffusivity Measurement of UQ -6%G4,0,
(Sample Shape No.3) at High Temperature on 2nd Heating

Tempera- Half Time Method Logarithmic

ture Method

(°C) Diffusivity Half Time Diffusivity
(cd /5) (msec) (cd /)
20 0.0208 219.352 0.0188
166 0.0183 . 249.19 0.0165
362 0.01486 313.39 0.0133
540 0.0124 369.92 0.0114
723 g.0110 ©416.72 6.0101
913 0.01040 455.32 0.0090
111z 0.0093 490.82 6.0080
1313 0.0088 520.95% 0.0073
1513 0.0084 541.22 0.0067
1722 0.0081 564.90 0.0061

Table 4.27 Results of Thermal Diffusivity Measurement of UC,-6%Gd0O,
(Sample Shape No.4) at High Temperature on 1lst Heating

Tempera- Half Time Method Logarithmic

ture Method

(c) Diffusivity Half Time Diffusivity
(cd /5) (msec) (cd /s)
18 0.0194 64.66 0.0190
108 0.0180 69.57 0.0177
302 0.0149 84.09 0.0148
498 0.0126 99.380 0.0123
697 0.0110 114,11 0.01086
897 0.0099 127.03 0.0094
1094 0.0089 140,11 0.0084
1294 0.0082 152.10 0.007¢6
1485 0.0077 161. 64 0.0069
1667 0.0073 170,71 0.0064
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Table 4.28 Results of Thermal Diffusivity Measurement of U0 -6%Gd0,
(Sample Shape No.4) at High Temperature on 2nd Heating (1/4}

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (C) Diffusivity Half Time Diffusivity
of Times (cd /5) (msec) (cd /s)
1 18 0.018% 66.19 0.0187
2 18 0.0190 65.98 0.0186
3 18 0.018% 56. 36 0.0186
4 18 0.0190 65.97 ¢. 0187
5 18 0.0188 B6.59 6.0186
Average 18 0.0189 66. 22 0.0186
""" DT T T s
2 107 0.017%
3 108 0.0175 T1.77 0.0173
4 108 0.0173
5 108 0.0174
Average 108 0.0174
""" VTS T ahaer
2 194 0.0160
3 194 0.0163 76.90 0.0160
4 194 0.0159
5 194 0.0160
Average 194 G.0160
""" N T P I N R W SVE R
2 o2 ¢.0144
3 303 0.0145 B6. 16 0.0143
4 303 0.0143
5 304 0.0143
Average 303 0.0143
""" T TR T T 0voes
2 392 0.0132
3 393 0.0134 93.68 0.0131
4 394 0.0131
5 394 0.0131
Average 393 0.0131
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Table 4.28 Results of Thermal Diffusivity Measurement of UO,-6%Gd.0C,
(Sample Shape No.4) at High Temperature on 2nd Heating (2/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /s) (msec) (cd /)
1 492 0.0121
2 493 0.0129
3 493 010124 101.39 0.0121
4 494 0.0120
5 494 0.0L20
Average 493 0.0120
""" P I N R Y FET
2 588 _ 0.0111
3 588 D.0113 109.00 0.0112
4 589 0.0111
5 589 D.0112
Average 588 0.0112
""" ST R T T oo
2 591 0.0104
3 6§91 0.0107 116,64 0.0104
4 5§91 0.0104
5 691 0.0104
Average 691 0.0104
""" S T L I B W YT U
2 795 0.0097
3 795 0.0101 123.838 0.0097
4 795 0.00897
5 795 0.0097
Average 799 0.0097
""" DT e T T eees
2 300 0.0081
3 900 0.0096 130.99 0.00691
4 900 0.00691
5 900 0.06091
Average 300 0.0081
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Table 4.28 Results of Thermal Diffusivity Measurement of U0, -6%Gd0,
(Sample Shape No.4) at High Temperature on 2nd Heating (3/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°CcC) Diffusivity Half Time Diffusivity
of Times (cd /s) {msec) (cd /5)
1 999 0.0086
2 999 0.00868
3 999 0.d091 137.33 0.0086
4 999 0.0086
5 999 0.0086
Average 991 0.0086
""" P BT Y S R R Y O Y Y SU
2 1095 0.0082
3 1095 0.0087 148.57 0.0082
4 1095 0.0081
5 1095 0.0082
Average 1095 0.0082
""" R S R R B SN YT TR
2 1192 0.0078
3 1192 0.0084 149.21 0.0078
4 1192 ' 06.0078
5 1192 0.0078
Average 1192 0.0078
""" T R R R YT VO
Z 1292 0.0074
3 1291 0.0081 154,452 0.0074
4 1291 0.0074
5 1291 0.0074
Average 1291 0.0074
""" A B Y PO R N Y Y YT SR
2 1385 0.0071
3 1385 0.0078 159.64 0.00T71
4 1384 0.0071
5 1384 0.0071
Average 1385 6.00171
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Table 4.28 Results of Thermal Diffusivity Measurement of U0 -6%Gd0O,
(Sample Shape No.4) at High Temperature on 2nd Heating (4/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /s) (msec) (ck /s)

1 1478 | 0.0068

2 1477 0.0068

3 14717 0.0076 164.30 0.0068

4 1477 0.0068

5 1478 0.0068
Average 1477 0.0068
""" P T YT I N N N W T I

A 1566 0.0085

3 1566 0.0074 168. 24 0.0065

4 1585 0.0066

5 15665 0.0068
Average 1566 0.0065

""" P BT Y R N O T T R

2 1650 0.0063

3 1649 0.0073 171.88 0.0063

4 1648 0.0063

5 1647 D.0063
Average 1649 0.0063
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Table 4.29 Results of Thermal Diffusivity Measurement of UC -6%Gd0,
{Sample Shape No.4) by Logarithmic Method (0.2<f /8m<C.5)
on 2nd Heating

Temperature Diffusivity

(°C) (cd /s)

18 0.0187
108 0.0175
303 0.0142
493 0.0120
891 6.0102
900 0.0089
1045 0.0079
1291 0.0071
14717 0.0064
16419 D.0059
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Table 4.30 Results of Thermal Diffusivity Measurement of U0,-10%Gd 0, at
Room Temperature

Sample tMeasure-| Tempera- Half Time Method Logarithmic
Shape |ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /5) (msec) (cd /s)
I 19 0.0161 21.94 0.0160
2 19 0.0162 21.81 0.0160
1 3 19 0.0161 22.03 0.0158
4 19 0.0161 22.08 0.0158
5 19 0.0162 21.81 0.01357
Average 19 0.0161 21.93 0.0159
"""""""" DT T e T se ] Tecoten
18 0.0171 84.32 0.01686
2.2 3 18 0.0172 84.20 0.0166
4 18 0.0169 85.3% 0.0164
5 18 0.0173 83. 41 0.0165
Average 18 0.017L 84.37 0.0164
"""""""" CTTTTTT T e eter T s ey T vconte
2 20 0.0184 249. 88 0.0174
3 3 20 0.0185 248.41 0.0176
4 20 0.0182 252.28 0.0169
5 20 0.0178 258.21 0.0170
Average 20 0.0183 251.05 0.0178
"""""""" DTN T ey Treee | otss
2 19 0.0163 70.73 0.0161
4 3 19 0.0163 70.67 0.0161
4 19 0.0185 §9.51 0.0160
5 19 0.0165 69.59 0.0162
Average 19 0.0164 70.22 0.0161
"""""""" DTN T i e evoss
2 19 6.0170 271. 21 0.0165
5 3 19 0.0169 27%. 38 0.0164
4 19 0.0170 278. 36 0.0163
5 19 0.0170 278. 39 0.0164
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Table 4.31 Results of Thermal Diffusivity Measurement of U0 -10%Gd.0,
(Sample Shape No.l) at High Temperature on ist Heating

Tempera- Half Time Method Logarithmie

ture Method

(°C) Diffusivity Half Time Diffusivity
(ek /5) (msec) (cd /s)
19 0.0161 21,943 0.0159
171 0.0151 23.45 0.0149
540 0.0107 33.19 0.0105
912 0.0089 39,97 0.0086
1312 0.00717 46. 217 0.0072
1721 0.0064 55.589 0.0057
1511 0.0063 55.79 0.0058
1106 0.0070 50.69 0.0066
723 0.0081 43.93 0.0079
376 0.0101 34.91 0.0101

Table 4.32 Results of Thermal Diffusivity Measurement of UO,-10%Gd0,
(Sample Shape No.2.1) at High Temperature on ist Heating

Tempera- Half Time Method Logarithmic
ture Method
(°C) Diffusivity Half Time Diffusivity
(cd /) (msec) (cd /)
19 0.0174 B4.87 0.0166
94 0.0152 97. 14 0.0145
517 0.0111 132. 57 0.01068
902 0.0093 157.512 0.0087
1308 0.0082 179,39 0.0074
1719 0.0073 200.438 0.0062
1507 0.0071 208.44 0.00%81
1102 0.0076 194.16 0.0068
704 0.0085 172.83 0.0080
320 p.0108 135.89 0.0103
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Table 4.33 Results of Thermal Diffusivity Measurement of UC -10%Gd0,
(Sample Shape No.2.1l) at High Temperature on 2nd Heating

Tempera- Hatif Time Method Logarithmic

ture Method

(Cc) Diffusivity Half Time Diffusivity
{c /5) {msec) (cd /)
19 0.0163 96.49 0.0147
102 ¢.0130 . 113.53 6.0123
311 0.0108 136. 54 0.0103
522 0.0095 155.69 0.0090
720 0.0086 170. 40 0.0081
904 0.0081 182.34 0.0075
1106 0.0076 193.18 0.0070
1309 0.0074 199.59 0.00666
1510 0.0071 206.170 0.0062
1720 0.00689 212.25 0.0059

Table 4.34 Results of Thermal Diffusivity Measurement of UC -10%Gd,0,
(Sample Shape No.2.2) at High Temperature on 1lst Heating

Tempera- Half Time Method Logarithmic
ture Method
(°C) Diffusivity Half Time Diffusivity
(cd /s) (msec) (cd /)
18 0.0171 84.387 0.0164
81 0.0159 90.62 0.0154
308 0.012%8 115.53 0.0120
514 g.0111 130.58 0.0106
709 0.0100 144.01 0.0085
893 6.0093 155.60 0.0087
1092 0.0088 167.13 0.0080
1293 0.0082 176.54 0.0073
1503 0.0077 187.56 0.0067
1711 0.0072 199.92 0.0061
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Table 4,35 Results of Thermal Diffusivity Measurement of U0 -10%G4.0,
(sample Shape No0.2.2) at High Temperature on 2nd Heating(l/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°c) Diffusivity Half Time Diffusivity
of Times (cd /) {(msec) (cl /5)
i 17 0.0164 88.12 0.0156
2 117 0.0165 87.135 0.0154
3 17 0.0163 88.50 0.0158
4 117 0.0163 88.33 0.0154
5 11 0.01864 88.049 0.0157
Average 117 0.0164 88.08 0.0156
""" ST T T eonas
2 99 0.0148
3 100 0.0151 95.79 0.0143
4 101 0.0144
5 101 0.0144
Average 100 0.0145
""" T T ey T oy
188 0.0130
3 181 0.0135 107. 20 0.0129
4 1735 0.0129
5 164 0.0129
Average 180 0.0129
""" OIS T T w0
A 320 6.0113
3 320 0.0119 121.67 6.0114
4 3zl 0.0114
5 320 0.0113
Average 320 0.0114
""" TR T T eenes
422 0.0106
3 423 0.0110 130.88 0.0105
4 124 0.0105
5 425 0.0105
Average 423 0.0105
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Table 4.35 Results of Thermal Diffusivity Measurement of U0,-10%G40,
(Sample Shape No.2.2) at High Temperature on 2nd Heating(Z/4}

Mecasure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°c) Diffusivity Half Time Diffusivity
of Times (cd /5s) {(msec) (cd /3)
1 520 0.0099
521 0.0099%
3 521 0;0104 139.23 0.0099
4 5212 0.0099
5 522 0.0099
Average 521 0.0099
""" P e T
2 612 0.0093
3 612 0.00919 146.59 0.0098
4 612 0.0093
5 612 0.0093
Average 612 0.00893
""" T s T T 0l 0ss
2 708 0.0088
3 708 0.0094 153.60 0.008%9
4 708 0.0089
5 708 0.0089
Average 708 0.0088
""" A A N T T
2 803 0.0085
3 803 0.0091 159.56 0.0085
4 803 0.0085
5 803 0.0085
Average 8§03 0.0085
""" P T B R T
2 899 0.0081
3 §99 0.0087 165.92 7.0081
4 899 0.0081
5 900 0.0081
Average 8919 0.0081
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Table 4.35 Results of Thermal Diffusivity Measurement of U0 -10%Gd0,
(Sample Shape No.2.2) at High Temperature on 2nd Heating{3/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°c) Diffusivity Half Time Diffusivity
of Times (ck /s) {(msec) (cd /)
1 1002 06.0078
2 1003 ) 0.0077
3 1003 0.0084 172.07 6.0077
4 1003 0.0077
5 1003 0.00717
Average 1003 0.00717
""" P Tt I I R S IT I
2 1097 0.0075
3 1097 0.0082 176.66 0.0075
4 1097 0.0075
5 1097 0.0075
Average 1097 0.0075
""" R Py L N B T PR
2 1185 0.0072
3 1195 0.0080 181.07 0.0072
4 1195 0.0072
5 1195 0.0072
Average 1195 0.0072
""" U e YT oo
1296 0.0069
3 1296 0.0078 [85.64 0.0070
4 12986 6.0070
5 1295 0.0069
Average 129% 0.0069
""" A BEEPYYE R T A
2 1394 0.0067
3 1393 0.00786 190.10 0.0067
4 1393 0.0067
5 1393 0.0067
Average 1393 0.0067
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Table 4.35 Results of Thermal Diffusivity Measurement of UO,-10%Gd0,

{Sample Shape No.2.2) at High Temperature on 2nd Heating(4/4)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (Cc) Diffusivity Half Time Diffusivity
of Times (cd /s) (msec) (cd /)
1 1504 ' 0.0065
2 1504 7 0.0065
3 1504 0.0074 194.04 0.00635
4 1504 0.0065
b 1504 0.0065
Average 1504 0.0065
""" T ey T YT 0o0es
A 1613 0.0062
3 1612 0.0073 i98.03 0.0063
4 1613 0.0063
5 1612 0.0063
Average 1613 0.0063
""" P T B R T TY S H
2 1717 0.0061
3 1717 0.0072 201.412 0.0061
4 17117 0.0061
5 1717 0.0061
Average 1717 0.0061
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Table 4.36 Results of Thermal Diffusivity Measurement of U0 -10%Gd0,
(Sample Shape No.2.2) by Logarithmic Method(0.2<f/8m<0.5)
on 2nd Heating

Temperature Diffusivity

(°C) (cd /s)

17 0.0156
100 0.014%
320 0.01113
521 0.0097
708 D.0087
899 0.0079
1097 0.0072
1296 0.0067
1504 0.0061
17117 0.0056

Table 4.37 Results of Thermal Diffusivity Measurement of U0 -10%Gd0,
(Sample Shape No.2.2) at High Temperature on 3rd Heating

Tempera- Half Time Method Logarithmic
ture Method
(°C) Diffusivity Half Time Diffusivity
(cd /s) (msec) (cd /s)
19 0.0162 89.179 0.0155
86 0.01456 98.62 0.0140
283 0.0117 123.90 0.0111
501 0.0102 141.61 0.0097
701 0.0093 155.09 0.0087
896 0.00886 167.95 0.0080
11040 0.0081 178.41 0.0074
1303 0.0077 187.75 0.0069
1514 0.0074 195.47 0.0064
1725 0.0071 203. 14 0.0060




Table 4.38 Results of Thermal Diffusivity Measurement of U0 -10%Gd0,

JAERI-Tech 94-028

{Sample Shape No.2.3) at Maxmam Temperature 1600

Tempera- Half Time Method Logarithmic

ture Method

(°C) Diffusivity Half Time Diffusivity
(cd /) (msec) (ch /s)
19 0.0170 84.15 0.0161
136 0.0164 87.40 0.0155%
524 0.0110 130.35 0.0105%
915 0.0091 156.88 0.0085
1316 0.0080 178.11 0.0072
1611 0.0074 192. 14 0.0064
1514 0.0076 188.38 0.00686
1111 0.0084 171.11 0.0077
716 0.0097 146.96 0.0092
382 0.0126 113.85% 0.0119

Table 4.39 Results of Thermal Diffusivity Measurement of U0, -10%Gd O,
(Sample Shape No.3) at High Temperature on lst Heating

Tempera- Half Time Method Logarithmic
ture Method
(C) Diffusivity | Half Time |[Diffusivity
(cil /5) (msec) (cd /s)
20 0.0183 251.05 0.0173
91 0.0157 293.58 0.01355
5086 0.0116 397.91 0.0109
903 0.00989 462.43 0.009¢0
1309 0.0090 512.83 0.0077
1720 0.0083 554,40 0.00686
1508 0.0085 541.55 0.0070
1100 0.0090 510.75 0.0079
703 0.0101 452. 37 0.0094
3Lt 0.0123 371.860 0.0117
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Table 4.40 Results of Thermal Diffusivity Measurement of U0, -10%Gd0,
(Sample Shape No.3) at High Temperature cn 2nd Heating

Tempera- Half Time Method Logarithmic

ture Method

(°C) Diffusivity Half Time Diffusivity
(ck /s) (msec) (cd /5)
19 0.0173 265.22 0.0164
183 0.0151 . 304.28 0.0149
361 0.0125 366.52 0.0123
540 0.0110 419.83 0.0104
723 0.0101 457.11 0.0093
911 0.0094 486.82 0.0086
1111 0.0090 511.47 0.0079
1312 0.0087 529.68 0.0073
1512 0.0084 544.48 0.0069
1721 0.0081 570.41 0.0064

Table 4.41 Results of Thermal Diffusivity Measurement of UC -10%Gd0,
(Sample Shape No.4) at High Temperature on 1st Heating

Tempera- Half Time Method Logarithmic

ture Method

{(°c)H Diffusivity Half Tinme Diffusivity
{cd /8) (msec) (cd /5s)
19 0.0164 70.22 0.0161
108 0.0153 75.34 0.0151
303 0.0130 88.1712 0.0127
490 0.0113 101.71 0.0110
688 0.0102 113.16 0.0098
889 0.0093 123.46 0.0089
1085 0.0087 132.24 0.0081
1283 0.0082 140.43 0.0075
1474 0.00717 148. 57 0.0070
1636 0.0074 155.07 0.0065
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Table 4.42 Measurement Conditions for Thermal Diffusivity of Zr0, Sample

Setup Item Setup Value

1. Temperature Room Temp. : 20°C

High Temp. : 100~1700°C (200°C intervals)
2. Atmosphere Room & High Temp. : 1.3%107*Pa Vacuous
3.Sensiti§ity Room Temp. : = 50V

High Temp. : Automatically

4.Data Add Number Room Temp. : 5
of Times High Temp. : 1
5.8ampling Speed Room Temp. :

0.5msec (A;72r0,-3%Ca0 & B;Zr0;-20%Y:0,)
I msec (C;Zr0,-13.7%Y:0s & TC)

High Temp. : 1 msec

6. Measurement Number | Room & High Temp. : §

of Times
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Table 4.43 Results of Thermal Diffusivity Measurement of Sample
A(Zr0,-3%Ca) (1/2)

Measure- | Tempera- Half Time Method Logarithmice
ment ture : Method
Number (°Cc)H Diffusivity Half Time Diffusivity
of Times {cd /5) (msec) (cd /5)
1 18 0.0060 0.0059
2 18 0.0059 0.0061
3 18 0.0059 446. 34 0.0080
4 18 0.0059 0.0060
5 18 0.0059 0.0060
Average 18 0.0059 0.00860
""" TR T eve0a
2 65 0.0046%
3 67 0.0045 586. 44 0.0046
4 68 0.00486
5 69 0.0046
Average 67 0.00486
""" P Y P R R B ST VT TR
280 0.0038
3 281 0.0038 693.235 0.0038
4 2812 0.0037
5 282 0.0037
Average 281 0.0038
""" DT e T T T eess
508 0.0034
3 506 0.0035 T45.02 0.0034
4 506 0.0033
5 507 0.0034
Average 508 0.0034
""" R T A R R T
711 D.0032
3 T12 0.0035 T46. 24 D.0032
4 7112 0.0032
5 713 0.0032
Average 7112 0.00832
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Table 4.43 Results of Thermal Diffusivity Measurement of Sample
A(ZrO,-3%Cal) (2/2)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
"Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /s) (msec) (cd /s)
1 897 0.0033
2 898 0.0033
3 896 0.0037 712.10 0.0033
4 895 0.0033
5 895 0.0033
Average £96 0.0033
""" N BT Y Y e N R F R A
2 1084 0.0037
3 1084 0.0041 638.35 0.0037
4 1084 0.0037
5 1084 0.0037
Average 1084 0.0037
""" N Ty P N R A TP
2 1286 0.0042
3 1288 0.0045 588.87 0.0041
4 1286 0.0040
5 1286 0.0040
Average 12868 0.0041
""" T e T voa0ee
2 1499 0.0038
3 1500 0.0037 705.57 0.0040
4 1500 0.0041
5 1500 0.0042
Average 1500 0.0040
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Table 4.44 Results of Thermal Diffusivity Measurement of Sample
B(Zr0 -20%Y,0) (1/2)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /5) (msec) (cd /5)
1 18 0.0026 0.0027
2 18 0.00286 0.0026
3 18 0.0026 521.98 0.0026
4 18 0.0026 0.0027
5 18 0.0025 0.0027
Average 18 0.0026 0.0027
""" P Y S R B U YT TR
2 129 0.0026
3 1219 0.0025 546.13 0.0026
4 130 0.0025
5 180 0.00286
Average 129 0.0026
""" U e T T ae0es
339 0.0023
3 340 - — 0.0023
4 341 0.0022
5 342 0.0022
Average 340 6.0023
""" O Y T N N R Y ST R
2 536 0.0018
3 537 — — 0.0018
4 538 0.0018
5 538 0.0018
Average 5317 0.0018
""" R L T I R R S T TE R
735 0.0018
3 736 — — 0.0018
4 736 0.0018
5 736 0.0018
Average 136 0.0018
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Table 4.44 Results of Thermal Diffusivity Measurement of Sample
B(Zr0,-20%Y.0) (2/2)

Measure- Tempera—_ Half Time Method Logarithmic
ment ture Method
Number (c) Diffusivity Half Time Diffusivity
of Times {cd /) (msec) (cd /)
1 9217 : 0.001L19
2 927 0.0019
3 927 - — 0.0019
4 928 0.0018
5 928 0.0019
Average 9217 0.0019
""" T T T R R R A S T Y S
1117 0.0021
3 1117 0.0023 592.09 0.0021
4 1117 0.0021
5 1117 0.0021
Average 1117 0.0021
""" O e YT o002
2 1315 0.0023
3 1314 0.0028 4%0.82 0.0024
4 1314 0.0024
5 1314 0.0024
Average 1315 0.0024
""" U s T T 0002
1514 0.0028
3 1514 0.0038 383.012 0.0029
4 1513 0.0029
5 1513 0.0029
Average 1514 0.0029
""" T T N I R AT ET
2 1722 0.0038
3 1722 0.0049 281.12 0.0039
4 1722 0.00389
5 1722 0.0039
Average 1722 0.0039
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Table 4.45 Results of Thermal Diffusivity Measurement cf Sample
C(Z2r0,-13.7%Y.0,) (1/2)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /s) (nsec) {cd /)
1 18 0.0070 6.0088
18 0.0068 ¢.0088
3 18 0.0070 760.36 0.0083
4 18 0.0065 0.0081
5 18 0.0066 0.0085
Average 18 0.0068 0.0085
""" A S N N R O T T Y
2 1186 0.0084
3 116 0.0073 728.95 0.0083
4 116 0.0076
5 1186 0.0082
Average 1186 0.0081
""" U s T T 001
2 320 0.007%
3 321 0.0069 T75.05 0.0075
4 322 0.0074
5 323 0.0073
Average 320 0.0074
""" R Y7 S N N AT A
2 521 0.0067
3 522 0.00686 808.382 0.0067
4 523 0.0067
5 524 0.0067
Average 522 0.0067
""" A T R N R Y YY TR
2 714 0.0066
3 715 0.0066 812.11 0.0066
4 718 0.00686
5 717 0.00686
Average T15 0.0066
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Table 4.45 Results of Thermal Diffusivity Measurement of Sample

C(Zr0,~13.7%Y.0,) (2/2)
Measure- | Tempera- Half Time Method Logarithmie
ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /s) (msec) (cdd /5)
1 802 0.0068
P 902 0.0068
3 902 0.0087 789.65 0.0068
4 902 0.0069
5 902 0.0068
Average 902 0.0068
""" R T T T N N N B N T VO
2 1089 0.0074
3 1689 0.0071 T48. 758 0.0075
4 1689 0.0075
5 1089 0.0075
Average 1089 0.0075
""" R T T I I N R 1T VR
2 1288 0.0073
3 1288 0.0075 T11.53 0.0072
4 1288 p.0071
5 1287 0.0071
Average 1283 0.0072
""" ST wee YT el wemy
2 1500 0.0072
3 1499 0.0078 6578.179 0.0072
4 1500 0.0070
5 1500 0.0071
Average 1500 0.0071
""" P T N T Y
2 1715 0.0074
3 1715 0.0083 §41.02 0.00738
4 1715 0.00679
5 1714 0.0075
Average 1715 0.0075
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Table 4.46 Results of Thermal Diffusivity Measurement of Triangle Shape

Sample TC(Zr0,-13.7%Y,0,) (1/2)
Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (C) Diffusivity Half Time Diffusivity
of Times (cd /s) (msec) (cd /5)
1 19 0.0095 0.0070
2 19 0.0095 0.0069
3 19 0.0083 648.83 0.0084
4 19 0.0087 0.0094
5 19 0.0077 0.0095§
Average 19 0.0087 0.0082
"""" A R N BT Y Y PO
2 66 0.0089
3 68 0.0076 T069.85 0.0081
| 59 0.0094
5 70 0.0100
Average 638 0.0089
""" DT T T 0 oent
293 0.0072
3 293 0.0075 T14.65 0.0072
4 293 0.0072
5 293 0.0072
Average 293 0.0072
"""" DT e T T e eene
2 501 0.0070
3 802 0.0072 T44.64 0.0069
4 502 0.0069
5 503 0.0069
Average 502 0.0069
""" DT T T e 00es
2 708 0.0068
3 709 0.0071 753.60 0.0068
4 709 0.0068
5 710 0.0068
Average 709 0.0068
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(2/2)

Table 4.46 Results of Thermal Diffusivity Measurement of Triangle Shape
Sample TC(Zr0,-13.7%Y.0.)

Measure- | Tempera- Half Time Method Logarithmic
ment ture Method
Number (°C) Diffusivity Half Time Diffusivity
of Times (cd /s) {(msec) (cd /s)
1 894 0.0068
2 893 0.0068
3 893 0.0072 742.80 0.0068
4 893 0.0068
5 893 0.0068
Average 893 0.0068
""" U oss T aeons
2 1084 0.0072
3 1084 0.0073 730.17 0.0070
4 1084 0.0076
5 1084 0.0075
Average 1084 0.0073
""" I e R WYY F I
2 1285 0.0071
8 1285 0.0077 633.10 0.0068
4 1285 0.6070
5 1285 0.0072
Average 12858 0.0071
""" T e T T 0 eees
1498 0.0062
3 1498 0.0084 §37.70 0.0072
4 1498 0.0077
5 1438 0.0064
Average 1498 0.0069
""" N T R N R T Y TS
2 1710 0.0057
3 1710 0.0083 648. 24 0.0068
4 1710 0.0066
5 1710 0.0076
Average 1710 0.0064
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—t— U02 Half Time Method
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..... ¢ U0, Logarithmic Method
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X el U02-3%Gd203 Logarithmic Method
0.04
........ % i
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----- % A
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Thermal Diffusivity (cm’/s)

—— U02—6%Gd203 Half Time Method )
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—h— U0,-10%Gd,05 Half Time Method
weeefiypees UOZ—IO%Gd203 Logarithmic Method
0 ; f
0 0.5 1.0 1.5 2.0

Sample Thickness (mm)

Fig.4.1 Dependences of Thermal Diffusivity of Unirradiated Fuel Pellet
{Diameter:5mm) on Sample Thickness at Room Temperature
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—— 10, Half Time Method
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—h— UOZ—IO%Gd203 Half Time Method
L5 10,-10%6dy05 Logarithaic Method
0 — 5
0 0.5 1.0 1.5 2.0

Sample Thickness (mm)

Fig.4.2 Dependences of Thermal Diffusivity of Unirradiated Fuel Pellet
(Diameter:9.5mm) on Sample Thickness at Room Temperature
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0.05 .

—_ U02 @ buu

V- U02 & 9.bmm
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"""&"" U02_10%Gd203 a2 9 . Smn
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0 0.5 1.0 1.5 2.0

Sample Thickness (mm)

Fig.4.3 Dependences of Thermal Diffusivity of Unirradiated Fuel Pellet
by Logarithmic Methed on Sample Thickness at Room Temperature
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b) After Measurement

Fig.4.19 Micrograph of UQ, Pellet surface
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Fig.4.20 Micrograph of UC,-3%Gd,0, Pellet surface
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b) After Measurement —

Fig.4.21 Micrograph of U0 -6%Gd 0, Pellet surface
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a) Before Heating

b) After Measurement —
20 m

Fig.4.22 Micrograph of UO -10%Gd0, Pellet surface
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Fig.4.23 Micrograph of UC,-10%Gd,0, Pellet surface at Maxmam Temperature
1600T
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Measurement of Thermal Diffusivity
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Measurement of Thermal Diffusivity

sample name U0,
temperature 78 'C temp. sensor - aipha NC
i sample thickness 0.985mm
half time 4€.B74ms
1.5 + thermal diffusivity 0.0293 tn"2/s
L
1.0 F— -
0.5 F
0 | I, L 1 e L
0 320 640 ms
Fig.Al.3 Rear-surface Temperature History of UO,(Sample Shape No.4)
at 100T
Measurement of Thermal Diffusivity
sample name U0:
temperature 8 'C temp. sensor - alpha NC
sample thickness 0.8395 mm
slope 82.108ms
0+ 2 thermal diffusivity 0.0301 cm"2/s
B
-0.5
-1.0

) S
0

Fig.Al.4 Calculated Logarithmic Plot of UO,(Sample Shape No.4) at 100TC
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Measurement of Thermal Diffusivity

sample name 10.
temperature 503 *C temp. sensor - alpha NC
r sample thickness 0.935mm
half time B1.964ms
1.5 F thermal diffusivity 0.0168 tm"2/s
i
. I [ R U SRS
0 320 640 ms
Fig.Al.5 Rear-surface Temperature History cof UO (Sample Shape No.4)
at 500C
Measurement of Thermal Diffusivity
_ sample name U0,
temperature 503 *'C temp. sensor - alpha NC
sample thickness 0.8G5mm
slope 149 .21 ms
0k Q§§%b thermal diffusivity 0.0166 cm"2/s
-0.5 - :
-
-1.0 +
_1.5 I3

Fig.Al.6 Calculated Logarithmic Plot of UO,(Sample Shape No.4) at 500T
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Measurement of Thermal Diffusivity

sample name U0s

temperature 867 ‘'C temp. senser - alpha NC
i sample thickness 0.985mm
half time 118.4¢2ms
1.5 + thermal diffusivity C.0115 c¢cm"2/s
}..-
1.0 — — :
T—
0.5 F
O L ; 1
0 320 640 ms
Fig.Al.7 Rear-surface Temperature History of UC,(Sample Shape No.4)
at 900TC
Measurement of Thermal Diffusivity
sample name UGa
_ temperature Be7 *C temp. sensor - alpha NC
sample thickness 0.895mm
slepe 223.06ms
0+ thermal diffusivity 0.0141 cm"2/s
L
-0.5 |
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Fig.Al.8 Calculated Logarithmic Plot of UO,(Sample Shape No.4) at 9007T
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Measurement of Thermal Diffusivity

, - sample name ug.
temperature 1306 *'C temp. sensor - alpha NC
r sample thickness 0.995mm
i half time 194 .85ms
1.5 F thermal diffusivity 0.0089 cm"2/s
T e
. S ——— P AUV,
0 320 640 ms

Fig.Al.9 Rear-surface Temperature Histery of UQ (Sample Shape No.4})
at 1300T
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sample thickness 0.8995mm
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0+ thermal diffusivity 0.0082 cm"2/s
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-
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Fig.Al.10 Calculated Logarithmic pPlot cof UQ, (Sample Shape No.4)
at 1300T
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Measurement of Thermal Diffusivity

. sample name U0s

temperature 1715 'C temp. sensor - alpha NC

( sample thickness 0.995mm
- half time 185.75ms

thermal diffusivity 0.0074 cm"2/s

r_
L k JESN S I — —- L

0 320 640 ms
Fig.Al.11 Rear-surface Temperature History of UO (Sample Shape No.4)
at 1700C
Measurement of Thermal Diffusivity
sampie name - U0,
temperature 1715 'C temp. sensor -~ alpha NC
[ sample thickness ¢.995mm
slope 383.68ms
- thermal diffusivity 0.0065 cm"2/s
-
"
r y
R VS S — u____z_éﬂ_“ﬁ_..__ (S T S,
0 6.5 13 /s

Fig.A1.12 Calculated Logarithmic Plot of UO,(Sample Shape No.4)
at 1700C
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Measurement of Thermal Diffusivity

sample name U0:-360d.0.

temperature 6 'C temp. sensor - alpha NG

i sample thickness 1.000 mm

half time 60.120ms

| 1.5 thermal diffusivity 0.0231 cm"2/s

0 S L SIS SO T R

0 320 640 ms

Fig.Al.13 Rear-surface Temperature History of UO -3%Gd0,(Sample Shape
No.4) at Room Temperature

Measurement of Thermal Diffusivity

sample name U0 ~326Gd: 0,
temperature 6 *C temp. sensor - alpha NC
sample thickness 1.00Cmm
slope 109. 78 ms

0h thermal diffusivity 0.0228 ctm"2/s

-1.0

-1.5 L
0

40 /s

Fig.Al.1l4 Calculated Logarithmic Plot of UO,-3%Gd,0,(Sample Shape No.4)
at Room Temperature
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Measurement of Thermal Diffusivity

E Samp]e name $02-3%0Gd.0,
) temperature 104 'C temp. sensor - alpha NC
[ sample thickness 1.000mm
; half time 67.391ms
| 1.5 | thermal diffusivity =~ 0.0206 cn"2/s
1'0 r_ - {"“"""‘" A et e e
-
0.5
0 1 I e L
320 640 ms
Fig.Al.15 Rear-surface Temperature History of UO,-3%Gd,0,(Sample Shape
No.4) at 100T
Measurement of Thermal Diffusivity
Samp]_e name U02-3%Gd:0,
temperature 104 °C temp. sensar - alpha NC
[ sample thickness 4.000mm
_ slope 123.11ms
0F thermal diffusivity 0.0203 cm"2/s
I~
-0.b &
}_
-1.0
_15 1 13 RS R,
0 30 /s
Fig.Al.16 Calculated Logarithmic Plot of J0,-3%Gd 0, (Samnple Shape No.4)

at 100TC
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Measurement of Thermal Oiffusivity

: sample name U0:-3%Gd20,

temperature 500 *'C temp. sensor - alpha NC

r sample thickness 1.000mm

| half time 103.36ms

1.5 F thermal diffusivity 0.0134 cm"2/s
}..‘

1.0 - —- {
x
0.5 F
0 — 1 1

0 320 540 -

Fig.Al.17 Rear-surface Temperature History of U0,-3%Gd 0, (Sample Shape
No.4) at 500TC

Measurement of Thermal Diffusivity

sample name U0:-3%Gda0s
temperature 500 *C temp. sensor - alpha NC
B sample thickness 1.000mm
slope 180.98ms
0F thermal diffusivity 0.0131 cm"2/s
-
-0.5
-1.0
_1 . 5 L e i e _,#_,33_ 1 l
0 9.5 19 /s
Fig.Al.18 Calculated Logarithmic Plot of UOC,-3%Gd,0,(Sample Shape No.4)
at 500C
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Measurement of Thermal Diffusivity

o . sample name U0s-3%6Gd20,

_ ‘temperature 898 'C temp. sensor - alpha NC

f sample thickness 1.000 mm

] half time 139.99ms

1.5 thermal diffusivity 0.0089 cm"2/s
-

0 - - 320 o B ‘640 ms

Fig.Al1.19 Rear-surface Temperature History of U0, -3%Gd4,0,(Sample Shape
No.4) at 900T

Measurement of Thermal Diffusivity

_ sample name 002-3%0c: 0,
temperature 838 'C temp. sensor - alpha NC
sample thickness 1.000mm
slope 264.81ms
0+ thermal diffusivity 0.0094 cm"2/s
_0'5 L
-1.0 +
-
_15 1 L { ] - 1
0 7.5 15 /s
Fig.Al.20 Calculated Logarithmic Plot of UO,-3%Gd,0,(Sample Shape No.4)
at 900C
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Measurement of Thermal Diffusivity

, sample name U02~3%6Gd20s

temperature f289 *C temp. sensor - alpha NC

sample thickness 1.000 mm

_ half time 170.95ms

1.5 F thermal diffusivity 0.0081 cm"2/s
1.0 + - { —

0.5 r

0 320 - 640 ms

Fig.Al.21 Rear-surface Temperature History of U0 -3%Gd0,(Sample Shape
No.4) at 1300T

Measurement of Thermal Diffusivity

: sample name UC:-356Gd:04
temperature 1289 *C temp. sensor - alpha NC
f sample thickness 1.000mm
slope 335.22ms
0 thermal diffusivity 0.0075 cm"2/s
-0.5
I
-1.0F
- Q
o)
S
— 1 . 5 L —— I e L e i |
0 6.5 13 /s

Fig.Al.22 Calculated Logarithmic Plot of UO0,-3%Gd,0 (Sample Shape No.4}
at 1300C
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Measurement of Thermal Diffusivity

sample name U0.-336Gd20,

temperature 1679 'C temp. sensor - alpha NC

sample thickness 1.000mm

half time 193.40ms

1.9 thermal diffusivity =~ 0.0072 cm™2/s

0 320 640 ms

Fig.Al.23 Rear-surface Temperature History of U0,-3%Gd,0, (Sample Shape
No.4) at 1700C

Measurement of Thermal Diffusivity

Sample name U0:-3%Gd=0s
temperature 1679 'C temp. sensor - alpha NC
3 sample thickness 1.000mm
slope 402.23ms
0+ thermal diffusivity 0.0062 cm"2/s
r—
-0.5
-1.0 }
_15 | L 1%&) L. L
0 6 12 /s
Fig.Al.24 Calculated Logarithmic Plot of U0 -3%Gd,0,(Sampie Shape No.4)
at 1700TC
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Measurement of Thermal Diffusivity

. ) sample name U0:-626Gd20s

temperature 18 *C temp. sensor - alpha NC

{ sample thickness 0.950mm

r half time 65.220ms

1.5 + thermal diffusivity 0.0192 cm"2/s
-

0 ] L 1 1 1
0 .64 1.28 5

Fig.Al.25 Rear-surface Temperature History of UQ,-6%G4,0,(Sample Shape
No.4) at Room Temperature

Measurement of Thermal Diffusivity

| sample name V0:-8%60d. 05
temperature 18 'C temp. sensor - alpha NC
sample thickness 0.950mm

slope 119.79ms

0r 2, thermal diffusivity 0.0188 cm"2/s

"15 L | 1
0 30 /s

Fig.Al.26 Calculated Logarithmic Plot of UO,-6%Gd0,(Sampie Shape No.4)
at Room Temperature
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Measurement of Thermal Diffusivity

sample name B02-660d205

temperature 108 *'C temp. sensor - alpha NC

sample thickness 0.95Cmm

half time 71.7689ms

1.5 + thermal diffusivity 0.0175 tm"2/s

0 \& 1 1 1 L

0 .64 1.28 §

Fig.Al.27 Rear-surface Temperature History of UO2—6%Gd;%(Sample Shape
No.4) at 100T

Measurement of Thermal Diffusivity

sample name U0:-656Gd a0,
temperature 108 °C temp. sensar - alpha NC
sample thickness 0.850mm
slope 130.46ms

0+ Y thermal diffusivity 0.0173 cm"2/s

-0.5 +
-1.0 -
_15 1 | [
0 30 /s
Fig.A1.28 Calculated Logarithmic Plot of U0,-6%Gd,0,(Sample Shape No.4)
at 100T
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Measurement of Thermal Diffusivity

sample name U0:-636Gds04
temperature 483 *C temp. sensor - alpha NC
sample thickness 0.950mm
' half time 101.39nms
1.5 thermal diffusivity 0.0124 ¢cn"2/s
1.0 -
0.5 ¢
0 ] 1 — 1
0 .64 1.20 5

Fig.Al.29 Rear-surface Temperature History of UO0,-63%Gd,0 (Sample Shape
No.4) at 500C

Measurement of Thermal Diffusivity

sample name 00:-6%6Gds0,
temperature 483 *C temp. sensor - 3lpha NC
sample thickness 0.850mm
siope 187.15ms

0+ 2, thermal diffusivity 0.0121 cm"2/s

-0.5 F
-1.0
'1.5 L 1 i
0 20 /s
Fig.Al.30 Calculated Logarithmic Plot of UO,-6%Gd0,(Sample Shape No.4)
at 500C
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Measurement of Thermal Diffusivity

sample name UG2-696Gd:0,

temperature g0 'C temp. sensor - alpha NC

sample thickness 0.850mm

: half time 130.89ms

1.5 F thermal diffusivity 0.0096 cm"2/s

1.0

0.5

O \!k [ 1 i 1

0 .64 t.28 S

Fig.Al.31 Rear-surface Temperature History of UO,-6%Gd,0,(Sample Shape
No.4) at 500TC

Measurement of Thermal Diffusiyity

Sample name UGz-6%Gd20s
temperature 8900 *C temp. sensor - alpha NC
sample thickness 0.950 mm
slope 248.25ms
0 _ thermal diffusivity 0.0091 cm"2/s
r
-0.5 b
r_
-1.0
-
_15 1 ¥ L |
0 8 16 /s
Fig.Al1.32 Calculated Logarithmic Plot of UO0,-6%Gd,0 (Sample Shape No.4)
at 9007C
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| Measurement of Thermal Diffusivity

sample name U02-636Gd20s

5 _ temperature 1281 *'C temp. sensor - alpha NC
i sample thickness 0.950Cmm
- half time 154.52ms
1.5 + thermal diffusivity 0.0081 cn"2/s

0 . 1 i i 1

0 .64 1.28 5

Fig.Al.33 Rear-surface Temperature History of UO,-6%Gd 0, (Sample Shape
No.4) at 1300TC

Measurement of Thermal Diffusivity

_ Sample name U0:-6%Gda0,
temperature 1291 'C temp. sensor - alpha NC
sample thickness 0.950mm
slope 304.]6ms
0+ thermal diffusivity 0.0074 cm"2/s
r
..05 -
-1.0+
_1.5 1l 1 1 1 1
0 7 14 /s
Fig.Al.34 Calculated Logarithmic Plot of UO,-6%Gd,C,(Sample Shape No.4)
at 1300C
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Measurement of Thermal Diffusivity

_ N Sample name UD2-69%Gd20s
temperature 1649 *C temp. sensar - alpha NC

i sample thickness 0.950mm

half time 171.68ms

1.5 + thermal diffusivity 0.0073 tm"2/s

1.0

0.5

o L_x . . . ,

0 .64 1.28 §

Fig.Al.35 Rear-surface Temperature History of U0,-6%Gd,0,(Sample Shape
No.4) at 1700T

Measurement of Thermal Diffusivity

sample name U0:~656Gda0s

temperature 1648 *'C temp. sensor - alpha NC

sample thickness 0.950 mm

slope 357.27ms

0} thermal diffusivity 0.0063 cm*2/s
-0.5 F
_10 L.

_15 1 L | 1 1

0 6.5 13 /s

Fig.Al.36 Calculated Logarithmic Plot of U0, -6%Gd, 0 (Sample Shape No.4)
at 1700C
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Measurement of Thermal Diffusivity

A sample name L0:-1026Gd0;
temperature 17 *C temp. sensor - alpha NC
sample thickness 1.020mm

half time B8.497ms

- thermal diffusivity 0.0163 cm"2/s

_— 1@( ] L 1 . L

0 .64 1.28 5

Fig.Al.37 Rear-surface Temperature History of U0,-10%Gd 0 (Sample Shape

No.2.2) at Room Temperature

Measurement of Thermal Diffusivity

o sample name U0:-10%Gd20.

temperature 17 *C temp. sensor ~ alpha NC

sample thickness 1.020mm

slope 164.67ms

0F thermal diffusivity 0.0158 cm"2/s
-0.5
}..
-1.0 +

_151 L H 1

0 30 /s

Fig.Al1l.38 Calculated Logarithmic Plot of UO,-10%Gd 0, (Sample Shape
No.2.2) at Rocm Temperature
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Measurement of Thermal Diffusivity

Sample name U0,-10%Gd.0,

temperature 100 *C temp. sensor - alpha NC

sample thickness 1.020mm

half time 85.791ms

1.5 ~ thermal diffusivity 0.0151 cm"2/s

0.5

0 i 1 1 1 1

0 .b4 1.28 5

Fig.A1.39 Rear-surface Temperature History of U0,-10%Gd,0,(Sample Shape
No.2.2) at 100T

Measurement of Thermal Diffusivity

sample name U0:-10%Gd+0s

temperature 100 'C temp. sensor - alpha NC

sample thickness 1.020mm

slope 181.49ms

0k thermal diffusivity 0.0143 cm"2/s
-0.5 |
r_
-1.0 +

.45[ 1 L I
0 30 /s

Fig.Al.40 Calculated Logarithmic Plot of U0, -10%G4,0,(Sample Shape
No.2.2) at 100TC
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Measurement of Thermal Diffusivity

sample name U02-1056Gd 0

temperature 521 'C temp. sensor - alpha NC

sample thickness 1.020mm

half time 139.23ms

1.5 | thermal diffusivity 0.0104 cm"2/s

1.0

0.5

0 \k I L 1 |

0 .64 1.28 S

Fig.Al.41 Rear-surface Temperature History of U0,-10%Gd,0,(Sample Shape
No.2.2) at 500T

Measurement of Thermal Diffusivity

sample name U0s-1056Gd0,
temperature 521 'C temp. sensor - alpha NC
sample thickness 1.020mm
slope 263.88ms

0+ \ thermal diffusivity 0.0083 cm"2/s
-0.0

-1.0 v

I 1

15 /s

Fig.Al.42 Calculated Logarithmic Plot of U0,-10%Gd, 0, (Sample Shape
No.2.2) at 500T

-15 |
0

— 126 —



JAERI-Tech 94-028

Measurement of Thermal Diffusivity

_ Sample name U0,-1094Gd 40,
temperature 888 *‘C temp. sensor - alpha NC

sample thickness 1.020mm

half time 165.92 ms

1.5 F thermal diffusivity 0.0087 cm"2/s

1.0 -

0.5 F

O 4/\ | L 1 |

0 .64 1.28 5

Fig.A1.43 Rear-surface Temperature History of U0,-10%Gd,0,(Sample Shape
No.2.2) at 900T

Measurement of Thermal Diffusivity

Sample name U0,-109%6Gd.0,

temperature 899 *‘C temp. sensor - alpha NC

sample thickness 1.020mm

slope 320.46ms

0k thermal diffusivity 0.0081 cn"2/s
-0.5 +
1.0}

_15 L | L

13 /s

Fig.Al.44 Calculated Logarithmic Plot of U0, -10%Gd,0,({Sample Shape
No.2.2) at 900T
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Measurement of Thermal Diffusivity

Sample name U02-10%Gd.0,

temperature 1286 °*C temp. sensor - alpha NC

sample thickness 1.020 mm

half time 185.64ms

1.5 + thermal diffusivity 0.0078 ctm*2/s

0.5 r

O \k L | L 1L

Q .64 1.28 5

Fig.Al.45 Rear-surface Temperature History of U0,-10%Gd,0,(Sample Shape
No.2.2) at 1300C

Measurement of Thermal Diffusivity

o i Sample name 02-10%6Gd 20,
temperature 1266 'C temp. sensor - alpha NC
sample thickness 1.020mm
slope 373.71ms
0k thermal diffusivity 0.0070 cm"2/s
-0.5 +
-1.0
Q
..15 1 1 IX L 1
0 6 12 /s

Fig.Al.46 Calculated Logarithmic Plot of U0,-10%Gd O, (Sample Shape
No.2.2) at 13007T
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Measurement of Thermal Diffusivity

sample name U0:-1026Gd 05

temperature 1717 *C temp. sensor - alpha NC

i sample thickness 1.020mm

half time 201.42ms

1.5 thermal diffusivity 0.0072 cm*2/s

1.0 -

0 ] 1 1 L

0 .64 1.28 S

Fig.Al.47 Rear-surface Temperature History of U0,-10%Gd.0 (Sample Shape
No.2.2) at 1700T

Measurement of Thermal Diffusivity

sample name UO:‘lU%GdzO:
temperature 1717 *C temp. sensor - alpha NC
sample thickness 1.020mm
slope 428.13ms
0r q§§& thermal diffusivity 0.0061 cm*2/s
i %
%
-0.5 + ()

-1.0

-1.5 1 1 ?ES i 1

0 6 12 /s

Fig.Al.48 Calculated Logarithmic Plot of U0,-10%Gd,0,(Sample Shape
No.2.2) at 1700T
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JAERI-Tech 94-028

Measurement of Thermal Diffusivity

) sample name rls A
temperature 18 *C temp. sensor - alpha NC

sample thickness 1.375mm

half time 446.34ms

1.5 F thermal diffusivity 0.0059 cm"2/s

1.0

0.5

0 { L 1 - 1 _— i

0 1.6 3.2 S

Fig.A2.1 Rear-surface Temperature History of Sample A(7Zr0,-3%Ca0)
at Room Temperature

Measurement of Thermal Diffusivity

sample name 2r0: A

temperature 18 'C temp. sensor - alpha NC

sample thickness 1.375mm

slope 783.73ms

0+ thermal diffusivity 0.0060 cm"2/s
,0_5 -
-1.0 F

_15 i 1 1 1 [
0 4 8 /s

Fig.A2.2 Calculated Logarithmic Plot of Sample A(Zr0,-3%Ca0)
at Room Temperature
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JAERI-Tech 94-028

Measurement of Thermal Diffusivity

, sample name Ir0z A
temperature 506 *C temp. sensor - alpha NC

sample thickness 1.375mm

half time 745.02ms

1.5 F thermal diffusivity -~ 0.0035 ¢m"2/s

0 3.2 6.4 5

Fig.A2.3 Rear-surface Temperature History of Sample A(Zr0 -3%Cal)
at 500C

Measurement of Thermal Diffusivity

sample name 110, A

temperature 506 *'C temp. sensor - alpha NC

sample thickness 1.375mm

slope 1410ms

0k thermal diffusivity 0.0034 cm"2/s
-0.5 F
o
-1.0 +

_15 i I 1 1 1

0 2.5 5 /s

Fig.AZ.4 Calculated Logarithmic Plot of Sample A(Zr0,-3%Cal) at 500C
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JAERI-Tech 94-028

Measurement of Thermal Diffusivity

sample name Zr0s A
temperature 1084 'C temp. sensor - alpha NC
sample thickness 1.375mm
half time 638.35ms

thermal diffusivity 0.0041 cn"2/s

0 ' 3.2 6.4 S

Fig.A2.5 Rear-surface Temperature History of Sample A(ZrO -3%Ca0)

-1.0

-1.9

at 1100TC

Measurement of Thermal Diffusivity

_ sample name Z10z A
temperature 1084 *C temp. sensor - alpha NC
sample thickness 1.375mm
slope 1285ms

thermal diffusivity 0.0037 cn*2/s

] H | . L 1

Fig

0 3 6 /s
.A2.6 Calculated Logarithmic Plot of Sample A(ZrQ,-3%Ca0) at 1100T
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JAERI-Tech 94-028

Measurement of Thermal Diffusivity

sample name 2r0s &

temperature 1800 *'C temp. sensor - alpha NC

sample thickness 1.375mm

half time 705.57ms

1.5 thermal diffusivity 0.0037 cm"2/s

1.0 -
0.5
0 |
0 3.2 6.4 5
Fig.A2.7 Rear-surface Temperature History of Sample A(Zr0,-3%Ca0)
at 1500C
Measurement of Thermal Diffusivity
sample name 2r0a A
temperature 1500 *C temp. sensor - alpha NC
sample thickness 1.375mm
slope £189ms
0+ thermal diffusivity 0.0040 cm*2/s
-0.5 F
-
_1.0 -
_15 1 1l ] £ A

0 3 6 /s

Fig.A2.8 Calculated Logarithmic Plot of Sample A(Zr0,-3%Ca0) at 15007T
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JAERI-Tech 94-028

Measurement of Thermal Diffusivity

: sample name r0: B

temperature 1§ 'C temp. sensor - alpha NC

sample thickness 0.883mm

half time 231.96ms

1.5 F thermal diffusivity 0.0059 cm"2/s

1.0 — — -
0.5 F
O I [ 1 I 1 [
0 1.6 3.2 5
Fig.A2.9 Rear-surface Temperature History of Sample B(ZrQ -20%Y.0,)
at Room Temperature
Measurement of Thermal Diffusivity
‘ sample name Ir¢. 3
temperature 19 'C temp. sensor - alpha NC
sample thickness 0.933mm
slope 326.11ms
0r thermal diffusivity 0.0076 cm"2/s
l_
-0.5 F
r_.
-1.0
_15 1 L l\%c?) 1 ]

0 75 15 /s

Fig.A2.10 Calculated Logarithmic Plot of Sample B(Zr0,-20%Y0.)
at Room Temperature
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JAERI-Tech 94-028

| Measurement of Thermal Diffusivity

sample name
temperature 523 'C temp. sensor - alpha
sample thickness
half time
1.5 thermal diffusivity

—

ir0: B

NC

0.993 mm
2B1.58ms
0.0043 cm"2/s

0 3.2 6.4 5
Fig.A2.11 Rear-surface Temperature History of Sample B(Zr0 -20%Y.0.)
at 500C
Measurement of Thermal Diffusivity
sample name iro. B
temperature 823 *'C temp. sensor - alpha NC
sample thickness 0.98383 mm
slope 442 .25ms
0k thermal diffusivity 0.0056 ctm*2/s
_05 -
-1.0 +
L
—15 L I 1
0 13 /s

Fig.A2.12 Calculated Logarithmic Plot of Sample B(Zr0,-20%Y0,)

at 5007TC
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' JAERI- Tech 94-028

Measurement of Thermal Diffusivity

sample name 7102 B
temperature 1081 *C temp. sensor - alpha NC
sample thickness 0.983mm
half time 290.49ms
1.5 F thermal diffusivity 0.0047 cm"2/s
B
1.0 F— -
0.5
0
0 3.2 6.4 S
Fig.A2.13 Rear-surface Temperature History of Sample B({ZrC,-20%Y0,)
at 1100T
Measurement of Thermal Diffusivity
- sample name 7r0s B
temperature 1081 *'C temp. sensor - alpha NC
sample thickness 0.993 mm
slope 544.77 ms
0k thermal diffusivity 0.0045 tm"2/s
-0.5
_1_0 -
_15 L 1 1 [ 1

0 6.5 13 /s

Fig.A2.14 Calculated Logarithmic Plot of Sample B(ZrO,-20%Y0)
at 1100TC
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JAERI-Tech £4-028

Measurement of Thermal Diffusivity

- sample name Ir0a 8

temperature 1502 *'C temp. sensor - alpha NC

sample thickness 0.883 mm

half time 279.36nms

1.5 + thermal diffusivity 0.0049 cm"2/s

1.0 -
0.5 F
0
5
Fig.A2.15 Rear-surface Temperature History of Sample B(Zr0,-20%Y0)
at 1500C
Measurement of Thermal Diffusivity
sample name Ir0: B
_ temperature 1502 *C temp. sensar - alpha NC
sample thickness 0.993 mm
slope 611.02ms
0+ thermal diffusivity 0.0040 cm"2/s
__05 L
-1.0 b
I_
_15 1 1 1 1 {
0 6.5 13 /s

Fig.A2.16 Calculated Logarithmic Plot of Sample B(Zr0,-20%Y0,)
at 15007C
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JAERI-Tech 54-028

Measurement of Thermal Diffusivity

| sample name r0s €
temperature 18 'C temp. sensor - alpha NC

[ sample thickness 1.959mm

half time 760.36ms

1.5 thermal diffusivity 0.0070 cm"2/s

1.0 - -

0 e L L 1 !
0 3.2 6.4 S

Fig.A2.17 Rear-surface Temperature History of Sample C({Zr0,-13.7%Y .0}
at Room Temperature

Measurement of Thermal Diffusivity

sample name Irta C

temperature 18 'C temp. sensor - alpha NC

sample thickness 1.859mm

slope 1154 ms

0 thermal diffusivity 0.0083 cm"2/s
}..-
-0.5 F
-1.0 -

2
_15 1 i | L 1
0 2.5 5 /s

Fig.A2.18 Calculated Logarithmic Pilot of Sample C(Zr0,-13.7%Y.0,)
at Room Temperature
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JAERI- Tech 94-028

Measurement of Thermal Diffusivity

sample name
temperature 822 'C temp. sensor - alpha
sample thickness
half time
1.5 thermal diffusivity

Zr0. C

NC

1.95G mm
B08.32ms
0.0066 cm"2/s

1.0  —-
0.5 -
0
0 3.2 6.4 S
Fig.A2.19 Rear-surface Temperature History of Sample C({Zr0,-13.7%Y 0,
at 500T
Measurement of Thermal Diffusivity
sample name 210z C
temperature he2 'C temp. sensor - alpha NC
sample thickness 1.958 mm
slope 1434 ms
0F thermal diffusivity 0.0067 cm"2/s
-0.5 +
-1.0 +
_15 1 L 1 i
0 _ 2.5 5 /s

Fig.a2.20 Calculated Logarithmic Plot of Sample C(Zr0,-13.7%Y.0)

at 500T
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JAERI-Tech 894-028

Measurement of Thermal Diffusivity

sample name

1089 'C temp. sensor - alpha
sample thickness
half time
thermal diffusivity

Zr0: €

NC

1.958 mm
748.75ms
0.0071 cm*2/s

Fig

-0.5

-1.5

0

3.2

6.4 5

_A2.21 Rear-surface Temperature History of Sample C{Zr0,-13.73%Y.0,)

at 1100T

temperature

Measurement of Thermal Diffusivity

sample name
1088 *'C temp. sensor - alpha
sample thickness
slope
thermal diffusivity

Ir0: C

NC

1.958mm

1275 ms

0.0075 cm*2/s

L

0

Fig.A2.22 Calculated Logarithmic Plot of Sample

at 11007C
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JAERI- Tech 94-028

Measurement of Thermal Diffusivity

sample name r0a €

temperature 1745 *'C temp. sensor - alpha NC

[ sample thickness 1.859mm

half time 6541.02ms

1.5 F thermal diffusivity 0.0083 cm"2/s

Fig.A2.23 Rear-surface Temperature History of Sample C(Zr0,-13.7%Y0))
at 1700TC
Measurement of Thermal Diffusivity
sample name 2r0: €
temperature 1715 'C temp. sensor - alpha NC
sample thickness 1.859 mm
slope 12680ms
0F thermal diffusivity 0.0075 ¢cm"2/s
-0.5
_1.0 .
_15 L L 1 1 1

0 3 B /s

Fig.A2.24 Calculated Togarithmic Plot of Sample C({Zr0,-13.7%Y0)}
at 1700T
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JAFRI-Tech 94-028

Measurement of Thermal Diffusivity

sample name Ir0: TC

temperature 19 *'C temp. sensor - alpha NC

sample thickness 1,865 mm

half time £48.83ms

1.5 | thermal diffusivity 0.0083 cm"2/s

1.0
0.5
0 \ il 1 ! { i
0 3.2 6.4 5
Fig.A2.25 Rear-surface Temperature Histery of Triangle Shape Sample
TC(ZrC,-13.7%Y.0,) at Room Temperature
Measurement of Thermal Diffusivity
sample name £rGs TC
temperature 19 *'C temp. sensor - alpha NC
sample thickness 1.865mm
slope 1145ms
0k o thermal diffusivity 0.0084 cm"2/s
e}
-0.5 |
: 5
g
-1.0 | &
: %
R
_15 | 1 I 1 1
0 ‘ 3 6 /s

Fig.A2.26 Calculated Logarithmic Plot of Triangle Shape Sample
TC(ZrO,-13.7%Y 0,) at Rcom Temperature
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JAERI-Tech 94-028

Measurement of Thermal Diffusivity

sample name . 1r0: TC

temperature 00z *C temp. sensor - alpha NC

sample thickness 1.865mm

half time 744 .64ms

1.5 thermal diffusivity 0.0072 cm"2/s

-
1 i i
0 3.2 6.4 5

Fig.A2.27 Rear-surface Temperature History of Triangle Shape Sample
TC(Zr0,-13.7%Y,0,) at 500C

Measurement of Thermal Diffusivity

sample name Zr0. TC

temperature 502 °C temp. sensor - alpha NC

sample thickness 1.965 mm

slope 1384 ms

0F thermal diffusivity 0.0069 cm"2/s
-
-0.5 F
-1.0F
}_

..15 L 1 I l |

C 2.5 5 /s

Fig.A2.28 Calculated Logarithmic Plot of Triangle Shape Sample
TC(Z2r0,-13.7%Y,0) at 500T
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JAERI- Tech 94-028

Measurement of Thermal Diffusivity

_ : sample name ir9: TC
temperature 1084 *C temp. sensor - alpha NC
sample thickness 1,865 mm

half time 730.17ms

1.5 thermal diffusivity 0.0073 cn"2/s

1.0 -

O . 1 1 1 1

0 3.2 6.4 S

Fig.A2.29 Rear-surface Temperature History of Triangle Shape Sample
TC(2r0,-13.7%7,0,) at 1100T

Measurement of Thermal Diffusivity

sample name 1102 TC

temperature 1084 'C temp. sensor - alpha NC

sample thickness 1.965mm

slope 1380ms

0+ thermal diffusivity 0.0070 cm*2/s
0.5
-1.0 +

_15 [ 1 1 1 i

0 2.5 5 /s

Fig.A2.30 Calculated Logarithmic Plot of Triangle Shape Sample
TC (£r0,-13.7%Y,0,) at 1100C
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JAERI-Tech 94-028

Measurement of Thermal Diffusivity

sample name £r0. TC

temperature 1710 *'C temp. sensor - alpha NC

sample thickness 1.965mm

half time 648.24 ms

1.5 F thermal diffusivity 0.0083 cm"2/s

1.0 b -~
0.5 F
O L_ ) 1 1 1 l
0 3.2 6.4 5
Fig.A2.31 Rear-surface Temperature History of Triangle Shape Sample
TC(Zr0,-13.7%Y,0,) at 1700T
Measurement of Thermal Diffusivity
_ sample name 1r0: TC
temperature 1740 'C temp. sensor - alpha NC
sample thickness - 4.865mm
slope 1427 ms
0F %%§ thermal diffusivity 0.0068 cm"2/s
os) %
-1.0
...15 L 1 1 13 |
0 3 6 /s

Fig.A2.32 Calculated Logarithmic Plot of Triangle Shape Sample
TC(2r0,-13.7%Y,0,) at 1700T
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