JAERI -M
91-069

Iy A =TI =ZT A
S B RMBRE) 0 B0 7 35 42 2

199 144K

FERE i - AR AR - BRJE O SCHE - K OBLOR

B & E F hHh & &
Japan Atomic Energy Research Institute



JAEREM U f— id, BARBETHHEFRATERILTL T 2HRBEETT.

AT bR, BARRTF TR R S R (T 219— 115 1B 36 7 EL FIRAT)
BT, BRL LS, ok, JoEPCHEREARFALASES 7 — (TI9-11RH
B TR B AT RN THEC LS EREREE 1L TH Y 27,

JAERI-M reports are issued irregularly.
Inquiries about availahility of the reports should be addressed to Information Division, Department
of Techrical Information, Japan Atomic Energy Research Institute, Tokal—mura, Naka-—-gun,

Iharaki-ken 319-11, Japan.

© Japan Atomic Energy Research Institute, 1991

R AT B A EF R R
El il B 7R ENR f a2 4t



JAERI-M 91-065

WS A F - b3 s L B E OB E R E

0 A J5 - 71 BIF 25 B K e B S0P A1 BL G BR AP
gk MEFT e NER B - R UM LB R

(19914 3 HI3H=Z1E)

ITMTR i, BHEERBLCHIEO—HRE L CREBHBEHOLREFMCEST 520, 7
S F Tt =y A (UsSh—Al) SEBEEMOREERLERS S 400700
5 TAlE L,

ﬁﬁ%%@,%mﬁ$.ﬁﬁ%&@%ﬁ@%&bfﬁ%%nﬁo%c(.%Eﬁ%ﬁc

N3 oo AsmeichlE L TiE L, AMEERCERERE, L-F -7 7y v
i EDEIE L. ME, REREECLDRE LAREREP SRS

ME@%%,mSMAJﬁﬁﬂ%ﬂ@@%%%dﬁﬁL%&iK%mmﬁmL,3%%
FETERICETAEMBED o

KPERFR AR © 31113 IR AL AR ET R E TR 3607

{1)



JAERI-M 91-065

Measurement of Thermal Conductivity of Uranium

gilicide - Aluminum Dispersion fuel.

Junichi SAITC, Yoshihiro KOMCRI
Fumio SAKURAL and Hiroei ANDO

Department of JMTR Project
OQarai Research Establishment
Japan Atomic Energy Research Imstitute

Oarai-machi, Higashiibaraki-gun, Tharaki-ken

(Received March 13, 1991)

In conjunction with reducing enrichment program for JMTR, thermal
conductivity of uranium silicide - aluminum (UBSiZ—Al) dispersion fuel
was measured in the temperature range of 25°C 4 A00°C for the safety
evaluation of low enriched uranium fuel.

Since thermal conductivity is determined as the product of thermal
diffusivity, heat capacity and density, these three properties were
individually measured. Thermal diffusivity and heat capacity of the
specimen were measured by the laser flash method. Temperature
dependence of density was obtained by measuring the thermal linear
expansion with differential dilatometer.

Obtained results show that conductivity of the U3512—Al dispersicn
fuel slightly increases as temperature increases, and tends to reach the

maximum around 300°C.

Keywords: Thermal Conductivity, Uranium Silicide, Dispersion Fuel,

1aser Flash Method, Low Enriched Uranium, JMTR
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Table 2.1 Chemical Composition of the Depleted Uranium

Element Content (ppm)

Al < 14

B < 0.2
C 440
Cd < 0.4
Co <
Cu 17
Fe < 12
Li < 2
Mg < 4.5
N 35

0 67
in < 20

U Bal.

Table 2.2 Uranium Isotopic Composition in Depleted Uranium

Isotope of uranium | Content(wt. %)
U234 0. 001
U235 0. 195
U236 0. 005
UZSS . 99, 799
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Table 2.3 Chemical Composition of the Aluminum Matrix

Element Content (wt. %)
Fe 0. 26
Si 0.112

- Cu 0. 005
in 0. 009
Mg < {.001

B < 0.001
Li < 0.001
Cd < 0.001
Cr < 0.001
Mn 0, 002
Ti 0.018
Mo 0. 0002
Al Bal.

Table 2.4 Description of Uranium Silicide - Alumimum

Dispersion Fuels

Si content in Density Volume fraction of U content Porosity
vranium silicide : uranium silicide
wt. %) (g/ cal) (96) (g cd) ¢ 9]
7.4 6.63 43.8 4. 91 7.0
T.7 6. 55 43.8 4, 88 7.4
7.9 6. 54 44.1 4. 86 7.2
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Fig. 2.1 Fabrication Process of Specimens for Thermal Conductivity

Measurement
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Photo. 2.1 Microstructure of Uranium Silicide - Aluminum Dispersion
Specimen (7.4wt.%Si in Uranium Silicide}



JAERI-M 91-065

200 um

Photo. 2.2 Microstructure of Uranium Silicide - Aluminum Dispersion
Specimen (7.7wt.%5i in Uranium Silicide)
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Photo. 2.3 Microstructure of Uranium Silicide — Aluminum Dispersion
Specimen (7.9%wt.%51 in Uranium Silicide)
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Table 3.1 Measured Results for Thermal Diffusivity of
Aluminum Specimen

Temperature Thermal Diffusivity

T a
ey (. 8)
23.1 1. 0447
23.1 1, 0282
23. 3 1. 0162
116. 3 0. 9792
119. 2 0. 8963
121.7 0. 9484
241. 3 0. 8746
240. 7 0. 8955
241. 1 0. 8948
327. 4 0. 8551
328. 1 0. 8924
328.7 0, 8427
436. 9 0. 7926
436. 8 0. 8277
436. 1 0. 8086




Table 3.2 Measured Results for Thermal Diffusivity of Uranium

TAERI-M 81-065

§ilicide - Aluminum Dispersion Fuels

7. Awt. %51 * 7. Twt. %Si* 7. 9wt, ¥5i°

Specimen Temp. att Specimen Temp. at Specimen Temp. a*t
Na e (caf/s) Na C) {cat/s) Na C) (aaf/s)
22.3 0. 2251 24.3 0. 2303 24.7 0. 2115

22.1 0.2212 24.5 0. 2306 24.7 0. 2145

225 0. 2218 24.5 0. 2294 24. 7 0. 2160

103. 4 0. 2268 102. 7 0. 2309 133.0 0.2161

107. 3 0. 2201 106. 0 0. 2307 105. 5 6. 2079

112. 2 0. 2240 107. 8 0, 2247 107.5 0.2148

2i1. 4 0.2179 213.2 0.2218 212.9 0. 2065

4DA 218.4 0.2145 T7DB 213.5 0. 2209 DB 212.8 0. 2072
220. 3 02144 213.1 0. 2180 212.9 0, 2039

317. 9 0. 2140 310.1 0. 2157 308. 8 {0, 2065

318. 3 0. 2111 310.7 0.2172 310.6 0. 2061

318. 3 0. 2102 311.0 02154 311. 0 0. 2070

426. 3 0. 2041 429. 9 0. 2132 429. 6 0. 2013

426.5 0. 2067 429.5 0. 2125 429. 3 0. 1984

476.6 0. 2066 429. 3 0. 2149 429. ¢ 0. 2002

25. 7 0. 2262 20.8 0.2248 22.7 0. 2054

25.9 0. 2270 20. 8 0. 2196 22. 9 0. 2078

25.7 0. 2282 21.0 0. 2293 22.9 (0. 2091

102. 7 0. 2211 103. 2 0. 2213 99, 6 0.2172

105. 2 0. 2292 109. 2 0.2185 102.7 0. 2099

107. 3 0.2183 107. 0 0. 2226 106. 6 0. 2030

213.2 0. 2205 212. 7 0. 2198 211, 2 0.2019

40D 213.4 0. 2192 7DC 212.7 0. 2181 9DC 210, 9 0. 2023
213.4 0.2183 212.7 0. 2197 210. 9 0. 2022

309.9 0. 2152 308. 8 0. 2157 308. 0 0. 2008

310.9 0.2128 309. 4 0. 2189 308.86 0. 2009

3113 0. 2162 309.7 0. 2166 308.7 0. 2007

429. 3 0. 2080 428.6 0. 2142 427. 6 0. 15958

428.6 0. 2110 428.0 0. 2086 427. 6 0. 1939

428. 3 0. 2076 427.6 0. 2100 427. 1 0, 1945

17. 2 g. 2176 24. 9 0. 2203 227 0. 2103

17.7 0.2166 25. 1 0. 2240 22.7 0. 2036

18. 2 0.2196 25. 1 0. 2227 2217 0. 2089

84.0 0.2130 104. 2 0.2197 104.5 0. 2000

89.4 0. 2101 108. 8 0. 2069 106. 8 0. 1929

93. 8 0. 2090 110. 6 0. 2151 108. 8 0. 2020

197.5 0. 2065 2144 0. 2154 213. 4 0. 2010

4DH 199. 5 0. 2065 7DD 214. 3 0.2117 9D 213. 4 0. 2002
201.0 0. 2102 214. 1 0. 2123 213. 4 0. 2009

295 5 0. 2000 309. 8 0. 2076 310.6 0. 1946

296. 2 0. 1991 310. 3 0. 2096 310.9 0.1973

296. 7 0. 1983 310. 9 0.2124 311. 3 0. 1958

420.5 (. 1940 430.0 0. 2076 429, 5 0. 1931

422.1 0. 1942 429.5 0. 2057 429. 1 0.1925

423. 0 . 1958 429. 1 0. 2079 i 428. 8 0. 1938

t - Si content (wt.%) in uranium silicide.

¥t © Thermal diffusivity.

— 15__.
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Table 3.3 Dimensional and weight Changes of Specimen after Thermal
Diffusivity Measurements
Specimen | Si content in [tem Before After Amount of Change
Na Uranium Sili- Measurement | Measurement Change
: cide (wt. %) &

Diameter /mm 8. 670 9. 961 0. 009 0. 09

4DA 4 Thickness /mm 2 295 2. 901 — (1. 004 — 0.14

PWeight /8 1. 5003 1. 5008 0. 0005 0.03

Diameter /mm 9, 940 9. 540 0. 000 0.00

40D 4 Thickness /um 2, 968 2 968 0. 000 . GO

Weight /g 1. 5364 1. 5360 - (. 0004 — 0.03

Diameter /mm 9. 791 9. 789 — 0.002 — .02

4DH 4 Thickness /mm 2.945 2. 950 0. 0G5 0.17

Weight /g | 14745 1. 4738 - 0.0007 |- 0.05

Diameter /um 9. 937 9. 934 — 0.003 - 0.03

TDB 7 Thickness /ma 2. 917 2 916 — 0.001 — 0.03

Weight /g 1. 4795 1. 4781 - (. 0004 - 0.03

Diameter /um 9. 981 9. 989 0. 008 0.08

T0C T ?hickness /um 2. 962 2. 963 0. 001 0. 03

Weight /g 1. 5177 1. 5173 - . G004 - 0.03

Diameter /mm 9. 799 9. 988 0. 009 0.09

TD0D0 1 Thickness /mm 3.009 3.012 0. 003 0. [0

Weight /g 1. 5424 1. 5417 — 0. 0007 - 0.05

Diameter /mm g. 951 9. 956 0. 005 0.05

9bB 9 hThickness /mm 2.918 2920 0. 002 0.07

Weight /B 1. 4871 1, 4852 — 0. 0018 - 0.13

_ Diameter /um 9. 942 9. 940 — 0.002 - 0.02

gDC 9 Thickness /um 2. 899 2. 898 — 0.001 — 0.03

Weight /g 1. 4779 1. 4775 — 0. 0004 - 0.03

B Diameter /mm 9. 960 9. 850 — 0.¢10 - 10

90D g | Thickoess /m| 2 964 2. 967 0, 003 0.10
Weight /&8 1. 5103 1. 5098 — 0.0005 — 0 UST—

- 16—
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Table 3.4 Approximate Expression with a function of temperature for
Thermal Diffusivity of Uranium Silicide — Aluminum
Dispersicn Fuels

1
a =
[Bo“[_Bl * T]
where a . Thermal diffusivity (eaf « 571
T ; Temperature  (°C)
B, ., B, ; Constants which are shown below
Constants Bo B
Si Content in i
yranium silicide(®)
1.4 4. 469 10. 4431074
]
!
i
1.7 4. 429 7. 646 x10°%
7.9 4. 750 7.896x10"*




Tahle 3.5 Absclute Values of Heat Capacity for Aluminum and
- Aluminum Dispersion Fuel at Room Temperature

JAERI-M 81-065

Uranium Silicide

Aluminum
Temp. Cr?
C°C (J/g-£)
20.G 0. 8320
19.2 0. 8473
19, 3 0. 8442

T. 4wt ¥51 *° 7. Twt. ¥51 ** 7. 9wt %51 **
Temp. Cr? Temp. Cr* Temp. Ce*
)] (J/eg-K ¢ J/g ) C°C (/g6
21.8 0, 3222 23 4 0. 3357 22.6 0. 3386
21,8 0. 3295 22.9 0, 3325 22.5 0. 3378
21, 4 0. 3294 22.6 0. 3357 22.8 0. 3386
21. 4 0. 3298
21. 7 0. 3288 |

% : Heat capacity.

%%: Silicon content(wt. %) in uranium silicide.
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Table 3.6 Measured Results for Heat Capcity of Aluminum Specimen

Temperature Heat Capcity
T Cr

o (J g+ K)
25 4 0. 8463
25.8 0. 8361
25.9 0. 8472
87.1 0. 9009
90. 8 0. 8883
94.2 0. 8843
203.9 0. 9484
204. 9 0. 9531
205. 8 0. 9453
296. 9 0. 8570
296. 8 0. 9570
296. 7 0. 9608
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Table 3.7 Measured Results for Heat Capacity of Uranium Silicide
- Aluminum Dispersion Fuels
7 4wt XST ° 7. Twt. ¥Si7 7. 9wt X51°
Specimen | Temp. Ce **| Specimen | Temp. C- **| Specimen | Temp. Ce ™
Na 4] (/g Ne e (J/g-£) Na o)) /g K)
2.4 |0 3272 19. 4 0. 3346 19.2 ] 0.3371
21.8 0.3209 20. 1 0. 3381 19.3 0. 3397
22.4 0. 3265 20.2 | 0.3319 19.6 0. 3393
90.1 0. 3457 84,7 | 0.3584 83.8 0. 3567
95.5 0. 3485 89.7 {0.353% 88.9 0. 3632
99. 7 0. 3434 93.9 | 0.3447 97.7 |0 3587
205.2 | 0.3637 200.5 0. 3756 201.2 | 0.382]
4DG 206. 1 0. 3632 TDG 202.3 0. 3757 9DG 202.9 0.3799
206.9 | 0. 3622 203.8 0. 3682 204. 3 0. 3842
298.8 | 0.3724 296. 6 0. 3831 296. 8 0. 3890
298.9 | 0.3674 297.6 | 0.3795 2971.8 0. 3947
298.9 0. 3704 298.3 | 0.3782 298.5 0. 3368
420, 2 0. 3713 419.9 0. 3907 419.8 | 0.4063
422.8 0. 3832 422 4 0. 3879 422. 6 8. 4002
424.5 0. 3853 424.3 0. 3918 424.2 1 0.4026
7.2 1 0.3273 24.5 | 0.3322 224 0. 3438
177 0. 3250 24.9 | 0.3401 22.6 0. 3361
18.2 0.3314 25.1 0.3315 22.6 0. 3362
84.0 0. 3498 87.7 0. 3443 85.8 | 0. 3600
89. 4 0. 3932 92.7 | 0.3489 90.8 | 0.3609
93.9 | 0.3488 97. 1 0. 3444 95.3 i0.3582
197.5 | 0. 3696 201.9 | (. 3680 203. 4 0. 3750
4DH 199.5 | 0.3697 7DH 203.3 | 0. 3664 9DH 204.6 0. 3757
201.0 (0. 3741 204.4 | 0.3650 205. 6 0. 3715
295.5 0. 3769 295.4 | 0.3660 297. 4 0. 3734
296. 2 0. 3747 296. 4 0. 3639 298. 1 0. 3761
296.7 | 0.3765 297.0 0. 3659 298.5 | 0.3737
420.5 | 0.3912 421.5 0. 3752 419.8 0.3932
422 1 0. 3871 423. 1 0.3727 422. 4 0. 3918
423.0 | 0.3011 423.9 | 0.3755 423.8 10,3924
21.1 0. 3281 23.9 0. 3374 22.9 0. 3394
23.1 0. 3263 4.7 0. 3355 234 (. 3430
23.8 0. 3293 25.0 0. 3309 24,2 0. 3337
7.7 | 0.3450 62.7 | 0.3471 89.3 0. 3671
2.8 | 03403 67.3 10,3508 94.5 0. 3696
86. 6 0. 3466 7.2 | 0.3469 98.5 0. 3594
235.6 | 0.3832 197.8 | 0.3862 198. 1 0. 3802
4D 1 236.4 0. 3723 TD1 199.6 0. 3887 9D 1 200.3 | 0.3780
231, 1 0. 3823 2011 0. 3870 201.8 | 0.37%
333.5 . 3916 294.8 0. 4007 296.3 0. 3819
335.0 | 0.3838 2057 | 0.3870 297.2 | 0. 3832
336.0 03871 296.2 | 0.3927 297.7 | 0. 3767
431.3 0. 4007 399.8 0. 4049 421. 4 | 0.3841
432.3 0. 4021 401. 8 0. 4016 422.9 | 0.3932
432.7 | 0.3976 402.8 | 0. 4034 423.6 0. 3930
¥ - Silicom content(wt.¥) in uranium silicide.

1+ : Heat capacity.
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Table 3.8 Approximate Expression with a function of Temperature for
Heat Capacity of Uranium Silicide - Aluminum Dispersion
Fuels

Cr =A,FA, - TH+A:- T?

where  Co . Heat capacity (J. g -K)
T . Temperature {°C)
A. A A: ; Constants which are shown below
E
Constants A, Al A

Si Content in
uranium silicide(®)

T4 0. 3237 2.665 x107' | —2.550 x1077
7.7 0. 3288 2.954 x107* 3.693 x1077
7.9 0. 3367 2.454 x10°*| —2.55] x1077
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Table 3.10 Approximate Expression with a Function of Temperarure
for Thermal Linear Expansion of Uranium Silicide =~
Aluminum Dispersion Fuels

AL/Ln :Ao‘i‘Al'T‘f’Az‘Tz +A3'T3
where AL, Lo . Thermal linear expansion (96)

T ;  Temperature C)
Ao Al ‘Az, As: Cnstants which are shown below

Constants A Al Az A,
Si Content in
uranium silicide(®)

7.4 —5.364 1077 2.137 x107° 3.514 x107" | —0.808 x107*°
7.7 ~5.216 x107? 2.068 x10°° 7.424 x1077 | —4.578 x10°'°
T8 —5.148 x107* 2.037 x10°® 9.009 x10°7 | —7.138 x107'°

Thermal linear expansion adjusted to 0 at 25°C.
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Table 3.12 Thermal Conductivities of Uranium Silicide - Aluminum

JAERI-M 91-065

Dispersion Fuels

Si Content | Temperature Thermal Heat Density Thermal

in Uranium ‘ Diffusivity | Capacity Conductivity
-Silicide PT ] [ a ] [ Co ) 0] A

o | o T e wmn | (wen | wvam

25 0.2225 0. 3802 6. 630 0. 4870

100 0.2187 0. 3478 6. 598 0. 5017

7.4 200 0.2138 0. 3668 6. 554 0.5139

300 0. 2091 0. 3807 6. 509 0. 518t

400 0. 2046 0. 3895 6. 463 0.5152

25 0.2248 0. 3360 6. 551 0. 4948

100 0. 2220 0. 3546 6.518 0.5132

1.7 200 0. 2182 0. 3731 6. 475 0.5273

300 0. 2147 0. 3842 6. 430 0. 5303

400 0.2112 {. 3879 6. 384 0. 5230

25 0. 2097 0. 3427 6. 544 0. 4701

100 0. 207} 0. 3587 6.513 0. 4837

7.9 200 0. 2038 0. 3756 6. 469 0. 4950

300 0. 2005 0. 3874 6. 424 0. 4990

400 0. 1974 0. 3940 6. 378 0. 4561
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Fig. 3.7 Schematic of Sample Holding Assembly for Heat Capacity
Measurement
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THERMAL CONDUCTIVITY (W/m-K)
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