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Development of a Shielded Pellet Thermal

Conductivity Measurement Apparatus
Isao OWADA, Yasuharu NISHINO and Teruo KUSHIDA

Department of Hot Laboratories
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 26, 1993)

At the Hot Engineering Division, development of new PIE techniques
for the study on high burnup fuel behavior have been continued. The
thermal conductivity in high burnup fuel pellet is one of the most
important thermophysical properties. The shielded pellet thermal
conductivity apparatus using the laser flash method was developed and
it became possible to calculate the thermal conductivity of high burnup
fuel pellets.

This report describes the results of measurement of the thermal
diffusivity of the metallic tantalum and ceramic samples such as alumina,
zirconia and mullite, at room temperature to 1800°C. The measured value
of the thermal diffusivity with tantalum were correspond to the data of
the TPRC data series published by the Purdue University in USA. The
thermal diffusivity of the fan shaped tantalum samples was also measured
to examine the effect of sample shape. The result of data analysis by
the logarithmic method showed small difference between round and fan
shaped samples. The measured value of ceramic samples were similar
scatter in tantalum one.

Keywords: Fuel Pellet, Laser Flash Method, Thermal Conductivity,

Thermal Diffusivity, Tantalum, Alumina, Zircenia, Mullite

The work was performed under contract with Atomic Energy Bureau
of Science and Technology Agency of Japan.
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Table 3.2 % ¥ ¥ VOBRMERRIESEN

LRI E R E FE 20CH R

i : 500, 1000, 1500, 1800°CD 4 BRI
el e ) % &, EE i (x107PaFi R
3. M E B E FEil o £50puV

HiE: EBAER
LEBENEF - s MER Zim 2 56

B 1H
s vy 2r—F | Eh, HGE®EICI0usec
6. il E E iR, Bt sE
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Table 3.3 EFE10mAHES » & VOBIEEERREE
N—7 54 LEE Xt ¥
MERECC) | EHB(d/s) | E52%(%) | HHE(d/s) [T52%2(%)

1 18 0.2356 - 2.28 0.24112 G.42

2 18 0.2396 - 0.82 0.2410 0.33

3 18 D.2496 3.53 0.2414 0.50

4 18 0.2364 - 1.95 0.2332 - 2.91

5 18 0.2443 1.33 D.2440 1.58
ET1 8| 0.2411 | BEE .17 | 0.2402 | |
O e T 02318 | 0.04 | 0.2288 | 1 0|

2 492 0.2320 0.09 0.2269 0.04

3 492 0.2321 0.13 0.2212 0.18

4 493 0.2316 - 0.09 0.2270 0.09

5 433 0.2313 - 0.22 0.2261 - .31
Cemg | ae2 | o238 | BgE 0.13 | 0.2268 | |
T e e T “013 | o 0.2238 | -0.22 |

2 999 0.22986 0.04 0.2243 - 0.04

3 994 0.2293 - 0.09 0.2242 - 0.04

4 999 0.2297 0.09 0.2243 - 0.04

5 93¢ 0.2296 0.04 0.2252 0. 36
g | ess | 0.2095 | E4GZ 0.08 | 0.2244 | |
| oo | oazos | 0.0 | 0.2145 | - 0.14 |

2 1500 0.2204 - 0.14 0.2148 0

3 1300 0.2212 0.23 0.214% 0.05

4 1500 0.2203 - 0.18 0.2181 0.14

] 1500 G.2207 0 0.2148 ¢
Bl iso0 | 0.2007 | | SRz 0.16 | 0.2146 | o
L 1801 | o.2088 | 2,45 | 0.205 | £00 |

2 1800 0.2054 0.176 0.1972 - 0.25

3 1800 0.20667 1.42 0.1980 0.15%

4 1801 0.1944 - 4. 61 0.1859 - 5.97

5 1801 0.2036 - 0.10 0,2018 2.01
w101 | o 0.2088 | | gz 2.5 | otemt | ]
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Table 34 EZE5milEs v & VOREHEAER
N—T 54 L POf =47
RISEEECC) | HE#E (al/s) | o0& (%) | LEE(a/s) | K52 F (%)

i 22 0.24112 - 1.83 0. 2456 2.87

2 22 0.2433 - 0.98 0.237%5 - 3.18

3 22 0.2512 2.24 0.240% 2. 817

4 .22 0.2451 - 0. 24 0.2422 -0.12

5 22 0.2475 - 0.173 0.2361 - 1.81
ET1E 22 | 0.2457 | | BEEE 141 | 02000 | |
N T R BT Y T R R 0.3 | 0.2325 | ¢ 0|

2 493 0.2386 1.58 0.2358 0.04

3 493 0.2329 - [.8) 0.2271 0.33

4 494 0.2334 - 0.64 0.2278 - 0.2%

5 495 0.2341 - 0.34 0,2292 - 0.25
B 0.2348 | BAGE 0.88 | 0.2305 | ]
U T e s 004 | 02210 | -0.25

2 984 0.2249 - L. 10 0.2201 0.17

3 984 0.228% 0.56 0.2241 0.04

4 984 0.2281 0.31 0.221¢6 - 0,04

5 934 0.22795 0.04 0.2227 0.13
e | s | ozme | BRGE 0.59 | 0.2209 | |
U VT 0.2123 | - 083 | 0.2045 | 211 |

2 1496 0.2143 0 0.2080 C. 44

3 14986 0.2172 1.35 0.2101 - 0. 48

4 1496 0.217% 1. 49 0.2118 - 0,44

b 1496 0.2100 - 2.01 0.2031 - 1.1
Cemg | aes | 0.2148 | BAEE L34 | 0.2015 |
T R 0. 208 | Sroer | 0. 1884 | PR

2 1798 0.2071 1.62 0.19862 - 0.32

3 1798 0. 2057 0,34 0.1938 1.01

4 1798 0.2101 Z.4% 0.2002 0. 41

5 1798 0.1993 - 2.78 0. 1900 0.82
e | 11es | 0.2050 | BSEE 150 | o131 | |
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Table 3.5 EREImEES v & VORGEEEANER
ne—7 5 4 Ak xRk
RIEBRECC) | BB (a/s) | oo (%) | HEE(/s) |52 & (%)

1 18 0.2584 2.87 0. 2402 - 1.72

2 18 0.2417 - 3.78 0.2469 1.02

3 18 0.2584 2.81 0.2586 5.81

4 18 0.2509 - 0.12 0.2391 - 2.17

5 18 0.2464 - 1.91 0.23170 - 3.03
| 8 | o.2512 | | EREZ 2.63 | 0.2444 | |
U e eaes | o | 0.2352 | - o0.04 |

2 498 0.2406 0.04 0.235%4 0.04

3 42§ 0.2413 0.33 0. 2359 0.25

4 499 0.2399 - 0.25 0.2352 - 0.04

3 49% 0.2399 - 0.25 0.2348 - 0.21
weg | 498 | 0.2405 | | BAgE 0.21 | 0.2353 | |
U 00 | easer | S 025 | 0.2300 | - 0.39 |

2 1000 0.2371 .17 0.23217 0.18

3 1000 0, 2368 0.04 0.2319 0.43

4 1000 0,2368 - 0.04 0.2294 - 0.65

] 1000 0.2370 C.13 0.2306 - 0,13
B 0.2361 | | ESEZ 0.15 | 0.2308 |
T R T 211 | 0.2215 | 2.00 |

2 1498 0.2285 G. 44 0.2217 - 0.58

3 1498 0.2264 - 0.48 0.2213 - 0,58

4 1498 0.2285 - 0.44 0.2210 - 0.90

5 1498 0.2236 - 1.71 0.2233 0.13
CysE | 1498 | 0.2275 | - ESEZ 128 | o.223%0 | |
B tes | o.ou4s | Sa01 | 0.2087 | -10.22 |

2 1748 0.2182 - 0.32 0.2011 -11.37

3 17%8 0.2211 1.01 D.2506 10. 4%

4 1747 0.2198 0. 41 0.2384 5. 07

5 1798 0.2207 0.82 0. 2409 6. 17
ysE | 17198 | 0.2189 | BEEE 110 | 0.2269 |
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Table 36 s v 7 VORLECRAIERE
N—7 54 sk X3 ¥k
RFEBECC) | IREE (i /5) | X562 & (%) JEECR (ol /s) | 52 & (%)

1 20 0.3026 - 0.13 0.2624 - 2,49

2 20 0.3187 - 5.51 0.2674 - 0.63

3 20 0. 3064 i 12 0.2750 2.19

4 20 0.2914 - 3.83 0.2708 0.63

5 A 0. 2946 - 2.1 §.2701 0. 31
ET I 0 | 0.3080 | | EREZ 0.29 | 0261 |
U T s nses | o | 0.25¢6 | 0.08 |

2 507 0.2881 0 0.2547 6. 12

3 507 0.2888 - 0.10 0.2547 6.12

4 508 0.2891 0 0.2538 - 0. 24

5 508 0.2889 - 0.07 0.2542 - 0.08
i 0.2881 | REEE 0.08 | o250 |
B wos | vzess | S | 02505 | 0.15 |

2 1003 0. 2830 - 0.32 0.2488 - 0.52

3 1004 0.2839 0 0.2500 - 0.04

4 1004 0.2844 0.18 0.2506 0.20

5 1604 0.2842 0.11 0.2507 0.24
e | 1006 | o 0.2839 | BEEE 0.15 | 0.200 |
U sl | o.zt2r | 0.4l | 02385 | 0.80 |

2 1501 0.2703 - 0.30 0.2359 - 0.83

3 1501 0.2709 - 0.07 0.2351 - 0.97

4 1501 0.2731 0.34 0.2410 i.52

5 1501 0.2689 - 0.81 0.2358 - 0.76
Cws | 1501 | 0.2711 | | BEEZ 0.55 | 02314 |
R s | ozeiz | 3.00 | 02328 | 550 |

2 1788 0.2538 0.08 0.2099 - 4. 5%

3 1786 0.2488 - 1.89 0.2305 1.82

4 1788 0. 2452 - 3.31 0. 2000 - 9.05

5 1786 0.2591 2,17 0.2266 3.05
e | 17ee | 0.2535 | | B5E7 0.97 | 02188 |




JAERI-M  93—244

L8 "¢ 0 "L6 §00°2 - (Bu0g ZTHR D) L3404 4 W
......... g6 1 | szt | seocz | sorer | Tiiexd revw |
......... T e e T S
o ve s | s 666 | ser7 | vocor | 20N (f0i1) £ = £ oa s |
S 65 | 0001 | serce | vocor | 170K (r042) 4= a0z
AT Vosoe | se0°z | o001 | 2 oN (F0FTIV) £ % a4 |
o vee | ¢ 609 | sooz | o001 | 5ok (fofiv) £ % a £ |

(42/2) B F (2u) B ¥ (uuw) 2 & (uw) 2 H HE ¢~ & &
¥ 4 f 0y 2 oA M O¥W R M 8ETL
| !
T
CEM Ry, Y W G P 7ok
AN ZPEE G L HFEQUER RRN() T*
L1920 970 6682 0 61 (8L°7) % H
£582 0 25 ¥ BELE 0 12 (06°0) § ONZHEY
AT 261 104270 17 (10°T) ¥ ONZl'y
5892 0 071 §982 0 02 (1L°1) ¢ ONZH
1692 °0 62°¢ 0808 0 0z (01°2) ¢ ONZfS
11820 01 ¢ 0708 70 61 (18°2) 1 -oNzZfly
(S/MW0) s XU TR | (%)ZBdnsy | (/)T (O.) B By AW
Ik TR Lk ET b £ L—r [ %
B e Thg o 4 mmmﬁnw freroiEE LE 8lgelL



JAERI-M 83—244

Table 3.9 73 F OBRILEERAERERY
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Table 3.15 BET/NVI FOBLERAEE (1.72)

N—T F A LR R
fIEEE(C) |HREE (m/s) |52 & (%) | PLEE (cai/s)

1 20 0.1322 0.08

2 20 0.1336 2,68

3 20 0.1239 - 6.21 0.18217

4 20 0.1326 0.38 0.1185

5 20 0.1362 3.10
T 20 | o3z | gz .31 |
R 899 | 0. 0343 | .5 | 0.0334

2 500 0.0342 0.29

3 501 0.0340C - 0.29 0.0330

4 501 0.0340 - 0.29

5 502 0.0338 - 0.288
EC1 501 | c.0341 | MEGE 0.54 |
R ot | o.etss | o | olowsr

2 1002 0.0197 - 0.51

3 1002 0.0189 0.31 D.0188

4 1002 0.0189 0.51

5 1003 0.0188 0
BT 1002 | o0.0188 | gz o |

Table 3.15 BRE7NV I FORERIRAERE (2 7 2)
N—T7 54 L PO &
BIFEE(CC) | HBE (/) |52 & (%) | TLEE (a/s)

1 1500 0.0164 0 0.0156

2 1500 0.0167 1. 83

3 1500 0.0163 - 0.61 0.0156

4 1500 b.0153 - 0.61

3 1500 0.0164 0
w0 1500 | o.0le4 | mEzoer |
T s7 | ootts | Sese |

2 1785 0.0207 5.08

3 1783 0.0208 5,58

4 1783 0.0191 - 3.05

5 1784 0.0202 ot |
ET 1 1784 | o0.0191 | Gz 5.6 |
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Measurement of Thermal Diffusivity

_ sample name Ta 10mm
temgerature ' 18 'C temp. sensor - alpha NC
sample thickness 1.04B mm
half time 5.7635ms
1.5 F thermal diffusivity 0.2496 tm"2/s
B |
1.0
0.5 F
0
s
Fig. 3.3 ER10mEs » & VOERITE T 5 EEEBEEEER
Measurement of Thermal Diffusivity
sample name Ta 10mm
temperature 18 *C temp. sensor -~ alpha NC
sample thickness 1.018 mm
slope 10.734ms
0} thermal diffusivity 0.2414 cm™2/s
0.5+
_10 -
_15 1 I 1 L |

0 200 400 /s

Fig.3.4 HEHREI0mMNE? v & VOZERICBT 2 EEEEITHE
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Measurement of Thermal Diffusivity

sample name Ta 10mm

temperature 432 *C temp. sensor - alpha NC

r sample thickness 1.01B8mm

half time 6.1872ms

1.5 thermal diffusivity 0.2321 tn"2/s
1.0 -t :

0.5 ¢
O — ! 1 1
32 B4 ms
Fig. 3.5 ER10mMFE & v £ VOB00°CIc B 3 EE R
Measurement of Thermal Diffusivity
sampie name Ta 10mm
temperature 492 'C temp. sensor - alpha NC
sample thickness 1.018 mm
siope 11.401ms
0r thermal diffusivity 0.2272 ¢ 2/s
-0.5 -
-10 L
_15 L 1 _ %O i 1

400 /s

Fig.36 EZ10mAFES v ¥ MD500°CIc B 1 5 X EEERE T
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Measurement of Thermal Diffusivity

sample name Ta 10mm
temperature 998 ¢ temp. sensor - alpha NC
sample thickness 1.018mm
half time 6.2747ms
1.5 | thermal diffusivity 0.2293 tm"2/s
10 fm—-b— - === == I
0.5
flash
0\ %\V 1 1 ! i
0 32 64 ms
Fig. 3.7 HEF10mEE ¥ » & v 1000°Cics it 2 B EFEHR
Measurement of Thermal Diffusivity
sample name Ta 10mm
temperature 838 *C temp. sensor - alpha NC
sample thickness 1.04Bmm
slope 41.558ms
0t thermal diffusivity 0.2242 cm"2/s
-0.5
-1.0F
-1.5 ! _— L
0 400 /s
Fig. 3.8 EZ10mmHFE S v # LD 1000°CIc 3513 2 B R BhEs
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Measurement of Thermal Diffusivity

sample name Ta 10mm
temperature 1500 'C . temp. sensor - alpha NC
sample thickness 1.018 om
half time 6.b029 ms
- thermal diffusivity 0.2212 cm"2/s
\lﬂ 1 | { {
T v
0 32 64 ms
Fig.3.9 MER1I0mARES v & vD1500°C I i 5 RBEEERR
Measurement of Thermal Diffusivity
‘ sample name Ta {10mm
temperature 1500 *C temp. sensgr - alpha NC
sample thickness 1.016 mm
siope _ 12.0§7ms
B thermal diffusivity 0.2143 cm"2/s
1 | |

300 /s

Fig.3.10 B 10mE & » £ VD 1500°CIZ 38 1 5 R EEERRITHINR
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Measurement of Thermal Diffusivity

sample name Ta 10mm

temperature 1800 'C temp. sensor - aipha NC

sampie thickness 1.018 mm

nalf time 6.9588 ms

1.5 F . thermal diffusivity 0.2067 cm"2/s

1.0 F—
0.5 -
0
ms
Fig. 3.11 BEZ10mPfE 2 > # VO1800°Cic 81 3 B kS
Measurement of Thermal Diffusivity
sample name Ta 10mm
temperature 1800 *'C temp. senser - alpha NC
sample thickness 1.048 mm
slope 13.083ms
0F q§¥% thermal diffusivity 0.1980 cm"2/s
B (s
-0.0 F
-1.0
H15 [ 1 | |
0 300 /s
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Measurement of Thermal Diffusivity

. sample name Ta 5mm

temperature 22 'C temp. senser - alpha NC

sample thickness 0.880mm

half time 5.3064ms

1.5 | thermal diffusivity 0.2512 tn"2/s

1.0
0.5
0
ms
Fig.3.14 E&5mAE s » 2 VvOFR IR T 2 EEEFhE
Measurement of Thermal Diffusivity
sample name Ta 5mm
temperature 2 'C temp. senscr - alpha NC
sample thickness 0.880mm
slope 9.860ms
0F thermal diffusivity 0.2406 cm"2/s
-0.5
-1.0
= %
- 1 . 5 1 1 1 % | I
0 200 400 /s
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Measurement of Thermal Diffusivity

sample name Ta bmm

temperature 493 *C temp. sensoer - alpha NC

sample thickness 0.98Cmm

half time 5.7246ms

1.5 F thermal diffusivity 0.2329 cm"2/s

1.0 ——-
0.5 F
0
ms
Fig. 3.16 ®&5mME s » & vD500°Cl 1) 5 RS
Measurement of Thermal Diffusivity
sample name Ta bmm
temperature 483 °C temp. senscr - alpha NC
sample thickness _ 0.560 mm
slope 10.572ms
0F thermal diffusivity 0.2271 tn"2/s
-0.5 +
-1.0 b
- %
_1 5 { 1 . 1 G%D L i
0 200 400 /s
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Measurement of Thermal Diffusivity

sample name

temperature 884 ‘C temp. sensor - alpha
sample thickness
half time

thermal diffusivity

Ta bmm

NC

0.380 mm
5.8240ms
0.2289 ctm"2/s

32

64 ms

Fig.3.18 ER5mAE S » 2 4+1000°Cic B 3 EEEFiIg

Measurement of Thermal Diffusivity

sample name
temperature 984 ‘C temp. sensor - alpha
sampie thickness
slope
thermal diffusivity

Ta bmm

NC

0.860mm
10.713ms
0.2241 cm"2/s

400 /s
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Measurement of Thermal Diffusivity

sample name Ta Smm

temperature 1496 *C temp. sensor - alpha NC

sample thickness 0.580mm

half time 6.1381ms

1.5 F thermal diffusivity 0.2172 tn*2/s

1.0

) O — \L 1 | ! |
OVV _ 32 54 mns

Fig. 320 E&5mMAf S v & VO 1500°CIE 313 5 EE B

Measurement of Thermal Diffusivity

sample name Ta bBam

temperature 1496 'C temp. sensor - alpha NC

sample thickness 0.980mm

slope 14.427ms

0+ thermal diffusivity 0.2101 ca’2/s
_05 |-
-4.0

_15 L L L %l%# 1 |

0 200 400 /s
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Measurement of Thermal Diffusivity

sample name

temperature 1788 *'C temp. sensor - alpha
sample thickness
half time

Ta Smm
NC
(.980 mm
6.4795ms

thermal diffusivity 0.2057 cm"2/s

Fig. 322 EE5mME s v ¥ L01800°Cick v 5 IR IRl

Measurement of Thermal Diffusivity

2 sample name
temperature 1788 *C temp. sensor - alpha
sample thickness
slope

ms

Ta bmm
NC
0.980mm
12.3B89ms

thermal diffusivity 0.1938 cm"2/s

1 1

300
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Measurement of Thermal Diffusivity

1 sample name Ta 3mm

temperature 18 'C temp. sensor - alpha NC

sample thickness 1.008 mm

half time 5.4578ms

1.5 thermal diffusivity 0.2584 cm"2/s

ns
Fig.3.25 BER3mAE s » ¥ VvOERICE T 5 REEEHE
Measdrement of Thermal Diffusivity
sample name Ta 3mm
temperature 18 'C temp. sensor - alpha NC
sample thickness 1,008 mm
slope 9.823ms
0+ thermal diffusivity 0.2586 cm"2/s
0.5 - e
~4.0F
- 0
-1.5 t 1 ] %; | 1
0 200 400 /s

Fig.3.26 ER3mMfy v & VOERIC BT 5 HEERITHER
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Measurement of Thermal Diffusivity

sample name Ta 3mm
temperature 488 *C temp. sensor - alpha’ NC
i sample thickness 1.008 mm
' half time 5.8442ms
1.5 F thermal diffusivity 0.2413 cn"2/s
10— —-
0.5
0
ms
Fig. 3.27 B 3mMARE & v & v0500°Cic i 2 BRI
Measurement of Thermal Diffusivity
_ sample nanme Ta 3mm
temperature 4898 *C temp. sensor - alpha NC
sample thickness 1.008 mm
slope 10.768ms
0+ thermal diffusivity 0.2353 cm"2/s
_05 -
_10 -
%
_1 5 | [ | % i 1
0 200 400 /s
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Measurement of Thermal Diffusivity

sample name Ta 3mm
temperature 1000 '€ temp. sensor - alpha NC
sample thickness 1.008 mm
half time 5.9567 ms

thermal diffusivity 0.2368 cm"2/s

Fig.3.29 EE3mPAE S » ¥ LD1000°Cic BT % BREEEE RS

Measurement of Thermal Diffusivity

sample name Ta 3mm
temperature 1000 *C temp. sensor - alpha NC
sample thickness 1,006 mm
siope 10.856ms

thermal diffusivity 0.2319 cm"2/s

0 200 400 /s
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Measurement of Thermal Diffusivity

sample name Ta 3mm

temperature 1488 *'C temp. sensor - alpha NC

_ sample thickness 1.008 mm

half Lime 6.2298ms

1.5 thermal diffusivity 0.2264 cm"2/s

1.0 -
05 F
0 4
ns
Fig.3.31 EE3mfFEs v & LD 1500°Cic 517 5 LRI
Measurement of Thermal Diffusivity
sample name Ta 3mm
_ temperature 1438 *'C temp. sensor - alpha NC
sample thickness 4.008 mm
: slope 11.479ms
0k thermal diffusivity 0.2213 cn"2/s
_05 -
-1.0 F
_15 1 | %’w 1 i

0 200 400 /s
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Measurement of Thermal Diffusivity

' sample name _ Ta 3mm

temperature 1798 'C temp. sensor - alpha NC

sample thickness 1.008mm

half time 6.3780ms

1.5 F thermal diffusivity 0.2211 cm"2/s

1.0

0.5
O 1 !
64 ms
Fig. 3.33 W% 3mAfE s » & VD 1800°CIc 51} % RE FEEEER
Measurement of Thermal Diffusivity
sample name Ta 3mm
temperature 1798 *C temp. senser ~ alpha NC
: sample thickness 1.008 mm
slope 10.137ms
oL 0 thermal diffusivity 0.2506 cm*2/s
-0.5 +
-1.0+
-1.5 L ! 1

400 /s
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Measurement of Thermal Diffusivity

' . sample name
temfierature 20 'C temp. sensor - alpha

sample thickness
half time

thermal diffusivity

Ta A4%'-2
NC
1.018mm
4.6846ms.

0.3064 cm"2/s

Fig.3.36 REY v ¥ VOERICE T 2 EEEFihE

Measurement of Thermal Oiffusivity

sample name

temperature 20 °C temp. sensor - alpha
sample thickness
slope

thermal diffusivity

M3

Ta A%%'-2
NC
1.018mm
9.420ms

0.2750 ¢m"2/s

0 230

Fig.3.37 BE7 v & VOERITIH T 5 05T
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Measurement of Thermal Diffusivity

sampie name

507 *C temp. senscr - alpha
sample thickness
half time

Ta #A%*-2

' NC
4.016 om
4.9807 ms

thermal diffusivity 0.2888 cm"2/s
1.0 +
0.5
0!
ms
Fig.3.38 BES v ¥ vOS00°CIc 81 5 IREEEEEER
Measurement of Thermal Diffusivity
sample name Ta 143 -2
temperature 507 *C temp. sensor - alpha NC
f sample thickness 1.018mm
slope 10.172ms
0+ thermal diffusivity 0.2547 ctn"2/s
-0.5 -
-1.0 +
_15 ! | I\ 1 |
Q 250 500 /s
Fig.3.39 B4 v & AD500°CIc 81 2 BT Hit



JAERI-M 83244

Measurement of Thermal Diffusivity

sample name Ta %' -2

temperature 1004 'C temp. sensor - alpha NC

sample thickness 1.018mm

half time 5.0658 ms

1.5 F : thermal diffusivity 0.2839 cm"2/s

1.0 -
0.5 |
0
ms
Fig.3.40 Ry v & vd1000°Cic B it 3 R EEE R
Measurement of Thermal Diffusivity
sample name Ta #1%'-2
temperature 1004 ‘C temp. sensor - alpha NC
sample thickness 1.018mm
. slope 10.361 ms
0 thermal diffusivity 0.2500 cm"2/s
-0.5
-1.0 |
-1.5 1 L 1

200 /s
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Measurement of .Thermal Diffusivity

sample name

temperature 1501 °C temp. sensor - alpha -
_ sample thickness
half time

thermal diffusivity

Ta A%%'-2

NC

1,018 mm
5.3105ms
0.2709 cm"2/s

Fig.3.42 BF 7 v % v 1500°Cic 815 5 R RRERRR

Measurement of Thermal Diffusivity

sample name

temperature - 1501 'C | temp. sensar - alpha
sample thickness
slope

thermal diffusivity

m3

Ta AA%*-2

NC

1.018 mm
11.018ns
0.2351 ¢m"2/s
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Measurement of Thermal Diffusivity

sample name

temperature 17868 *'C temp. sensor - alpha
"sample thickness
half time

thermal diffusivity

Ta A1%*-2

NC

1.018 mm
5.7810ms
0.24B8 cm"2/s

Fig.3.44 B2 v 9 LD 1800°Cic 517 2 R BRI

Measurement of Thermal Diffusivity

sample name

temperature 1768 *'C temp. sensor - alpha
sample thickness
slope

thermal diffusivity

ns

Ta #%%'-2

NC

1.018mm
11.241ms
0.2305 cm"2/s
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Measurement of Thermal Diffusivity

sample name

19 *C temp. sensor - alpha
: sample thickness
half time

thermal diffusivity

LT No .1

NC

2.005mm
48.372ms
0.1154 cm"2/s

320 ms

Fig. 3.51

TV I+ DERICBIT B EERRITHIR

0 160
Fig.3.50 7A3% > DERICE T 5 EEREEHE
Measurement of Thermal Diffusivity
- : sample name 7Lzt No.1
temperature 19 *'C temp. sensor - alpha NC
: sample thickness 2.005mm
slope 91.383ms
3§% _ thermal diffusivity 0.1100 ¢m*2/s
©
%@%
%io
| | 1% 1 !
0 28 50 /s
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Measurement of Thermal Diffusivity

sample name 7h3t No. 1
temperature 520 *C temp. sensor - alpha NC
sample thickness 2.005mm
half time 188.47 ms
1.5 + thermal diffusivity 0.0295 cn"2/s
10 pe—ml== === == [ — }
I~
0.5 |
flash
D i I 1
0 .64 1.28 §
Fig.3.62 7V I+ D500°Cic BT 5 iR
Measurement of Thermal Diffusivity
sample name 7031 No. 1
temperature 520 ‘C temp. sensor - alpha NC
sample thickness 2.005mm
slope 352.36ms
0r thermal diffusivity 0.0285 cm*2/s
-0.5 F
-1.0 F
_15 1 1 L QX\ ! {
0 5.5 1 /s

Fig.3.53 7/ 3 F O500°Cic $BF 5 WEukARrHg
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Measurement of Thermal Diffusivity

- sample name 7Lzt No.1
temperature 1012 *C temp. sensor - alpha NC
sample thickness 2.005mm
half time 313.41ms
1.5 F thermal diffusivity 0.0178 cm"2/s
I
1.0 F |
0.5 F
O 1 I
1.28 5
Fig.3.54 73 +01000°CIz 17 %R E R FEh
Measurement of Thermal Diffusivity
sample name P13t No .1
temperature 012 'C temp. sensor - alpha NC
sample thickness 2.005mn
slope - 586.38ms
0| thermal diffusivity 0.0171 cm"2/s
0.5 +
-1.0 -
_45 1 1 L | |

0 3.5

Fig.3.55 73 +@1000°Cic B 2Bk
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Measurement of Thermal Diffusivity

sample name
temperature 1508 'C temp. sensor - alpha
sample thickness
half time
1.5 thermal diffusivity

YL3F No.1

NC

2.005mm
378.65ms
0.0147 tm2/s

1.0 = -
0.5 F
0
0 .64 {.26 5
Fig. 356 73 F+D1500°Cic 31} 2 iR EREHHE
Measurement of Thermal Diffusivity
sample name PLEF No. 1
temperature 1508 *'C - temp. sensor - alpha NC
sample thickness 2.005mm
slope 704.24ms
0 - thermal diffusivity 0.0143 cm*2/s
_05 -
-1.0 +
» 6%\0
w1'51 L t 1 1 |

Fig.3.57 73 +@D1500°CIc B Bk ER
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Measurement of Thermal Diffusivity

2 sample name PR3t No. i

 temperature 1808 'C temp. sensor - alpha ' NC
sample thickness 2.005mm

half time 347.55ns

1.9 | thermal diffusivity 0.0161 cm"2/s

1.0 -

0.5 f

0 .64 1.28 S

Fig.3.58 743 +DI1800°CicHit 35BS
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Measurement of Thermal Diffusivity

. sample name ¥ KIZPNo . 4

temperature 18 °C temp. sensar - alpha NC
sample thickness 2.125mm

half time 557.69ms

thermal diffusivity 0.0112 cn"2/s

5
Fig.3.60 via=7OFRicB} 3 EEREIMR
Measurement of Thermal Diffusivity

sample name ¥ L1ZPNo A

temperature 8 *C temp. sensor - alpha NC

sample thickness 2. 125mm

siope 853.76ms

thermal diffusivity 0.0118 cm"2/s

Fig. 3.61 Y a=7 OEFRICE T 20k strahs
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Measurement of Thermal Diffusivity

sample name ¥ LIZPNe .2
temperature 68 *C temp. sensor - alpha NC
r sample thickness 2.125mm
half time 575.81ms
1.5 thermal diffusivity 0.0109 cn"2/s
1.0 -
0.5
0 L
5
Fig.3.62 vz =70100°Cic it 2R EREERR
Measurement of Thermal Diffusivity
_ sample name y* LIZPNo .2
temperature 68 'C temp. sensor - alpha NC
sample thickness c.12hmm
slope 1039 ms
0| thermal diffusivity 0.0108 ctn"2/s
-0.5
-1.0 +
_15 1 | 1 {

Fig. 363 Y3 =7 DI0CK B 3 EEMTEE

/s
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Measurement of Thermal Diffusivity

sample name

temperature 233 '¢C temp. sensor - alpha
: : sample thickness
half time

thermal diffusivity

¥ LIZPND . A

NC

2.125mm
679.86ms
0.0032 cn"2/s

6.4 5
Fig.3.64 ) a=7D300°Cic T 3 EEEFE
Measurement of Thermal Diffusivity
sample name Y 11Z7No 1
temperature 233 'C temp. sensor - alpha NC
sample thickness 2.125mm
slope 1224ms
Q%b thermal diffusivity 0.0089 cm"2/s
1 1 1 |
0 3 /s
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Measurement of Thermal Diffusivity

2 sample name y* LIZPNo .4
temperature 444 *C temp. sensor - alpha NC
samplie thickness 2.125mm
half time 780.14ms
1.5 + thermal diffusivity 0.0080 cm"2/s
1.0 |- |
0.5 |
O t | 1
3.2 6.4 5
Fig.3.66 )Lz =7 O500°Cic B 5 EEEERHR
Measurement of Thermal Diffusivity
sample name Y BI2PNo A
temperature 444 ' C temp. sensor - alpha NC
sample thickness 2.125mm
slope 146Bms
0t L thermal diffusivity 0.0077 cm"2/s
-0.5 |
-1.0
._15 1 ! 1
0 3 /s

Fig. 3.67 Y3 =7 D500°CITi54} BRI EEERETHR
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Measurement of Thermal Diffusivity

sample name ¥ L3ZPNo A

temperature 6680 *C temp. sensor - alpha NC

sample thickness 2.125mm

~ half time B37.69ms

1.5 | thermal diffusivity 0.0075 ¢m"2/s

1.0 =
0.5
0
Fig.3.68 Y3 =7OT00°CIcH 1 % REEER
Measurement of Thermal Diffusivity
sample name Y 1IZFNo . ¢4
temperature 680 *C temp. sensor - alpha NC
sample thickness 2.125mm
slope 1612ms
0k % thermal diffusivity 0.0070 cm"2/s
-0.5
-1.0 +
-1.5 . 1 1
0 3 /s

Fig. 3.69 < a=7®0O700°Cic B} 5 ekt dhig
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Measurement of Thermal Diffusivity

‘ sample name
temperature g70 *'C temp. sensor - alpha
sample thickness
half time
15 thermal diffusivity

¥ LIZPNo A

NC

2.125mm
848.69ms
0.0074 cn"2/s

1.0 -
0.5 r
0
5
Fig. 3.70 v 3 =7 O1000°CIc B 1 5 R EIE R
Measurement of Thermal Diffusivity
sampie name ¥ LITPNo A
temperature g70 'C temp. sensor - alpha NC
sample thickness 2.125mm
slope 1684 ms
0r thermal diffusivity 0.0067 ctm"2/s
-0.5 -
_10 L
-1.5 L L ]
0 3 /s

Fig.3.71 b3 =7 D1000°Cic 81} 2 kAR
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Measurement of Thermal Diffusivity

sample name
temperature 1483 *C temp. sensor - alpha
sample thickness
half time
1.9 ~ thermal diffusivity

¥ L3ZPNo

NC

2.125mm
BO7.B88ms
0.0078 cm"2/s

1.0 — —-
0.0
0
5
Fig.3.72 Y3 =7 D1500°Cic ) 5 REEREiR
Measurement of Thermal Diffusivity
sample name ' L3I-PNo . 1
temperature 1483 °C temp. sensor - alpha NC
' sample thickness 2.125mm
slope 1702 ms
0 |- thermal diffusivity 0.0066 cm"2/s
_05 L
-1.0 +
_1 5 i | 1 1 i

Fig.3.73 w3 =7 Q1500°CIiT B 5 5kt ghis
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Measurement of Thermal Diffusivity

_ sample name ¥ LJ2PNo. 1

temperature 1788 'C temp. sensor - alpha NC

' sample thickness 2.125mm

half Lime B6bH.48ms

1.5 F thermal diffusivity 0.0072 ctm"2/s

1.0
0.5
0 1
5
Fig.3.74 Y 3=7DI800°Ci B 5 IRIEEERRR
Measurement of Thermal Diffusivity
sample name ¥ BIZPNo .1
temperature 1788 'C temp. sensor - alpha NC
sample thickness 2.125mm
slope 1831 ms
0+ thermal diffusivity 0.0058 cm"2/s
-0.5
-1.0 F
-1.5 1 I O I |
0 1.5 3 /s
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Measurement of Thermal Diffusivity

sample name L1k No .1
temperature 20 'C temp. sensor - aipha NC
sample thickness 2.010mm
half time 518.88ms
1.5 thermal diffusivity 0.0108 cm"2/s
1.0 - |
0.5 F
0 & . Jk, I I 1 1
0 1.6 3.2 5
Fig. 377 494 FOFRCE Y 5REREEHR
Measurement of Thermal Diffusivity
_ sample name L34+ No.1
temperature 20 'C temp. sensor - alpha NC
sample thickness 2.010mm
slope 880.55ms
0t 3%%§b thermal diffusivity 0.0103 cm"2/s
C%)O
-0.5 %
-1.0 r Qﬁgé%%
-1.5 1 | | G%K) | H
0 2 4 /s

Fig.3.78 &34 b OZRICIH T 50 HE R bR
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Measurement of Thermal Diffusivity

sample name
temperature 506 ‘C temp. sensor - alpha
sample thickness
half time
1.5 thermal diffusivity

L34k No.1

NC

2.010mm
B810.63ms
0.0069 cm"2/s

1.0 + —
0.5 +
0
Fig.3.79 &34 b O500°CI< BT 5 RE R R
Measurement of Thermal Diffusivity
sample name L7{h No.1
temperature 506 °‘C temp. sensor - alphs NC
sample thickness 2.010mm
slope 1559 ms
0 - %%§% thermal diffusivity 0.0065 cm"2/s
~0.5 | 2
_10 L
_15 1 L 1 H
0 3 /s

Fig.3.80 & 54 b @500°Cic 51 5 W EuEMR R
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Measurement of Thermal Diffusivity

sample name

temperature 100%. *C temp. sensor - alpha
sample thickness
half time

thermal diffusivity

h3{k No.1

NC

2.010mm
BG9.46ms
0.0062 cm"2/s

Fig.3.81 &34 +D1000°CI B4 % R EEEHR
Measurement of Thermal Diffusivity
, sample name LI{+ No.1
temperature 1004 ‘C temp. sensor - alpha NC
sample thickness 2.010mm
siope 1851 ms
thermal diffusivity 0.0055 cm"2/s
L ] | 1 |
0 1.5 3 /s

Fig.3.82 4354 bD1000°C B Bt EikAfriGe
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Measurement of Thermal Diffusivity

sample name h3{k No.1
temperature 1504 'C temp. sensor - alpha NC
sample thickness 2.010mm
half time 866.60ms
1.5 F thermal diffusivity 0.0065 cm"2/s
1.0
0.5
0 1 e L
3.2 6.4 5
Fig.3.83 &34 F@1500°Cic B 5 R R
Measurement of Thermal Diffusivity
sample name L34k No.1
temperature 1504 'C temp. sensor - alpha NC
sample thickness 2.010mm
siope 1953 ms
0 thermal diffusivity 0.0052 cn"2/s
-0.5
-1.0
1

_15 ! | | 1

Fig.3.84 & 354 FD1500°CiT 1) 2 0t EuEagirieg
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Measurement of Thermal Diffusivity

sample name L31k No.4

temperature 1796 *'C temp. sensor - alpha NC

sample thickness 2.010mm

half time 1043 ms

1.5 | thermal diffusivity 0.0054 ¢m"2/s

1.0 -
0.6 +
O v
S
Fig.3.85 434 b D1800°CIT BT 5 EE B
Measurement of Thermal Diffusivity
sample name. L7{h No.1
temperature 1796 *'C temp. sensor - alpha NC
sample thickness 2.010mm
slope {732 ms
0+ thermal diffusivity 0.0058 cm"2/s
3o
O
-0.5 Oty
Ny
L 03
(&)
=N
3\
" N
-15 ! L { ® I
0 85 1.7 /s

Fig.3.86 4 54 F®1800°CI 81 B Xkt
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* Megasurement of Thermal Diffusivity

sample name PLEF A1%
temperature 20 'C temp. sensor - alpha NC
sample thickness 2.005 mm
half time 45.024ms
- thermal diffusivity 0.1239 cm"2/s
o 150 320 s
Fig. 3.88 RE TNV I FOFR kT 5 EEERERR
Measurement of Thermal Diffusivity
sample name PL AR%
temperature 20 'C temp. sensor - alpha NC
sample thickness 2.005mm
slope 75.754ms
- % thermal diffusivity 0.1327 cm"2/s
o)
_ %
8]
g
: %
o}
o]
@)
[e)
: %,
Q
%
L o o
EXod
1 1 O"\S | !
0 2h 50 /s

Fig. 3.80 7V 3+ OFEIC B DX EERRIT IR
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Measurement of Thermal Diffusivity

sample name ISV EY
temperature 501 "C temp. sensor - alpha NC
sample thickness - 2.005mm
half Lime 463.94ms
1.5 F thermal diffusivity 0.0340 cm"2/s
10 bom o — = = == {
0.5
flash
O i | £ 1
0 .64 1.28 S
Fig.3.90 BT v 3 +D500°CI Bt %R E R
Measurement of Thermal Diffusivity
_ sample name PL3T A1
temperature 501 *C temp. sensor - alpha NC
sample thickness 2.005mm
slope J304.85ms
0} thermal diffusivity 0.0330 ¢m*2/s
F
_05 -
-1.0
-1.5 : I i
0 6 12 /s

Fig.3.91 EE7 /v 1 4 D500°CizH 1 5 i
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Measurement of Thermal Diffusivity

sample name AT A3

temperature 1002 *'C temp. sensor - alpha NC

. sample thickness 2.005mm

half time 280.668 ms

1.5 F thermal diffusivity 0.0189 cn"2/s

1.0 -
.5 |
0 s I [ | |
0 .64 1.28 5
Fig.3.92 BE 73 +D1000°CIZ i 2 REE
Measurement of Thermal Diffusivity
sample name PR3 AAY
temperature 1002 *C temp. sensor - alpha NC
sample thickness 2.005 mm
siope 533.59ms
0 thermal diffusivity 0.0188 cm"2/s
-0.5
-1.0
- q
-1.5 1 L L %%‘15 { i

Fig.3.93 R 7V 3+ 01000°Cic 1 5 Xk
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Measurement of Thermal Diffusivity

' sample name Lt A3y

temperature 1500 *C temp. sensor - alpha NC

sample thickness 2.005mm

half time 342 .53 ms

1.9 : thermal diffusivity 0.0463 cm"2/s

1.0 t—
0.5 F
0
0 .64 1.28 5
Fig.3.94 BT 3+ D1500°Cic BT 3 EEREMR
Measurement of Thermal Diffusivity
sample name RSt
temperature 1500 *C temp. sensor - alpha NC
sample thickness 2.005mm
slope 645.32ms
0+ thermal diffusivity . 0.0156 cm"2/s
-0.5 +
-1.0F
_15 1 1 1 | 3

Fig. 3.95 BTV 3+ DI500°CIc 81 2 St irig



JAERI-M 93—244

Measurement of Thermal Diffusivity

. sample name RISyt

temperature 1783 *'C temp. sensor - alpha NC

sample thickness 2.005mm

: half time 268.27ms

1.5 F thermal diffusivity 0.0208 cm"2/s

B flash

0 .64 1.28 S

Fig.3.96 R 7V 3 +D1800°Cic i % A REEHR
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