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Measurement at In the previous works, thermal diffusivity of neutron
Elevated Te mperatu re irradiated ceramics began to recover above 873K.

( Irradiated Specimen ) So, the thermal diffusivity at 1073K was modified via
g3 X Ao/ O, Where Oy, is the thermal

diffusivity measured at 1073K (plotted with outline
symbols), 0/, the one measured at room temperature

before annealing (as-irradiated) and &, the one at

room temperature after annealing at 1073K.
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Thermal Diffusivity and Conductivity
During the lrradiation
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Further Problem

Irradiation temperature was controlled at
the objective temperature

Test Irradiation [

injection heat flux and density of defects

Defect Density j} [ Hig’h j
N

Thermal Diffusivity j}
4
N

Temperature j} [ H.l.g'h j

Defect Density j}

Real Divertor {Temperature of the material will be changed Withj




[lrradiation] j\> [Defects lnductionj (::\[) [Reset by Cascade]
Degradation of Thermal Diffusivity

The annihilation
rate of defects

balanced with )
induced rate Temperature Rise

S
[ Recombination

of Defects Growth to
< i Loop or Void

&

[Recovery of Thermal Diffusivityj

Analysis based on Reaction Kinetics is required
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Thermal Diffusivity of W and W-alloys

Dept. Quantum Science & Energy Engineering, Tohoku Universit

60 10mme x 2mmt, C-plane

\ -
50

40

30

——Pure W

20 -=-K-doped W
-+-\W-1%Re
-<W-3%Re
=K-doped W-3%Re
-o-La-doped W-3%Re

10

Thermal Diffusivity [mm?/s]

UONDAINT SUIDLOT

0 200 400 600 800 1000

<

Temperature [°C]

-TD of W-alloys were lower than pure W.
- Temperature dependence of TD was not significant by 3%Re addition.
- Anisotropy of TD were not observed.

- Grain boundary effect were not significantly. A. Hasegawa, FEC-2014
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3) Netsche LFA-4571Z & 2 E LA ERBIE

ORNLI[ZERE &S 1-Netsche LFA-457 BV EhFE A EHEE
DEHEFEEL. EBE~1100EDAIEMNTIEETHY.
$12.7,0 10, d) 6 EAFIHDEAEEDHFELMIRZFIHESELT -,
ITER Grade W @ ¢ 10D1ZEEH A XDk K &, @ 658

L CTZ=R~500°C CEML A 3R EIRTFIEDBITEZITELY,
nTJH'U"fZO) L\’En ﬁlﬁLT:o

ORNL D EE S8 58 Netzsche LFA-457 &85 FIsA




Validation of TD measurement
using ¢ 6 specimen

¢ 10 Specimen

Detector

I I
Laser IR
Flash Radiation
A I
Pre- Rear-

Aperture @6 Specimen Aperture

Sl

Laser
Flash

IR
Radiation

Detector

Smaller specimen:
-Radiates smaller amount of IR
— S/N is smaller (Noisy)

O Measurement at higher
temperature gives better S/N

-Leak of heat from specimen
side is relatively larger

O Require shape adjustment
(change with aspect ratio)




Validation of TD measurement
using ¢ 6 specimen

Measurement at higher temperature
gives better SIN

— Systematic measurement at elevated temperature and
extrapolate it to Room Temperature.

HHEA  ITER-Grade-W_gd 10-1080-1R 2/10 MEERE= 21.10¢ HHE=10800E+0mm 2015/02/24 14:08 No.1569 HHE  ITER-Grade-W_p 10-1080-IR 3/10 BFEE= 15020C FHH[E=1.0800E+0mm 2015/02/24 15:14 No.156%
1.10- 1.10—
1.00 | 1.00 I .
0.90- 0.90-
0.80—— 0.80-—!
0.70-—1 070 ; ; ; i 1 1
0,60 0.60~ ' os ' ' @ 1500C
050_ { 050_ { 1 1 { { 1 1
0.40- 0.40-
0.30— 0.30-
0.20— 1 - | | | | ! | ! 1 0.20— | — . ; | ! ! 1 1
IEEET 'R
s | [ | . . | =9340 258 ms . EEAE N=754L: G2 ds
. | i el QI (emitle W= S BABOE-T emiZs |
0.00=—" Sl N AEARHNIE R 1.0729 o V. Tt HIE fRea 10729
= i | | | | | | | | [ | i | I 0.00—— i i | | | | | | | | 1o
-1.6 00 10 20 30 40 50 60 J0 &0 90 100 110 120 130 14.4 -16 00 10 20 30 40 50 60 70 80 90 100 110 120 130 14.4

ms

These results are obtained by TC-7000 with ¢ 10 ITER-G W for present S/N
change with measurement temperature.
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Thermal Diffusivity / mnt/s
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Laser Flash
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Required thickness of specimen

Pulse width of Laser Flash in LFA-457: T.= 0.33ms (cf. LFA-467: 20 i s)

ASTM E1461, JIS R1611, Netzsch recommend. — Require T, < T, ,/ 10

o =01388t>/T,,
«: thermal diffusivity, t: thickness, T, ,: half time

LFA-457 LFA-467
T,,>33ms (< T;x10) T,,>02ms — t > 0.10mm
Tungsten (unirradiated), Nilaco W, t=0.598mm —
& =66mm?2/s — t > 1.3mm 0 =68.8mm?/s
i IN—T3 A L
i ; 0.87msec.

25
2y
> 185 =
B | 23
ST | |
2
|
LT !
- | 1 25°C
" I C I 25 C :
-10 [} m 30 40 4 2 o 2 4 3 B
Time /ms
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Used in Ulvac TC—-7000 system.
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KURL0602

__KURL0702
m—

igh Temperature
Irradiation

Temperature Control:
Beam Frequency
+ Kanthal heater

KURL0602: 1095°C
Quartz Glass tube and alumina cement, kanthal heater
30MeV, 3 u's x 500mA x 30Hz (1.35kW)

KURLOQO702: 700°C
Alumina tube and alumina cement, kanthal heater
30MeV, 3 s x 530mA x 12Hz (0.57kW)




Low Temperature
Irradiation

1
|

- 2

= e

= L
=

. A
_;‘-\\‘D‘.\""‘ =
S
) A ﬁ' ;
I‘

KURL0604: —165°C / 1.35kW
Liquid Nitrogen cooled system ¥
30MeV, 3 s x 500mA x 30Hz ‘

Cu heat sink in Water chamber — 07 =
\ . — KURL1401
KURL1201: 80°C / 6.0kW I L N
32MeV, 4 s x 590mA x 80Hz T | Cu Heat sink
L LR T T ] put in
KURL1401: 90°C / 4.7TkW - T . - = Water chamber
28MeV, 4 11s x 600mA x 70Hz [EEEEE S [ T am Sy <

a )
Very Stable and

Established Irradiation
System




KURL0803 KURL0603

Medium Temperatur
Irradiation Trial

KURLO0803: 380°C / 3.96kW
Air cooling system (Surface)
30MeV, 4 11 s x 550mA x 60Hz

KURLO0603: 45°C / 1.35kW KURLO901
Indirect Water cooling system Controlled DC Fan
(Surface) — Broken
30MeV, 3 s x 500mA x 30Hz B

KURLO0901: 480°C ? / 3.96kW
Air cooling system
(Fan controlled)

Al capsule and Al Heat sink
30MeV, 4 11 s x 550mA x 60Hz

KURL0903: 350°C / 4.99kW
Indirect Water cooling system | i U N
Al water Jacket and Cu Capsule
| - Cu Capsulej

30MeV, 4 tt's x 520mA x 80Hz

was Burnt!

A —




Medium Temperature
Irradiation

[115mm Al

t = 0.7mm
Square tube

Cu Specimen Holder

Cooling Water

Electron——
Beam '

Ti screw and nut

%

Vertical orientated
Graphite seat [115mm Al

(90 W/m+K) Square tube

¢ 10x0.5mm
Specimen

Cooling Water

[ Al water pipe)‘\"

gl

Aperture




Indirect Water cooling system
Cu Heat sink and Al water pipe

KURL1302

KURL1301: 300 °C / 5.84 kW
32MeV, 4 s x 570mA x 80Hz

KURL1302: 380 °C / 5.63 kW
32MeV, 4 1's x 350mA x 80Hz

— soda-lime glass sample
— Al sample

O
TGS
=
“
©
(b)]
Q.
-
D
I—
\

Beam Frequency
10 — 100Hz

Get over the high heat flux

! | ! | ! |
(>10 MW/m ) 1000 2000 3000

Time/ sec
Achieved a reliable irradiation

at around 400°C




< Radio Activity D

KURL1302: 2013/3/11 1645 — 3/14 16:00 (non-stop)
32MeV 2.82x102° e — 0.01 dpa

Surface dose rate.

2013/3/17: 14.2 mSv/h
2014/4/14 . 318 uSv/h

Specimens:
Sapphire,
a-AlL,O5 (Toray A-999),

AIN (Tokuyama SH-50, wo Y,0O),

B -SiC (Bridgestone Pure beta, p-type),
B-SiC (Tokai Carbon n-type translucent and non-translucent) ,
a-SiC (Nippon Steel 4H n-type single crystal)

Cu-64:T,, 12.7h
Co-60: T, 527y
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