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Study of Neutron Irradiation Effects on Mineral Insulaied Cables for Fusion Reactors
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Transient degradation of elecirical properties of insulation materials caused by neuiron
irradiation becomes one of the important subjects in design of fusion diagnostic systems. In the
present study, the change of electrical properties of mineral insulated (MI) cables under 14 MeV
neuiron irradiation was examined at FNS (Fusion Neutronics Source) facility of JAERI. The MI
cables had coaxial structure with an insulating layer of magnesium oxide. The increase in
leakage current flowing into the central wire was measured as the effect of the neutron-induced
conduction. The neutron-induced current was almost proportional to the neutron flux and the bias
voltage between the sheath and central wire. Also, transient large leakage current was observed
at the start and stop of the irradiation. The induced current was observed even for the bias voltage
of 0 V. These results imply the complex conduction mechanism caused by the charge
accumulation and subsequent space charge effect. In addition, the present report describes results
and some discussion on gamma-ray and pulsed X-ray irradiation experiments performed to
examine the mechanism of the radiation-induced current.

Keywords:  Mineral Insulated Cable, Neutron Irradiation Effect, Ceramics Insulaior,
Fusion Reacior, Radiation Induced Conductivity, *’Co v-ray, Pulsed X-ray, FNS
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* 2.1 RFBRY2EIIvIRAOMEL SFELE

ME RN
~aZ o AbEY | LR, NaF, KF, --

REER CaCO,, MgCO,, -

Bk MgQO; ALO,, Si0,, Zr0O,, MgALO,,

Fe,O,, MgSi0O,, -

E(e] BN, AIN, Si,N,, TiN, «--

At B,C, AlL,C,, SiC, TiC, ---

LR C, Si, Ge, *=*

2.2 Y7747 (AleOs) DWIRAYREE

FhEdER AT E
=154 ALO,
thE 3.9 (g/cm®)
JRTF3E Al : 4.6 X10% (n/cm®)
0 :6.9%X10% (n/cm?)
EE R <107 (S/m)
LeFER 9.5 (1 MHz)

K 2.3 BEETIVIRAON Ry

Eg (eV)

g BB Eg (eV)
ALO, 7.3~10 NaCl 7.3
Sio, 8 KCl 7~9.5
MgO 7.8~8 CaF, 10
uo, 5.2 a =SiC 2.7~3
NiO 4.2 BN 4.8
CoO 4 A ER 5.7
Fe,O, 3.1 Si 1.1
TiO, 3.0~3.8 Ge 0.7
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7 2.4 FNS IRz

Feik 400 keV EFE 7 I ER
EL i i FE B R 450 kV, 80 mA
AR | KEFHER 740 BT 2 F S5 X< ha
INERH 820 T AT X<y
T 27 )R
v NERBLO 0F E—ATAL : 25mA, 4X10%n/s
i I B 80 FE B —AT7AY : 3mA,3X10" n/s
SOV AMERE 2OV RIEE /S 2 ns (FWHM)
Y— 78R 80 mA
Z—i ok 0 EE—AT
[E#RZ 4"~k (230mm ¢ )
Eds$ 880 rpm

BT VFR RIAFAT V=
80 FEE — AT AL
ki EOERBEES— vk

Bk NIF U LGS 0 EE'—AF A :© ~37 TBq (1000 Ci)

80 b — A7 Ay @ ~0.37 TBq (10 Ci)
Fieft B | (1) NFULRAERERE (TAP)

(2) NFULE—7 o OO R
(Ta—T7Ry 7 A T7—F)
(3) /oy rRmBENTER

F+ 2.5 14 MeV HETRRNEBROPHETIBIONy BT 7RO ERER
(D-T neutron : 3X10* n/s)

Distance from Target (mm) Neutron (n/cm¥sec) Gamma-ray (v /cm?/sec)
15 7.5X 10" 9.0X 10°
30 2.3X10% 2.8% 10°
45 1.1X10%° 1.3X 107
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3.2  Co- vy MRERETEER

3.2.1 vy BEFEEHE £

B 3. 1ML —7 DY Co~ vy FREEET EER ORI LRI E RO 1w JTR%ERL TN,
OCo-y MEBFNZIE, KRR FPREERIFHFEFHT O SV MRERH U, BEH ML 7 —7
i, B2 TR~ i BRI R V2 0 L RER . RO RS O O T (B
EFLH) | B X 200cm, SUS 8 — 2 (£ 4.8mm) . S8R (B2 0.95mm) | MBI
¥ik MgO Thb, Ml 77— 7 i, K 3.1 1R T EAIEAERR 1Tem DY 7IRIC
WA, 0T 60Co BRIRE B L | BRI TR R ER) I OWTHIEL -, &
B (B b~ 7 20 L) OWINERERIT, BERONEMEE LM FRELZEUIERENIL,
R 4Gy/sec EHEE XTI,

Fiz, [IC Ml 7 —7 VB T OIRES 20°Ch 5 100°CETELEE IBETILITHES
BRI TR E LT,

3.2.2 FEERBLOEBL

B 3.2 1%, ¥Co #IE%E Ml 7 —7 LY T -OBLIHLEVER D M) r— 7 )LD
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CRIFFICTE T IIBRREIAS T L A 2 PRI — L2 TB, ZDRkhs Ml 77— L
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16.50m

Irradiation condition Low dose rate |High dose rate
Absorption dose[Gy/pluse] ~7x10°® ~6x107°
Induced charge 3 13
(Experiment)[C/pulse] 1.0%10 8.1 %10
Number of generated » 1
X X

electron—hole pairs [/pulse] 16x10 14x10
Induced charge -8 -
(calculation)[C/pulse] 1.3x 10 1.1x10
Ayeraged electron drift 15 15
distance[nm)
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