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Abstract

Components such as a blanket or divertor and instruments are exposed to a severe
neutron irradiation field. As regards engineering, it is needed to grasp the characteristcs
of the components and instruments under neutron irradiation. Especially, a fusion
blanket is the center of comonents, because it breeds tritium, generating heat energy
anda shielding neutron. Therefore, it is necessary to evaluate the in-pile functions
of the blanket under neutron irradiation so as to construct ITER.

JMTR of the Oarai Establishment at JAERI is conducting in-pile functional
tests of a blanket mock-up, the development of blanket materials, the development of
instruments, a re-weldability test for vaccum vessel materials, an electron beam irrad-
iation test of the divertor and armor materials after neutron irradiation and so on.

This report briefly describes the present status of each study.
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BR, 7o —7, M Fabrication Development of Pebbles Development of Instrument
- Breeder  (Li20, etc) Sweep Gas Sensor
17 — 7 ) ( Mineral - Multiplier (Berylllum) ~ Motor
Insulated Cable) % o &t i Y i '
In-pite Functional <& Development of Pulse-operation
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Development of Weldin
Technigue between Different
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- Friction Welding Method

{ - Functionally Gradient Material
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Development of Instrument

- Magnetic Probe

- Thermometer of First Wall Armor
- Mi Cable

- Window and Mirror Materials for
Plasma Diagnosis
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Evaluation on Heat Removability in
Irradiated Plasma Facing Component

Evaluation of Reweldability on
Irradiated Materials

- Cooling Pipe Joint

- Vacuum Vessel Structural Material

Fig.1 ITER R&D activities performing in JMTR.
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Multi-paired thermocouple

Rh-SPND Neutron absorber
Be pebbles Hybrid-SPND

Li2O pebbles

Rh-SPND

$ 65
$ 65 i
. | funit : mm}
Cross section of multi-layered  Cross section of pulse-operation Cross section of
pebble-bed mock-up simulating mock-up kg-loading mock-up
Length of pebble region: 260mm  Length of pebble region: 260mm  Length of pebble region: 500mm
Li2O pebble : 85¢g Li2O pebble: 85g I D pebble: 1000g

Be pebble :300g

For investigation of For investigation of Tritium For investigation of
temperature control release property under mass transfer property
characteristic pulse-operation simulating

Fig.2 Cross sections of considering mock-ups, i.e., multi-layered pebble-bed mock-up for
investigation of temperature control characteristic, pulse-operation simulating
mock-up for investigation of tritium release property under pulse-operation and
kg-loading mock-up for investigation of mass transfer property.
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2 L0} —O— Average heating value (L-4 irradiation hole)

‘E T —&—: Maximum heating value {L-4 irradiation hole}

= —aA—: Average heating value (M-4 irradiation hole)

—a&— : Maximum heating value (M-4 irradiation hole)
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Fig.3 Calculation result of tritium prodc- Fig. 4 Calculation result of maximum and
tion rate for °Li enrichment at 1.-4 average heating valuefor °Li enrich-
and M-4 JMTR irradiation holes. ment at L.-4 and M-4 JMTR 1irradia-
Design region is limited by tritium tion holes. Design region is limited
treatment of sweep gas system (<5 to control temperature in the tritium
Ci/d). breeder and neutron multiplier.
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Granslation|  pfelting Rotating Sol-Gel
Binder
£1i,CO+LiOH CH,OH,
Li,0 Powder CH.CL, etc
Granulation P § 64T
Apparatus . m e
¢ @@ 78T
—Powder _ — Powder Powder
(Pressing to Disk) (Milling) Mixing with Source
¥ + —
Granulation Granulation Granulation
(Meiting / Dropping) (Rotating) (Dropping/ Aging)
. !
Fabrication Calcination
Procedure (Removal of PVA)
!
Decomposition Decompasition
KConversion to Li,O) (Conversion to Li,O
¥ 3
Sintering Sintering Sintering
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Tablel List of three granulation processes of Li.O pebble.
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FRUMES RO 1 KBEE

T, 2~ 3 OMEHIE D At §1¢'F]Mps

BT, FOEEMIIHLT % '™ L0 Kﬁzxﬁzxn
BABICET 57 -5 k2 | :

WERMBL T TETH S, 10* 10" 10° 10'

(2) SPEFIHEREHM Reynolds Number , Re
MEEsFE 754y bod

MW REM & LT, fido Tk AP «< FLau?/é’®

CERAKAN ) U A A A AR
Bo KA Y Y L 0Bk
WELTIE, 742w hET
% O IR R A &

5) Y -
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: Surface area

: Flow rate of Helium gas,

: Bed porosity
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Testing temp : Room temp.
Compression speed :0.2mm/min

Fast neutron fluence (E>1MeV): 1.3x102! (n/cm?)

L unirradiatedﬁ

r Crack

i !

neutron irradiated

L L

01 0.2 0.3

Displacement (mm)

Fig. 7 Displacement-load curve of beryllium

Fracture stress (M Pa)

2000 [~ T

1000 650 °C (E>0.85MeV)
700 [
500

pebble produced by rotating electrode
method. Beryllium pebble was irra-
diated at about 330°C in JMTR. The
load curve of un-irradiated sample
is relatively smooth. For the irradiat-
ed sample, some big cracks which
shows embrittlement caused by neutr-
on irradiation were actually observed.

120°C

----- : Beeston et al.

200 ] — ‘Beeston etal. T
—— : Barabash
- : Takeda et al.
O . ishitsuka et al.
100 PP bkt i 41 . i
0 102 1022 102
Fast neutron fluence {n/cm2)

Fig.8 Fracture stress of neutron irradia-

ted beryllium.

Fracture strengh has a peak and
decrease by temperature. The data
of Barabash (irradiation temp. 650
C, E>0.85) and Takeda et al. (irr-
adiation temp. 50°C) have a peak
about 10”n/cf. However, the data
of Beeston are not agree with Bar-
abash and Takede et al.. This diff-
erences 1s presumed to be caused
by the deference of neutron spectrum.
It should be compare using helium
production or dpa.
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Fig.11 EMF measuring results of sweep gas sensor for concentration of hydrogen isotope.

The bulk gas was Ar. It seems that the difference of output is caused by the
transference number of H: and D..
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1% Zr & SUSSL6D 1e et ¢ Fig.12 Relation between tensile strength of Cu-alloy/SUS
FBILLEMESORE 316 and Al:0; contents of Cu-alloys.
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Flg.13 Results of tensile tests on weldments.
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Observation Point

Tensile strength of weldments of

un-irradiated/un-irradiated and un-irra-
diated/irradiated SUS316 was almost
similar to that of the un-irradiated base
materials. On the other hand, tensile
strength of weldments of irradiated/
irradiated SUS316 was smaller than that
of the irradiated base materials.

Irradiated / Irradiated Welding Specimen
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Q Weld Metal

. Weld'Meta}
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Bubbles along
Grain Boundary

Fig.14 SEM micrographs of cross section for

weldment of irradiated/irradiated SUS
316. The small bubbles were observed
at the parts of weld metal and heat
affect zone (HAZ) . The size of these
bubbles were approximately 0.5¢ m.
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Fig.15 The heat flux with beam current. The
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heat flux increases linearly with increa-
sing beam current. Present maximum
heat flux on beryllium and graphite is
respectively 1050 and 700MW/nf. Heat
flux on beryllium is larger than graphite,
because beryllium has a large absorption
coefficient for electron beam.
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Fig.16 Irradiation result of sapphire window

material. The wavelength region from
ultraviolet to visible radiation degraded
by neutron irradiation.
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Fig.17 Irradiation result of optical fiber. The irradiated optical fiber is step-index fiber.
The transmissivity degraded extremely by neutron irradiation.
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