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Introduction

Fusion reaction:

D+ TA He (3.5 MeV)+n (14.1 MeV)
Neutron irradiation will be an issue in future
fusion devices

_ ITER0.51 dpa

. DEMO: 3080 dpa

Effect of irradiation on fusion reactor
materials needs to be studied

W main candidate for first wall and divertor
material

. High melting point

. High thermal conductivity

. High sputtering resistance

. But very brittle and high DBTT
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Introduction

Transient events of the plasma s

Disruptions
High amount of energy: 1 GW/m? yrometer
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Should be avoided, but expected to happen
about 100 times
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Simulated by exposure to electron beam
. JUDITH 1 installation inFZ Julich

Combined effect of neutron irradiation and
electron beam exposure investigated with
TEM
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Experimental

Highly deformed pure W rod provided by PlanseeAG
. Defects annealed
. Not recrystallised

3 discs cut
. 1 studied as a reference

2 neutron irradiated in BR2r eact or ( SCKACEN)
T =300 °C
In helium atmosphere

Neutron fluence (E>1MeV)
0 1.47x10%° n/cm?
0 4.74x10%° n/cm?
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Experimental

Afterwards exposed to electron beam of JUDITH 1 inFZ Jllich
Conditions simulating a disruption

Area 4x 4 mm

1 pulse of 5 ms

Power density 0.33GW/m?
Temperature at the surface increasesto 1500 K

Irradiated Reference_Def. W (Plansee), 0.33 GW/mZ, 5ms, 4X4mm?
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Experimental

Sample preparation in fume hood
. W reference
. W low dose (1.47x10%° n/cm?2)
. W high dose (4.74x 10%° n/cm?)
Cutting

Mechanical polishing

. SiCpaper

. 0.1 mm
Electrochemical polishing
~ 1.5%NaOH in H,0

. 20V, RT
TEM:JEOL3010 (300 kV)
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Referencematerial

Grain size 50 pm

Sub-grain structure: 1.6 pm
Smallangle GB: orientation difference of 6.5°
Large-angle GB

Low number of line dislocations close to sub-grain boundaries
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Low dose bulk sample (1.47x10%° n/cm?2)

Sub-grain structure 2 um
Convoluted interstitial dislocation loops

| ndi vi dual al 20111y type di sl oc
Nature could not be determined

5

Depleted zone near sub-grain boundary
No voids
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Low dose bulk sample (1.47x10%° n/cm?2)

Defect density

5

Total: 8.5x10%Y/m3
. Small loops: 5x 102/ m3

5

. Convoluted loops: 3.5x 1021/ m3

Defect size

5
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Size (nm)

. Total: 14.8 nm

30

&

c

N~
c NN
c 4
)
O o
n
o o
O +
o
=
T =
& O
0 O

25
20

5
10

10 11 12 13 14 15

Copyright © 2015

SCKACEN



High dose bulk sample (4.74x 10%° n/cm?2)

Sub-grain structure 1.7 pm
Smallangle and large-angle grain boundaries

| ndi vi dual di sl ocation | oops: &
Too small to determine nature

Convoluted loops grew & split up in small dislocation loops
All have same Burgers vector and same habit plane
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High dose bulk sample (4.74x10%° n/cm?2)

Irradiation loops

Dislocation loops

. Density: (91)x10%%/m3
. Av. size (3.20.9) nm
R\
Voids
Density 2.9x 1023/ m3 I\

7.8 9 106: 11 32 33 14 15
Size (nm)

. Av.size (1.@ 0.2) nm

10 nm
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Effect of electron beam exposure

Regular pattern of cracks
. Same effect on both irradiated samples
. As expected under the applied exposure conditions

Low dose, 1.47x102° n/cm?2 High dose, 4.74x 10%° n/cm?
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