Improved Fracture Behaviour of Thin Tungsten Foils
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| — Motivation Il — Why tungsten?

 Future fusion reactors are associated with challenging  Tungsten is a metal with an interesting combination of many advantageous properties, which

operating conditions which will require the utilization of makes it a premium candidate for high temperature applications. W can be used as :
advanced materials with extreme mechanical, heat and

neutron load capacities. 4 [structural material] ‘ LOW DBTT
HIGH FRACTURE TOUGHNESS

« Tungsten and tungsten based materials have been v’ armour material

Investigated in the last few years as potential candidates for _ _ . o _ _
divertor and plasma facing components. « Problem?! Its inherent brittleness. A promising ductilization strategy is the synthesis of:

15 v Composite materials > W laminates assembled from layers of thin
ITER Tokamak, Cadarache (France) [1] tungsten foils (superior fracture behaviour!) [2]

Il — Experimental work

Investigated Material Sample Preparation Testing Procedure

testing device (Zwick). Testing at 400°C and above was performed

« Elongated grains along the rolling direction (RD). in vacuum. Steel holder

* Pronounced texture with an orientation in (100)<011>. . . .
Experiments were conducted taking into

001 account several parameters:

v’ testing direction = || , L, 45° to RD e - crack

v’ testing temperature - -196°C to 800°C

—— =, v testing speed = 0.4mm/min, 20mm/min
« Samples were vacuum brazed (at 780°C and 1100°C)

to steel holders using AgCu and Cu foils. Tungsten foil

Il = Results & Discussion

Fracture Toughness Fracture Surfaces

« The stress intensity factor K is used In fracture mechanics to predict the stress state near the tip of a crack caused by loading.

Conditional fracture toughness values K, were calculated from the maximum force. _ |
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400°C An improved fracture behaviour - Higher degree of deformation leads to higher
~_, toughness.
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Ductile — brittle transition temperature (DBTT) of Iinvestigated crack system is
expected to be at RT.
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Experimental results are in correlation with tensile experiments [4] of the same
material.

Decrease In toughness at high temperatures attributable to increase in in-plane
toughness?
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CTOD Measurements

« The crack tip opening displacement (CTOD) is a parameter used to determine fracture toughness of materials that show some plastic deformation
before failure occurs, causing the tip to stretch open.
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oy - tensile strength

« A stereophotogrammetric reconstruction of fracture surfaces

done by analyzing scanning electron microscope (SEM)
Images.

« Digital Elevation Models (DEMs) of the investigated surface -
degree of deformation of the metallic fracture surface.
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