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Motivation W

Backgrund
Tungsten— armour material for the plasma-facing component of fusion reactors

© Advantages

v" high melting point
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v" high thermal shock resistance . | 1
gsten monoblock
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v" high erosion resistance

® Drawbacks Metallurgical approaches

X inherent brittleness » Oxide Particle Dispersion (La,0O,),
neutron radiation * Doping (_K)’ _

X embrittlement { o « Mechanical alloying (Re)
recrystallization - Severe Plastic Deformation

Severe brittleness limits its But can just get only limited
engineering application! improvement of tungsten toughness.

Therefore an effective toughening technique is required to increase the
toughness to an acceptable level.
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W,/W composite concept W

|deas from Ceramic Matrix Composites (CMC) "

 Engineered fibre/matrix interfaces allow

Fiber
controlled crack deflection. 4 rzuiding :

* Interfacial debonding and friction lead to — —i %

B

internal energy dissipation.

* Higher strength is endowed by strong fibres. Crack Crack
debonding J L debonding
CMC toughening mechanism (pseudo ductile) ' Chawla, 1993
A Fiber bundle failure > Why not with tungsten?

Tungsten fiber reinforced Tungsten (W{/W):

Fiber pullout

Chemical homogeneity.
Appropriate coating will be applied for interface

composite stress

The aim of the present work is to explore the
\ validity of the CMC toughening principle for the
Chawla,1993 composite strain (Wf/W) composite case.
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Specimen preparation

Magnetron CVD (Chemical Cut&
sputtering Vapor Deposition) polished @5150pum
10— | — — > i
~3mm d
W, with mi
W interface
L5 Fracture mechanism Hebonding prerequisite
Interface fracture energy G,
G P <0.25
al - /Eiber fracture energy G,
Fiber fracture
Interf ZrOx Z1Ox/Zr Cuw/W Cu
057 Eﬁ;}- freface single-layer | multi-layer | multi-layer | single-layer
WW: Thickness | 266nm 640 nm 900 nm 480 nm
0 Interf?ma ebondin
-1 —05 0 05 1 , _ . . :
He,1989 Elastic mismatch « How to identify the interfacial properties?
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Single fiber debonding — Push-out test W

» Load is applied on the end of fiber, force and fiber movement are recorded.

« L-D curve reveals the debonding strength and frictional resistance.

Applied
load

A

]
E > Pdebonding

P

friction

»
»

> Displacement
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Single fiber debonding — Push-out test W

* Loac ded.

—

> Displacement
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Single fiber debonding — Push-out test

» Load is applied on the end of fiber, force and fiber movement are recorded.

* L-D curve reveals the debonding strength and frictional resistance.
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Push-out curves

{.
)
' ZrOx single-layer,Th=0.226 (mm)

O

Stage 1.
linear-elastic deformation, initial

debonding (up to point A)

C, Py Stage 2:
complete debonding, dynamic

l / B "Poo 0o
4 Stage 3: o
frictional sliding (after point C)

: .
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| ! |
0.02 0.04 0.06
Displacement (mm)
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Push-out curves

o ZrOx single-layer, Th=0.226 (mm)
o ZrOx/Zr multi-layer, Th=0.235 (mm)
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Push-out curves

D\
50 1 o
O
O

ZrOx single-layer, Th=0.226 (mm)
ZrOx multi-layer, Th=0.235 (mm)
Cu/W multi-layer, Th=0.228 (mm)
= Cu single-layer, Th=0.248 (mm)

| ! |
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Displacement (mm)
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Interfacial parameters calculation

P Interfacial shear strength, t,:
§l 1] l/ﬁ maximum average shear stress the bonded
T ! interface can afford.
T, d,
d H P, = 4 tanh(aH) (Lawrence 1970)
@ & E P,:debondingload; d; : fiber diameter
o . shear-lag parameter; H : embedded length.
70+
ZrOx Th=0.226mm Interface: ZrOx
) 60
- =385+ 6MP .
ol z ] T 385+ 6MPa .
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Interfacial parameters calculation W

Roughness stress oy : radial stress due to
N mismatch of the surface asperity of a

debonded interface; Friction coefficent u :
oLy H @ @
E \ ! P = exp(=—)—1] (shetty, 1988)
P.. : sliding load I fiber diameter
k : elastic parameter L : embedded length
| APd
01 ZrOx Th=0.226mm s04 Interface:ZrOx
ol | o, =67+29MPa "

w
o
|

1 =159+0.35
7, =106 +10MPa
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Interfacial parameters calculation

) 3500
Interfacial fracture toughness G, Interface:ZrOx .
3000 [
errace rracture energ - <0.25 2500 - .
Fiber fracture energy G; < 2000- '
2.uB, 2 uBH ;—, 1500 ii :
Ry Ry o ] i
p=2 e -1) & 1000 5
B,R; HB, . : i
(Liang,1993) 500 4 .
Pd 1
= - i i 0 T T T 1
P TR, 2~ H:Specimen thickness 0.05 0.10 0.15 0.20 0.25
Specimen thickness H (mm)
Debonding Asp (-:':I'lt‘jf Friction Fracture G/G,
Interfaces strength radial coefficient toughness, (G, 320.1*111
(MPa) stress (MPa) K T, (J*m?)
ZrQ
) z 385+6 67 +29 1.59+0.35 4.24+0.7 0.013
Single-layer / \
erZ.LrDX 362+t2 117457 1.221+0.34 3.5+£1.0 0.011
Multi-laver
W{{CU 420+ 6 123 +21 0.81 +£0.09 22.2+31 0.068
Multi-laver
N_
_ Lu 30344 - ; ; .
Single-layer
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Microstructure analysis
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Microstructure analysis W

ZrOx mono-layer specimen:

Debonding locations:
W fiber & ZrOx coating(MS)
W coating(MS) & W matrix(CVD)

FIB cutting location

W fiber

ro, W matrix
(CVD)

h
W fiber debonding 3

\E ro,, W matrix
W (CVD)

W section

400nm
W matrix

Before push-out After push-out After push-out
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Microstructure analysis W

ZrOx/Zr multi-layer specimen:

Debonding locations:
W fiber & ZrOx/Zr coating(MS)
W coating(MS) & W matrix(CVD)

Debonding
section

A

2110,
multilayer

A00nm

After push-out After push-out After push-out
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Microstructure analysis

W matnx
(CVD)

rO. W

Debonding Asp !‘.?:I'lt}’ Friction Fracture G/G;
Interfaces strength radial coefficient toughness, G =321‘0J*m'2)
(MPa) stress (MPa) H I (J*m?) £
Zro
: % 385+06 67129 1.59+0.35 4.2+0.7 0.013
Single-layer
er;rDX 362+2 11757 1.221+0.34 3.5+1.0 0.011
Multi-layer
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Microstructure analysis

matrix

Before push-out

fiber matrix

debonding/
section

After push-out

Cu/W multi-layer interface specimen:

Debonding locations:

One of the Cu layer

matrix
Cu layer

After push-out

After push-out

EUROMAT 2009, Glasgow,7-10 Sep 2009,IPP,Juan Du



Microstructure analysis W

Cu single-layer interface specimen

Debonding locations:

In interlayer

For Cu based specimens, debonding
happened mainly in Cu layer

] =

Before push-out

crack between
Cu&MS W

tear-out fiber

section

matrix

debonding

section matrix

ey Qem}matlon 8
& tearing matrix

et

After push-out After push-out After push-out
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Conclusion

A novel concept of W/W composite was developed
according to CMC mechanism.

Different fiber/matrix interfaces were investigated by
means of fiber push-out test.

The estimated fracture energy values satisfied the
crack deflection criterion so that interface debonding

is preferred than fiber fracture.

Microstructure investigation results also support
the calculated values.
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