The Fracture of Metals with Voids

Yukio Ino
Yuichi Kawada

1 Introduction

It is well known that the fracture phanomenoﬁfis studied by
the theory of rate procsssss. We have used Laraon—MilloriLn
sguation to calculate a time of creep rupturs. Therefore it
is evident that creep rupture 1is explained by the theory of
rate processas. The dimple fracture face of creep rupture or
tensils rupture of ductile metals has been thought a result
of many void nucleatlons and these conjnnctieéf’Void nuclea-
tion is advanced from ssveral view polnts,but it must be
considered nonuniform nucleaticéz)Fishe;%)propcsed that
fracture of liguid is a phase change from liguid to gas,and
he studied fracture time based on imiform nucleation and
rate procssses. Zhurko;s)had reported for unisxial tensile
test ef solid materials that the free energy of activation
on tensils rupture is corellated with the heat of sublimation
of the material.

4 phase change from solid to gas has been hardly discussed
at present timg?because this reaction time is very long and
it is difficult to estimate the atrain ensrgy. But we
thought that it is most reasonable to consider the vold
nucleation a phase change from solid to gas.

2 Phass change
2.1 Fhase stabillty
A commen eguilibirium phase diagram is shown in Fig.l.

A satulated vapour pressure of metal is very low,but it is
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surely positive, and free energy of activatien for a change
from solid to gas is very large, therefors a phase change
from solid to gas is difficult to occur, and does not
discussed.

If a specimen 13 statad in

Solid iquid
negative pressure(point B),mane- 14 . A,,;
3 B
1y @ spherical negative part of 32,—-———}—-— T Gas
A 1
uniaxial tensile stress ete,, % L Y
) ile {Fm
this solid 1s clealy unstable. ! ; Temp:
' U
Gas 1s stable state at point B, : ;
P "“-‘g'<—
80 s0lid at B must be
considsrad under-saturated Flg.l Model of equilibi-
vapour pressure solid. rium phase diagram.

2.2 Ensrgy of a phase change

An enthalpy change in squilibrium stste from A to B in
Fig.l 1s,
£ T 5 Fer 4 e

H=L G JT+L(§%-)T P +ah(P Tu) 1| Bh), 4p +L & hur

Where Tw; Melting temperature. Pers Satur;%ed vapour praa,,

Cp; Specific hest of conatant pressurs,
4h ;3 Heat of sublimation., Suffix (s),(g);So0lid,gas,
As under-satulsted vapour pressurs soligd,
Cj ¢ 7T t j:' GVdT =0
S0 H =2k P, T,m)+ff:’(2i)rdf =44 P, Td..)af)»:v(, ~T«)dp

>p
Whers v; Atomic volume. #3008l ficient of liner axpansion.

2h (P, Tm) = jF' v (- Ta)dp
L HEAL P T ) ——¢1)
2.3 Hucleation with the phase change
Nucleation with the phase change is occursd at point B in

Fig.l. This mucleation must be considersd with P and Pi as
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shown in Pig,.2,
Where P, Spherical part of the applied stress,

P.; Vapour pressure,
e P
This energy W is,

* 7
: \%
W = 41"+ BV~ BV -
—

Where r ; Radius of smbryo.

¥ ;3 Surfase snergy,

V ; Volume of embryo. Fig.2 Nucleatien
Aa P, 1is slmost zergn,w can be calculated to estimate the
ensrgy when an applied stress with a spherical negative
part make a vold with radius r. BV come to a change of
Gib8 free energy with a vold or no void. The result of this
calculatioﬁsﬁs ¥
W = 4Tpy-Tr/3E(1-1)0* Where E ; Youngé modulus.,
v ; Polsond ratio.
0 ; Uniaxial tesnsile stress,
W(MAX) = 256TE §/3(1-1)0*——(2)
3 Rate process of the phase change
We get the energy barrier of the phase change at point B
from eqn.(1),(2). This rate process may be the Siress-depe=
ndent Rate Processes,thersfors the free energy of
activation is H+W{MAX)-ac
Where a ; Activated volume.
This phenomencn is nonuniform nucleation snd a stochastic
process based on thermal fluctuations,so fracture time is,
Vo =Z 1 exp (- il -as)y (3)

7
whsre t; Fracture time. V;Fraquency of lattice vibration,

R;Universal gas constant. T;Absolute temperaturs.

Z; Bumber of activated complex.
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4 o of this report. The heat of sublimation in polyerys-

in 2.2
‘ (5)
1ailine Alvminium is 1nduced.55Kcn1/mol , therefors our

rnault 1s almost coincided.

5,5 It had been reported that 2 void radius on the fracture

raca is a few micrsmataréf)We sxsmined the vold redius of

)
n-?reundliché(aqn. which sheows 2
lubility from the chemi-

Aluminium by the Thomso

relation the void radius and its s0

¢al potential, The disgrem of 1
By -
‘ . 2
his sqn. substituting ¥-=1Cerg/em 8 *° \
A
is shown in Fig.5.It is clear 2 §‘¢O
XS 30
that volds radii are stabled 8-
. s 20 N e
at & few micrometers. So 1t 1# o &
,,_5 .
3

pesasonabls that the aurface .
2468/012

£
energy added the strain energy - yadius of void ()

when a void is nucleated ,must Fig.5 Solubility vs.

¢
be considersd 10 erg/cm’ . radius of void.
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