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Calculations of the rate of diffusional creep in bending show that 
this mechanism cannot make any appreciable contribution to the de- 

formation even at a temperature close to the melting point. The ab- 
sence of creep, except for the first stage, has been demonstrated ex- 
perimentally on filamentous tungsten crystals. 

This work was undertaken to clarify the question of whether any 
creep mechanism exists in a crystal without dislocations. Such crystals 
were studied in tension in reference [1], no appreciable creep defor - 
mation (except for the first stage) being observed. It was decided to 
conduct experiments in bending, because in the nonuniform stress state 
effects associated with the directional diffusion of vacancies in the 
stress field may be observed [2]. 

In order to evaluate the contribution of these effects to the defor- 

mation, we shall consider the behavior of a cantilever beam of length 
L, whose cross section is a square of side h. The coordinate origin is 
taken at one of the edges at the fixed end. The z axis is directed along 
the axis of the beam, and the y axis parallel to the applied force. A 
constant deflection Y is impressed on the end of the beam with coordi- 
nate z = L. 

In solving the problem no account is taken of a certain change in 
stresses due to the initial redistribution of vacancies (see [3]). 

As is known, thevacancy flux density j at constant temperature may 
may be written in the form 

Dc 
i = -- --kT- v ~ .  (1) 

Here D is the vacancy diffusion coefficient, c the vacancy concen- 
tration, k Boltzmarm's constant, and T the absolute temperature. In this 
case, the chemical potential p is understood as the change in the cor- 
responding thermodynamic potential of the crystal--source system upon 
formation of a vacancy at a given point of the crystal, in this case, the 
excess atom is transported to the surface of the source, that is, the same 
crystal but without stresses. 
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Using the continuity condition and assuming that the fluxes are quite 
weak, and that there are no sources of vacancies inside the crystal, w e  

have 

d i v ( c ' 7 ~ ) = 0 .  (2) 

The relation between g and c is given by 

I* = eonst + k T  In c + U. (3) 

The energy of interaction U can be represented in the form [4] 

U = c*o ( a n  + z~2 + zss ) .  

Here w is the atomic volume, ann are the principal stresses, and 

a is a numerical coefficient ]a[ ~ 10 "1. 

The value of the chemical potential at the surface Ps is found by 
the method proposed by Herring [5], i . e . ,  from the condition that the 
change in the free energy of the crystal--source system upon formation 
of a vacancy close to some point of the surface is equal to the change 
in free (in our case elastiC) energy upon removal of an atom directly 
from the surface. In both cases the atoms are placed in the source. 

By the methods of the theory of slender beams it is easy to show that 
this change is approximately equal to --r / 2E , where E is Young's 
modulus. If we assume that L >> h, we may neglect the flux along the 
z axis and solve the problem as for the plane case. To be specific, we 
choose the cross section z = 0. Then 

o Y E ~  (4) ~s  = N ( 2 y - -  h) 2, N = -----~ 
8 L 4 ' 

Using (3), by an obvious change of variables we can transform equa- 
tion (2) in dimensionless coordinates to the form 

ZXV - -  AsesV  = 0 (A  = no) Vans / k T s ,  e =10-s), (5) 

V, = exp {-- A e u  + B.s2 (2u - -  l)s}, B = N / k T e  ~. (6) 

For reasonable values of the maximum stresses, for example 10 7 

dyne/era s, the quantities A and B are close to unity. 

The solution of (5) can be found in the form of a series 

V = V o +  eVx+ s2V~+ . . . .  (7) 

the functions V n of which satisfy the recurrence system 

A V  e = O, ~ V  t = O, A V  n = AWn~2  (n .-- 2, 3, . . .}. 

The boundary conditions for V n are found from the expansion of (6) 
in powers of e. Retaining only terms not higher than e z, we can write 
the solution as 

V : I - -  A ~ y  -~- 1/2ASy~eZ .~- B W e  s + . . . .  

where W is the solution of the equation AW = 0 for W s = (2y-- l )  z. 
Returning p, it is easy to see that the solution of Eq. (2) with boun- 

dary conditions (4), correct to terms of the order of e 2 inclusive, coin- 
cides with the solution of the equation Ap = 0 for the same boundary 
conditions. 

The figure shows the dependence of (1/hN) (0g/0n) (n is the out- 

ward normal to the surface) at the surface of the beam y = (a), x = 
=h(b) on the coordinates, as obtained from the solution of the latter 
equation by the method of nets. Since the atomic flux moves in the 
opposite direction to the vacancy flux, we see that in time the thick- 
ness of the beam must decrease and the width increase. However, the, 
rate of this process is negligible. 

Thus, in the case of bending of a crystal without dislocations, there 
should not be any appreciable deformation, even at a temperature close 
to the melting point. In order to confirm this we performed an experi- 
ment. As specimens we used filamentous tungsten crystals, grown by 
vapor deposition, without any surface defects visible under the micro- 
scope. We selected crystals from 2 to 8 microns thick and 1-2 mm 
long, having a square or almost square cross section. The axis of the 
specimens coincided with the [1000] crystallographic direction. The 
load was applied by impressing a constant deflection on the end of the 
crystal. The value of this deflection was such that (assuming E ~, 2 �9 
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�9 1011 dyne /e r a  2) the m a x i m u m  stress in the spec imen  was 4 �9 10 ~ d y n e /  

/ c m  2. The expe r imen t a l  t empera ture  was 290"C,  and the to ta l  dura-  

t ion of the exper imen t  4 0 - 5 0  hr. To prevent  oxidat ion  the exper imen t  

was conducted in a he l ium atmosphere.  
Every 8 -10  hr the specimens  were removed from the heater ,  togethm 

with the loading device,  and after removal  of the load the crOss-sec- 
t iona l  dimensions and the residual  def lec t ion  were measured.  After 

these measurements ,  the specimens  were loaded rothe o r ig ina l  stress. 

The accuracy of the measurements  was ~ 0.6 microns.  
In no case was any change in dimensions observed, as was to be ex-  

pec ted .  In fact, using Eq. (1), i t  is easy to ca l cu l a t e  that  under the 
above condit ions the absolute rate of d i sp lacement  of the surface does 
not exceed  10 -1~ c m / s e c ,  even for crystals with h = 2 microns,  if  the 

value of Dc obta ined in [6] is used. 

We present  values  of  the res idual  def lec t ion  F as a function of  the 
t i m e  t for a whisker with dimensions 2 " 108 x 3 X 2.6 microns 

t, hr = 0 8 16 26 34 44 

F, microns : 0 21 21 21 21 21 

The ex i s tence  of a first stage,  also noted in [1], may  be re la ted to 

the presence in the crystals of a sinai1 number  of d is locat ion sources. 

Apparent ly,  crystals more than .5 microns th ick  are not free of d i s loca-  

tions and usual ly  apprec iab le  creep is observed right up to fai lure.  
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