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An account is given of approximate methods, based on the effect of 
adsorption reduction of strength, of evaluating the coefficients and 
activation energy of volume diffusion of a metallic melt into a solid 
metal, and also the limiting solubility of a liquid in a solid metal. 

A cons ide rab le  reduc t ion  in the s t rength  and duc -  
t i l i ty  of sol id meta l s  occurs  [1-3] in the p re sence  of 
sma l l  amounts  of adso rp t ion -ac t ive  meta l  me l t s  a p -  
piled to the sur face  of the spec imen  in the form of a 
thin f i lm or an individual  drop. This ve ry  abrupt  i ra -  
p a i r m e n t  of the mechan i ca l  p rope r t i e s  is not c onne c -  
ted with c o r r o s i o n  or solut ion,  but is ma in ly  due to a 
g rea t  reduc t ion  of the f ree  sur face  ene rgy  of the new 
sur faces  (e. g . ,  u l t r a - m i e r o c r a c k s )  fo rmed  in the 
sol id while subjec ted  to s t r a i n  [1]. The adsorp t ion  r e -  
duction of s t rength  is a ve ry  specif ic  effect: it appears ,  

as a ru le ,  only in eases  when the l iquid meta l  p o s s e s -  
ses  a n a r r o w  but f ini te  r eg ion  of so lubi l i ty  in the sol id 
me ta l ,  and also does not fo rm i n t e r m e t a l l i e  compounds 
with it [2]. Thus,  m e r c u r y  lowers  the s t rength  of t in  
and zinc,  ga l l ium that  of t in ,  cadmium,  and zinc,  b i s -  
muth that of copper and indium,  and eadium that  of 
s teel ,  etc. [1,3]. 

The reduc t ion  of t ens i l e  s t rength  of meta l s  in the 
p re sence  of adso rp t i on -ac t i ve  mel t s  depends on a 
n u m b e r  of phys ica l  and chemica l  f a c t o r s - - t e m p e r a -  
tu re ,  s t r a i n  ra te ,  etc. The ins tan taneous  s t rength  p 
depends a lso  on the t ime r of p r io r  exposure  (to the 
beginning  of s t ra in )  of the sol id meta l  in contact  with 
the adso rp t ion -ac t ive  me l t  [4]. 
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Fig. L Dependence of ins tan taneous  
s t reng th  p (kg /mm 2) of p o l y c r y s t a l l -  
ine zinc on t ime ~- of p r io r  contact  
with m e r c u r y  at va r ious  in i t ia l  v a -  
lues of m0 /ms  (1 - too/ms = 0.2%; 

2 -.4%) 

Analys i s  of the e x p e r i m e n t a l  cu rves  p = p('r) i n -  
dicates  that these data may be used to evaluate  a p -  
p rox imate ly  the l imi t ing  solubi l i ty  C k of the Iiquid 

meta l  in the solid. The adsorp t ion  reduc t ion  of 
s t reng th  is k inet ic  in na tu re ,  i . e . ,  for the effect to 
appear  it is n e c e s s a r y  to have w e l l - t i m e d  and suf f i -  
c ient ly  rap id  en t ry  of the me l t  a toms into the i n c i -  
p ient  u l t r a - m i c r o c r a c k s ,  which develop, as a ru le ,  
in the volume of the s t r a ined  meta l  [1]. The m e l t  in 
tu rn  can propagate  a t  quite high veloci ty  if there  is a 
t ayer  of l iquid meta l  on the spec imen  sur face  [5]. 
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Fig. 2. Dependence of 

time 7 k (sec) for which 

the adsorption strength 

reduction effect is ma- 

nifested in zinc on tem- 
perature T (~ K) of prior 

exposure. 

Let m 0 be the m a s s  of l iquid meta l  applied to the s u r -  
face of the solid meta l  of mass  ms .  If m0/m s < C k, 
then given suff ic ient  dura t ion  of p r io r  contact  (before 
tension)  of the two meta l s ,  the en t i r e  amount  of 
l iquid meta l  is d isso lved  in the spec imen ,  and the 
a toms of the m e l t  wil l  no longer  pos se s s  enough m o -  
bil i ty.  As a r e su l t ,  no adsorp t ion  s t reng th  reduct ion  
wil l  appea r - - the  solid meta l  wil l  yield at roughly the 
same  tens i l e  s t r e s s e s  as when the me l t  is absent .  On 
the other hand, when m0/m s > C k, the adsorpt ion  
s t reng th  reduc t ion  effect  wil l  l as t  indef ini te ly .  

P la tes  of po lyc rys ta l l ine  zinc (purity 98.7%, gra in  
s ize  15 p) of length 80, width 4, and th ickness  0.5 m m  
were exposed in contact  with m e r c u r y  at room t e m -  
pe r a t u r e ,  and extended at a r a t e  of 24 r am/ ra in  on a 

t ens i l e  t e s t  mach ine  (50 kg). 
It follows f rom the r e su l t s  obtained (Fig. 1) that 

C k = 4% by weight for the given zinc. The s i m i l a r l y  
de t e rmined  l imi t ing  so lubi l i ty  of m e r c u r y  in a z inc 
po lycrys ta l  of average  g ra in  s ize  50 p was 0.3%, and 
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in a s ingle  c r y s t a l - - a b o u t  0.1%. To inc rease  the 
m e a s u r e m e n t  accu racy ,  one should use m 0 ~> 20 rag, 
when the e r r o r  should not exceed +25% of the mean  
value.  

It can be seen f rom Fig. 1 that, dur ing  the ini t ia l  
per iod of p r io r  exposure  (T < T1), there  occurs  a 
gradual  reduc t ion  of ins tan taneous  s t rength  p of zinc,  
caused  by diffusion of m e r c u r y  along the i n t e rg ra in  
boundar ies  [4]. Fu r the r  exposure  leads (when m0/m s < 
< Ck) to a gradua l  i nc r ea se  of ins tantaneous  s t rength  
due to d i f fus ion  of the me l t  into the gra in  volume. At 
exposure  t ime T > r k, when a l l  the or ig ina l  mass  m 0 
has diffused, the adsorpt ion  s t rength  reduct ion effect 
is no longer apparent .  

If m0/m s << Ck, i . e . ,  the concen t ra t ion  of the 
mel t  in the po lycrys ta l l ine  meta l  is very  smal l ,  the 
volume diffusion coeff icient  will be prac t ica l ly  i n -  
dependent  of the concen t ra t ion  of diffusing me l t  [6]. 

Then, f rom the known equation [7] 

mo= (2/V~) co ,/b-V, s (1) 

the volume diffusion coeff icient  D may be de te rmined .  
Here S is the a r e a  of contact  between the fi lm of 
me l t  and the spec imen ,  C O is the concen t ra t ion  of 
me l t  in the sur face  layer  of the meta l  (in gm/cm~),  
and is c lose  in o rder  of magnitude to the l imi t ing  
solubi l i ty  of the me l t  in the given solid metal .  The 
appropr ia te  ca lcula t ion  from the data of Fig. 1 (e. g . ,  
for m 0 = 3 mg) gives a value of the diffusion coef f i -  
c ient  of m e r c u r y  into zinc gra ins  of D ~ 10 -12 
c m 2 / s e c  at room t e m p e r a t u r e ,  with an e r r o r  not e x -  
ceeding the half o rde r  of magni tude.  

This r e su l t  ag rees  quite well with values of D for 
the same m e r c u r y - z i n c  pair  de t e rmined  by other 
methods,  in pa r t i cu l e r  by that der ived from the c a l -  
culated influence of volume diffusion on the flow of 
a liquid metal  over  the sur face  of a solid [8]. 

For  an ident ica l  mass  m 0 and a rea  S of a m e r c u r y  
fi lm applied to a zinc plate, the t ime '-k for which 
the adsorpt ion  s t reng th  reduct ion effect is main ta ined  
fal ls  sharply  with the t e m p e r a t u r e  T of p r io r  ex -  
pesure ,  which is main ly  due to the co r re spond ing  
growth of the volume diffusion coefficient.  Using the 
known equat ions D =: D0exp(--U/RT ) [6, 7], and t r a n s -  
fo rming  (1), it can be shown that 

U =2.3 R[d lg ~k/d (I/T)], 

Having de t e rmined  the quanti ty [dlgTk/d(I/T) ] from 
the expe r imen ta l  data as the slope of the l ine l g r  k = 
=f(1/T), we can ca lcula te  the value of the ac t iva t ion  
energy.  For  the m e r c u r y - z i n c  pair  (Fig. 2) U= 8000 i  
= 600 c a l / g - a t o m ,  which agrees  sa t i s f ac to r i ly  with 
the r e su l t s  of other  methods [8, 9]. 

It should be noted that when evaluat ing U by the 
technique desc r ibed  here ,  it is impor tan t  that the 
l imi t ing  solubi l i ty  Ck, in the whole range of t e m p e r -  
a ture  studied,  should always r ema in  far g rea t e r  
than m0/ms;  o therwise ,  for values m0/m s ~ Ck, the 
volume diffusion coeff icient  depends not only on t e m -  
pe ra tu re ,  but a lso  on the concen t ra t ion  of mel t  in the 
solid metal .  
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