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Even in the l as t  century  in solder ing,  mankind encountered the p rob lem of l iquid-meta l  embr i t t l ement ,  
a reduct ion in the ductil i ty and s t rength  of solid me t a l s  and al loys under  the act ion of liquid ones.  The f i r s t  
publicat ions which r epor t ed  on em br i t t l em en t  of b r a s s  by m e r c u r y  were  in 1914 [1, 2]. The effects  obse rved  
were  re la ted  to penet ra t ion  of m e r c u r y  into the b r a s s  g ra in  boundar ies .  

A s y s t e m a t i c  study of l iqu id-meta l  embr i t t l emeu t  has been made fo r  m o r e  than 40 y e a r s ,  but t he re  is 
st i l l  not a gene ra l ly  accepted  point of view on the mechan i sm of in terac t ion  of a liquid meta l  with a solid one. 
The invest igat ions of Soviet sc ien t i s t s  made  before  1955 were  pa r t i a l ly  sys t emat i zed  in the monograph  of 
Ya. M. Potak [3]. The obse rved  s t rong reduct ion in s t rength  and ductil i ty of s t ruc tu ra l  me ta l s  in mol ten  low- 
mel t ing  m e t a l s  is explained f r o m  the posi t ion advanced by P. A. Rebinder  [4] of the concept  of the adsorpt ion 
influence of the med ium.  The author  came to the conclusion that the reduct ion in su r face  energy  of the solid 
body caused by adsorpt ion  leads to a reduct ion in its br i t t le  s t rength and this aids in the fo rmat ion  of br i t t le  
c r acks  at s t r e s s e s  s ignif icant ly l ess  than in a i r .  The re fo re ,  in tes t ing quite ductile m a t e r i a l s  in such media ,  
when the br i t t le  s t rength  m a y  not be lower  than the r e s i s t a n c e  to p las t ic  deformat ion,  l iqu id-meta l  e m b r i t t l e -  
ment  does not occur .  This  was used to explain the se lec t iveness  of the action of the med ium.  The poss ib le  
influence of diffusion penet ra t ion  of the med ium was excluded. 

W. Ros toker ,  J. MaeCaughey, and, G. Marcus  [5], a lso seeing the r eason  fo r  the observed  phenomena of 
l iqu id-meta l  embr i t t l emen t  in the reduct ion of in terphase  sur face  energy  of the solid body, held the point of 
view that the role  of r egu l a r  and nonregular  diffusion p r o c e s s e s  in l iqu id-meta l  embr i t t l emen t  is insignificant.  
As proof  a number  of works  w e r e  quoted where  it was shown that e m b r i t t l e m e n t  occurs  when diffusion pene-  
t r a t ion  of the med ium into uns t r e s sed  me ta l  is absent .  

To revea l  the m e c h a n i s m  of l iqu id-meta l  embr i t t l emen t  a la rge  combinat ion of invest igat ions were  made  
by V. I. Likhtman,  E.  D. Shchukin, and P. A. Rebinder  on single c r y s t a l s  of ve ry  pure  m e t a l s .  Based on the 
Rebinder  theory  of the adsorp t ion  nature  of e mbr i t t l emen t  of solids in the p r e sence  of s u r f a c e - a c t i v e  media ,  
the authors  for  a quanti tat ive ra t ing of the inf luence of the medium used the known Griff i ths approach on the 
re la t ionship  of s t rength to the sur face  energy  of a solid, which under the act ion of liquid me ta l s  is s h a r p l y  
reduced.  Since the med ium is adsorbed  On the sur face ,  then, in the opinion of these  authors ,  it cannot reduce 
the s t rength of ideal c ry s t a l s  but does reduce  the  s t rength  of r ea l  ones,  diffusing along the defects .  The amount 
of the effect  is re la ted  to what degree  the adsorpt ion  l aye r s  of the s u r f a c e - s u r f a c e  act ive  subs tances  f rom the 
embr i t t l ing  med ium a r e  able to pene t ra te  into the developing defects ,  cover ing  the new su r faces  of solid f o r m -  
ing in them.  F o r  such a medium as liquid m e ta l s  the poss ibi l i ty  is a s sumed  of in ternal  adsorpt ion,  i .e. ,  ad-  
sorpt ion on the or iginat ing su r faces  developing in the volume of a body being deformed.  Somewhat l a t e r  A. 
Westwood and M. Kamdar ,  not using concepts  of internal  adsorpt ion,  showed the poss ib i l i ty  of local  weakening 
of the bonds at the t ip of a c rack  and on the su r face  of a solid meta l ,  which is caused by sur face  adsorpt ion  of 
a toms of the med ium [6]. 

The influence of a medium does not a lways include a reduct ion in s t rength and ductil i ty of sol ids .  Under 
ce r ta in  conditions s amples  of pure  me ta l s  with low-mel t ing  coatings deform by a g r e a t e r  amount  than without 
the coatings [1]. T h e  obse rved  plas t i f ica t ion of single c ry s t a l s  with low-mel t ing  coatings at t e m p e r a t u r e s  
above the t e m p e r a t u r e  of " forced"  cold b r i t t l eness  (the t e m p e r a t u r e  of the b~ ' i t t l e -duct i le  t r ans fo rma t ion  in 
the medium) was a lso  explained by adsorpt ion  weakening of in teract ion of a toms  of the solid and was cons idered  
as the m o s t  genera l  a spec t  of the influence of the medium,  re la ted  by a single r e a son  with embr i t t l emen t  and 
spontaneous d i spe r s ion  [ 1]. 

Within the l imi t s  of this model  easing of fa i lure  was explained by pene t ra t ion  of a toms of the medium 
into the zone of p re fa i lu re .  Included in the in te r re la t ionship  a t  the m o m e n t  of rup ture  or  r eo rde r ing  of the 
bonds, the med ium influences these  p r o c e s s e s  and aids in compensa t ion  of the new bonds being uncovered.  
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Since the understanding of the "sur face  energy of a solid" la ter  received the sense of the work for formation of 
new surfaces ,  then the surface  energy in the Griffiths equation was considered as consist ing of two components, 
the interphase surface  energy ~'sl and the work for  plast ic  deformation Tp, assuming the presence  of a symbatic  
relat ionship between them [7]. The condition of failure in the medium may then be wri t ten as 

~ .  = ~ (E/c) ~1~. (.~ +,r % (1) 

where E is the modulus of elast ici ty,  c is the size of the defect, and # is the proport ional i ty  coefficient. The 
value of ~,p may be determined only exper imental ly  and therefore  Eq. (1) does not make it possible for  us to 
check the co r rec tnes s  of the model.  

Analyzing the resu l t s  of experimental  work with the use of understandings of the adsorption effect of 
plastification, M. I. Chaevskii  [8] assumed the possibi l i ty both of loss of s trength of metals  being deformed 
and of strengthening of them, assuming that plast ic  flow may be eased in the initial period and made more  
difficult in fur ther  deformation.  In experiments  made by him, strengthening was observed only in the case 
of breaking up of the grains  under the action of the molten metal .  The author proposed a mechanism of easing 
of plast ic flow and origination of a c r ack  in polycrysta l l ine  metals .  Since adsorption of the medium eases  out- 
let of dislocations to the surface,  then surface sources  of F r a n k - R e e d  dislocations may be activated, forming 
large  accumulat ions in front of obstacles  (grain boundaries) at the opposite end of a slip plane, which increases  
the normal  and tangential s t r e s se s .  If the increased  tangential s t r e s se s  cause plast ic deformation in the neigh- 
boring grain,  plastif ication s tar ts  but if this does not occur ,  then the possible doubling of local tensile s t r e s ses  
leads to the occur rence  of a crack.  

Such a mechanism does not explain embri t t lement  of plastic meta ls  and therefore  M. I. Chaevskii [8] used, 
the mechanism of internal adsorption of the molten metal,  using a model of a wedge-shaped crack  and the con- 
cept of a decrease  in the interatomic interaction of the solid m e t a l - m e d i u m  system,  assuming that britt le fail- 
ure  under the influence of the medium is possible only in the case of three-dimensional  interaction of it with a 
meta l  being deformed.  According to the model  accepted [9, 10], plastic deformation at the tip of a crack causes 
the format ion of vacant points, increasing the free energy and chemical  activity of the solid metal .  The medium, 
diffusing into the activated defective volume of the metal ,  changes the strength of the interatomic bonds, es-  
pecially at the grain  boundaries.  Considering the alloy formed as a solid solution, the author rated the energy 
of the bond of a toms of different elements f rom the position of the stat is t ical  theory  of s t r ic t ly  regular  solu- 
tions [ 11] and came to the conclusion that if in the interaction of a solid body being deformed with a liquid low- 
melt ing meta l  a solution is formed,  the low-melting component of which conforms to the Raoult law or  has a 
posit ive deviation from it, then there  will always be loss of strength of the metal  being deformed. If there is a 
negative deviation, then according to this c r i te r ion  it is impossible to judge about the change in strength [9]. 

M. J.  Kelley and N. S. Stoloff [12] hold the point of view that l iquid-metal  embri t t lement  is caused by ad- 
sorption reduction of the failure energy of the atomic bonds at the tip of a c rack  in the solid metal (effective 
surface fai lure energy) and the possibi l i ty of the appearance of l iquid-metal  embrt t t lement  depends upon the 
mutual solubility of the solid and liquid meta ls .  

Using the conclusion of J.  J .  Gilman [13] that the energy of the atomic bond controls  the surface failure 
energy even in those cases  where deformation at the tip of the c rack  is plastic and assuming [14] that in the 
presence  of a liquid metal  the strength of an atomic bond of solid metal  at the tip of a c rack  is decreased by 
the value of the energy of the bond between a solid and a liquid metal,  M. J. Kelley and N. S. Stoloff [12] adopted 
as the c r i te r ion  of change in surface failure energy the ratio of the energy of the atomic bond in a solid metal  
to the energy of the atomic bond of a solid and a liquid metal .  To determine the energy of the bond between 
the atoms of a solid and a liquid metal ,  the B r e w e r - E n g e l  approach [15, 16] was used. This takes into con- 
s iderat ion the contribution of the e lectron t ransi t ions to the energy of the interaction. The authors considered 
the possibil i ty of the appearance of liquid-metal embri t t lement  for approximately 40 pairs  of metals  (Fig. I). 
At the same time, the influence of mutual solubility was determined by comparing the pa ramete r s  of solubility 
determined as the square root  of the density of energy of the bond [17]. Separation of the area  of failure into 
two zones,  bri t t le  and ductile, is not very  convincing since the major i ty  of the points (pairs of metals)  are  
grouped near  the boundary and the boundary inself was chosen arb i t ra r i ly .  In addition, the appearance of liquid- 
metal  embri t t lement  depends upon the experiental  conditions [1-3, 5, 18-20] and therefore  it is not surpr is ing 
that the data of these works does not agree  with that given. As an example, it was observed in [18] that iron 
is embri t t led by m e r c u r y  and copper by aluminum, while in tests  in a i r  iron is embrit t led by indium and not 
embri t t led in vacuum [20]. As a resul t  of diffusion of the medium there may be a substantial change in such 
charac te r i s t i c s  of the solid metal  related to ductility as deformation strengthening, defect packing energy, or 
the limiting fai lure deformation and thereby failure is influenced. Regrettably this mechanism does not take 
this into consideration.  
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Fig. 1. The re la t ionship  of embr i t t l emen t  to the s t rength  
of the bond of the solid phase  with the liquid and to solu-  
bil i ty [12]: A, A) c lose -packed  hexagonal s t ruc tu re ;  &,e  ) 
body-cen te red  cubic; [3, I ) f a ce -cen t e r ed  cubic.  White 
points a r e  t e s t s  in the absence  of the med ium influence 
and blacks ones in a medium of the second element .  

The bas i s  of the "energy  of the b o n d - s o l u b i l i t y "  model  was the inevitabil i ty of diffusion of liquid me ta l  
into solid,  and, a t  the s a m e  t ime,  such s y s t e m s  as  A1-Na ,  Fe- -Na,  F e - C d ,  and Fe--Hg,  which a r e  among the 
immisc ib le ,  we re  cons idered  [21]. But even for  such s y s t e m s  which m a y  fo rm solid solutions a n e c e s s a r y  
condition is diffusion of liquid meta l  into solid exceeding growth of the c rack .  Such a m e c h a n i s m  was used 
ou [22] fo r  t r ea t ing  t e n s i l e - t e s t  r e su l t s  of h igh-pur i ty  zinc single c r y s t a l s  with a drop of m e r c u r y  applied.  
The authors  explained the spasmodic  c h a r a c t e r  of fa i lure  by diffusion of the liquid m e r c u r y  into the zinc, p r e -  
par ing it for  b r i t t l e  fa i lu re .  The calculat ions made,  however ,  show that even in the initial s tage of fa i lure ,  
when the t ime  of s tops  in the growth of a c r a c k  is tenths of seconds,  diffusion of the medium is poss ib le  to a 
depth of a tenth of the jump of the c r ack  and this ra t io  becomes  even g r e a t e r  by the end of fa i lure  when the 
t ime  of the s tops d e c r e a s e s .  

In some  works  [23-26] l iqu id-meta l  embr i t t l emen t  is explained by se lec t ive  solutiou of the solid meta l .  
According  to this m e c h a n i s m ,  developed in m o s t  detail  by E.  ~ .  Glikman, Yu. V. Goryunov, and the i r  col leagues 
[25, 26], the or igin and subc r i t i ca l  growth of a c r ack ,  re la ted  to the amount of in te rphase  sur face  energy,  oc-  
curs  in the g ra in  boundar ies  as  a r e su l t  of t he i r  solution (as p laces  with i nc rea sed  chemica l  potential) .  M e -  
chanical  s t r e s s e s  only s t rengthen the the rmodynamic  nonuuiformity,  p romot ing  this se lec t ive  solution of the 
me ta l  being deformed  at  the tip of the c rack  and deposit ion of dissolved a toms  on its edges  at a dis tance f rom 
the tip of the c r ack  approx imate ly  equal to the amount  of the opening. The r a t e  of growth of the c rack  v de-  
pends upon the applied s t r e s s e s  a but does not depend upon its  length 

v=~(~--a), (2) 

where  ~ and A a r e  constants  not dependent upon s t r e s s e s .  The influence of the med ium re f lec t s  the coefficient  
~, which I n c r e a s e s  sharp ly  with a d e c r e a s e  in the ln terphase  sur face  ene rgy  Ysl 

a,-~ exp (--ATst/kT), (3) 

where  A is a coeff icient ,  k is BoltzmannWs constant ,  and T is absolute t e m p e r a t u r e .  

Probably  the complexi ty  of the p rob lem of l iqu id-meta l  embr i t t l emen t  m a y  be explained by such a va r ie ty  
of proposed m e c h a n i s m s  of i t s  occur rence .  Apparent ly  a common e r r o r  of many  authors  engaged in this p rob -  
l em is the tendency to expand the models  proposed  by them to all poss ib le  cases  of in teract ion of a solid me ta l  
being deformed with a med ium.  F o r  example ,  the Satiskii  m e c h a n i s m  [ 24], which is t rue  in the case  of in te r -  
act ion of me t a l s  fo rming  a eutect ic ,  m a y  not occur  in other  s y s t e m s .  Not only the fo rmat ion  of a solid solu-  
t ion, but even the p r e s ence  of a liquid phase  in the volume of the solid me ta l  s t i l l  does not p r e d e t e r m i n e  e m -  
br i t t l ement .  It is known that leaded s teel  s t a r t s  to embr i t t l e  at  a t e m p e r a t u r e  below the mel t ing  point of lead 
and r e s u m e s  i ts  p las t ic  p r o p e r t i e s  soon a f t e r  mel t ing  of the lead [27]. P robab ly  it is imposs ib le  to expand 
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the "so lu t ion-depos i t ion"  mechanism [23, 25, 26] to those cases  where failure in media  at low tempera tures  
is caused by s t r e s s  concentrat ion at the tip of a crack,  under the action of which there  is formation of a local 
plast ic  zone determining the basic energy expenditures for fai lure [28] and also if the solid metal  does not 
dissolve in the liquid, as was noted in [6]. 

Under the act ion of liquid meta l  media  fai lure may be caused by three  basic p r o c e s s e s :  a) adsorption; 
b) uniform or  select ive co r ros ion  (solution); c) the format ion of new phases in the volume of the metal  being 
deformed.  Naturally the fai lure mechanism will depend upon which of the p roces se s  is predetermining.  

Recent works on investigation of surface  phenomena [29-33] make it possible to look at the mechanism 
of adsorpt ion easing of deformation and failure of solids somewhat differently. Adsorption-active media may 
ease not only the movement  and outlet of dislocations to the surface but also their  origin [32-34]. As a result  
of this the dislocation density in the surface layers  may  be strongly increased [34], which is an indication of 
the large amount of deformation strengthening. 

The model of the influence of a l iquid-metal  medium on the mechanical  charac te r i s t i c s  of meta ls  and 
alloys being deformed,  when solution of them and diffusion of the medium is not observed,  may be the follow- 
tng (its basic assumptions are  presented in [20, 35-37]): 

1. The universal i ty  of the effect of adsorpt ion-act ive  media includes easing of the occur rence  of plastic 
deformation in the surface  layers  of the metal  caused by a reduction in the f ree  surface energy at the boundary 
between the phases .  

2. A medium, including a l iquid-metal  one, p romotes  the occur rence  of plast ic deformation in the su r -  
face l ayer  not only as a resul t  of easing the outlet of dislocations to the surface but also as a resul t  of reduc-  
ing the s t r e s s  for the origin and s ta r t  of dislocations.  In the case of ductile mater ia l s  this el iminates the 
b a r r i e r  effect of the surface and increases  their  ductility. 

3. The increased generat ion of dislocations under conditions limiting relaxation (low homologous tem- 
pera ture ,  high rate  of deformation,  low defect packing energy) favors  an increase  in their  density in the su r -  
face l aye rs  of the metal ,  i .e. ,  s t ronger  deformation strengthening. 

4. Strengthening of the surface layer  promotes  the origin in it of m i c r o c r a c k s  at deformations less than 
in the absence of a medium. 

5. After  passage by a c rack  of the surface  strengthened layer  fur ther  development of it will be retarded 
in the m o r e  ductile mat r ix  but will r e sume after  an increase  in its opening to a value less than in vacuum since 
the influence of the medium on deformation of the local zone near  the tip of the c rack  is s imi la r  to the influence 
on the free surface .  As a resul t  of this, propagation of the c rack  will occur  with lower energy consumptions.  

Within the f ramework  of this model the possibi l i ty of appearance of the medium effect is determined by 
two fac to rs :  reduction in the sur face  energy and the proper t ies  of the solid under specific conditions of plast ic 
deformation.  At the same t ime, it is of no importance whether a single atom medium of l iquid-metal  type or  
mult iatom organic compounds is being adsorbed.  Of course,  the quantitative express ion of the effect will be 
different since the influence of the medium on the surface,  the rate of migrat ion,  the possibil i ty of penetration 
into nar row cracks ,  etc.,  will be different.  The aggregate  state of the medium does not play a role.  The oc-  
cur rence  of a c rack  according to the proposed mechanism may occur  if there is a solidified low-mel t ingmetal  
on the surface [20], although the development of such a crack,  if it is not a sufficiently effective s t r e s s  con- 
centra tor ,  may  not occur  since the medium will not be delivered to the tip of the crack.  

The action, of the medium on the surface of the solid includes, pr imar i ly ,  reduction in the interphase 
surface energy  [4] and a change in the forces  of representa t ion [38] and surface relaxation [29]. In addition 
to adsorption of the medium, a definite contribution to this may be made by a change in the state or  removal  
of the surface fi lms [31, 32, 38]. Replacing the elast ic oxide film by a medium with a shear  modulus less than 
that of the mat r ix  changes the sign of the force of representa t ion acting on the dislocation and the l a t t e r  will 
be forced to the surface with a force inversely  proport ional  to the distance from it [38]. Close to the surface 
the field of t ranslat ions  will s t a r t  to act  on the dislocation. The amount of t ranslat ion of the a toms relat ive 
to the position in the volume may be significant [30] but rapidly dec reases  and infringes upon five o r  s ixa tomic  
planes.  In connection with the increase  in distance between atomic planes a dislocation to outlet to the surface 
must  increase  its Burgers  vector,  i.e.,  form an additional incomplete dislocation, for which it is necessa ry  to 
expend the energy [30] 

n , 

~- ~ F, bf, (4) 
1 
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Fig. 2. The re la t ionship  of Meie r  contact  ha rdness  to the 
force  of inser t ion  for  nickel (1, 2) a t  20~ in pure  Vasel ine 
oL1 (1) and with the addition of 2~ oleic acid  (2) and a l s o f o r  
copper  (3, 4) a t  500*(3 in vacuum (3) and in P b - B i  eutect ic  
(4) [43]. 
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Fig. 3. Tens i le  cu rves :  a) hardened 20Kh13 s t e e ! s a m p l e s  
at  450*(3 (1, 2) and samples  of A r m c o  iron [19] at 300 (3, 4) 
and 550~C (5, 6) in vacuum (1, 3, 5), mol ten  P b - S n  (2), and 
mol ten  I3[ (4, 6); b) of pure  (moPe than 99.999%) p o l y c r y s -  
ta l l ine A1 at 25*(2 In the p r e sence  of var ious  m e r c u r y  solu-  
t ions [6]: 1) 3 a t . ~  Ga; 2) 3 Zn; 3) 3Cd;  4) 3 T i ;  5) 1 . 3 a t . ~  
Sn, in pure  m e r c u r y  (6), and in a i r  (7). 

where  fl is a constant ,  n is the number  of displaced a tomic  planes,  G is the shea r  modulus,  and b i is the d i f fe r -  
ence between the Burge r s  vec tor  in the su r face  l aye r  and in the volume.  The sur face  will e i ther  r e t a rd  or  
ease  outlet  of d is locat ions ,  depending upon the d i f ference  in values of ene rgy  re la ted  to the r ep re sen ta t i on  
effect  and the field of t r ans la t ions .  It is c l ea r  that  adsorpt ion  of the medium,  dec reas ing  the field of t r a n s l a -  
tions [29], m u s t  ease  p las t ic  deformat ion.  Easing of p las t ic  deformat ion  in a thin su r face  l aye r  has  been ob- 
se rved  in the ea se  of adsorpt ion of gaseous  ni t rogen [39], organic  media  [40], aqueous solutions [41], and liquid 
me ta l s  [42]. However ,  as a r e su l t  of adsorp t ion  of the med ium the or igin  of dis locat ions is eased [31-33] and 
an inc rease  in the i r  densi ty  in the su r face  l aye r  will p romote  its s t rengthening [34, 35]. 

Invest igat ions made  [43] showed that the c h a r a c t e r  of the influence of the medium on p las t ic  deformat ion  
by inser t ion  of a spher ica l  Indentor depends upon the conditions under  which it ls done. In the initial  s tage the 
medium norma l ly  ea se s  deformat ion  (Fig. 2) and then m a y  cause  s t rong deformat ion  strengthening if the r e -  
laxation capaci ty  of the m a t e r i a l  is low. In those  ca se s  where  the s t r e s s e s  a r e  eas i ly  re laxed  (such as t e s t s  
of copper  at  500~ * the medium eases  p las t ic  deformat ion  (Fig. 2, curve  4). Only with a sha rp  inc rease  in 

*Exper imen t s  made  by I. G. Dmukhovskaya.  
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Fig. 4. The long- te rm strength of hardened 20Kh13 steel 
samples at 450~ in vacuum (1) and in a P b - S n  eutectic [44]. 

the rate of deformation is it possible to observe  an increase  in deformation strengthening of copper in molten 
P b - B i  eutectic at 500~ [43]. The proper t ies  of the surface layer  originating during deformation determine 
to a significant degree the behavior of the sample as a whole. At low tempera tures  s t ronger  surface s trength-  
ening causes  l iquid-metal  embri t t lement  [36], at t empera tu res  above recrys ta l l iza t ion ,  when the surface layer  
is s trengthened in the medium less than in vacuum there is even plastif ication (Fig. 3a), while a reduction in 
strength (tensile strength) is caused by less deformation strengthening of the sample core  (curve 6). A liquid- 
metal  medium has such an influence on deformation of plast ic metals  when to obtain the strengthening (ac- 
cumulation of damages)  neces sa ry  for  the origin of a c rack  significant deformation is required even in a me-  
dium and the subcr i t ica l  development of a c rack  without a medium is impossible.  In a brit t le mater ia l  a c rack  
originates  under  the action of a molten metal  at low plastic deformations or  even in the stage of mtcroplas t ic  
deformation (below the yield strength) and fur ther  propagation of it, if the solid metal  is sensit ive to s t r e ss  
concentrat ion,  without part icipat ion of the medium (curve 2). In these cases  the medium has a very  strong 
influence on the s trength of meta ls .  Fai lure of plast ic meta ls  also may  occur  at deformations less than those 
corresponding to the maximum on the tensile curve.  At the same time, a s t rong influence of the medium on 
strength is also observed (Fig. 3b). 

The adsorption cha rac t e r  of the influence of the medium is revealed well in long- te rm strength tests  of 
hardened 20Kh13 steel  samples  [44]. The fact that at a tempera ture  of 450~ samples covered with a P b - S n  
eutectoid (Fig. 4) do not support  long- te rm loads at s t r e s se s  of more  than 80 kgf /mm 2, while with a reduction 
in load by 2-5% the medium does not influence their  life may be explained only by the adsorption effect. Such 
small  variat ions in s t r e s s  cannot markedly  change the diffusion coefficient or  the chemical  potential and thereby 
cause the format ion  of a solution in a local volume [9, 12, 22] or  strengthen solution [23-25, 26]. To a sig- 
nificant m e a s u r e  these p roces se s  mus t  depend upon time, which in this case is not observed.  

The only reason  for  the sharp bend in the long- te rm strength curve in tests  in P b - S n  (Fig. 4) may be a 
change in the mechanism of failure and since in its nature it is dislocation, then the medium must  influence 
the formation of the dislocation s t ruc ture  during deformation.  Similar resul ts  are  observed in testing single 
c rys ta l s  [1, 6]. 

Iu conclusion let us note that in the present  state of investigations into l iquid-metal  embri t t lement  of the 
existing mechan i sm three  may  be distinguished as the mos t  probable:  

1) so lu t ion-depos i t ion ,  which may be true at increased tempera tures  and when solution of the solid metal  
in the liquid is possible;  

2) a change in the energy of the bond in local volumes as a resul t  of the formation of a hypothetical solu- 
tion, which may  occur  at increased tempera tures  and with the condition that penetration of the liquid 
metal  into the solid occurs ;  

3) the adsorpt ion influence of the medium on plastic deformation of the surface layers ,  predetermining 
subsequently the cha rac te r  of fai lure.  
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