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The development of phase transi t lons in sol ids is dete::mined to a con-
siderable degre-e by the 

-character 
of the contact between the ini t laf  phase and

the crystals-of thL new phase that are created and grow in i t '  I f  the forma-

t ion of the new phase oclnrs without viofat ion of the cont inul ty and without

the  occur rence o ' i  d is foca t lon ,  i .e . ,  w i thout  v lo la t ing  the  compatab i '1 l t y  o f

the microscopic deformations, then ihe lnterphase boundary is a transi t lon re-

Eion with a structure intermeaiate between the crystal  structures of the phases

i ; " "  ; ; ; ;u " t - i " " i r " "L" t - " tu t " ) .  In .  the  case o f  t rans i t lons  occur r ing  w i thout

any change of composlt ion, the displacement of the boundary of the coherent
pn lses ,  d t  leas t  in  cer ta in  c rys ta i tograpn ic  d l rec t lons ,  i s -connected  w i th  over -

coming energy barr iers that are smal l-  compared with the sel f-dl f fusion act lva-

t ion  energy ,  caus i -ng  a  h igh  mob i l l t y  o f  the  boundary  [1 ,  2 ] '  A t  the  same t lme '

such an interphase boundary is a so-urce of internal stresses '  as a result  of

wh ich  the  coherent  s ta te  ( i f  t r re  d lmens ions  o f  the  c rys ta ls  o f  the  new phase

exceeds a certaln l lmit lng value) turns out to be metastabLe: the energy of the

sys tem can be  reduced because o f  the  loss  o f  con tac t  be tween the  phases ,  w i th -

comple te  o r  par t ia l  remova l  o f  the  s t resses .  The v io la t ion  o f  the  coherence ls

the result oi tne ippearanc" 
;i"*: ;l:":ll3;i"t?13i35u"?t'f;r3ilt:";5":::l:"?;"
the proper f ie l -d of  the crysta l '  and the energy

& of the nuclel  enters as a component part  in the
i n te rphase  su r face  tens ion  [3 ] .  Thus ,  a  sys tem
o f  ep i t ax la l  d i s l oca t l ons  a r i ses ,  f o rm ing  a  s i ngu -

l -ar  phase-separat ion boundary,  which is  not  pre-

sen t  l n  t he  cohe ren t  s ta te .

The  k ine t i cs  o f  t he  d i sp lacemen t  o f  such  a
boundarv depend.s st rongly on the type of  the ep1-
tax- i 'a t  a is t -ocat ions of  which i t  is  made up,  which

ln turn is  determlned by the crysta l -geometr ica l
parameters of  the phase t ransi t ion,  and a lso by

tr te degree and mechanlsm of  re laxat ion of  the

cohe ren t  s ta te .  I f  a  conse rva t i ve  mo t i on  o f  t he

ep l t ax ia l  d i s l oea t i ons  i s  su f f i c i en t  f o r  t he  d i s -
p iacements of  the in terphase bounp.ary '  then the

hob i l i t y  o f  t he  bounda ry  does  no t  d i f f e r  g rea t l y

f rom the mobi l i ty  of  the boundary between coherent
phases .  I f  nonconse rva t i ve  mo t j - on  o f  t he  ep i -

t ax ia l  d l s l - oca t i ons  i s  needed  fo r  t he  bounda ry
d i sp lacemen t ,  t hen  the  i n f l ux  (o r  ou t f l ow)  o f

po ln t  de fec t s  needed  fo r  t h i s  pu rpose  may  se rve'as 
a p"o"ess that  l imi ts  the mot lon of  the in ter-

phase boundary.  The development  of  a phase

i rans l t i on  i s  connec ted  i n  t he  l a t t e r  case  w i th

concen t ra t i on  f i e l - ds  and  se l f - d i f f us ion  f l uxes  o f
po in t  de fee ts .  By  way "  o f  an  examp l " ,  q iC '  I  shows

the  bounda ry  be tween  two  cub i c  phases  (A  and  B )

wi th d i f fer-ent  la t t ice parameters (a l  t  tg)  '  The

displacement  of  the in terphase boundary in  the

re lLxed  s ta te  (F fe .  t c )  i s  poss ib le  w i t hou t  an  i n -

f l - ux  o f  po in t  de fec t s  t o  t he  ep i t ax ia l  d l s l oca -

t i ons  (1  and  3 ) ,  ensu r i - ng  cance l l a t i on  o r  comp le -

t ion o i  "ex i rarr  atomic p lanes and c l imbin!  of  the
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ep i tax ia l  d l s l oca t i ons .  Fo r  s imp l l c t t y ,  we  sha11  hence fo r th  cons ide r  sys tems
conta ln ing only one type of  defects,  say vacancies.  From the condi- t lon for
the mln imum of  the f ree energy of  a two-phase system wi th vacancles,  there
fo l - lows d l rect ly  the presence of  a cer ta ln equi l lbr lum concentrat lon of  the
vacanc ies

c 
r = cocrp(- tr,o2t/ *T ), ( 1 )

where  co  is  the  equ i l ib r ium concent ra t lon  o f  the  vacanc ies  1n  the  absence o f
an  in te rphase boundary ,  I  i s  the  d ls tance be tween the  ep i tax ia l  d ls loca t ions ,
a  1s  the  ln te ra tomlc  d ls tance,  and AU is  the  d l f fe rence be tween the  spec i f l c
free energles of the phases, whlch for a f lat  boundary in the absence of
s t resses  (a t  L  =  aoar / (uo  -  a r ) )  denends on ly  on  the  tempera ture  (Au =  t4  -  uB) :

van i -sh lng  a t  the  phase-equ1 l lb r ium po in t .  A t  a  concent ra t lon  e*  I  cs ,  the  two-
phase system is stable even upon deviat lon from the equi l ibr lum polnt in a
slngle-component system, and (1) can be regarded as the equatfon of the phase-
equl l lbr lum l lne on the T-c dlagram of the solut ion of vacancles l -n the crystal .
For  a  spher lca l  c rys ta l  o f  the  new phase,  w l th  rad lus  R,  we have

( 2 )

where the addit ional terms are the Laplace pressure due to the lnterphase sur-
face tenslon l ,  and t l re work of the stress f ie ld d on the proper deformatlon of
the  phase t ran i l t ion  6o( .C) ,  and appear  as  a  resu l t  o f  var la t ion  w l th  respec t  to
R o f  the  sur faee and e fas t lc  f ree  energ les  o f  the  sys tem.  S lnce  the  d ls loca-
t ions  are  v i r tua l  sour rces  (s lnks)  o f  vacanc les ,  i t  can  be  assumed tha t  in  the
v ic in l ty  o f  ep i tax ia l  d is l -oca t ions  there  1s  es tab l i shed an  equ l l ib r lum concen-
trat ion correspondlng to the curvature and the stress at the glven point of  an
in te rphase sur face  o f  a rb l t ra ry  fo rm ( th ls  concent ra t ion ,  obv ious ly ,  1s  no t  a
1oca l  charac ter ls t i c  o f  the  po ln t ,  s ince  the  s t ress  o  l s  a  func t lona l  o f  the
pos l t lon  o f  the  en t l re  in te rphase boundary) .

I f  the  sec t ions  o f  the  coherent  boundary  be tween the  ep i tax la l  d ls loca-
t ions have high mobl l i ty,  then the maln dlsslpat lve process for boundary dis-
placement 1s vacancy di f fuslon. Ttro development of the phase transl t ion is
l im i ted  by  the  evo lu t lon  o f  the  s ls tem'o f  ep l tax la l  d is loeaf lons ,  wh lch  can be
considered exhaust lvely within t f rb framework of the theory of,"noneonservat lve
mot lon  o f  d ls loca t ions  [4 ,  5 ]  in  the  case when the  vacancy  concent ra t lon  in  the
d ls loca t ions  is  de termlned f rom (1)  -  (2 ) .  I f  the  dens i ty  o f  the  ep i tax la l
dLslocat ions ls suff j -c i-ent ly hlgh, so tha! the t ime of equal lzat lon of the
concentrat lon on the lnterphase surface 9, ' /D (D ls the vacancy dl f fuslon coef,-
f ic lent)  is much smal l-er than the t ime of the transformation, the dlscrete
structure of the phase boundary, as a network of l lnear sourees or slnks'  can
be neglected.,  and the kinet lcs of the process 1s descrlbed 1n peqfect analogy
wlth the procedure customari ly used to conslder dl f fuslon phase transforma-
t lons  1n  a  two-component  sys tern  [6 ] .

The fact that in thls case the second component ls made up of vacancies,
whlch can be produced and vanish on the lnterphase surface, does not lnf luence
the formal aspect of the analysis.  I f  a large number of new phases 1s present
in  the  ln i t ia l  phase,  then se l f -d i f fus ion  i -n te rac t lon  occurs  be tween them'  v ia
exchange o f  vacanc les  th rough the  1n l t ia l  phase.  As  a  resu l t  o f  the  se l f -
cons ls ten t  deve lopment  o f  the  sys tem o f  c rys ta ls  1n  the  vacancy  f le ld ,  a  co-
a fescence reg ime 1s  reached [7 ,  5 ) ,  a t  wh ich  the  k ine t ics  o f  the  phase t rans i -
t lon is control led by relaxat ion of the average concentrat ion of the vacancies
as  a  resu l t  o f  d i f fus lon  to  the  ex t raneous sources  or  s inks  (e .g . ,  to  the  er -
te rna l  sur face  ) .

The foregoing representat ions a11ow us to explaln from a dl f ferent pl int
of v lew the ei istence- of two qual l tat ively di f ferent kinet lc , types of phaEe
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t ransformatlons 1n single-component sot ids Ir ] :  the same phase transl t j -on, de-
pending on the external condit ions, can have a large (nearly sonlc) veloci ty

of the interphase boundary, with a weak dependence on the temperature (marten-

si t ic t ransi- t ions),  and a veloci ty that depends exponent ial ly on the tempera-

tu re  w i th  an  ac t lva t ion  energy  c tose  to  the  ac t lva t ion  energy  o f  se l f  d i f fus ion '

The se l f -d i f fus ion  t rans format lon  k lne t lcs  in  the  la t te r  case does  no t  exc lude '

in accord with the foregoing, a crystal lographic and morphologic connect ion

between the  in i t ia l  and new phases .
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