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There a re  various ways of making supercooled melts  by rapid cooling [ 1, 2]. The substance is t r ans fe r red  
to a tempera ture  range well below the melting point Tin, where crysta l l iza t ion is re tarded by the high v i scos -  
ity. By increas ing the cooling rate  in the supercooling appropriately,  one can attain a finely crysta l l ine  or  
amorphous state for any mater ia l  [1]. High cooling ra tes  a re  attained in all the methods by using small  thick- 
nesses  of molten metal in contact with a cold substrate.  

An essential ly different way of obtaining supercooled states is to melt  the mater ia l  at a shock-wave front 
and cool it in the decompress ion  wave behind it. The cooling rate  in that case can be as high as 10t~176 
[3 ], which is above the record  levels attained in traditional methods. However, the course  of the i sentropic 
curves  and melting ones for  some mater ia ls  is such that the substance melting at the shock-wave front r e -  
mains liquid on decompress ion  [4, 5]. Therefore ,  the use of dynamic p r e s s u r e s  to produce supercooled states 
amounts vir tual ly to the prepara t ion  of thin layers  [3, 6 ]. The high cooling ra tes  in these a re  produced on ac-  
count of the small thicknesses,  as in tradit ional methods. 

However, there exists a class  of mater ia ls  where the advantages of dynamic loading can be used more  
fully under cer ta in  conditions; these a re  substances in which the form of the melting curve is anomalous,  i.e., 
the melting point falls in a cer ta in  p r e s s u r e  range (Fig. 1). It is readily seen that if the mater ia l  is melted by 
the shock wave near  the triple point A, then on decompress ion  along the curve AB it is in the supercooled 
state, because the melting point r i ses  as the p r e s s u r e  falls (even without allowance for cooling in the decom- 
press ion  wave). 

It is assumed that crys ta l l iza t ion does not occur  during the fall in p res su re .  The supercoolings (Tm - 
Train) thereby attained may be as much as 150-700~ (Table 1). These data have been taken from [7, 8]. For  
liquid Ge purified f rom impuri t ies ,  a maximum supercooling of 227~ has been attained [1], i.e., less by about 
a factor  2 than the quantity attained in the proposed process .  If the width of the decompress ion  wave is about 
10 -7 sec, then the effective cooling ra tes  will be in the range 109-10~~176 High cooling ra tes  are  observed 
below Tin, i.e., the mater ia l  is t r ans fe r red  to the supercooled state without passing through the h igh- tempera-  
ture  range Tm-Tb,  where the crys ta l l iza t ion may occur  rapidly. Therefore ,  here,  instead of cooling f rom Tm 
to T b by heat t ransfer ,  we have a p rocess  of p r e s s u r e  reduction. The supercooling can be attained in the de-  
compress ion  wave with a mater ia l  having a normal  course  for the melting curve only because of nonequilibrium 
melting. 

The scope for melting a mater ia l  in the bulk of a shock wave with a p r e s s u r e  close to Pmin is far  f rom 
obvious, s i n c e p r e s s u r e s  substantially exceeding Pmin may be needed to produce a melt. In the shock wave the 
mater ia l  passes  through all p r e s s u r e s  f rom p = 0 to Pmin and may be part ial ly melted at any intermediate  p, 
which cor responds  to a latent heat of melting ;tp. Therefore ,  to produce complete melting at Plnin it is neces -  
sa ry  for  the specific internal energy acquired on shock compress ion  to be in the range between 61 and 62: 

E2 = ~p + C(Tmin -- To) + ex, 
e,  = ~o + C(Tmtn - To) + ~x, 

where kp and k 0 a re  the latent heats of fusion at p = Pmin and p = O; Train, minimal melting point under 
p r e s su re ;  To, initial tempera ture ;  and e x, energy of cold compress ion  at p = Pmin. It is assumed that the spe-  
cific heat e is independent of tempera ture ,  while the latent heat of melting k var ies  monotonically with p re s -  
sure,  and kp cor responds  to the minimum value. If the relationship is not monotone, it is neces sa ry  to take 
X0 and ~,p as the maximum and minimum values in the given p r e s s u r e  range. If the substance has acquired 
the energy required for melting and the duration of the shock wave is g r ea t e r  than the melting t ime at the given 
p re s su re ,  there will be molten mater ia l  behind the shock-wave front. The experiments  of [9-12] give an es t i -  
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Fig .  1. E x a m p l e  of  the  p h a s e  d i a g r a m  fo r  a 
m a t e r i a l  with an a n o m a l o u s  p r e s s u r e  d e -  
p e n d e n c e  fo r  the  m e l t i n g - p o i n t  cu rve .  
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m a t e  fo r  the  m e l t i n g  t i m e  of  l e s s  than 10 -6 sec .  The m e l t i n g  can  be  a c c e l e r a t e d  i f  the m a t e r i a l  is  p r e h e a t e d  to 
a t e m p e r a t u r e  c l o s e  to T m  whi le  r e t a i n i n g  i t s  c r y s t a l l i n e  s t r u c t u r e .  

We c o n s i d e r  the s c o p e  fo r  p e r f o r m i n g  th is  p r o c e s s  fo r  Si, which has  a h igh  m e l t i n g  point ,  a high l a t e n t  
hea t ,  and the m a x i m u m  T i n -  T m i n d i f f e r e n e e .  F o r  th is  p u r p o s e  we e l u c i d a t e  how h i s  dependen t  on p r e s s u r e .  
One can  e s t i m a t e  i t s  change  f r o m  C l a p e y r o n ' s  equa t ion  

dTra TraAV 
dp ~ ' 

w h e r e  AV is  the v o l u m e  ehange  on m e l t i n g .  The  d e r i v a t i v e  of  the  m e l t i n g  po in t  with r e s p e c t  to p r e s s u r e  i s  a p -  

p r o x i m a t e l y  cons t an t  up to 115 k b a r  [7 ]. T h e r e f o r e ,  
Train AV 

~'P ~ ~0 Tm hV 0 �9 

Here  AV and A V  0 a r e  the  vo lume  changes  on m e l t i n g  a t  T m i n  and Tm.  The  v o l u m e  change  on m e l t i n g  fo r  a 
m a t e r i a l  with an  a n o m a l o u s  b e h a v i o r  fo r  the  m e l t i n g  po in t  i s  r e l a t e d  m a i n l y  to the change  in the m u t u a l  d i s p o -  
s i t i on  of the  a t o m s .  A p p l i c a t i o n  of  p r e s s u r e  m a k e s  the  m a t e r i a l  m o r e  c l o s e l y  packed .  One t h e r e f o r e  a s s u m e s  

tha t  A V _  < A V  0, and t h e r e f o r e  
Train 

~i, <~ ~0 ~ ~-" 0.6Z0. 

One can  e s t i m a t e  e x f r o m  the shock  a d i a b a t i c  fo r  mono l i t h i c  Si [13] :  e x ~-- 1 / 2 .  pAVa,  w h e r e  AVa is  the 
change  in s p e c i f i c  v o l u m e  on shock  c o m p r e s s i o n  a t  p = 115 k b a r ,  AVa ~ 0.05 cm3/g.  A s  k 0 = 1.78.  101~ e r g / g  
[7] and c = 0.89 • 107 e r g / g . d e g  [14] ,  we ge t  e 1 = 2 .72.101~ e r g / g  and 82___ 2- 10 l0 e r g / g .  

We now e s t i m a t e  e fo r  shock  c o m p r e s s i o n  of  p o r o u s  Si whose  i n i t i a l  d e n s i t y  P0 i s  ha l f  the d e n s i t y  of  
m ono l i t h i c  Si. F o r  the  p u r p o s e  of the  e s t i m a t e  we a s s u m e  tha t  the  d e n s i t y  a t  the  f ron t  a l t e r s  b y  about  a f a c t o r  

of  two, and then we ge t  fo r  p = 115 k b a r  tha t  

e = p/4p0 ~ 2.4 �9 10 t~ erg/g. 

Th is  va lue  of e is  in the r a n g e  b e t w e e n  e 2 and e 1. I t  i s  c l e a r  tha t  hea t ing  the m a t e r i a l  ahead  of the  f ron t  to 
350~ wi l l  c a u s e  ~ to a p p r o a c h  el. By i n c r e a s i n g  P0, one can  r e d u c e  e to e 2. T h e r e f o r e ,  i t  i s  f a i r l y  e a s y  fo r  
Si to r e a l i z e  the cond i t ions  fo r  m e l t i n g  beh ind  the s h o e k - w a v e  f ron t .  S i m i l a r  c a l c u l a t i o n s  can  be  p e r f o r m e d  fo r  

o t h e r  m a t e r i a l s .  

To ob ta in  a h o m o g e n e o u s  m e l t ,  i t  i s  n e c e s s a r y  that  a l l  the  i n t e r n a l  e n e r g y  e a c q u i r e d  b y  shock  c o m p r e s -  
s ion  i s  u n i f o r m l y  d i s t r i b u t e d  o v e r  the vo lume .  A su f f i c i en t  cond i t ion  fo r  th i s  i s  a s m a l l  va lue  fo r  the t h e r m a l  
r e l a x a t i o n  by  c o m p a r i s o n  with the  t i m e  of a c t i o n  of  the p r e s s u r e ,  which can  b e  p r o v i d e d  b y  a s m a l l  va lue  fo r  
the f r a c t i o n .  In shock  c o m p r e s s i o n  of  a p o w d e r ,  the  t e m p e r a t u r e  i s  uneven ly  d i s t r i b u t e d  o v e r  the  vo lu me .  How- 
e v e r ,  a t  p r e s s u r e s  of abou t  100 k b a r ,  even  the c o a r s e  f r a c t i o n  of  a p o w d e r  (about  0.5 ram)  i s  in cond i t ions  
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close  to equi l ibr ium at  the shock-wave  front  (in t imes  of about 10 -7 sec)  [15], because  the pa r t i c les  at  high 
p r e s s u r e  undergo cons iderable  p las t ic  s t ra in ,  which r e su l t s  in more  rapid t he rma l  equil ibrat ion in the shock-  
c o m p r e s s e d  m a t e r i a l  for  a compara t ive ly  coa r s e  f rac t ion  by compar i son  with the cha r ac t e r i s t i c  t ime of 
the rmal  conduction. Also,  shock c o m p r e s s i o n  of a porous  spec imen  is cha rac t e r i zed  by ve ry  high heating 
r a t e s  (about 101~176 [15]), which is a dis t inct ive fea ture  of the p roces s .  

To demons t r a t e  the rea l i ty  of this p roce s s ,  we p e r f o r m e d  exper iments  with Si (specif ic  r e s i s t a n c e  about 
14 ~2 �9 cm) with an initial  densi ty approx ima te ly  half of that for  the monolithic mate r ia l .  The s i l icon par t i c les  
before  the exper imen t  were  of s i n g l e - c r y s t a l  type and had s izes  of about 0. ] ram. Af te r  shock c o m p r e s s i o n  at  
a calculated p r e s s u r e  of 115 kbar ,  powder pa t t e rns  were  recorded  with F e I ~  radiat ion.  The (111) and (422) 
l ines were  recorded .  We de te rmined  the f i ne - s t r uc tu r e  c h a r a c t e r i s t i c s  by x - r a y  diffract ion - the s ize  of the 
cohe ren t - s ca t t e r i ng  regions  D and the m i c r o s t r e s s e s  A a / a  (where Aa is the deviation and a is the la t t ice  
p a r a m e t e r )  [16] - w h i c h  gave D ~ 1 .33.10 -5 cm and Aa/a ~ 0.46. 10 -3. A rn ie rocrys ta l l ine  s t ruc tu re  was ob- 
tained, which was evidently due to the fo rmat ion  of a supercooled  mel t  and subsequent  rapid crys ta l l iza t ion .  

The author  is indebted to T. S. Teslenko for  pe r fo rming  the x - r a y  ana lys i s  and for  d iscuss ing the resu l t s .  
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