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Exper imen ta l  r e su l t s  of de terminat ion of the dependence of the e l ec t r i c a l  s t rength  of s eve ra l  
p r e s s e d  crys ta l l ine  powders ,  differing cons iderably  in d ie lec t r ic  constant,  on the filling fac -  
t o r  a re  given. The obtained data a re  a t t r ibuted to the dis t r ibut ion of the e l ec t r i c  field within 
a two-phase  d ie lec t r ic .  

Most of the d ie lec t r i cs  used in prac t ice  have an inhomogeneous s t ruc tu re .  Examples  of thiw are  paper ,  
c e r a m i c s ,  p r e s s e d  powders ,  foam plas t ics ,  e tc .  Hence, the invest igat ion of the breakdown of inhomogeneous 
d ie lec t r i cs  has a t t rac ted  and continues to a t t r ac t  the in teres t  of r e s e a r c h  worke r s  [1-4]. P r e s s e d  c r y s t a l -  
line powders  a re  two-phase  d ie lec t r ics :  Par t  of the volume is made up of c ry s t a l s  of the substance,  and 
the r e s t  cons is t s  of a i r .  I t  is of in teres t  to find out how the e l ec t r i ca l  s t rength  of p r e s sed  crys ta l l ine  pow- 
ders  depends on the filling fac tor  and die lec t r ic  constant of the c r y s t a l s .  This  pape r  is devoted to the c l a r -  
ification of this question. 

Figure 1 shows plots  of  the e l ec t r i ca l  s t rength  of p r e s s e d  powders  of s e v e r a l  d ie lec t r i cs  against  the 
filling fac tor  k, i .e. ,  against  the re la t ive  volume of the c rys t a l s  in the p r e s s e d  powder.  The e l ec t r i ca l  
s t rength  was de te rmined  by the osc i l lographic  method.  A rec tangu la r  voltage pulse of duration 10 - r  see 
was applied to the e l ec t rodes .  The substances  se lec ted  for  invest igat ion were  d ie lec t r ics  which dif fer  con-  
s iderably  in d ie lec t r ic  constant:  PETN (e =2.6; curve 1), rock  salt  (e =6, curve 2), lead azide (~ =20; curve 
3), and ba r ium ti tanate (e=1200; curve 4). The mean size of the c rys t a l s  of the powders  before p r e s s ing  
was the same (2-3 #). The invest igated substances  included two explosive (lead azide and PETN) and two 
nonexplosive (rock salt  and ba r ium ti tanate) c rys ta l l ine  subs tances .  

The graphs  in Fig. 1 show that: a) the plots of e l ec t r i ca l  s t rength  E against  k for  all  the invest igated 
substances  have a min imum at the same value of k (k=0.35 for  c ry s t a l s  of the indicated size); b) the e l ec -  
t r i c a l  s t rength  of the p r e s s e d  powder is less  for  a pa r t i cu la r  value of k, the g r e a t e r  the d ie lec t r ic  constant 
of the c ry s t a l s  of the substance;  c) the re la t ionship  E =f(k) for  the explosive powders  has the same form 
as that for  iner t  d ie lec t r ic  powders;  d) the e l ec t r i ca l  s t rength of the p r e s s e d  powders  is usual ly lower  than 
the e l ec t r i ca l  s t rength of a i r  at a tmospher i c  p r e s s u r e  for  the same values of in te re lec t rode  spacing and 
duration of voltage pulse.  It is only at re la t ive ly  large values of k that the e l ec t r i ca l  s t rength  of the p r e s sed  
powder becomes  higher than that of a i r  (at k > 50% for PETN, at k > 75%for lead azide). 

It was shown exper imenta l ly  in [5] for  the case of p r e s s e d  lead azide that breakdown occurs  via the 
a i r  phase.  This  resul t  can be extended to other  p r e s sed  powders .  Since the d ie lec t r ic  constant of a i r  is 
l e ss  than the d ie lec t r ic  constant of the c rys t a l s ,  the field in the a i r  gaps is g r e a t e r  than in the c rys t a l s ,  
since at the uncharged interface of two different media  the no rma l  component  of the e l ec t r i ca l  induction is 
continuous [6]: 

D,~=D~,.; aE,~=e.E~. .  

For  a pa r t i cu la r  value of the mean  e l ec t r i c  field in the p r e s sed  powder (i.e., for  a pa r t i cu l a r  potential  dif-  
ference between the e lec t rodes)  the g r e a t e r  the d ie lec t r ic  constant of the c rys t a l s ,  the g r e a t e r  the field in 
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the a i r  gaps between the c r y s t a l s .  Since breakdown occurs  via  the a i r  
gaps (channels),  the cu rves  of E =f(k) a re  lower  when the d ie lec t r ic  
constant  is  g r ea t e r ,  since the p a r t i c u l a r  e l ec t r i c  field in the a i r  gaps 
requ i red  for  breakdown is at tained at a lower  mean  field (with a lower  
potent ia l  d i f ference between the e lec t rodes ) .  With inc rease  in the f i l l -  
ing fac to r  the field in the a i r  gaps between the c r y s t a l s  i n c r e a s e s  [5], 
which leads to reduct ion of the e l e c t r i c a l  s t rength  of p r e s s e d  powders  
with inc rease  in the filling fac tor  (the pa r t s  of the re la t ionships  E =fO0 
on the left of the min imum) .  

On the r ight -hand por t ions  of the re la t ionships  E =f~)the  o r d e r  
of the m a t e r i a l s  as r ega rds  e l ec t r i c a l  s t rength  is the s ame  as on the 

Fig. 1 left: The g r e a t e r  the d ie lec t r ic  constant  of the powder c rys t a l s ,  the 
lower  the e l ec t r i ca l  s t rength  of the p r e s s e d  powder.  With inc rease  in 

k, however ,  the e l e c t r i c a l  s t reng th  of the p r e s s e d  powder i n c r e a s e s .  An explanat ion of this e x p e r i m e n t a l  
fact was given in [5] on the bas i s  of an examinat ion  of the conditions of development  of the e lec t ron  avalanche 
in the na r row a i r  channels of the p r e s s e d  c rys ta l l ine  powder.  If  the c r o s s  sect ion of the a i r  channel be -  
comes  s m a l l e r  than the e lec t ron  avalanche with inc rease  in k, the development  of the avalanche is hindered,  
since the e lec t rons  give up t he i r  kinet ic  ene rgy  to the walls (crys ta ls ) .  To cause  breakdown in such con-  
ditions the field mus t  be inc reased ,  which leads to an inc rease  in e l ec t ron  veloci ty  and reduct ion of the 
c r o s s - s e c t i o n a l  d i am e t e r  of the e l e m e n t a r y  e l ec t ron  avalanche.  

Thus,  the e l ec t r i ca l  s t rength  of p r e s s e d  powders  of d ie lec t r ic  m a t e r i a l s  subjected to b r ie f  app l i ca -  
t ions of an e l ec t r i c  field depends on the d ie lec t r ic  constant  of the powder  m a t e r i a l  and the filling fac to r  
(for pa r t i cu l a r  c ry s t a l  s izes) .  
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