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Expe r imen ta l  invest igat ion into the m e c h a n i s m  of d is in tegra t ion of ce r t a in  po lymer  f i lms by 
shock wave and radiant  p l a sma  je t  in h igh-power  pulsed d i scharge  a re  descr ibed .  Obtained 
resu l t s  conf i rm the conclusions a r r i v e d  at in [1, 2] and the pa t te rn  of dis integrat ion de-  
sc r ibed  in [3, 4]. We note that  r e su l t s  of invest igat ions of the d is in tegra t ion pa t te rn  in depth 
and on the su r face  of ce r t a in  po lymer  f i lms subjected to supersonic  p l a sma  je ts  in a high- 
power pulsed d i scharge  a r e  given in [1, 2, 5, 6] and that  in [1, 2] the s t r e a m  of radiant  p l a sma  
was cons idered  to be  the fundamental  fac tor  in the m e c h a n i s m  of dis integrat ion.  

1. The exper imen ta l  d i scharge  chamber  is shown d i ag rammat i ca l ly  in Fig. 1. Cube 1 of d ie lec t r ic  
m a t e r i a l  holds me ta l  e lec t rodes  2 supplied with high vol tage (current)  f rom a ba t t e ry  of pulse condenser  3 
which is charged f rom a high-vol tage r ec t i f i e r  4. The d ischarge  in the gap between e lec t rodes  is initiated 
by the igniting pulse g e n e r a t o r  (IPG) 5, and the p l a sma  s t r e a m  genera ted  by the d ischarge  is emit ted 
through nozzle  6. The dis tance between the nozzle  face and the spec imen  is such that along it the veloci ty  
of the p l a sma  je t  r em a i ns  superson ic .  

Exper imen ta l  conditions were  approx imate ly  the s ame  as given in [1]. However,  in o rde r  to inc rease  
the sha re  of the radiant  s t r e a m ,  the e l ec t r i ca l  p a r a m e t e r s  of the d i scharge  c i rcui t  were  a l tered .  The ba t -  
t e r y  of pulse condense r s  had a capac i ty  of 400 #F and the charging vol tage was 3 kV. The configuration of 
the d i scharge  last ing 120 sec r ema ined  unal tered,  and the emiss ion  ra te  of p l a sma  s t r e a m s ,  de te rmined  by 
the slope of bands on t ime  exposures ,  was 10-12 k m / s e c .  

The s t ruc tu re  of c o m p r e s s i o n  jumps genera ted  by the impac t  of the supersonic  p l a sma  je t  on ce r ta in  
po lymer s  was invest igated by the method of m i r r o r  filming with a CFR-2M u l t r a -h igh - speed  c a m e r a .  The 
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speed of f i lm was 1500 m / s e c  and the exposure  f requency was 500,000 
f r a m e s / s e c .  A continuous t ime  exposure  of the region of c o m p r e s s e d  
p l a s m a  taken at C = 400 ttF and u = 3 kv is shown in Fig. 2a. It will be  
seen  f r o m  it that  the impact  of the supersonic  p l a sma  jet  on a solid ob-  
s tac le  gene ra t e s  at the su r face  of the la t te r  a region of intense luminosi ty 
of a th ickness  of the o rde r  of 2.0-2.5 m m  which is p resen t  v i r tual ly  
throughout the duration of a pulse.  The br ight  region,  whose t e m p e r a t u r e  
according  to some  es t ima tes  is 40,000~ cor responds  to the region com-  
p r i sed  between the su r face  of the obs tac le  and the detached shock wave.  
(Several  s imple  methods for  obtaining high t e m p e r a t u r e s  at  a c o m p r e s s i o n  
jump in h igh-power  pulse d i scharges  a r e  descr ibed  in [7].) 

T e m p e r a t u r e  in the region of p la sma  c o m p r e s s e d  by the shock at  the 
su r face  of a solid obs tac le  was de te rmined  by the method descr ibed in [8] 
and, a ~ o ,  f rom the halfwidth of spec t r a l  l ines.  It was addit ionally checked 
by an EV-39 pulsat ing m a s t e r  light source  [9, 10]. 
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Fig. 2 

Certain pre l iminary  experimental  observat ions  had shown that the pattern of disintegrat ion of poly- 
mer  films depends to a considerable  extent not only on the s t ruc ture  of the lat ter  but, also, as noted in [1, 
2, 6], on pa ramete r s  of the discharge circui t ,  the number of pulses,  the distance from the obstacle to the 
nozzle face, and on a number  of other  experimental  conditions. 

2. The effect of the p lasma jet on the surface of mater ia l  was investigated separa te ly  on specimens 
8 mounted on a dielectr ic  support  10 (Fig. 1) in the path of a plasma beam. 

Examination of the patterns of surface  disintegration of mater ia ls  shows that: 

1) even under identical experimental  conditions these patterns differ for different mater ia ls ;  

2) the disintegrated part  is genera l ly  in the form of a c i rc le  of a diameter  which for different ma-  
te r ia l s  may va ry  f rom a few to 10 ram; 

3) among the polymer  films considered here  teflon is the least susceptible to disintegrat ion (at the 
surface  and in depth). 

The impact of a supersonic plasma jet leaves on the surface of all mater ia ls  products of d is in tegra-  
tion of the chamber  mater ia l  and of the metal  e lectrodes .  The specimen surface is thus subjected not only 
to the action of a i r  p lasma but, also, to that of liquid drops and dispersed part icles of metal  of the e lec-  
t rodes  impacting on its surface  at supersonic speed. Holes of var ious diameters  and the tearing away of a 
cer ta in  mass  of mater ia l  f rom the specimen surface  can be observed on some mater ia ls  subjected to 
pulsed discharge.  Approximate dimensions of liquid drops of metal  ejected by the electrodes can some-  
t imes  be est imated from the size of these microholeso (The presence  of liquid drops can be observed  even 
by naked eye, par t icular ly  c lear ly  on metal  plates.) 

As example of sur face  disintegrat ion of isotropic polystyrene is given by the photomicrograph (270 x 
magnification) in Fig. 2b. Microscopic  c i r cu la r  spots of 1 to 5 tl d iameter  a re  seen on the specimen su r -  
face af ter  it had been subjected to the action of a supersonic plasma beam. A s imi lar  picture was observed 
in [11, where the format ion of gas bubbles on the surface  of Kapron specimens subjected to the action of a 
supersonic  plasma jet was pointed out. The diameter  of gas bubbles mentioned in that paper  var ied  be-  
tween 10 and 45 #, in spite of lower d ischarge  c i rcui t  pa ramete r s  than in the experiments descr ibed here.  

3. Investigation of the pat tern of disintegrat ion in depth of polymers  was ca r r i ed  out on specimens 
lying on black paper and protected f rom the shock wave effect by a 2 mm thick plate of organic glass  7 
(Fig. 1) placed on top of it. In this case ,  as in that descr ibed in [1], no signs of any surface  deter iorat ion 
or  separat ion of the carbonaceous layer  were  observed.  A photomicrograph (450 x magnification) of an 
isotropic polypropylene {specimen) sectioned through the region of disintegrat ion is given in Fig. 2d. It 
shows that gas bubbles of var ious  d iameters ,  i0  to 30 tton the average,  a re  formed in the mate r ia l  during 
disintegration.  The vir tual  absence of damage on the r eve r s e  side of the film adjacent to the black paper 
should be noted. 

4. Tests  were  also ca r r i ed  out on specimens covered  by an organic glass  plate but with the black 
paper under it replaced by an aluminum plate with m i r r o r - l i k e  surface  9 (Fig. 1). The specimen and the 
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plates  we re  c lamped  to a spec ia l  ba se  by means  of bolts 11. A photomicrograph  (450 x magnification) of a 
sec t ion  of isot ropic  polypropylene is given in Fig.  2d. It  shows that  in this case  both sides of the f i lm have 
suf fered  damage.  Resul ts  of this expe r imen t  show that  the radiat ing je t  re f lec ted  by the m i r r o r - l i k e  su r -  
face  of the a luminum plate d i s in tegra tes  the f i lm on the r e v e r s e  side.  Format ion  of gas bubbles of d iame-  
t e r s  ranging f rom 5 to 15 ~ and over  was,  a lso,  obse rved  here .  The nature  of the i r  format ion  is the s a m e  
as descr ibed  in [1-6]. 

The energy  of the radiat ing je t  at the f i lm sur face  behind it was m e a s u r e d  at  var ious  set t ings of the 
e lec t r i c  d i scharge  c i rcu i t  by c a l o r i m e t r i c  methods .  Fo r  example,  at  C = 300 ~F and u = 3 kV with the f i lm 
(specimen)  at 4 m m  f rom the nozzle face the je t  energy at the su r face  (of impact)  was of the o rde r  of 
2.5 �9 10 ll e r g / m m 2 . s e c ,  and behind it of the o r d e r  of 1.6 �9 1011 e r g / m m 2 . s e c .  This shows that  the amount 
of the je t  (energy) re f lec ted  by the f i lm top su r face  and diss ipated by absorpt ion  is smal l  so that  near ly  all 
of it pene t ra tes  the f i lm.  

The obtained values of the jet  (energy) may be cons idered  as r easonab le  if one takes into cons ide ra -  
tion that  even with e lec t r i c  a r c  s imulat ing equipment it is poss ib le  to obtain h igh-energy  radiat ing fluxes [11]. 

Thus it is poss ib le  to conclude that  the shock wave plays the predominant  ro le  in the mechan i sm of 
des t ruc t ion  of the su r face  of po lymer  f i lms subjected to the act ion of a supersonic  p l a sma  jet ,  while the 
mechan i sm of dis integrat ion in depth is essent ia l ly  affected by the radiat ing heat flux. 
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