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A descr ip t ion  is given of the damage  to po lymer  f i lms caused by a p l a sma  jet produced in a 
special  d i scharge  chamber .  The r e s u l t s  conf i rm the model  of des t ruct ion of po lymer  m a t e r i -  
als  by the radiant  energy flux p roposed  in [1, 2]. 

The question of the in teract ion of radiant  fluxes and solids - in par t i cu la r ,  po lymer s  - is of g rea t  
in teres t .  I ts  successful  invest igat ion depends upon a m o r e  detai led study of the actual  mechan i sm of 
des t ruct ion of the ma te r i a l .  A model of  the su r face  and in ter ior  dest ruct ion of po lymer s  by the combined 
act ion of convect ive and radiant  fluxes was p roposed  in [1, 2], where  the des t ruct ion of ce r t a in  h e a t -  
degradable  po lymer  m a t e r i a l s  in a continuous (s teady-s ta te)  l o w - t e m p e r a t u r e  p l a sma  jet  was theore t ica l ly  
and exper imenta l ly  invest igated.  The veloci ty  of the p l a sma  jet  was about 100 m / s e c ,  and the t e m p e r a t u r e  
on the o rde r  of 900-11,000~ 

Our object  was to t e s t  the above-ment ioned  model  on devices  of the pulsed type, in which the p l a s m a  
jet veloci ty  exceeds  the speed of sound and the stagnation t e m p e r a t u r e  of the p l a s m a  is tens of thousands 
of degrees .  

As energy  source  we used the d i scharge  in a cap i l l a ry  of the EV-39 type, whose p rope r t i e s  a r e  d e s -  
c r ibed  in detail  in [3, 4], where  the source  t e m p e r a t u r e  is given as approx ima te ly  40,000~ the p r e s s u r e  in 
the cap i l l a ry  as approx imate ly  500 arm, and the jet  ve loci ty  as up to 10 k in / see .  

To obtain a supersonic  p l a s m a  flow we used the method and the e lec t rode  a r r a n g e m e n t  desc r ibed  in 
[5]. The capaci tance  of the pulsed capac i tor  bank was 300 #F ,  the voltage was 1.5-2 kV, and the inductance 
of the d i scharge  c i rcu i t  was on the o rder  of 1 N-I. The d ischarge  obtained is per iodic  and attenuating, the 
ampli tude of the second ha l f -pe r iod  being much less  than the ampli tude of the f i r s t  ha l f -pe r iod  (the f i r s t  
ha l f -pe r iod  las ted  about 100/xsec). The d ischarge  between the e lec t rodes  in the d ischarge  chamber  was 
ini t iated f rom the control  panel  of an SER h igh-speed  pho torecorder .  An invest igat ion of the se lec ted  e l e c -  
t r i ca l  r e g i m e  showed that the t e m p e r a t u r e  of the p l a s m a  jet  is m o r e  than 10,000~ (the p l a s m a  t e m p e r a t u r e  
was de te rmined  by the method desc r ibed  in [6]); the jet  velocity,  de te rmined  f rom the photographic r eco rds ,  
was 7-10 k m / s e c .  

The choice of this type of d i scharge  as  energy  sou rce  was dictated by the fact  that when p l a s m a  je ts  
a r e  dece le ra ted  at a solid b a r r i e r  ( sur face  of the specimen) the t e m p e r a t u r e  of the je t  i nc rea se s  sharply.  
According to cer ta in  e s t i m a t e s  the stagnation t e m p e r a t u r e  of supersonic  p l a s m a  jets  in a s e r i e s  of pulsed 
d i scharge  r e g i m e s  is about 50,000~ (see,  for  example ,  [7]). It is known that  at such high t e m p e r a t u r e s  the 
rad ian t  flux is the pr incipal  component  of the total  heat  flux. 

F i lms  composed  of po lys tyrene ,  polyvinyl alcohol,  h i g h - p r e s s u r e  polyethylene,  lavsan,  kapron,  
teflon, and a number  of other m a t e r i a l s  were  exposed to the rad ian t  flux, These  f i lms  were  f rom 50 to 
300 # thick. Both or iented  and nonoriented po lymer  m a t e r i a l s  were  investigated.  

The composi t ion of the obtained p l a s m a  was de te rmined  spec t roscopica l ly ,  The spec t rum includes 
l ines belonging to the m a t e r i a l  of the e lec t rodes  and the d i scharge  chambe r  (the d ischarge  chamber  was 
usually made  of textoli te,  plexiglas ,  or  some other  nonconducting mate r ia l ) .  
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The resul t s  of the experiments  revealed  the following. 

The plasma jet acting on the surface of the film forms cavities whose depth may be as much as 80% 
of the total thickness of the film, while the diameter of the region of destruction var ies  f rom 8 to 14 mm or 
more .  Moreover,  mater ia l  f rom the chamber  and the e lectrodes  is deposited on the surface of the speci -  
men in the form of fine par t ic les  and liquid droplets.  Finally, the pulse action causes sharp changes in the 
surface  s t ruc ture  of the specimen. 

Various inhomogeneities are  formed on the surface of all the films exposed to the p lasma jet. In the 
case  of oriented mate r ia l s  these are  accompanied by interlacing veins, and in the case of kapron by indivi- 
dual protuberances  of var ious  shapes and sizes.  Such veins a re  not formed on the surface  of nonoriented 
mater ia l s .  In this case  a distinctive random picture is observed. 

On the basis of the microphotograms  it is possible to distinguish two types of damage: surface and 
inter ior .  For most  mate r ia l s  both types of damage may be simultaneously observed. Surface damage is 
i l lustrated in Fig. 1, which shows the s u r f a c e  of a kapron film 75 ~ thick. The picture was obtained in the 
center  of the region of destruction,  where the jets were directed s t r ic t ly  at r ight  angles to the film surface.  
Clearly,  a system of surface gas bubbles has been formed as a resul t  of the action of the p lasma jet; the 
diameter  of the bubbles in Fig. 1 var ies  f rom 10 to 45 p (magnification 270 • Thus, the nature of the s u r -  
face damage differs f rom the same mater ia l  according to its s t ructure .  However,  it should be noted that 
this descript ion is still p re l iminary  in charac ter .  

To clar i fy the mechanism of destruct ion in the inter ior  of the investigated mater ia ls  we obtained thin 
sections of cer ta in  specimens.  An investigation of these sections showed that near the surface of all the 
fi lms investigated the pulsed discharge c rea tes  a carbonaceous layer ,  whose thickness var ies  according to 
the material. Beneath this layer gas bubbles are formed in the undecomposed part of the material. Depend- 

ing on the nature of the material these bubbles are formed at various 
depths within the film and have various sizes. 

A microphotogram of a thin section of a teflon film 250 p thick is 
shown in Fig. 2a (magnification 600 x)o Clearly, a carbonaceous layer 
8-10# thick can be distinguished at the surface of the specimen~ 
Beneath this layer there is a gas bubble approximately 25 # in diameter. 

A thin section of a kapron film is shown in Fig. 2b at the same 
magnification; in this case the thickness of the carbonaceous layer was 
5-6 ~. The gas bubble in Fig. 2b measures 35-155 ~o We note that, 
as distinct from the results of [i, 2], the shape of the bubbles is notice- 
ably nonsphericalo This is evidently a consequence of the intense 

pulse action on the material when the plasma jet is decelerated. The 

origin of the gas bubbles was discussed in [i, 2], where it was shown 
that the radiant flux, penetrating into the specimen, causes breakage 

Fig. 1 of the chemical bonds in the polymer molecules, as a result of which 

Fig. 2 
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cav i t i es  fi l led with gaseous  decomposi t ion products  a r e  formed.  The gas  p r e s s u r e  in these  bubbles is ve ry  
high; it c auses  the appearance  of c r a c k s  connecting the bubbles with each other  and the su r face  of the 
m a t e r i a l .  

Thus,  we may  conclude f rom an analys is  of the m i c r o p h o t o g r a m s  that in this case  the pr incipal  
ro le  is p layed p r e c i s e l y  by the radiant  energy  flux. The  following cons idera t ions  s e rve  as additional con-  
f i rmat ion  of this assumption.  

In [8] it was shown that m a t e r i a l s  that  do not mel t  in a pulsed d i scharge  and a r e  not decomposed  by 
rad ian t  energy  quanta a r e  a lmos t  undamaged by a pulsed p l a s m a  jet  (carbon, wood, textoli te,  etc.). Even 
a sheet  of wri t ing paper  can withstand seve ra l  p l a s m a  pulses  without suffer ing apprec iable  damage.  F o r  
example ,  in [8] the su r face  of a tungsten plate was covered  with a sheet  of wri t ing paper ,  non t ransparen t  
for  the p l a s m a  radiat ion,  out of which a s t a r  shape was cut. The action of the supersonic  jet  s e v e r e l y  
damaged  the exposed a r e a  of tungsten, while the paper  r ema ined  a lmos t  intact. Moreover ,  the meta l l i c  
su r f ace s  of soft me ta l s  were  p ro tec ted  f rom the action of p l a s m a  je ts  by means  of water  and oil. It was 
shown that  although the mechan ica l  impuse  s eve re ly  bent the sheets ,  thei r  su r face  r ema ined  quite un-  
damaged.  

As a final ver i f ica t ion  of the model  p roposed  in [1, 2] we conducted cer ta in  additional exper iments .  
The f i lm spec imens  were  p laced under a sheet  of plexiglas  up to 1 m m  thick and subjected to the action of 
a pulsed d i scharge  under m o r e  s e v e r e  conditions. By means  of an x - r a y  s t ruc tu ra l  ana lys is  and in f ra red  
spec t roscopy  it was shown that  the supersonic  p l a s m a  jets  produced cer ta in  changes in the s t ruc tu re  of the 
m a t e r i a l s  of the s a m e  type as  in the unprotected spec imens ,  although the re  were  no signs of damage on 
the su r face  of the specimen.  

Consider ing that  plexiglas  is a l m os t  t r a n s p a r e n t  for the p l a s m a  radiat ion,  we may  a s s u m e  that  the 
rad iant  ene rgy  flux does, in fact,  play the pr incipal  ro le  in the m e c h a n i s m  of des t ruct ion of po lymer  f i lms  
by supersonic  p l a s m a  jets .  

Thus, the model  p roposed  in [1, 2] is a lso val id  for  pulsed p l a s m a  sources .  Additional expe r imen t s  
a r e  r equ i r ed  before  the m e c h a n i s m  of des t ruct ion of po lymer  f i lms  by supersonic  p l a s m a  jets  can be s a t i s -  
f ac to r i ly  explained. 
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