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It is shown that part  of the breakdown i n specimens of polystyrene (PS) and p01ymethyl- 
metacryla te  (PMMA) is nonthermal.  The thermal  breakdown parameters  as well as cha r -  
ac ter i s t ics  of the vapor-condensate  zone and the linear velocity of the breakdown front 
have been measured.  The resul ts  of the experiment are interpreted theoretically.  

The breakdown of thermoplast ics ,  namely polymethylmetacrylate  (PMMA) and polystyrene (PS) under 
a heavy flux of radiant  energy  is of considerable scientific as well as pract ical  interest .  An experiment was 
performed under conditions ensuring a one-dimensional  process  flow, which made it possible to simplify 
the theoret ical  analysis.  New resul ts  were obtained, indicating the three-dimensional  charac te r  of such a 
breakdown, and an interpretat ion will be proposed here.  The procedure followed here allows the problem to 
be great ly  simplified and it offers some definite advantages: a) the breakdown zone is extended and, there -  
fore,  its s t ruc ture  can be thoroughly examined; b) the radiant flux density is measured during the tests,  
which makes it possible to establish the relation between polymer surface temperature ,  radiant flux, and 
l inear velocity of the breakdown front. The thermal  decomposition of polymers  was studied by other meth-  
ods in [1-5]. Thermal  breakdown under a jet of h igh- temperature  plasma was studied in [1, 2]. It has 
been shown there that most  of the breakdown is due to interact ion between the plasma and the material .  
Under heavy radiant fluxes (~1 k W / c m  2) the breakdown (wear) rate of mater ia ls  such as Teflon and poly- 
ethylene is determined by the rate at which the carbon film on the surface evaporates,  while in the case 
of mater ia ls  like PS and PMMA the specific cause is bulk pyrolysis due to the energy of thermal  f luctua- 
tions accompanied by a generat ion of gaseous products almost  ac ross  the entire specimen thickness and 
the exhaust of gases through the layer  of softened material .  The method of a hot plate pressed against a 
specimen was used in [3], in [4] breakdown was effected by means of a propane burner  with a plane flame 
front. It has been established in [5] that the breakdown front advances slower when PMMA breaks down 
under a CO 2 laser  and c ra t e r s  are formed in bulky specimens.  In our study this phenomenon is explained 
as follows: in front of the breaking down surface there form minute part icles  which absorb radiation and 
the radiant  thermal  flux is dissipated on widening the cra ter .  In the experiments which will be described 
here  the heavy flux of radiant energy was generated by a gaseous CO 2 laser  on the wavelength k = 10.6 p 
[6]. In this range of wavelengths (X = 10.6 p) the mater ia ls  under study, namely PMMA and pS, are almost  
opaque and all the laser  radiation is completely absorbed by specimens.  In all tests the laser  radiation 
was careful ly checked and recorded on a model S-1-19 osci l lograph through a model ~PP-09  potentiometer 
with a phetoresis tor .  

The tests were performed by the following procedure.  The laser  beam 6 mm in d iameter  was t r ans -  
mitted through a mechanical  shutter  and the inlet window in a vacuum chamber (residual p re s su re  0.01 mm 
Hg), impinging there on a cylindrical  specimen approximately 4 mm in diameter .  In order  to eliminate any 
lateral  heating, the specimens were encapsulated. In front  of a specimen, at precise ly  selected distances 
and perpendicular ly or parallel  to the laser  beam (but contained within its boundaries) were placed NaC1 
plates with a high surface polish on which the products of decomposition deposited within a very  short  time. 
These deposits were then examined under a model MB1-3 microscope or replicas of the plates were 
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examined under a model Elmi D-2 e lec t ron  mic roscope .  The descr ibed  procedure  made it poss ible  not only 
to study the speci f ics  of the decomposi t ion products  but also to de te rmine  their  s ize ,  number ,  and m a s s  
dis t r ibut ions at var ious  d is tances  f r o m  the sur face .  The chemical  makeup of the decomposi t ion products was 
de te rmined  f r o m  inf ra red  s p e c t r a  on a model IKS-14A spec t ropho tomete r  with an NaC1 p r i sm.  These spec -  
t r a  were  compared  with those of the original  m a t e r i a l s  and their  monomers .  Photographing the breakdown 
p rocess  in a spec imen  f rom the side at definite t ime in te rva ls  made it  possible  to de te rmine  the b r e a k -  
down ra te  (within a 5% accuracy)  and other  cha rac t e r i s t i c s .  By compar ing  the photographs of a breaking 
down spec imen  at var ious  instants  of t ime,  i t  was possible  to a s s e s s  the s tabi l i ty  of the p rocess .  

The t empe ra tu r e  of spec imens  during tes ts  was measu red  with carefu l ly  ca l ibra ted  thermocouples  of 
two types: c o p p e r - c o n s t a n t a n  ~30 p round wi re s  and t u n g s t e n - r h e n i u m  10 p thick r ibbons.  The signals  
f r o m  the thermocouples  were  fed through a dc ampl i f i e r  and then r eco rded  on a model N-105 loop osc i l lo -  
graph. Four  to six thermocouples  were  p rec i s e ly  spaced axial ly  along a spec imen.  F r o m  these m e a s u r e -  
ments  one could not only de te rmine  the t e m p e r a t u r e  d is t r ibut ion in a breaking down spec imen  but also,  by 
compar ing  the readings of the var ious  thermocouples  in one spec imen,  it  was possible  to a s s e s s  the s t ab i l l  
i ty  of the p rocess .  The accu racy  of t empe ra tu r e  m e a s u r e m e n t s  was be t t e r  than 3%. The p rocess  s tabi l i ty  
was checked on the bas is  of photographs showing the spec imen  breakdown at definite t ime in terva ls  and of 
the t e m p e r a t u r e  dis tr ibut ions recorded  at var ious  points inside the specimen.  The photographs have e s t ab -  
lished that the breakdown c h a r a c t e r  r ema ins  the same  throughout the t ime of l a s e r  action. The breakdown of 
a spec imen  in these tes ts  approached the analogous p rocess  in [4, 5] and was,  r e g a r d l e s s  of the ma te r i a l ,  
cha rac te r i zed  by minute bubbles nea r  the breakdown sur face  as well  as by a "heat wave"  [5]. F r o m  the 
t e m p e r a t u r e  distr ibution near  the breakdown front  in a PMMA spec imen  (Fig. 1) i t  appea r s  that the t e m -  
pe ra tu re  curves  are  exact ly  the s ame  at var ious  points in the spec imen .  This is a l s o  an indication that 
the the rma l  breakdown p r o c e s s e s  a re  s table.  Thus, the breakdown of the rmoplas t i c s  in these tes ts  was 
one-d imens iona l  and steady. 

The curves  in Fig. 1 indicate that the t e m p e r a t u r e  va r i e s  exponential ly along the spec imen  axis.  

The tes ts  have shown that, as the power of l a s e r  radia t ion is  increased ,  the t e m p e r a t u r e  at the 
breakdown f ront  r i s e s  but does not exceed 500~ Taking into account that the s ta te  of a breaking  down 
spec imen  ma te r i a l  is a function of the t empera tu re ,  the region of the rmoplas t i c  breakdown can be sub-  
divided into four s p a t i a l z o n e s ,  each with a comple te ly  defined t e m p e r a t u r e  distr ibution (Fig. 2). In zone 
I the po lymer  is solid and the t empera tu re  is dis t r ibuted exponential ly according to Michelson ' s  law, T c 
denoting the t e m p e r a t u r e  of softened mate r ia l .  At this point there  occurs  a jump change in the heat capacity.  
In zone II the po lymer  is supere las t ic .  In zone III the quasifluid po lymer  begins to undergo pyro lys i s  ( ther-  
m a l  breakdown) with r i s ing  t empera tu re .  In zone IV the po lymer  consis ts  of tiny drople ts  fo rmed  by the 
f ragmenta t ion  of the quasifluid po lymer .  The veil  of drople ts  consis ts  of semifused  po lymer  par t ic les  
which are  fu r the r  converted by the radia t ion and gradual ly  "burnt  out." In zone V the decomposi t ion p rod-  
ucts a re  gaseous.  

A compar i son  of the photographs of the breakdown p roces s  with the t e m p e r a t u r e  curves  indicates 
softening of the m a t e r i a l  at 150~ as has  also been found in [5]. The softening t empe ra tu r e  is the prac t ica l  
threshold of zone II and coincides with the "heat wave" f ront  [5]. F r o m  this compar i son  one can also d e t e r -  
m i n e  the instant  at which a thermocouple  e m e r g e s  at the breakdown sur face  of the spec imen,  i .e. ,  d e t e r -  
mine the sur face  t e m p e r a t u r e  (this t e m p e r a t u r e  depends on the incident radiat ion power and at W = 10 
c a l / c m  2 �9 sec,  for  example ,  is T = 370~ for  PS and T =430~ fo r  PMMA). This t e m p e r a t u r e  is the p r a c -  
t ical  threshold of zone III. The beginning of this zone is defined by the bend of the t e m p e r a t u r e  curve (T b 
in Fig. 2). The tes ts  have shown that a thermocouple  ref lec ts  a lmos t  all  the incident radia t ion and does 
not heat  up in a l a s e r  beam,  making it  feas ib le  to m e a s u r e  the t e m p e r a t u r e s  in zones IV and V. After  a 
thermocouple  had become exposed to the l a se r  beam in front  of the breakdown sur face  (zones IV and V), 
according to the trend of t e m p e r a t u r e  curve 5 (Fig. 1), the t e m p e r a t u r e  r ema ins  a lmos t  constant  but f luc-  
tuates in f ront  of the spec imen  due to the pecul ia r  s t ruc tu re  of the flux (which will be d iscussed later) .  
Zones IV and V can be discerned only on the bas is  of an analysis  of decomposi t ion  products  within these 
two zones.  Thus, f r o m  the t es t  r e su l t s  one can es tab l i sh  the var ious  zones of po lymer  breakdown c h a r a c -  
te r ized  by their  pecul ia r  t e m p e r a t u r e  dis t r ibut ions.  

In Fig. 3 is shown the length of breaking down PMMA and PS spec imens  as a function of exposure  
t ime to l a s e r  radiat ion.  The exposure  t ime is laid off along the axis of absc i s sa s  f r o m  some instant  a l ready  
af ter  the p rocess  has begun, i .e . ,  the p roces s  here  is considered steady.  On the bas is  of these graphs ,  
one can de te rmine  the l i nea r  veloci ty of  the po lymer  breakdown front ,  this ve loci ty  remain ing  a lmos t  con- 
s tant  during exposure  to radia t ion and increas ing  with higher radia t ion power.  The s ca t t e r  of tes t  points is 
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Fig. 1~ The logari thm of temperature  (~ as a function of time (sec), based on thermocouple readings at 
var ious depths below the original specimen surface (left-hand axis of ordinates): 1) 7 ram; 2) 8; 3) 12; 4) 
13; the specimen tempera ture  as a function of time, based on one thermocouple (right-hand axis of ordi -  
nates): 5) 10 ram. 

Fig. 2. Zones in a breaking down specimen. 

Fig. 3. Length of PS specimens (1, 2) and P1VIMA specimens (3, 4) as a function of exposure time: 1, 3) 
W = 10 c a l / c m  2 . s ec ;  2, 4) 6. 

due to the measurement  e r r o r  as well as possibly due to the breakdown specifics:  the periodic formation 
of an absorption zone in front of the breakdown surface.  

The tests have shown that the s t r eam flowing off the breakdown surface contains a mixture of gaseous 
products,  condensate droplets ,  and solid pieces. Photographs of deposits are shown in Fig. 4. In Fig. 4a 
are shown decomposit ion products,  predominantly liquid: droplets seem to spread over the surface.  The 
shape of solid pieces does not change and there appears no such spreading (Fig. 4b), although the peculiar  
~tail" (marked with an arrow) indicates liquid polymer on their surfaces  (solid pieces covered with a liquid 
film). Probably,  solid part icles  have come out of the specimen and melted in the incident radiant flux in 
front. Gaseous decomposit ion products, while str iking the surface,  form droplets of condensate uniformly 
spread ever  the entire surface.  The "droplet" density increases  with the distance f rom the specimen su r -  
face,* which is ent irely natural (as a resul t  of evaporation of solid and liquid formations).  The predomi-  
nance of one or another component (of the three) near  the breakdown surface is in a di rect  relation to the 
power of the acting laser  flux (only vapor exists at above 12 c a [ / c m  2 �9 sec, droplets of liquid predominate 
within the 8-10 c a l / c m  2o sec range, and the solid phase predominates within 6-8 c a l / c m  2- sec. 

The vapor-condensate  s t ruc ture  of the s t r eam in front of the breakdown surface determines  the 
charac te r i s t i c  noise signal f rom the thermocouples emerging in zone IV, as a resul t  of successive de-  
position of large single droplets or pieces on the thermocouples. It is noteworthy that a comparison of the 
temperature trend in [4] with the temperature distribution in our tests provides clues to the nature of the 
noise signal from thermocouples which is generated as the breakdown front moves. Arl analysis of infrared 
absorption shows that in all cases at all given levels of radiation density the spectra of decomposition prod- 
ucts correspond exactly to the spectra of original materials, although differences between the molecular 
weight of the original material and that of the deposited material are possible as a result of thermal break- 
down. Such a difference has not been established by spectral analysis, and the molecular weights were not 
measured. For this reason, we have indicated earlier that the material in the vapor-condensate zone is 
a polymer in .a mixture of states.$ Thus, in front of the breakdown surface there forms a vapor-condensate 
zone containing the various phases of the polymer material, with either one phase predominant depending 
on the power of active radiation. 

In Figs. 5 and 6 are shown graphically the number and the diameter of polymer particles in the 
stream, as functions of the distance from the breakdown surface. The number and the diameter of par- 
ticles both decrease with increasing distance, which has to do with the transition of polymer into the gase- 
ous phase, i.e., with its particular ~burnt out." The diameter d as well as the number of particles n are 

* The measurements  were made at distances not less than 2 mm f rom the specimen surface.  
$ An appreciable absorption of laser  radiation by the mater ia l  in front of the breakdown surface was indi- 
cated in [5], and is now explained. 
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Fig. 4. Par t ic les  of vapor-condensate  zone; a) liquid phase p re -  
dominant; b) solid phase pr~dominaJat. 
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Fig. 5. Concentration of part icles.  PS dimension is 
number of part icles n.  10 -5 cm -2 (ordinate axis to the 
left): 1)W = 12 c a l / c m  2. sec;  2) 10. PMMA dimension 
is number of part icles  n -10  -~ cm -2 (ordinate axis to 
the right): 3) W = 12 c a l / c m  2. sec; 4) 10. 

Fig. 6. Diameter  of par t ic les  d (g). PS (blank points): 
1) W =6  c a l / c m  2 . s e c ; 2 )  10; 3) 12. PMMA (black 
points): 4) W = 6 c a l / c m  2 �9 sec; 5) 10; 6) 12. 

nonlinear functions of the distance. The trend of these curves does not depend on the specimen mater ia l ,  
although there are some specific data available which show var ious  absolute values of d and n co r respond-  
ing to the same distance. Since the veil of condensate (zone IV) near  the breakdown surface absorbs and 
d isperses  the laser  radiation, hence the flux density near  the breakdown surface should natural ly be lower 
than the incident flux density. For  convenience, we have everywhere indicated only the incident ~ radiation 
density. Thus, t he  tests  show that the breakdown under a heavy thermal  flux is not just a pyrolytic but quite a 
complex process .  

The resul ts  of these experiments yield a simple explanation for  the occurr ing phenomenon which is 
based on the heat balance within the breakdown process .  The authors propose the following model of the 
process:  a heavy radiant flux, after impinging on the specimen surface,  is absorbed by the latter and causes 
its thermal  breakdown. As a result ,  a vapor-condensate  layer  forms near the surface.  This layer  absorbs 
and disperses  part  of the incident radiation. Knowing the magnitude of the radiant flux which has passed 
through this vapor-condensate  layer,  one can determine the rate  of specimen breakdown. 

We will explain the causes of such a vapor-condensate  layer  formation in front of a specimen, which 
has, above all, to do with the s t ructure  of the tested polymers .  PMMA and pS are polymers  with a definite 
supramolecu la r  s t ructure  and a ra ther  high porosi ty [7]. Supramotecutar  formations of PMMA are defined 
by domains 1-10/~ in d iameter  with weaker in termolecular  than in t ramolecular  bonds and pores mainly at 
the boundaries. The basic formations in PS are globules joined into ~zones" with well defined boundaries 
[7]. A thermal  flux generates  gas both at the surface and inside a specimen, which then fills the pores.  As 
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TABLE 1. Specimen Frac t ion  Breaking Down Nonthermally 

Material W,.seeCal/cmZ ip, g/c ma Ic' cal/g i. dgg lo,ca!/g (T--To), ~C /sgeVb " Cl"n ~= Vblzl-gbCVbl-rl: 

PI~MA t0 1,2 0,4 380* . 415 0,0t9 0,2 

PS 10 t,1 0,32 255 348 0,0394 0,37 

*The value of l 0 is taken from [12]. 

a result, the polymer breaks down along the zone of domain boundaries and a vapor-condensate layer 
forms in front of the specimen. As W is increased, the surface temperature rises, a layer of melted poly- 
mer forms, and liquid droplets are ejected. By reducing the thermal flux density, it is possible to estab- 
lish its level at which thermal breakdown only occurs on the surface. Thus, a specimen breaks down not 
only on the surface (thermal breakdown) but also throughout some layer. 

We will now propose a method of roughly estimating the fraction of a polymer specimen which, 
though breaking down, is not destroyed. From the conventional equation of heat balance we can determine 
the breakdown rate Vbc for a specimen: 

W 
Vbc = P [lo@ c (T _To)] , (1) 

with p denoting the polymer density; c denoting its specific heat; T s denoting the measured surface tem- 
perature;  and l 0 denoting the total depotymerizat ion energy. As has been shown ear l ie r ,  however, b reak-  
down occurs  at the boundaries of supramolecular  formations.  Naturally, the measured velocity of the 
breakdown front  (Vbm) is in this case higher than the calculated rate Vbc. A compar ison between Vbm and 
Vbc will yield the specimen fraction e breakingdown nonthermally. The resul ts  of these est imates  are given 
in Table 1. It is evident here that this f ract ion is smal le r  in PMMA than in PS, which can be explained by 
the lower depth to which thermal  ftux penetrates into a PS specimen. 

Indeed, since the radiation power at the surface of a breaking down specimen is lower than the in- 
cident power, because of attenuation in the vapor-condensate  layer,  hence it is neces sa ry  in (1)to add an ap- 
propriate  cor rec t ion  to the value of W, which will widen the difference between Vbm and Vbc and thus in-  
c rease  the specimen fract ion breaking down nonthermally. This cor rec t ionwi l lbe  determined subsequently. 

Let  us est imate the laser  radiation in a vapor-condensate  layer.  We will consider the s teady-s ta te  
case. Such a layer  consists of polymer part icles  whose diameter  is d _< X and, therefore,  both absorption 
and dispersion must be taken into account. When a layer is optically thin, the transmitted light intensity 
(with absorption and dispersion accounted for) can be found as follows [8, 9]: 

W (x) = W (~a) exp l--kern (x)] , (2) 

where m(x) denotes the total mass  of part icles  in a column f rom x to ~ and 1 cm 2 in c ross  section, while 
the constant k 0 represents  the optical proper t ies  of the polymer material .  Under steady process  conditions, 
disregarding any heat conduction, the equation of heat balance for the layer  can be wri t ten as follows: 

(x)=~/(~) exp [--,~0,~ (x)] =,or b [t0+c (T (~)--T0)] + YI0 d,~ 
d x  ' (3) 

with W (,o) denoting the incident radiation flux, the x-coordinate measured from the breakdown surface into the 
layer; l 0 denoting the latent heat of monomer evaporation and the energy of thermal destruction of the polymer 
molecule; T (x) denoting the temperature at a given section; and V denoting the steady-state velocity of the particle 
stream. FunctionW canbe found from the condition of equilibrium between an evaporating droplet and the radia- 
tion flux at a given section [i0]: 

W (x) Qa =n}o kT (x) F+ [ tl ] 
- ~  - i f -  exp , (4) leT (x) 

where Qa is the absorptivity of a spherical  droplet [8]. The maximum temperature  T i in a vapor-conden-  
sate layer  can be found f rom the condition 

+ 

.,. h - 7 - .  exp = -  , (5) 
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TABLE 2. Mass  Dis t r ibu t ion  in V a p o r - C o n d e n s a t e  Zones  

~ cal/cm2 I M a t e r i a l  / s e c  too, g / c m  2 v , ' c m / s e  ~omo veo exp (--komo) Ps!6 
PMMA lO 

1 ,43 .10  -~ 

( 0 , 8 - 1 , 6 ) . 1 0  -3 

7 , 3  

2 

2 , 2 . 1 0 - a  

( 1 , 2 - 2 , 5 ) . 1 0  -I 

6 

(5-7,5) 

where  n s denotes  the su r f ace  dens i ty  of m o n o m e r  molecu les  in a drople t ;  k is the Bo l t zmann  constant ;  h 
is  the p l a n c k  constant ;  and F + is the s t a t i s t i ca l  sum of ac t iva ted  complex  ma te r i a l .  

The total  r ad ian t  f lux on the m a t e r i a l  su r f ace  is de t e rmined  f r o m  the full t e m p e r a t u r e  prof i le  in the 
v a p o r - c o n d e n s a t e  layer ,  but f o r  in tegra t ing  Eq. (3), we r ep l ace  T{x) by T 1 with l i t t le ef fec t  on the m a s s  
d i s t r ibu t ion  and, bes ides ,  because  we a r e  only i n t e r e s t ed  in the total  m a s s  m{x) at a g iven  sec t ion .  We a l so  
a s s u m e  that  the en t i r e  m a s s  of condensa te  is conver ted  to a m o n o m e r  at a suff ic ient ly  l a rge  d is tance ,  and 
then 

W (co)=pV b (lo-~-c (T1--To)) . 

In tegra t ing  Eq. (3) under  condi t ion (6) y ie lds  

e kom(x)- 1 - -  exp [ k~ (~176 
e~ too- 1 ~ V l o 

In o r d e r  to d e t e r m i n e  m0, we use  the boundary  condi t ion 

3, dT =W ( co)e_kom~ " 
dx 

(6) 

x ) .  (7) 

(8) 

Let  the t h e r m a l  conduct iv i ty  be X = const ,  then 

1 W(oo) 
too= - -  In - . (9) 

k o cp (T~-- To) V b 

Final ly ,  we have 

1 + \CpVb (T,--To) ( - -  loY 

and the m a s s  d i s t r ibu t ion  

( W(m) ---1) exp ( 
exp (m (x) ko) = i + \ CpVb(T,--To) k~ (~176 ) x)  . (11) 

loV 

Inse r t i ng  (10) into (4), one can ca lcula te  T(x) and, i n se r t i ng  W(0) into (1), again de t e rmine  Vbc and c o m -  
pa re  i t  with the e xpe r i m e n t a l l y  de t e rmined  l i nea r  ve loc i ty  of the b reakdown front .  An ana lys i s  of the r e l a -  
t ion m = f(x) shows that  in the p r a c t i c a l l y  i m p o r t a n t  case  of r a t h e r  l a rge  d i s t ances  x and m0k 0 < mk < 1 

m(x)=moexp ( k~176176 x i �9 (12) 
loV J 

As x --* 0, the exponent ia l  r e l a t ion  b e c o m e s  loga r i thmic .  In this way, within the f r a m e w o r k  of our  model  i t  
is  poss ib le  to a lmos t  comple t e ly  solve the p rob l em of m a s s  and t e m p e r a t u r e  d i s t r ibu t ion  in a v a p o r - c o n -  
densa te  l a y e r  when rad ia t ion  f r o m  a gas l a s e r  ac t s  on a t h e r m o p l a s t i c  ma te r i a l .  This  sugges ted  m e c h a n i s m  
impl ies  that  the p r o c e s s  is not  affected by the r a t e  of chemica l  decompos i t ion ,  the l a t t e r  s tab i l iz ing  at 
such a level  as to ensu re  the n e c e s s a r y  pas sage  of m a t e r i a l  into the v a p o r - c o n d e n s a t e  zone. 

We will e s t ima te  the value of k 0. Acco rd ing  to [9], k 0 can be e x p r e s s e d  as 

36 ~n• 1 Za . - - ;  ~---  
k0 p (m~+2) ~ ~ 4~ ' 

so  t h a t k  0 = 9 n ~ / p ( n  2 +2)  2 w h e n m  = n - i n ,  h = 1 0 . 6 g ,  a n d p  = l . 2 g / c m  3. A s s u m i n g n  =1 .5  fo r  both 
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po lymers  and ~ = 250 cm -1 for  PMMA but ~ = 55 cm -1 for  PS,* we have k 0 = 156 cm2/g  for  PMMA and k 0 
= 34.4 c m 2 / g  for  PS. 

With the aid of par t ic le  number  and d i ame te r  dis t r ibut ion curves ,  we will de te rmine  the m a s s  d i s -  
t r ibution in a vapor -condensa te  layer .  Resul ts  of these calculat ions a re  given in Table 2, together  with 
the values  of incident l a s e r  radia t ion densi ty W(,~) and l a s e r  radiat ion densi ty reaching the spec imen  W'  
= W(~) exp (-k0m0). The dif ference between W(~) and W'  is mos t  apprec iable  at heavy fluxes,  espec ia l ly  
in the case  of PMMA, but in the case  of PS the shielding effect  of the vapor -condensa te  layer  is weak. 
Thus, one notes that the vapor -condensa te  l aye r  has an essen t ia l  shielding effect,  s t ronger  in PMMA and 
weake r  in PS. 

With the true value of W(x) reaching the sur face ,  we again de te rmine  for  PMMA the spec imen  f r a c -  
tion breaking down nonthermally:  for  W(~) = 10 c a l / c m  2 �9 sec  and W'  = 5.0-7.5 c a t / c m  2 �9 sec,  ~ = 0.5 (ear l ie r  
we obtained e = 0.2). Fo r  PS this f rac t ion  va r i e s  e x t r e m e l y  little, inasmuch as W'  differs  only sl ightly f r o m  
W (~) at  the given power level.  

In conclusion, we wilt make one more  es t imate .  The the rma l  diffusivity a 2 c a n  be de termined  f r o m  a 
m e a s u r e m e n t  of the t e m p e r a t u r e  dis t r ibut ion near  the breakdown front  in PMMA or PS. Under s t eady-s t a t e  
conditions and without chemical  agents present ,  the t empe ra tu r e  dis tr ibut ion in a spec imen  can be wri t ten 
a s  

T (x):T (0) exp (--. Y~x -~-) (13) 

Compar ing  this dis t r ibut ion with the one determined exper imenta l ly ,  one can de te rmine  a 2 if the 
l inear  veloci ty  of the breakdown f ront  V b is known. In this way, we have found a%s = 10 -3 c m 2 / s e c  and 
a~MMA = 2.6 �9 10 -3 c m 2 / s e c .  These values agree  c lose ly  with published data [11], they thus provide a 
sound bas i s  for  checking the t e m p e r a t u r e  and p rocess  s tabi l i ty  m e a s u r e m e n t s .  
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