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The decomposition of an ablative material under a refractory facing 
is examined for an arbitrary reaction regime. It is shown that the de- 
composition rate can be calculated from well-established equilibrium 
parameters. 

A composi te  coating cons is t s  of a r e f r ac to ry  facing 
and a subs t ra te  with low thermal  conductivity.  When 
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Nomogram for de te rmin ing  the decomposi t ion 
p a r a m e t e r s  of ammonium chloride (P in bars ;  
t d in ~ q ,  in kW/m2; vp in kg/m 2. sec): 

1) 535 ~ K 2) 611; 3) 705; 4) 850; a) q , =  10; 
b) 50; c) 102; d) 5-102; e) 10a; I) p = 10-1; 

II) 1; III) 10; IV) 102 . 

the subs t ra te  is heated, it decomposes ,  and the gases  
formed c rea te  a l ayer  with high thermal  r e s i s t ance .  
Consequently,  the t empera tu re  of the facing i n c r e a s e s ,  
and the externa l  heat  load is  reduced.  Pa r t  of the heat 
pass ing  through the facing is  ca r r i ed  away by the de -  
composi t ion products .  In [1] it was shown that such a 
sys tem operates  more  efficiently than homogeneous 
Coatings and the ra te  of decomposi t ion of the subs t ra te  
was de te rmined:  

(vp),, = q* exp (--  k,). (1) 
F 

The p a r a m e t e r s  F and k ,  depend on the decompo- 
si t ion t empera tu re  td, which is known in advance only 
for  the equi l ib r ium decomposi t ion reg ime ,  when the 
ra tes  of the forward and r e v e r s e  reac t ions  a re  the 
same.  However, in  the ease  of po lymer  m a t e r i a l s ,  
for example,  the decomposit ion is p rac t i ca l ly  i r r e v e r -  
sible.  Accordingly,  the t empera tu re  t d is de te rmined  
f rom the condition that the " thermal"  decompos i -  
tion ra t e  (vp) n be equal to the "kinetic" ra te  of the 

forward react ion:  

(v p) = (I),pt a,. (2) 

The p a r a m e t e r s  of the forward reac t ion  have been �9 
thoroughly invest igated.  Thus, for  teflon ~1 = 2.25.  
.105 m / s e e ,  ~ = 2.15.10 a kg /m a, E l = 1.7" 10 s J /mo le ,  
and the decomposi t ion t empera tu re  t d is found by 
solving (1) and (2). 

We will cons ider  the mos t  complicated genera l  case  
in  which the decomposi t ion reg ime  cannot be fo reseen  
in  advance.  This s i tuat ion often occurs  when t r a d i -  
t ional inorganic  subl iming compounds,  NI-I~ C1, NH4HS , 
e t c . ,  are  used as subs t ra te .  In the genera l  case the 
decomposi t ion rate  is the resu l tan t  of the forward and 
r e v e r s e  reac t ions :  

(~, p),, = (v p) -- (v p). (s) 

The r e v e r s e  reac t ion  ra te  

(vp) = O~ Pa~. (4) 

As a ru le ,  the va lues  of r and a 2 a re  not known. 
Accordingly ,  we will de te rmine  them in t e r m s  of the 
invest igated p a r a m e t e r s  of the forward reac t ion  and 
the equi l ib r ium decomposi t ion p r e s s u r e  Pd" 

At equ i l ib r ium 

(o$) = P = 

so that 

(I)2 as _ ~tPl a l  
e~ 

F r o m  (2)-(5) we obtain 

(5) 

P (6) 

The figure shows values  of (vp) n calculated f rom 
this  re la t ion  for  ammonium chloride NH4C1 (~I~ = 0.60 
m / s e c ,  p =1.53 "10 ~ k g / m  ~, and E 1 = 0.55 -105 J /mote) .  
For  compar i son ,  the dashed Iine indicates  the i r r e -  
ve r s ib l e  decomposi t ion ra te  (kinetic regime) ,  while 
the ver t ica l  solid l ines  r e p r e se n t  the equi l ib r ium de- 
composi t ion i so the rms  at var ious  p r e s s u r e s  (dif- 
fusion regime) .  The curves  r ep resen t ing  the t rue  
ra te  (vp) n are  denoted by va lues  of P and gradual ly  
degenera te  into the l imi t ing  va r i an t s .  The c i r c l e s  
cor respond to the exper imenta l  data on decomposi t ion 
at P = i bar  [2]. Clear ly ,  an incor rec t  predict ion of 
the react ion at a given t empera tu re  would involve 
se r ious  e r r o r s .  
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F o r  compos i t e  coa t ings  the t e m p e r a t u r e  td mus t  be 
de t e rmined  by solving (1) and (6). The a lmos t  h o r i -  
zontal  l ines  in the f igure ,  denoted by va lues  of q. ,  
c o r r e s p o n d  to t he  decompos i t ion  r a t e  ca lcu la t ed  f rom 
(1) for  NH4C1 beneath an i m p e r m e a b l e  facing with the 
typ ica l  p a r a m e t e r s  

t .  = 2000 ~ K, 6/;% < 10 -~ deg �9 m2/W. 

The points  of i n t e r s e c t i o n  of these  l ines  and the o ther  
cu rves  d e t e r m i n e  the decompos i t ion  t e m p e r a t u r e  and 
decompos i t ion  r a t e  in va r i ous  r eac t ion  r e g i m e s - -  
k ine t ic ,  diffusion,  and t rue  r e g i m e s .  

It is  worth  noting that  only the decompos i t ion  t e m -  
p e r a t u r e  depends s h a r p l y  on the r e g i m e .  Owing to 
these  t e m p e r a t u r e  changes  the r a t e  is  a lmos t  the 
s ame  for  d i f ferent  decompos i t ion  mode l s .  Only at 
t ,  < 1000 ~ K is  the t e m p e r a t u r e  un re spons ive  to the 
r eac t i on  m e c h a n i s m ,  w h e r e a s  the r a t e  (vp) n is  v e r y  
sens i t i ve .  However ,  the d e s i g n e r  is  i n t e r e s t e d  in 
h e a t - r e s i s t a n t  fac ings ,  so that  in the inves t iga ted  
range  of p r e s s u r e s  and hea t  loads  the r a t e  (vp) n may  
be r e g a r d e d  as  independent  of the decompos i t ion  r e -  
g ime.  In the ca lcu la t ion  of compos i t e  coa t ings  the 
t e m p e r a t u r e  td is  an i n t e r m e d i a t e  p a r a m e t e r ,  and the 
u l t ima te  a im is  c o r r e c t l y  to d e t e r m i n e  the d e c o m -  
pos i t ion  r a t e  (Vp)n. Hence the d e s i g n e r  i s  not bound 
by the r eac t i on  m e c h a n i s m  and can use equ i l ib r ium 

values  of the decompos i t ion  t e m p e r a t u r e  in his  so lu -  
t ion.  

NOTATION 

vp is the m a s s  r eac t i on  ra t e ;  p i s  the dens i ty  of the 
subs t r a t e ;  P is  the p r e s s u r e  in the gap; Pd is  the 
equ i l ib r ium p r e s s u r e  of the decompos i t ion  p roduc t s ;  
t d is  the s u b s t r a t e  decompos i t ion  t e m p e r a t u r e ;  F i s  
the hea t  of decompos i t ion  at t e m p e r a t u r e  td; t ,  i s  the 
p e r m i s s i b l e  fac ing  t e m p e r a t u r e ;  q ,  is  the heat  load at 
t e m p e r a t u r e  t . ;  k ,  is  the root  of the c h a r a c t e r i s t i c  
equation ca lcu la ted  in [1]; 5/h0 is the t h e r m a l  r e s i s -  
tance of the facing; ~ is  the f requency  fac tor ;  a is  the 
decompos i t ion  coeff ic ient  equal to e x p ( - - E / r t d ) ;  E 
is  the ac t iva t ion  energy;  r is  the un ive r sa l  gas  con-  
s tant .  The p a r a m e t e r s  ~, a ,  E with subsc r ip t  (1) r e -  
l a te  to the s u b s t r a t e  m a t e r i a l ,  those  with s u b s c r i p t  
(2) to i t s  decompos i t ion  p roduc t s .  
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