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The study makes an analytic investigation of the p rocess  of t r ans fe r  of a gas in chemical  
react ions in porous bodies on the basis  of a "dusty gas"  model. In the case of a free mole-  
cular  condition, an express ion is derived for  the number  of molecules  which have reacted 
in the porous body. 

Heterogeneous chemical react ions in porous bodies play an important  role in chemical  technology. 
The conditions under which such reactions take place arehighly diverse.  Thus, for example,  in the synthe- 
sis of artificial  diamonds from the gaseous  phase, the porous l ayer  has ve ry  small  thickness and high 
poros i ty  [1]. Under such conditions, the mean free path of the molecules  may be commensurable  with the 
charac te r i s t i c  dimension of the porous body itself (its thickness),  so that the diffusion theory will, in gen- 
era l ,  be incor rec t .  

For  the sake of simplici ty,  we shall consider  a monomolecular  heterogeneous reaction of f i rs t  order .  
By a heterogeneous react ion of f i rs t  order ,  following [2], we mean any p rocess  involving the part icipation 
of a hard wall and leading to a change in the essential  proper t ies  of a part icle with a probability that is in- 
dependent of the incident flow (for example,  a change in the chemical  state of a par t ic le ,  the absorption of 
a part icle by the wall, etc.).  

We shall investigate a "dusty gas" '  model,  i.e., we shall consider  the sys tem consist ing of the porous 
body and the gas to be a gaseous mixture such that the molecules of one of its components,  which simulate 
the par t ic les  of a porous body, are  mot ionless  and have dimensions and mass  considerably exceeding the 
dimensions and mass  of real  gas molecules  [3]. The probabili ty that the molecule will t ravel  a distance 
x without a coll ision is equal to 

lg = exp - -  - ~  (1) 

where 1/X = 1/X 1 + 1 / ~ ;  X~ and X 2 are,  respect ively ,  the free path lengths of an unreaeted molecule with 
respec t  to the gas molecules  (including molecules  which are reaction products) and with respec t  to the 
"motionless molecules ."  

In its motion, the molecule may collide ei ther  with a gas molecule,  which leads to elast ic  scat ter ing,  
o r  with a "motionless molecule."  In the la t ter  ease it will ei ther  go into chemical  react ion (with probabil i ty 
7/) or  be e las t ical ly  sca t tered  (with probabil i ty 1-7)). As in the ease of the derivation of the Pe ie r l s  equa- 
tion, we shall  assume that the elast ic sca t ter ing is isotropic [4]. The molecules which are  react ion p rod-  
ucts will also be assumed to leave an e lementa ry  volume of the porous body isotropieallyi  in their  fur ther  
motion they may collide ei ther  with gas molecules or  with the four walls only elastically.  

We mtroduee the following notation: ~l(x) and ~2 (x) are,  respect ively ,  the numbers  of unreacted mole-  
cules appearing per  unit volume of the porous body per  unit of time as  a resul t  of m o l e c u l e - m o l e c u l e  col -  
lisions and as a resul t  of elast ic coll isions of molecules with "motionless molecules" ;  go3(x ) is the number  
of molecules  which are  reaction products that appear  per unit volume of the solid body per  unit of time. 
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Fig .  1. Re la t ive  n u m b e r  of m o l e -  
cu le s  which have  r e a c t e d  in the 
po rous  l a y e r ,  shown as  a funct ion 
o f / .  

0,3 

In de r iv ing  the equa t ions  fo r  the func t ions  4,1(x), 4,2(x), 4,~(x) 
in the c a s e  of a p lane  l a y e r  of t h i c k n e s s  L, taking account  of (1), we 
shal l  use  an a p p r o a c h  ana logous  to the one used  in d e r i v i n g  the 
P e i e r l s  equat ion [4, 5]: 
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w h e r e  4,: = ~ 4,1 + 4'2 is the to ta l  n u m b e r  of u n r e a c t e d  m o l e c u l e s  a p p e a r i n g  in a unit vo lume  pe r  unit  of t ime ;  
4,(0) and 4,(L) a r e  the d e n s i t i e s  of the m o l e c u l a r  s t r e a m s  en t e r ing  the po rous  body a t  x = 0 and x = L ,  r e -  
s p e c t i v e l y  (it is a s s u m e d  tha t  these  m o l e c u l e s  a r e  d i s t r i b u t e d  a c c o r d i n g  to a cos ine  law). H e r e a f t e r ,  for  
the sake  of s i m p l i c i t y ,  we sha l l  a s s u m e  tha t  ~ (L)  = 0. 

In a Knudsen r e g i m e  of flow ~1 >> h~, 4,2 >> 4,1. Th i s  j u s t i f i e s  se t t ing  4,1 = 0, s = ~2, which s i m p l i f i e s  
Eqs .  (3) and (4). In the equat ion  fo r  4,2(~2=(~) we in t roduce  the d i m e n s i o n l e s s  c o o r d i n a t e  x 1 = x / L  and 
a p p r o x i m a t e  the func t ions  E 1 and E 2 by exponen t i a l s  [6]. Di f fe ren t i a t ing  the r e s u l t i n g  equa t ion  twice  and 
combin ing  the r e s u l t  with the o r ig ina l  equat ion ,  we a r r i v e  a t  an o r d i n a r y  d i f f e r en t i a l  equat ion  whose  s o l u -  
tion has  the f o r m  

(~) (iXi) = C [[ v~V"~ @-__ 11 exp {2l V -  ~- (2 - -x i )  } • exp {2l ! -~-  xl}], (5) 

C = -  4~ '(0)  ( I -  V ~ - ) ~  (1 -+- l ' -~ l  ) 
k,[(1 - V-~-) ~ - (1 + V'~% )"exp{4/t -~-}l " 

whe re  

We find the quant i ty  R,  def ined as  the r a t i o  of the n u m b e r  of m o l e c u l e s  which have  r e a c t e d  with the 
p o r o u s  body to the n u m b e r  of m o l e c u l e s  which  have  e n t e r e d  it: 

L 

t ~ ~1 @ (x) dx 

R =  o 
~(o) 

In the f r e e  m o l e c u l a r  r e g i m e ,  mak ing  use  of (5), we obta in  

R = 2 V-~- exp {4l }r--~-} (I + i/-~-) - 2 exp {21 V'-~} + I - ]/'-~ 
(I + lbX--~-)2 exp {4l v ,-~} - -  (I - -  V-~-)' 

As l a p p r o a c h e s  infini ty in (6), we find fo r  R the equat ion 

R -  2 V ~  
1 - , L V  n 

Ir should be noted tha t  k is e x p r e s s e d  in t e r m s  of  the p o r o s i t y  as  fol lows [3, 5]: 

2 II 
~ - -  - - d .  

3 I - - H  

(6) 
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The va lues  of the function (6) a re  shown in Fig. 1 as  a function o f / f o r  d i f ferent  va lues  of ~,. These r e su l t s  
were  compared  with those of [7], in which a n u m e r i c a l  method was used for  solving the equation descr ib ing  
the m o l e c u l a r  flow of a gas  with chemical  reac t ions  in an individual cyl indr ica l  capi l la ry ;  the compar i son  
showed good a g r e e m e n t  (in making the compar i son ,  we a s sumed  that the mean f ree  path fo r  m o l e c u l a r  flow 
in the cap i l l a ry  is equal to the d i a m e t e r  of the cap i l la ry) .  

The advantage of this  method l ies in the fact  that  the resul t ing fo rmula  contains the poros i ty  in a 
na tura l  manne r ,  whereas  when a porous  medium is s imulated by cy l indr ica l  c ap i l l a r i e s ,  the poros i ty  is in- 
cluded in a r a t h e r  a r t i f i c ia l  manner .  

In conclusion,  i t  should be noted that in o rde r  to de te rmine  the quantity K, which c h a r a c t e r i z e s  the 
ra t io  of the num ber  of molecu les  leaving the porous  l a y e r  to the number  of or iginal  molecu les  which en te r  
it, we find @3(x) f rom Eq. (4) and then make  use of the formula  
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l = L /k ;  Ek(x ) = .I y k - 2 e x p { - x / y ] d y  
0 

NOTATION 

is the porosi ty;  
is the d i a m e t e r  of sample  par t ic le ;  
is the thickness of porous  body; 

is the exponential  in tegra l  function. 
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