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The t rans ient  diffusion of gas in a porous sorbent  is considered on the basis of the "dusty" 
(or "dust- laden") gas model.  An equation is der ived for the diffusion coefficient. 

It is well known that, when a gas molecule interacts  with a solid, physical  adsorpt ion usually occurs ,  
i . e . ,  the molecule remains  for a cer ta in  period attached to the surface of the solid, af ter  which desorp-  
tion takes place. The sorbents  used in actual pract ice  a re  often highly d ispersed porous solids, the pore 
s t ruc tu re  being ext remely  complicated.  It is frequently indicated in the l i tera ture  [1] that t r ans fe r  phenom- 
ena in such ma te r i a l s  have to be descr ibed stat is t ical ly.  

In this paper  we shall use the "dusty gas" model [2, 9] to descr ibe  t ransient  diffusion in a highly dis- 
persed  solid sorbent.  We shall t rea t  the porous s o l i d - g a s  sys tem as a binary gas mixture in which some 
molecules ,  simulating the par t ic les  of the porous solid, a re  immobile and have a size and mass  far g rea te r  
than those of the real  gas molecules .  

We write the resul tant  molecular  flux directed along the x axis in the solid as follows: 
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Here/~ is the cosine of the angle between the x axis and the direct ion of motion of the molecule, 1/)t = (1 
,/a 1) + (1/~ 2) where i, 1 is the gasdynamic  free path, and X 2 is the free path of the gas molecules relat ive to 
the s ta t ionary molecules ,  which is defined in t e rms  of the d iameter  of the lat ter  and the poros i ty  of the 
solid in the following way [3, 9]: 
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where c is the average  molecular  velocity,  regarded  as constant. 

The total coll ision frequency of the gas molecules (both with other gas molecules and with the s ta-  
t ionary molecules  of the solid) v is t rea ted  as constant in the ave rage - r ange  approximation used in the 
present  analysis .  

In deriving Eq. (1) we made the assumptions usually employed in the derivat ion of the Pe ier l s  equa- 
t ion [4]. 

The integrand in Eq. (1) r epresen t s  the number of par t ic les  which have appeared at the point ~ at the 
instant  of t ime t - -  Ix --  ~ l /c~  as a resul t  of collisions, have been isotropical ly  scat tered,  and then have 
t rave led  a distance Lx -- ~ i/~ without any coll isions.  
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T h e  quan t i t y  v m a y  be  w r i t t e n  a s  I / T ,  w h e r e  T i s  t he  t i m e  b e t w e e n  two e s c a p e s  of t he  m o l e c u l e  

f r o m  the  s o l i d  s u r f a c e :  

T - + f (;~. ~ )  T, 
V C 
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w h e r e  f i s  t he  r a t i o  of  t he  n u m b e r  of c o l l i s i o n s  of t he  m o l e c u l e  wi th  p a r t i c l e s  of the  p o r o u s  s o l i d  to  t he  
t o t a l  n u m b e r  of c o l l i s i o n s  f = 2t/~'2. 

Le t  us  a p p l y  a L a p l a c e  t r a n s f o r m a t i o n  to  Eq. (1), a p p r o x i m a t i n g  the  e x p o n e n t i a l  i n t e g r a l  func t ion  
E 2 so  a r i s i n g  by  an  e x p o n e n t i a l  [5], and r e m e m b e r i n g  tha t  n(x, t) = 0 fo r  t < lx - -  ~ I / c ~ :  
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D i f f e r e n t i a t i n g  Eq. 
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(4) t w i c e  with r e s p e c t  to  x and then  combin ing  the  r e s u l t  with Eq.  (4) i t s e l f ,  we ob ta in  
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In Eq.  (5) we now r e t u r n  to  the  o r i g i n a l  v a r i a b l e s ,  
e x p r e s s i n g  v in  t e r m s  of Eq. (3): 

q ~  - -  _ _  �9 
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It fo l lows  tha t  the  d i f f u s i o n  c o e f f i c i e n t  m a y  be  w r i t t e n  a s  fo l l ows :  
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We s e e  f r o m  Eq.  (7) t ha t  a s  i~ 2 - -  ~o the  d i f f u s i o n  c o e f f i c i e n t  a s s u m e s  the  o r d i n a r y  f o r m  

d i s c a r d i n g  t e r m s  of h i g h e r  o r d e r s  of s m a l i n e s s  and 
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It  is  we l l  known [6] tha t  fo r  the  f r e e  m o l e c u l a r  f low of gas  a long  a tube  the  f r e e  path  equ iva l en t  to  
X 2 is  equal  to  the  d i a m e t e r  of the  c a p i l l a r y .  Thus ,  Eq.  (8) y i e l d s  the  w e l l - k n o w n  r e s u l t  of C l a u s i n g  fo r  
t he  d i f f u s i o n  c o e f f i c i e n t  a s s o c i a t e d  wi th  the  t r a n s i e n t  m o l e c u l a r  flow of  g a s  a long  a tube  [71. 

T h e  s p e c i a l  f e a t u r e  of Eq.  (8) l i e s  in  the  fac t  tha t  i t  is  d e r i v e d  fo r  the  p o r o u s  s o l i d  a s  a whole ,  i . e . ,  
i t  i n c l u d e s  i t s  b a s i c  c h a r a c t e r i s t i c  of p o r o s i t y  in  a c c o r d a n c e  wi th  Eq. (2), and  a l s o  a l l o w s  fo r  the  i n f l uence  
of i n t e r m o l e e u l a r  c o l l i s i o n s .  

It shou ld  b e  noted  tha t  an  a n a l o g o u s  me thod  m a y  be  e m p l o y e d  in o r d e r  to  ob ta in  the  s u r f a c e  d i f fu s ion  
c o e f f i c i e n t  in  the  t r a n s i e n t  c a s e .  The  a n a l o g  of t he  a d s o r p t i o n  t i m e  i s  h e r e  the  t i m e  s p e n t  by  an  a d s o r b e d  
a t o m  on an  a c t i v e  c e n t e r ;  the  r e m a i n i n g  qua n t i t i e s  have  the  s a m e  s i g n i f i c a n c e  a s  in  Eq.  (1). If the  a d -  
s o r b e d  a t o m s  do not  c o l l i d e  wi th  each  o t h e r  but  only jump  b e t w e e n  a c t i v e  a d s o r p t i o n  c e n t e r s ,  we have  a n  
a n a l o g y  of Knudsen  d i f fu s ion .  Th i s  ana logy  was  i n d i c a t e d  in  [8]. T a k i n g  this  a na logy  f u r t h e r ,  we m a y  r e -  
l a t e  the  f r e e  pa th  of  t he  a d s o r b e d  a t o m  on the  s u r f a c e  wi th  the  " t w o - d i m e n s i o n a l  p o r o s i t y , "  i . e . ,  the  r a t i o  
of t h e  a r e a  on the  s u r f a c e  f r e e  f r o m  a c t i v e  c e n t e r s  to  the  t o t a l  s u r f a c e  a r e a .  

n 

ff 

NOTATION 

is the number of particles in unit volume; 
is the porosity; 
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d is  the d i a m e t e r  of the model  pa r t i c le ;  
--  ~ and b . . . .  a r e  the coordinates  of points fa i r ly  well  r emoved  f rom the su r face  under  examinat ion;  
r is the adsorp t ion  t ime;  
E k exponential  in tegra l  function." 

t 

Eh (x) : !' gk-2exp {-----~} dy. 
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