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The accuracy is analyzed of the equations for a model for anisothermic sorption kinetics in 
porous granules. 

The equilibrium kinetics of physical sorption can be described by means of the quasilinear equations 
of material balance, the thermal equation of sorption (1), the equation'0f thermal balance for liquefied gas 
inside a porous granule (3), the initial conditions (4) and the boundary conditions (5)-(7): 
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The boundary conditions (5) relate to the internal-diffusion heat and mass exchange, and the conditions (6) 
to the mixed external and internal diffusion heat and mass exchange. 

In the general case the system of equations (1)- (7) can be integrated only numerically with the aid of 
a digital computer. The disadvantage of such a system lies in that firstly one,has to determine experi- 
mentally a great number of parameters, 0% Xi, X, T, Ti, Q) if numerical integration is to be used. It 
seems, therefore, reasonable that one should try to replace the exact system (1)-(3) by an approximate 
one though with a smaller number of numerical parameters: 
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w h e r e  T is the c h a r a c t e r i s t i c  t e m p e r a t u r e  of an e l e m e n t a r y  vo lume of a po rous  g ranu le .  

The  b o u n d a r y - v a l u e  p r o b l e m  fo r  the  quas i l i nea r  s y s t e m  (8)-(9), (4)-(7) with an a r b i t r a r y  funct ion f 
can  be in teg ra ted  only n u m e r i c a l l y .  However ,  fo r  a s t epwise  s o r p t i o n  i s o t h e r m ,  

{0, O = c ,  {0, O~<.q<k,  
q =  k, 0 < c ~ < l ,  cP= 1, q = k ,  (10) 

which is a l imi t  of the  convex  L a n g m u i r  i s o t h e r m , t h e  exaet  so lu t ion  of Eqs.  (8)-(9) can be obtained in an 
ana ly t i c  f o r m  by r educ ing  our  p r o b l e m  to a Stefan p r o b l e m  [2]. In the l a t t e r  ease  us ing the condit ions (4) 
and (5) fo r  c 0 = 1, e ~ = 0, v = 0 we can wr i t e  
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The  so lu t ion  of Eqs .  (11)-(12) is g iven  by 
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By us ing the in t eg ra l  f o r m  of the  f i r s t  equat ion  in (8) a t r a n s c e n d e n t a l  equat ion is obtained for  a : 
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whose  so lu t ion  is a = 0.671 (for k = 1), 
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= 0.705 (for k >> 1). The solut ion of Eqs.  (13)-(14) is found in 
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w h e r e  G(r,  t, ~, T) iS the G r e e n ' s  funct ion.  

By t r a n s f o r m i n g  Eq. (16) one obtains 
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Fig .  1. M e a n  t e m p e r a t u r e  of  a 
po rous  g r a n u t e  v. t i m e .  
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Fig.  2. H e a t - e x c h a n g e  
func t ion  in s ide  a p o r o u s  
g r a n u l e .  
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F o r  n u m e r i c a l  va lue s  of Hn(t) one  can  m a k e  u s e  of  the  t ab l e s  in [3, 4].  
Hav ing  expanded  the  f u n c t i o n  erf(x)  into a s e r i e s  one can  w r i t e  the  e x p r e s -  
s i o n s  fo r  the  func t ions  Hn(t) f o r  lq > 1 as  fo l l ows :  
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The analytic solutions (15)-(17") are of particular interest when one estimates the error of the approxima- 
ting model system of equations for anisothermic kinetics of sorption. For concentrations and temperature 
averaged over a granule one obtains from (8)-(9) 
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U s i n g  Eqs .  (21) the  m o d e l  s y s t e m  of equa t ions  of a n i s o t h e r m i c  k i n e t i c s  can  be w r i t t e n  as  

max q 

,o(q) - (1- i -v)  8c ,=," [ l__ (p (a  ' ~)]_~, 9(#)-  d~(1-1--v) c)T] ~.,_. e 
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w h e r e  w (~) is a func t ion  of f i l l ing  the  g r a n u l e  wi th  the  s o r b e d  s u b s t a n c e ;  p(~) is the  func t ion  of h e a t - e •  
c h a n g e  in s ide  a p o r o u s  g r a n u l e .  

F o r  a s t e p w i s e  i s o t h e r m  we find with the  a id  of the  s o l u t i o n s  (15)-(17) 
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T h e  l i m i t i n g  v a l u e  o f  t h e  f u n c t i o n  p (~ )  w i t h  t ~ ~ i s  

P0 = d2bo/( v + 3). (27) 

Us ing  Eq. (25) the  va lue s  of the  func t ion  T(t) w e r e  c a l c u l a t e d ,  to  p r o v i d e  an e x a m p l e ,  with v = 0, kQ = 0.23, 
d 2 = 5; t hey  a r e  i n d i c a t e d  in F ig .  1 by s m a l l  c i r c l e s .  If one r e g a r d s  p(~)  as  the  e r r o r  of the  s e c o n d  
equa t ion  in  (22) the  va lue s  a r e  c a l c u l a t e d  of the  quan t i t y  p* = p ( T ) / p  0 wi th  the  a id  of the  s o l u t i o n s  (25) and 
(26); t hey  a r e  shown in F ig .  2 by  s m a l l  c i r c l e s .  To d e t e r m i n e  the  a s y m p t o t i c  of p* (~') fo r  T ~ 0 (or fo r  
t ~ 0 r e s p e c t i v e l y )  one w r i t e s  down 

p,(~)== (1--' v) d ~ exp (--d~b~t,"~)] b,,'exp(--d"-b;t/~) ~" 
Po ,=o J ~=o 

4 "~ ') I" "7 - - I  

(1 _ v) a-b5 exp (-- f-[:~ [x"/~) dx (-- d-'b5 tx-:~)dx = 
(~)0 , 
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_ [3 (28) 
2Pot 

since for t ~ 0 one has  

therefore 

= " ., 2 (~)-~ = A (~)-~, ,4 = const .  (30) 
d-P0b0 

The  e x p r e s s i o n  (30) fo r  A = 1.1 on the  a s c e n d i n g  p o r t i o n  of T(t)(0 <- T --- m a x T )  is shown in F ig .  2 by s m a l l  
c r o s s e s .  F o r  the  d e s c e n d i n g  p o r t i o n  of ~(t)  (max T - T < 0) the  quan t i ty  p* (T) v a r i e s  be tw e e n  1.1 and 1, 
tha t  i s ,  it  can  be  a s s u m e d  tha t  p* ~ 1 in tha t  p o r t i o n  of the  c u r v e  T( t ) .  

By c o m p a r i n g  the  exac t  func t ion  p*  (~) with the  a p p r o x i m a t i o n  in (30) one can s e e  tha t  the  e x p r e s s i o n  
(30) can be  u s e d w i t h  su f f i c i en t  a c c u r a c y  in a p p r o x i m a t e  e v a l u a t i o n s  of the  quan t i ty  p* (T). In p r a c t i c e ,  
h o w e v e r ,  the  m o d e l  equa t ion  (22) fo r  p* (~) = ~ p* (~)d~  = m = cons t  i s  m o r e  conven ien t :  

i 
0 

dq- _ ~o (~/) [ 1 - -  q (q, T)], dT __ nzF Q 
dt dt dt 

F o r  a s t e p w i s e  i s o t h e r m  the  s o l u t i o n  (24) fo r  v = 0 is  

~-= 2 V ~ -  - k 7 1 ; F ,  for k ~I :,_~0,815, q( t j )=k  
] 3-~ erf (~ I fi) 

and c o r r e s p o n d s  to the  s o l u t i o n  of the  f i r s t  equa t ion  of (31). 
t ion  (31) i s  g i v e n  by 

(t) = V ~'~ ~,iQ exp ( - -  mr) | '~2 erf ( - -  i | rmt),  0 ~ t ~(2 tx, 

[ T (q)exp [- -  m (t - - q ) ] ,  q .~ t < oo. 

F o r  mt  "s 1 the  n u m e r i c a l  v a l u e s  of (33) can be  found f r o m  the e x p r e s s i o n  

l" m ~ (2n - I)'. 
n ~ 0  

i f  the  func t ion  erf (x)  i s  expanded  into  a s e r i e s ,  and fo r  mt  >> I f r o m  the  e x p r e s s i o n  

 ,kQ (2.-1)!! 
2n~l/-K ~ 2 " ( m t )  '~ 

n ~ 0  

(31) 

(32) 

By using (32) the solution of the second equa- 

(33) 
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For m = d2b 2 = 12.5 the solution (33) is indicated in Fig. 1 by small crosses. The solutions (24), (25), 
(32) are obtained for v = 0 when the granules are represented by disks, In the majority of cases, however, 
the granules are of spherical or nearly spherical shape (~ ~ 2). Therefore to be able to compare them the 
solution of the system (31) for ~ = 2, m = 12, kQ = 0.23, q = (pe/l + pc) (the Langmuir function), p = P0 
exp [--QoT(1 + T)-I], Q0 = 4, is indicated in Fig. I by triangles. 

The filling-up function co(~) for the system (31) was obtained by numerical integration of the quasi- 
linear equation (8) on an electronic computer. The Langmuir function for P0 = 10 (P0 >> 1) is nearly step- 
like. To compare the exact and approximate functions T(t) (Fig. 1) one notes that the anisothermal kine- 
tics of sorption for porous granules of any form (0 < ~ ~ 2) can be described by the approximation model 
system of equations (31). 
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Tprop  
Tprop  
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= T~(I + T); 
T~(I + T); 

N O T A  T I O N  

is the concentra t ion of absorbed  substance;  
is the so rb i t e  concentra t ion inside a porous  substance;  
is the re la t ive  thermodif fus ion  coefficient;  
is the re la t ive  t e m p e r a t u r e  conduction coefficient  of gas (fluid) inside a porous  
granule; 
is the relative heat-exchange coefficient between gas (fluid) and solid phase; 
is the relative temperature conduction coefficient of solid phase of a porous granule; 
is the relative coefficient of sorption thermal effect; 
is the relative gas (fluid) temperature inside a porous granule; 

is the relative solid-state temperature of a porous granule; 

a r e  the initial  t e m p e r a t u r e ;  
is the s y m m e t r y  p a r a m e t e r .  
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