
D E S O R P T I O N  P R O C E S S  IN M O L E C U L A R  F I L T E R S  

Sh .  l ~ n d r e n i  UDC 541.183.5 

The article describes the results  of a study of several  laws governing the desorption p rocesses  
in microporous mater ia ls ,  par t icular ly  in molecular  f i l ters .  The sorption charac te r i s t i cs  were 
obtained for  model mater ia ls  which can be used in the s t ruc ture  analysis of microi)orous ma-  
ter ials .  

The results  of the latest work on desorption of bound moisture in the so-cal led sorptive porous ma-  
ter ials  are of par t icular  interest  as far  as sorptive microporous  mater ia ls  with high sorption energy are  
concerned, such as various molecular  f i l ters .  
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Development of the state of a mater i -  
al in t - X  coordinates.  
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Fig. 1. 

The laws which have been derived are, in pr in-  
ciple, valid for any bound liquid or solvent. But the 
present  ar t icle  refers  only to water,  for which the de-  
sorption process  can be considered identical to the 
drying process .  In the microporous  mater ia ls  under 
consideration, desorption, and its definition, are not 
identical to the drying process ,  because desorption 
is in this case an independent phenomenon. 

Changes in the state d iagram of a mater ia l  are 
shown in Fig. 1 in t - X  coordinates for the desorption 
process .  Changes in the state d iagram of a gas (moist 
air) which is in equilibrium at a cer tain temperature  
on the surface of a mater ia l  (under the assumption that 
the corresponding amount of mater ia l  and flowing gas 
form an adiabatic system) are  shown in , ) -x  coordi -  
nates in Fig. 2. 

State of a gas (humid air) in ~)-x coordinates.  
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Change of s t a t e  of a Linde  5A m o l e c u l a r  
f i l t e r .  
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Change in the s t a t e  of coa l  dust .  

The s t a t e  of the m a t e r i a l  fo l lows  c u r v e s  which  s t a r t  a t  the poin t  t0X 0 and end n e a r  the tg i s o t h e r m  in 
the t - X  d i a g r a m  (Fig .  1). A t e m p e r a t u r e  b e t w e e n  the in i t i a l  s t a t e  and the f inal  s t a t e  of the m a t e r i a l  is in -  
vo lved  and can  be  c a l c u l a t e d  with the equa t ion  

w h e r e  

to --'t~ = (}o~ R (X~) § rt~ o : , (1) 
c,n ~- 0.46Xo -~- 0.54X~ cn" 

'tie 

X 0 - -  X e 
l i e  . ~ 

X o - -  X~ 

The in i t i a l  v a l u e s  to, x 0 of the d e s o r p t i o n  p r o c e s s ,  which c o r r e s p o n d  to the  point  0, x0, a r e  p lo t ted  to 
the a b s c i s s a  of the d - x  c o o r d i n a t e  s y s t e m  (Fig .  2); f o r  the  s ake  of s i m p l i c i t y ,  the p o s i t i v e  d i r e c t i o n  was  
a s s u m e d  fo r  the d c o o r d i n a t e .  The  point  0, x 0 is a lways  the i n t e r s e c t i o n  of the i s o t h e r m  of v a p o r  p r e s s u r e  
at the t e m p e r a t u r e  t o and the p h a s e - b o u n d a r y  c u r v e .  Th i s  poin t  is t h e r e f o r e  a l so  a poin t  of the i s o s t e r e  
X 0. The  c u r v e  d e p i c t i n g  the change  in the s t a t e  s of the m a t e r i a l  runs  f r o m  the in i t i a l  m o i s t u r e  c o n c e n t r a -  
t ion to the f ina l  m o i s t u r e  c o n c e n t r a t i o n  X e. The  v e r t i c a l  s e c t i o n  ex tend ing  f r o m  this  po in t  to the a b s c i s s a  
axis  r e n d e r s  doe and de, r e s p e c t i v e l y  (at i n t e r m e d i a t e  po in t s ) .  The  ad i aba t i c  c u r v e  a, which  s t a r t s  at  the 
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TABLE 1 

Material So 
J ] 

I I 
Coal dust . . . . . . . . . .  33,282 [ 5,662 I 0,22 0,051318 

Molecular filter . . . . .  22,49 ] 21,659 I 0,08 0,002795 

0,995 

0,0248 

0,82  

0,0257 

0,824 

I, 039 

same point (the adiabatic curve is not a s traight  line in the par t icular  coordinate system),  intersects  the 
phase-boundary curve at a point which [s not identical with the point to, x 0 but which is situated to the right 
of the latter point. The adiabatic curve corresponds  to one of the possible changes in the state of the air .  
This change can occur  in the moist phase of the absorbing mater ia l  and s tar ts  at the above-mentioned point. 
It follows f rom the figure that the motive forces ,  which resul t  f rom desorption of state s due to concentra-  
tion differences,  are smal le r  than the motive forces  resulting f rom the change in state a. 

Adiabatic line a, which s tar ts  at point x0, to, divides the vert ical  section of the s traight  line doe (and 
also ver t ical  section d e which begins f rom any point of the curve indicating the change in the state) into two 
portions.  The section above the adiabatic line results  f rom the sorption. 

The curve represent ing the change of the state s between the two final points is given by the equation 

R (Xe) - -  R (X) + r,oAX 
~e  = (2)  

cm + 0 46X o + 0.54X C~o 

Figure 3 displays curves which represent  changes in the state of a Linde 5A molecular  filter; Fig. 4 
displays s imi lar  curves for comparison.  The change in the state of the mater ia l  in l n q ~ - l / T  coordinates 
is in both figures denoted by the letter a, whereas the letter b is used to denote the change in the state of 
humid air which is in equilibrium with the surface of the material  ( d - x  coordinates).  

Substantial variat ions of the numerical  values observed in the sorption process  are shown by these 
figures.  

The figures show at the same time that the phase changes are nonadiabatic. This may be a conse-  
quence of the fact that desorption requires  a higher temperature  (at almost  the same X0-X e and, c o r r e -  
spondingly, x 0 -  x e values) than changes in state a f rom the initial state (or, in accordance with the p r e -  
ceding concept, desorption resul ts  in lower AX 0 and Ax 0 values, respectively,  at the same temperature) .  

The present  ar t icle  attempts to obtain a more  thorough compar ison by comparing several  new cha rac -  
ter is t ics .  The so-cal led absolute sorption, which is defined as 

1 R (Xo) + r t h X  o 
SA ~ rtoAXo , (3) 

in the f ina l  s t a t e  of the p r o c e s s ,  is  one of these  c h a r a c t e r i s t i c s .  We obta in  

1 rtoAXo 
~o~ - 3% Co 

and 
(4) 

r tohXo r t~ 
SA~ = ~ = ,leCogoe 

There exists a str iking analogy between this formula  and the formula  for the Lewis coefficient of moist air.  
Equation (4) can therefore be considered the equivalent Lewis law for adsorbing porous mater ia ls .  

The so-cal led relative sorption is determined (in the final state) in the following way: 

~'Oad 
SR' = ~o~ (5) 

{the notation agrees with Fig. 2). 
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Since 

% hXo, (6) OOad Cno 

we obta in  wi th  Eqs .  (6) and (4): 

�9 i6AX o 
tde Co ~leSAo = - -  (7) 

SRo ~ rto Cno Cno~Oe 

which iS a n o t h e r  way  of e x p r e s s i n g  the a b o v e - m e n t i o n e d  ana logy .  

F i n a l l y ,  we obta in  

, SR~ i~ Co 
So= ~ - =  rt0 coo ~e. (8) 

Tab le  1 l i s t s  v a l u e s  of t he se  c h a r a c t e r i s t i c s  fo r  mode l  m a t e r i a l s .  

The  r e d u c e d  SA0 and SR0 v a l u e s  in the c a s e  of m o l e c u l a r  f i l t e r s  a r e  of p a r t i c u l a r  i n t e r e s t .  T h e s e  
v a l u e s  i nd i ca t e  that  the s o r p t i o n  e n e r g y  is high and that  the quan t i ty  S~ is s t a b l e .  

The  a b o v e - m e n t i o n e d  c h a r a c t e r i s t i c s  m a y  be  usefu l  in c a l c u l a t i o n s  of the  s t r u c t u r e  of m a t e r i a l s  which  
a r e  c h a r a c t e r i z e d  by  the given p r o p e r t i e s .  

r t  
ido and tde 

x 

xo 

Xe 

X 

X0 

Xe 

R (X) 

Cp, % ,  and c m 

C o = e m + 0.46 X o + 0.54 X e - Cn0/~? e. 

N O T A T I O N  

is the r e l a t i v e  r a t e  of the m a s s  flow of a m e d i u m  (i. e . ,  of a so l id  
body  in r e l a t i o n  to a gas) ;  

is  the r e l a t i v e  h u m i d i t y  of a i r ;  
is  the hea t  of e v a p o r a t i o n  of a l iquid  at t e m p e r a t u r e  t; 
a r e  the e n t r o p y  of o v e r h e a t e d  v a p o r  at  the t e m p e r a t u r e s  t o and 

te,  r e s p e c t i v e l y ;  
~s the a b s o l u t e  w a t e r - v a p o r  c o n c e n t r a t i o n  in a v a p o r - a i r  m i x -  

ture ;  
ts the a b s o l u t e  m o i s t u r e  c o n c e n t r a t i o n  in the  v a p o r - a i r  m i x t u r e  

at  the t e m p e r a t u r e  to; 
ts the  a b s o l u t e  c o n c e n t r a t i o n  of m o i s t u r e  in the v a p o r - a i r  m i x -  

t u r e  in the f inal  e q u i l i b r i u m  s t a t e  of a i r ;  
ts the a b s o l u t e  c o n c e n t r a t i o n  of m o i s t u r e  in the  so l id  ( e x p r e s s e d  

r e l a t i v e  to the d r y  we igh t  of the  so l id) ;  
ts the abso lu t e  m o i s t u r e  c o n c e n t r a t i o n  in a s o l i d  at  the beg inn ing  

of a n o n s t a t i o n a r y  p r o c e s s ;  
ts the r e q u i r e d  m o i s t u r e  c o n c e n t r a t i o n  in the f ina l  e q u i l i b r i u m  

s t a t e  of the so l id ;  
ts the i n t e g r a l  s o r p t i o n  e n e r g y  p e r  unit  d r y  weight  of the so l id ;  
a r e  the s p e c i f i c  hea t s  of d r y  a i r ,  m o i s t  a i r ,  and d r y  so l id  m a -  

t e r i a l ,  r e s p e c t i v e l y ;  

S u b s c r i p t s  

0 deno te s  the  in i t i a l  s t a t e  o r  the beg inn ing  of a p r o c e s s ;  
e deno tes  the f ina l  s t a t e  o r  the e q u i l i b r i u m  of the s y s t e m ;  
t deno tes  a c e r t a i n  t e m p e r a t u r e  t; 
g deno tes  s o m e  s t a t e  ( e . g . ,  at  a c e r t a i n  t e m p e r a t u r e ) .  
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