
A B S O R P T I V E  C A P A C I T Y  OF P O W D E R S  

A .  K h .  M t r z a d z h a n z a d e  a n d  V .  Nf. E n t o v  UDC 533.15 

The change in p r e s s u r e  during gas  desorpt ton  f rom the c layey m a t e r i a l  of the skeleton of a 
porous  med ium is examined .  I t  is shown that absorp t ive  capaci ty  of the powder can be de -  
t e rmined  f rom p r e s s u r e  mea  s u r e m e n t s .  

Apprec iab le  adsorpt ion  occurs  (especial ly  of heavy components)  when a gas at  high p r e s s u r e  comes  
in contact  with the sur face  of the s andy-a rg i l l aceous  skeleton of a porous  med ium.  For  s ing le -component  
gases ,  the degree  of coverage  0 is given by the Langmuir  equation [1-3] 

1 O---- 
1 + p*/p (1) 

where  p* is the c h a r a c t e r i s t i c  p r e s s u r e .  According to the kinetic theory  of adsorpt ion [2], equi l ibr ium is 
es tabl i shed a lm os t  ins tantaneously  at  all points of the sur face ,  in accordance  with (1). A d s o r p t i o n - d e s o r p -  
lion p r o c e s s e s  which occur  during changes in externa l  conditions such a s gas  p r e s s u r e  take place r a th e r  
s lowly.  This  is because  local p r e s s u r e s  resu l t ing  f rom t rans ien t  p r o c e s s e s  va ry  f rom point to point in the 
med ium,  and the t ime requ i red  for  s tabi l izat ion is de termined by the veloci ty  of the cu r ren t s  which equalize 
the p r e s s u r e s .  The m o s t  typical  case  of this kind is a l a rge -g r a ined  adso rben t  with a s y s t e m  of m t c r o p o r e s  
which a re  much s m a l l e r  than the g r a i n s .  Many synthetic adsorben t s  have this s t ruc tu re ,  which is like that 
of the s andy-a rg i l l aceous  skeleton of a na tura l  porous  med ium.  The c layey pa r t i c l e s  (grains) of the la t ter  
cons is t  of a ve ry  la rge  number  of p la te le t s ,  with ve ry  high adsorp t ive  capac i ty .  Because  of the smal l  s ize 
of the in t r ag ranu la r  channels (dimensions a r e  of molecu la r  s ize) ,  the gra ins  may  be considered impene -  
t r ab le  to f i l t ra t ion  flow, but their  adsorp t ive  capaci ty  and its re la ted  volume flow mus t  be cons idered .  

I t  is not difficult to see the s imi l a r i t y  between a medium with this s t ruc tu re  * and the "dual" porous  
medium proposed  by Barenbla t t  and Zhel tov [4-6] in descr ib ing  f i l t ra t ion in a f i s sured  porous  med iu m.  
Using this analogy,  it is easy  to wri te  the flow equations for  a gas in a h indered-f low sorbent .  

We introduce two gas  p r e s s u r e s ,  p in the m a c r o p o r e s  between gra ins  and p~ in the gra in  m i e r o p o r e s ;  
two quanti t ies  of desorbed gas  per  unit volume,  a and a~; and the bulk gas flow q per  unit volume,  f r o m  
the gra ins  into the m a c r o p o r e s  between g r a in s .  The equations a r e  

__OM + d i v p w = q ;  OM1 :' q=O; 
Ot Ot 

k 
w : - -  - -g r adp ;  P--  P(P); (2) 

M = M ( p ) - ~ m p  Pat +a(p) ;  
Pat 

M l = m l p x  Pat + a l .  
Pat 

The gas flow q is de te rmined  by the p r e s s u r e  di f ference Pl - -P  and may  be descr ibed  e i ther  as  a m i c r o f t l -  
t ra t ion  flow 

*St ruc tures  of this kind have long been studied in adsorpt ion theory  [1]. The dynamics  of adsorpt ion in a 
m o r e  complex " t h r e e - s t a g e "  medium are  examined in [7]. 
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Fig.  1. P r e s s u r e  r i s e .  Medium: 
50% sand, 50% clay, 2% (wt.) r e s t -  
dual water .  Initial p ressu re  de-  
c rease  112.63-82.25 a tm.  

cd~xs Px ~ P PPat q___~ �9 
da P at (3) 

or diffusion flow, which is more  accura te  because of the u l t r a m i '  
c roseopic  s t ructure  of the clayey mate r i a l .  This resu l t s  in an ex-  
press ion  s imilar  to (3), 

q ~  .D~ . Pa t  (p~_p). (4) 
d~ Pat 

where the diffusion coefficient will be assumed to be of the same 
order  as  that for the diffusion of a gas tnaso l id (D l - 10 -7 era2/ 
se c). 

In the u s u a l p r o c e d u r e  for determining the adsorptive capa-  
city of the mic ropores  of an adsorbent,  the p res su re  dec reases  
f rom its initial value p0 to some value Pl, and the amount of gas 
desorbed is then measured  as a function of t ime.  However,  the 

amount of gas adsorbed may be determined more  simply in the case of a dua l - s t ruc ture  medium, in which 
the bulk of the free gas is in the macropores ,  while mos t  of the adsorbed gas is in the mie ropores  of the 
clayey gra ins .  We f i rs t  re lease  a cer tain portion of the gas f rom the mac ropore s ,  which resu l t s  in 
p r e s su re  dec rease .  Immediately  af ter  decrease ing  the p ressure ,  the re lease  of gas is halted, and the 
change in p res su re  in the sample (or at several  points in the sample) is observed over a long period of 
el-me. It  can be easi ly seen that the p res su re  will f i r s t  equalize over the length of the sample (in t ime 
lZ /~ ,  i . e . ,  of the order  of a fraction of a second to one second). A uniform p res su re  Pt < P0 will then exist  
in all the macropores ,  while the fo rmer  (higher) p re s su re  P0 pers i s t s  in the mic ropores ,  if the gas has 
been re leased rapidly .  The subsequent s!ow t ransfer  of gas f rom the par t ic les  into the mac ropo re s  will 
cause the p res su re  to r i se  gradually f rom Pl to P2 > Pl- The amount of gas  desorbed can be determined in 
principle f rom P0, Pl, and P2, and q can be determined f rom the ra te  of p re s su re  inc rease .  A se r i e s  of 
experiments  has recent ly  been performed by Z,  A. Nurmamedova at the M. Azizbekov Azerbaidzhan In-  
stitute of Pet ro leum and Chemistry;  the resu l t s  confirm the above qualitative pic ture .  

A typical experiment was the following: Natural gas (94.5% CH4, 3.06ffo C~H 6, 1.26% C3H8, and 1.68% 
C a and above) was introduced into a h igh-pressure  bomb, which was connected to a column filled with a 
porous medium consisting of a 50-50 c l a y - - s a n d  mixture .  After the column was filled and the p re s su re  
stabilized, a portion of the ga s was re leased .  The column outlet was then closed and the p ressu re  moni -  
tored with gauges located at inlet and outlet. After a br ief  period of p re s su re  equalization (minutes), d u r -  
ing which the p ressure  decreased at the inlet and increased at the outlet, a slow p res su re  r i se  occurred,  
over a period of several  hours .  This varied f rom a fract ion of an a tmosphere  to 1 .5-2  kg /cm 2, and was 
grea ter  for more  rapid initial gas re lease  (Fig. 1). 

The amount of gas desorbed f rom the mic ropores  can be determined f rom the data.  Assuming that 
the secondary p ressu re  r i se  ~p is small  compared with the bomb p ressu re ,  and neglecting ef fec ts ' re la ted  
to change in temperature  on re lease  of the gas,  we have 

AM 1 ~  ~Ppat m; AMI 6p pat 
~ . . . . .  �9 - - i T / .  

Pat Apl Ap P at (5~ 

For  the experimental  conditions of Fig.  1, 6p=0 .51  kg / cm 2, z3p =30.4 kg / cm z, and m =0.2 ,  so that 

r = ,.kM1/hpl ~ 0.26.10 -5 g / c m  3 . atm. (6) 

Assuming that r is independent of n res su re ,  we obtain for the total amount of gas adsorbed at 100 
k g / c m  2 

AM 1 ~ 100.0.26.10 -5 = 0,26.10 -3 g / c m  3, 

corresponding to 

N x = AMI/m o = 0~26.10-8/16.1.6.10 -2~ ~ l0 a~ (7) 

gas molecules (methane) per cm 3 of medium. Since one adsorbed molecule occupies 10/~2 =10-15 cm 2 of  
surface,  the area covered by adsorbed gas is 104 cm2/cm 3 at 100 k g / c m  2. This value is considerably 
higher than the specific surface area of a coarse-gra ined  porous medium, although substantially less  than 
that of clayey mate r ia l .  This confirms the assumption of significant adsorption within the clayey gra ins .  
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I t  a l so  conf i rms  the fact  that the degree  of m i c r o p o r e  surface  coverage  is smal l  and the l inear  port ion of 
the Langmui r  i so the rm may  be used .  Final ly,  we have for  the equi l ibr ium t ime  constant  

T N  hMi FPat d~ 6p md ~ 
q ~ ~D1 Ap ~DI (s) 

F r o m  this re la t ionship ,  knowing T, d2/D1 can be evaluated .  Assuming  that T ~10 3 see ,  we obtain d2/D1 
3 �9 l0 s sec ,  which for  D 1 ~10 -7 em2/ sec  gives  d ~ 0 . 1  cm.  This a g r e e s  with the poss ib le  size range  of the 
c layey gra ins  of the skele ton.  

We note that ve ry  smal l  values  of pe rmeab i l i t y  k I a re  obtained in the f i l t ra t ion  p ic ture  of gas  t r a n s -  
fe r  [Eq. (3)]. 

N O T A T I O N  

a,  amount  of gas  adsorbed  in m a c r o p o r e s  (per cm 3 of medium);  e l ,  amount  of gas  adsorbed  in m i c r o -  
po re s  (per cm 3 of medium);  D~, diffusion coeff icient  of gas  in c layey  gra ins ;  d, s ize  of c layey gra ins  of 
skeleton: k, pe rmeab i l i t y  of c layey gra ins ;  l, sample  length; M, total  amount  of gas in m a c r o p o r e s  {per 
cm a of medium);  m,  sample  poros i ty  (macropores ) ;  m 1, sample  poros i ty  (micropores) ;  p, m a c r o p o r e  
gas  p r e s s u r e ;  Pat '  a t m o s p h e r i c  p r e s s u r e ;  Pl, m i c r o p o r e  gas p r e s s u r e ;  q, gas flow ra te  f r o m  c layey  gra ins  
to m a c r o p o r e s ;  T, equi l ibr ium t ime  constant;  ~, gas v iscosi ty ;  0, gas density; Pat, gas dens i ty  at  a t -  
m o s p h e r i c  p r e s s u r e ;  z ,  piezoconductivi ty;  0, degree  of sur face  coverage  by adsorbed  l a y e r .  
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