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The a r t i c l e  fo rmula tes  and solves  the p rob l em of asymptot ic  rapid  m a s s  t r a n s f e r  in m i c r o -  
he te rogeneous  d i spe r sed  s y s t em s .  

It is accepted  p rac t i ce  to c h a r a c t e r i z e  s t eady - s t a t e  t r a n s f e r  of a d issolved act ive component  (AC) 
through a mot ionless  l aye r  of a liquid or  solid d i spe r s ion  by the diffusion coeff icient  D. .  This is fo rmal ly  de-  
t e rmined  as the m a t e r i a l  coeff ic ient  in F i ck ' s  f i r s t  law J = --D,VCD, where  CD is the local  concentra t ion of 
the AC in the d i s p e r s e d  sys t em.  However,  expe r imen t s  with some d i spe r sed  s y s t e m s  type molecu la r  s ieve  
[1, 2] or  ha rd  p o l y m e r s  [3] show that F i ck ' s  second law V" (D,VCD) = Dtc D does not always provide  an 
adequate descr ip t ion  of the n o n - s t e a d y - s t a t e  sorp t ion  p r o c e s s e s  in d i spe r sed  s y s t e m s .  An analogous conclu- 
sion was reached  in the study of n o n - s t e a d y - s t a t e  heat  exchange in d i spe r sed  s y s t e m s  [4]. The deviat ions a r e  
of re laxa t iona l  nature .  We will hencefor th  c h a r a c t e r i z e  such p r o c e s s e s  by the m a t e r i a l  p a r a m e t e r s  of the d i s -  
p e r s e d  s y s t e m ,  viz.,  the re laxat ion  t ime  kS. 

Deviat ions f r o m  the predic t ions  of the c l a s s i ca l  theory  and f rom the actual  occu r r ence  of sorp t ion  p ro -  
c e s s e s  may  be expected in d i spe r sed  s y s t e m s  for  which the diffusion coeff icient  of the d i spe r sed  phase  is 
lower  than the diffusion coeff icient  of the continuous phase,  but the sorp t iv i ty  is concent ra ted  in the d i spe r sed  
phase .  The deviat ions a re  pa r t i cu l a r l y  g r e a t  upon sudden or  ve ry  rapid  ( compared  with kS) changes in the 
concent ra t ions  of the diffusing component  in the d i spe r sed  sys tem.  Relaxation phenomena,  noted in mo lecu l a r  
s ieves  and o ther  solid subs tances  with po lyd i spe r sed  in ternal  s t ruc tu re  [1], may  mani fes t  t hemse lves  in 
liquid d i s p e r s e d  s y s t e m s  with analogous p r o p e r t i e s  during rapidly  occurr ing  p r o c e s s e s  of m a s s  t r ans fe r ,  
e.g.,  in e l ec t rochemica l  m e a s u r e m e n t s  of the diffusion coeff icients  [5] or  in thei r  de te rmina t ion  by methods 
of a f r ee  jet,  wetted wall  [6 ], or  in indust r ia l  p r o c e s s e s  of contacting gases  with suspensions .  

The p r e s e n t  work  p r e s en t s  the asymptot ic  descr ip t ion  of ve ry  rapid  concentra t ion p r o c e s s e s  in d i s -  
p e r s e d  s y s t e m s ,  i .e. ,  i t  examines  a specia l ,  a sympto t ic  case  of m o r e  genera l  theor ies  [1, 2]. It was found 
that  such asympto t ic  models  can be fo rmula ted  independently of the in ternal  geome t r i c  s t ruc tu re  of the m e -  
dium which in the models  is r e p r e s e n t e d  only by the specif ic  volume of the d i spe r sed  phase  q~ and its  specif ic  
su r face  @. In view of the va r i e ty  of phys ica l  s i tuat ions,  the t r anspo r t  model for  d i f ferent  types of d i spe r sed  
s y s t e m s  is p resen ted  in a m o r e  gene ra l  f o r m  on the bas i s  of the concepts  of mie rohe te rogeneous  d i spe r sed  
sy s t ems .  

Microhe te rogeneous  D i s p e r s e d S y s t e m s .  They have an in ternal  s t ruc tu re  whose mic roscop ic  sca le  is 
fa i r ly  l a rge  comp a red  with the molecu la r  <limensions.  Yet it is s t i l l  smal l  compa red  with the typical  m a c r o -  
scopic d imens ions  of t es t  spec imens  [7]. S epa ra t e  m ic ro scop i ca l l y  dis t inguishable deta i ls  of d i spe r sed  sys -  
t e m s  may  be viewed as homogeneous vo lumet r ic  phases  of a he terogeneous  polyphase sys tem.  It is  expedient 
to study the m a c r o s c o p i c  behav ior  of d i spe r sed  s y s t e m s  as one entity by methods of the physics  of the contin- 
uum. A s i m i l a r  dua l i sm of the phys ics  of the mic rohe te rogeneous  continuum mani fes t s  i t se l f  pa r t i cu l a r ly  
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dis t inc t ly  in the fact  that an inf in i tes imal  m a t e r i a l  e l ement  or  m a t e r i a l  point of the d i spe r sed  s y s t e m  contains 
a suff ic ient  n u m b e r  of e l emen t s  of the mic rohe te rogeneous  s t ruc tu re ,  e.g.,  pa r t i c l e s  of the d i spe r sed  phase,  
po re s ,  etc.  It  is consequent ly  expedient  to introduce s imul taneous ly  magni tudes  of the s a m e  type concerning 
the individual phases  (concentra t ion,  diffusion flows, etc. ) into the ma te r i a l  point. We confine ourse lves  to the 
case  of s table,  s t a t i s t i ca l ly  homogeneous  and i so t ropic  two-phase  d i spe r sed  s y s t e m s  with a s ingle continuous 
med ium in which p a r t i c l e s  of a homogeneous m a t e r i a l  a re  sca t te red .  We will  deal  with n o n - s t e a d y - s t a t e  dif-  
fusion of the chemica l  component  (AC) that  is p r e s e n t  in both phases  of the mic rohe te rogeneous  d i spe r sed  
sys t em.  The cour se  of n o n - s t e a d y - s t a t e  diffusion under  such conditions is dec i s ive ly  influenced by two funda- 
menta l  p r o c e s s e s :  

1) the in ternal  t r a n s f e r  of AC between the d i spe r sed  and the cont inuous phases  c h a r a c t e r i z e d  by ins tan-  
taneous local  vo lumet r i c  in tensi ty  of the t rans i t ion  into the d i s p e r s e d  phase  q within the m a t e r i a l  e l ement  of 
the d i s p e r s e d  sys t em;  

2) ex te rna l  t r a n s f e r  of  AC between adjacent  m a t e r i a l  e lements  of the d i s p e r s e d  s y s t e m  c h a r a c t e r i z e d  by 
the instantaneous local  d i f fus ive  flux J. 

The ove ra l l  content  of AC in the d i s p e r s e d  s y s t e m  is  c h a r a c t e r i z e d  by the s u m m a r y  concentra t ion CD, 
the full content  of AC in the continuous and in the d i s p e r s e d  p h a s e s :  

% = ~c s + ( I - - ~ )  c F , (1) 

where  cs ,  c F  a r e  the concent ra t ions  of AC in both phases .  Fo r  i sochor ie  s y s t e m s  the following local  r e l a -  
t ionships apply 

D : o  = - - V . J  + ~r  s + (1 - -  ~) r r, (2) 

q~Dtcs = q + r (3) 

where  r S, r F a r e  the vo lumet r i c  product ion in tens i t ies  due to the chemica l  reac t ion  in individual vo lumet r ic  
phases .  The o p e r a t o r  of the convect ive  de r iva t ive  Dt = (at + v .  V) was in t roduced for  a continuum moving at  
the local  speed  v, which i s  common  to the continuous and the d i s p e r s e d  phases .  

Mass  t r a n s f e r  in the d i s p e r s e d  phase  is fully de te rmined  by  the concentra t ion  p r o c e s s e s  in the vicini ty 
of the pa r t i c l e s .  The local  ins tantaneous values  of the magni tudes  J,  q, rF ,  r s  can the re fo re  be  de te rmined  
f r o m  the p r e h i s t o r y  of the concent ra t ion  f ield cF  and the veloci ty  field v in the e l e m e n t a r y  c i r c l e  c i r c u m -  
sc r ib ing  the m a t e r i a l  point .  In accordance  with such a notion it is expedient  to unify the re la t ionships  (1)-(3)  
in the ba lance  of AC for  the continuous phase.  Af ter  J,  q, r F  a re  e x p r e s s e d  by the co r respond ing  definit ions,  
the ba lance  r e f e r s  to the sole  field CF: 

- -  V "d ----- (I - -  ~) D,cp + q - -  (1 - -  cp) rp. (4) 

The influence of the " in te rna l"  chemica l  reac t ion  in the d i spe r sed  phase  is a l r eady  included in the express ion  
for  the in tensi ty  of the in terna l  t r a n s f e r  q. 

In the case  of a two-phase  d i s p e r s e d  s y s t e m  consis t ing of F ick  continua with constant  diffusion coef-  
f icients  D F, D S and with constant  equi l ibr ium dis t r ibut ion coeff icients  H, 

c s : H c  F (equilibrium), (5) 

cor responding  to the functional of the m e m o r y  [8 ] exp res s ing  the dependences of J,  q, r F on the p r e h i s t o r y  of 
the f ield CF; they a r e  fully de t e rmined  by the in ternal  geome t r i c  s t r u c t u r e  of the d i spe r sed  s y s t e m  and the 
m a t e r i a l  cons tants  D S, DF,  H. We a s s u m e  tha{ even in the case  of deviat ions  f r o m  the in ternal  concentra t ion 
equ i l ib r ium,  the ex te rna l  diffusive flux J can be e x p r e s s e d  by F i ck ' s  f i r s t  law with an effect ive  diffusion co-  
eff ic ient  that  does not depend on the h i s to ry  of the concent ra t ion  p r o c e s s e s .  It  is a lso  accepted  that in a con:  
tinuous med ium the r e s i s t a n c e  to in terna l  t r a n s f e r  of AC may  be neglected.  F o r  the case  of absence  of chem-  
ical  reac t ions  ( r  S = r F = 0), t r a n s p o r t  models  type (4) in connection with the dynamics  of sorp t ion  p r o c e s s e s  
in mo lecu l a r  s i eves ,  b i d i s p e r s e  ca ta lys t s  [1, 2 ], ha rd  p o l y m e r s  [3 ], etc. j  we re  fo rmula ted  and invest igated.  
The assumpt ion  was used  that  the d i s p e r s e d  phase  cons i s t s  of identical  pa r t i c l e s  with s imple  shape.  We will 
deal  with asympto t ic  p r o b l e m s  of n o n - s t e a d y - s t a t e  diffusion without a chemica l  r eac t ion  (r  S = r F  = 0) when it  
suff ices  to c h a r a c t e r i z e  the in terna l  g e o m e t r y  of the d i s p e r s e d  s y s t e m  by two p a r a m e t e r s :  specif ic  volume 
(vo lumet r ic  f rac t ion)  ~ and specif ic  su r face  $ of the d i s p e r s e d  phase.  

Intensi ty  of In terna l  T r a n s f e r  of AC. The t rans i t ion  of AC into pa r t i c l e s  of the d i spe r sed  phase  depends 
on the  diffusion r e s i s t a n c e  of the surrounding continuous med ium as well  as on the r e s i s t a n c e  inside the p a r t i -  
cle.  However ,  if a << 1, where  
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= HDs/DF, (6) 

then the r e s i s t a n c e  of the continuous med ium compared  with the in ternal  in te rphase  t r a n s f e r  of AC may  be 
neglected [9 ]. The concent ra t ion  of AC on the su r face  of the pa r t i c l e s  is then de te rmined  by the equi l ibr ium 
re la t ionship  (5),  and the change in the mean  concent ra t ion  of AC in the pa r t i c l e ,  in accordance  with the c l a s s i -  
cal  theory  of n o n - s t e a d y - s t a t e  diffusion [9], can be e x p r e s s e d  by the cor responding  Duhamel convolution inte-  
g ra l  in dependence on the concentra t ion  h i s to ry  in the surrounding continuous medium [2, 9 ]. F o r  the g e o m e -  
t r i ca l ly  s i m i l a r  pa r t i c l e s  in this in tegra l ,  the re laxa t ion  t ime X S appears :  

2 
~s = Rs/Ds (7) 

as the only c h a r a c t e r i s t i c  p a r a m e t e r .  It is expedient  to de t e rmine  the equivalent  pa r t i c l e  radius  RS as the 
ra t io  of the volume to the su r face  of the pa r t i c l e s ,  i .e. ,  

Rs = ~/ , .  (8) 

The convolution in tegra l s  for  pa r t i c l e s  with d i f ferent  shapes  have identical  a sympto tes  of ve ry  slow and ve ry  
fa s t  p r o c e s s e s  [10, 11]. Asymptot ic  approximat ions  of the convolution in tegra l s  for  v e r y  f a s t  and slow p r o c e s -  
ses  ( comparab le  with kS) can be obtained by a f o r m a l  method [11] or  on the bas i s  of physica l  intuition. 

When the changes in concentra t ion on the su r face  of the pa r t i c l e s  of the d i spe r sed  phase  a r e  suff icient ly 
slow, it  may  be expected  that  the equi l ibr ium inside the pa r t i c l e s  has t ime to s tabi l ize.  Converse ly ,  in ve ry  
fas t  p r o c e s s e s ,  even subs tant ia l  changes in concent ra t ion  on the su r face  of the pa r t i c l e s  will mani fes t  them-  
se lves  only in a ve ry  thin su r f ace  l aye r  of the par t ic le .  In this case ,  the pa r t i c l e s  of the d i spe r sed  phase  may  
be r e g a r d e d  as a semi - in f in i t e  space  bounded by a plane in te rphase  boundary with su r face  $ in the unit  vol-  
ume of d i spe r s ion  [11, 12]. 

F o r  the vo lumet r ic  intensi ty of in ternal  m a s s  t r a n s f e r  of AC between phases  in the approximat ion  of 
a sympto t i ca l ly  slow concent ra t ion  p r o c e s s e s ,  we may  postula te  the re la t ionship  

q = HDtc F (equilibrium asymptote) (9a) 

and for  a sympto t i ca l ly  f a s t  p r o c e s s e s  

where  the complex  

q = H ) ~  1/2 D~/2 c v (penetration asymptote) (9b) 

t 

D~/2c = n - ' / e D t  (.( ( t - -  s)-l /2 {c (s) - -c  (0)} ds) (16) 
0 

is the convect ive  modif icat ion of the semid i f fe ren t i a l  ope ra to r  [11, 12, 13]. 

Local  Diffusive Flux of AC. Fo r  the type of d i spe r sed  s y s t e m  under  examinat ion,  it can be shown by the 
methods of s t a t i s t i ca l  phys ics  [7 ] that FicMs f i r s t  law r e m a i n s  valid under  s t eady - s t a t e  conditions of the p r o -  
cess  or  if local  in terna l  equi l ibr ium is mainta ined between the continuous and the d i spe r sed  phases :  

J=- -D,VCF.  (11) 

The effect ive diffusion coeff icient  D.  depends on the detai led in ternal  g e o m e t r y  of the d i spe r sed  sys tem.  In 
case  a < 1, the upper  e s t ima te ,  according  to [7 ] ,  is given by the ra t io  

D, = D r  2 - -  2(p + ~( i  + 2~0) (12) 
2 +  ~ + ~ ( 1 - - q D )  

In the case  of a sympto t i ca l ly  fas t  p r o c e s s e s ,  with a << 1, the penet ra t ion  of AC into the pa r t i c les  of  the d is -  
p e r s e d  phase  may  be neglected.  F r o m  the point of view of the total  diffusive flux, the d i spe r sed  phase  behaves  
like i m p e r m e a b l e  ba l l a s t  ma te r i a l .  In accordance  with (12), this posi t ion is met  by the cor responding  a s y m p -  
tote for  o~ = 0, whereas  the mean equi l ibr ium concentra t ion for  the cor responding  s t eady - s t a t e  p roce s s  with 
c S = 0  is equal to ( 1 -  ~a) CF: 

d = - -  (1 - -  r Dovcr, (13) 

Do = DF(I - -  r + ~/2). (14) 

If the local  values  of c F change so litt le with t ime that  for  equalizing Asymptot ic  T r a n s p o r t  Models. 
the concentra t ion  field in the pa r t i c l e  the in ternal  diffusion suff ices,  

1D, In%I<<~,~ -~, t E ( O - - X s ;  0 ) ,  (15) 
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then we cons ide r  such a p r o c e s s  a sympto t i ca l ly  slow [11] .  F o r  such p r o c e s s e s ,  the subst i tut ion of the c o r r e -  
sponding de t e rmin ing  re la t ionsh ips  (9a),, (11) into (4) leads  to the quas iequi l ibr ium model  of diffusion: 

D ,  vZc~ = H , D t c p ,  (16) 

The p a r a m e t e r  

H ,  = 1 - - q ~ +  ~H (17) 

is ,  according  to (1),  (5), the p ropor t iona l i ty  f ac to r  between c F and CD In the s ta te  of in ternal  equi l ibr ium: 

c D = H , c  F (equilibrium). (18) 

If a t  the ins tant  t = 0 the ex te rna l  influence manages  to d i s tu rb  the in ternal  equi l ibr ium of the concen-  
t ra t ion  of the d i s p e r s e d  s y s t e m  (CF = e F ( 0 ) ,  cs  = HCF(0) ,  t < 0) and if the total  t ime of the p r o c e s s  0 (0 < 
t < 0) is v e r y  sma l l  c o m p a r e d  with kS: 

0 << )~s, (19) 

then we cons ide r  such p r o c e s s e s  a sympto t i ca l ly  shor t .  Per iod ic  p r o c e s s e s  whose t ime  in te rva l  0 is  v e r y  
shor t  compa red  with the re laxa t ion  t ime  kS a r e  cons ide red  asympto t i ca l ly  fas t  [11]. Fo r  asympto t ica l ly  fas t  
p r o c e s s e s ,  the subst i tut ion of the co r respond ing  asympto t ic  re la t ionships  (9b), (13) into (4) leads to a quas i -  
pene t ra t ion  model  of diffusion 

DoV~CF = DtCF + bL-~I/2D~/2 c F , (20) 

where  the p a r a m e t e r  

b = e~HI(1 - -  ~) (21) 

y ie lds  the ra t io  of the so rp t iv i t i e s  of the continuous and the d i s p e r s e d  phases .  

According to the assumpt ion ,  the appl icabi l i ty  of the quas ipene t ra t ion  model  is l imi ted  by  the v e r y  shor t  
contact  t ime  (or v e r y  f a s t  per iodic  p roces se s )  0 << k S. In the range  of changes of 0, we can dist inguish the 
following two asympto t ic  ca ses :  the s e l f - s i m i l a r  b r aked  r e g i m e  

0 (()~o (22a) 

and the s e l f - s i m i l a r  pene t ra t ion  r e g i m e  

~ , o ( ( O ( ( L s ,  b>) 1, (22b) 

where  

~,o = Ls/b2 = (1 - -  (p)~ (•H) -2 DY l �9 (23) 

In the s e l f - s i m i l a r  b r aked  r e g i m e  (22a ) ,  the sorp t iv i ty  of the d i s p e r s e d  phase  does not play any role .  
The model  (20) changes into the wel l -known f o r m  of wri t ing F i ck ' s  second law fo r  s y s t e m s  with a ba l l a s t  d i s -  

p e r s e d  phase:  DoVZCF = Dtc F. 

In the s e l f - s i m i l a r  pene t ra t ion  r e g i m e  (22b) ,  the sorp t iv i ty  of the d i s p e r s e d  phase  by  f a r  exceeds  the 
sorp t iv i ty  of the continuous phase .  The m o d e l  (20) a s s u m e s  the asympto t ic  f o r m  

(Xo 1/2 Do) V~Cp = D~ 12 CF. (24) 

Pene t ra t ion  Exper iment .  The p a r a m e t e r s  (D, ,  H, )  and (D 0, X0) may  be viewed as s t ruc tu ra l ly  d e t e r -  
mined m a t e r i a l  constants .  However ,  i t  would be m o r e  c o r r e c t  to view them as phenomenological  coeff icients  
of the asympto t ic  t r a n s p o r t  models  (11), (17) or  (13), (20), which have to be de te rmined  by  exper imen t s  under  
the co r respond ing  kinet ic  conditions.  

Let  us examine  a pene t ra t ion  e x p e r i m e n t  of unidimensional  n o n - s t e a d y - s t a t e  sorp t ion  of AC into a 
mot ion less  semi - in f in i t e  space  [9] boundedby the plane su r face  x = 0. Before  the exper imen t  begins  (t -< 0), 
the d i s p e r s e d  s y s t e m  is  fn the s ta te  of in terna l  concent ra t ion  equi l ibr ium that  is cha rac t e r i zed ,  e.g.,  by ze ro  
concent ra t ion  of AC in both phases  of the d i s p e r s e d  sys t em.  In consequence of ex te rna l  action, i .e. ,  contact-  
ing of the d i s p e r s e d  s y s t e m  at  the ins tant  t = 0 with the homogeneous phase  containing AC, i t s  concentra t ion 
on the su r face  in the continuous phase  changes jumplike f r o m  ze ro  to c F = e 1. The l aye r  of d i spers ion ,  0 <- 
x -< h, is so diluted that  for  the contac t  t ime  0 taken into considera t ion,  the pene t ra t ion  of AC does not mani -  
f e s t  i t se l f  by  apprec iab le  changes in concentra t ion  at  points f a r  f r o m  the sur face ,  i .e. ,  
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h*H, /D,  =-OD)) O. (25) 

The total amount of AC passing during the time of contact  into the d i spersed  sys t em through unit surface  is 

0 

M (0) = ~ IJl.=01 dr. (26)  
0 

The boundary conditions for the concentrat ion field c F = e(t ,  x) can be writ ten in the form 

CF=O (X~0,  t~0) ,  (27a) 

cp-+O (x-+c~, t>O), (27b) 

C F = C t (X = ' 0 ,  t > O ) .  (27e) 

With the conditions as specified, the quasi l inear  model changes into the l inear integrodifferential  equa- 
tion 

~- I /20 l /2c  DO~c = Otc + ~o t , (28) 

which, with the boundary conditions (27a, b, c ) ,  can be solved, e.g., by ord inary  methods of integral  t r ans fo r -  
mations [13, 14]. The Laplace t r ans fo rm of the function M = M0(0 ) has the fo rm 

- -  ~ ~ 1-11/2 - - I / 2  I'1 Mo(p)=--- exp (--p0) Mo(0) dO = (I --q~) ~i~-o ~ t, -~ (koP) -1/2 ]1/2 (29) 
d 
0 

The inverse  t ransformat ion  leads to a se r ies  that converges for every  finite 0: 

,-,,/2 (30) M = Mo (0) = (1--q~) citJo (40/~) l/z A(0/~o); 0((~s ,  

where 

1 ~1/: ~ (1/2 ] T~/2IF ( 3  +_~_t ,~ I +O.4431TI/2 . (31) _ _  - -  o o ,  
A (T) = 2 k . ~ . t  \ / \ ~, L, ] 

h ~ l  

0 ~ko 

and F(x) is Eu le r ' s  second integral. 

By the method of asymptot ic  expansion, the inverse  t ransformat ion  of express ion (29) can be determined 
in the region 0/k 0 ~ co in the fo rm (30), where 

- 

k ~ O  

The shape of the function A (T) in the range of medium values of 0 is shown in Fig. 1. 

The quasiequi l ibr ium model (16) ,  which with the given conditions changes into the parabolic equation 

C)xx c = c)tc, (D . /H . )  2 (33) 

leads to the rat io for accumulation of AC 

M : M ,  (0) = c i ( H , D , )  U2 (40/~)1/2; ~s (<O(< OD. (34) 

The solutions found for  (30) and (34) reveal  possible e r r o r s  in evaluating the effectiveness of the diffu- 
sion coefficient with d i spersed  sys t ems  in case  the experimental  data, obtained for  ve ry  br ief  contact, a re  
p rocessed  in accordance  with the c lass ica l  theory f rom relationship (34). We will examine the case ~ << 1, 

<< 1, when the relat ionships D o ~ D* ~ D F remain  valid, and we will assume that the dependence M(0) was 
measured  in the range of contact  time 0 _< X 0. If we er roneous ly  use relationship (34) instead of (30),  we ob- 
tain, in evaluating the diffusion coefficient Do, the er roneous  value 

M 2 (0) n 1 + 0.4 (0/~o) 1/2 (35) 
(D~176 -- ci~H, 40 ~ H,  (Do)acct, 

which in the case  of H,  >> 1 may be as much as one o rder  of magnitude smal le r  than the accura te  value D O 
DF. Such relaxation effects are  encountered in measurements  of the diffusion coefficient in d ispersed  sys -  
tems by e lec t rochemica l  [5] and sorpt ion [6] methods in the range of contact t imes comparable  with k S. Ac-  
cording to data of [1, 14], the range of A S is very  broad:  kS6(10 -2 sec; 105 see), and it consequently encom- 
passes  sorpt ion p roces se s  in suspensions running down a wetted wall or  in free jets [6] .  

For  the experimental  determinat ion of the pa r ame te r s  Do, k0, the se l f - s imi la r  regimes  for fast  concen- 

299 



A 

1 "J / 
/ 

/ 
/ 

~ ! 

/ 'V 'S  

T~ 

Fig. 1. Shape of the function A (T): 1) exact  
dependence; 2) asymptote  for  T--* 0 accord -  
ing to (31); 3) asymptote  for  T--* oo accord -  
ing to (32). 

t ra t ion  p r o c e s s e s  0 << kS a re  suitable.  Fo r  the s e l f - s i m i l a r  braking of the reg ime,  the following asymptotic  
re la t ionship is valid in accordance  with (30) and (31): 

M ~ ci (1 - -  ~) l)1o 12 2~ -'12 0112; 0~ ~o, (36a) 

whereas  according to (30), the s e l f - s i m i l a r  penet ra t ion  reg ime  is  desc r ibed  by the asymptot ic  re la t ionship 

M ~ ci (1 - -  ~) Dlo/2 ~.~1/4 03/4/F(7/4); ~,o(~ 0(( Xs. (36b) 

In the coordinates  log M - l o g  0 these reg imes  can be eas i ly  found, and the evaluations of the corresponding 
p a r a m e t e r s  obtained according to (36a, b). F r o m  published data on absorpt ion curves  [1] for  molecu la r  
s ieves ,  the s e l f - s i m i l a r  penet ra t ion  reg ime  can be identified as the region of the convex initial  course  of the 
dependence in the coordinates  M -  0 t/~. 

Technical ly  in teres t ing  could be the application of the re la t ionship (36b) for  descr ibing s teady-s ta te  
sorpt ion of gases  in a turbulent ly moving suspension according to Higby*s penetra t ion theory  [ 15 ]. If the mean 
dwelling t ime of an e lement  of the suspension at the sur face  $ cor responds  to the inequali t ies 40 << ,~ <<XS, 
then the non-s t eady-s t a t e  diffusion into the e lement  can be descr ibed  by (36b) .  The mean intensi ty of the flow 
of the AC through unit sur face  of the suspension J, flowing turbulently,  can be expres sed  in accordance with 
(36b) by the re la t ionship  

J ~- M (0)10 ~ ct (1 - -  (p) Dlo/2 ~o '/4 0 -1/4. (37) 

The empi r ica l  p a r a m e t e r  $ depends on the hydrodynamics  of the s t r e a m  of suspension.  

N O T A T I O N  

AC, diffusing component;  b, ra t io  of the sorpt iv i t ies  of the d i spe r sed  and continuous phases;  c, concen~ 
t ra t ion  of the diffusing component  of the AC; D, diffusion coefficient  of the AC; H, equi l ibr ium distr ibution 
fac to r  of the AC between the d i spersed  and continuous phases;  J, diffusive flux of AC in the d i spersed  sys tem;  
M, accumulat ion of the AC in the d i spersed  sys tem pe r  unit contact  surface;  q, volumetr ic  intensi ty of internal  
exchange of AC; r ,  vo lumet r ic  r a t e s  of the react ion;  t, t ime; x, distance f rom the contact  surface;  F ,  Eu le r ' s  
second integral ;  0, t ime of contact;  4, diffusion t ime of the re laxat ion of the d i spersed  sys tem;  q~, specif ic  
volume of the d i spe r sed  phase during d ispers ion  (volumetr ic  fract ion); '~,  outer  specific surface  of the d is-  
pe r s ed  phase.  Subscripts:  D, d i spersed  sys tem as a continuum; *, slow, quasiequi l ibr ium p rocesses ,  0 >> 
kS; o, fas t ,  quas ipene t r a t i onp roces ses ,  0 << >,S; F, continuous phase as a continuum; S, d i spersed  phase as a 
continuum. 
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GAS FLOW IN A CAPILLARY WITH AN 

EXTERNAL DISTURBANCE VARYING THE 

COEFFICIENT OF MOLECULAR ADHESION 

V. V. Levdanskii and O. G. Martynenko UDC 532.63 

The effect  of change in the mo lecu l a r  adhesion coeff icient  on m a s s  t r a n s f e r  in a cap i l l a ry  is 
studied for  the f r e e - m o l e c u l a r  gas  flow reg ime .  

In r ecen t  y e a r s  the in te rac t ion  of l a s e r  radia t ion with ma te r i a l ,  leading to se lec t ive  occu r r ence  of 
many  phys icochemiea l  reac t ions ,  has a t t r ac ted  eve r  g r e a t e r  in te res t  of scient i f ic  inves t iga tors  [1-3]. Among 
such reac t ions  is a wide c l a s s  of p r o c e s s e s  which occur  on the boundary dividing two media .  This c l a s s  in- 
cludes phys ica l  and chemica l  adsorpt ion,  he te rogeneous  ca ta lys i s ,  evapora t ion  f r o m  the su r face  of sol ids and 
liquids, and diffusion in porous  bodies.  As was noted in [1] ,  a c o r r e c t  understanding of the m e c h a n i s m s  by 
which they occur  is e x t r e m e l y  impor tan t  for  l a s e r  control  of p r o c e g s e s  occur r ing  on the su r face  of solids.  
Using the molecu la r -k ine t i c  approach,  the p r e s e n t  study will cons ider  ce r ta in  quest ions re la ted  to the action 
of an ex te rna l  d i s turbance  (in pa r t i cu la r ,  l a s e r  radiat ion)  on m a s s  t r a n s f e r  in a cap i l l a ry  in the f r e e - m o l e c u -  
l a r  gas  flow reg ime .  

As was noted in [1, 2] there  a re  two poss ib le  va r i an t s  of l a s e r  action on heterogeneous  p r o c e s s e s :  1) 
the radia t ion acts  d i rec t ly  on the phase  boundary and the molecules  adsorbed  thereon (the b e a m  is incident on 
the sur face)  ; 2) the radia t ion acts  upon the gas  nea r  the su r face  (the b e a m  is  pa ra l l e l  to the su r f ace ) .  

in the f i r s t  case ,  as ide  f r o m  such poss ib i l i t i es  as desorpt ion  s t imulated by radia t ion and sur face  mo-  
bi l i ty of adsorbed  molecu les ,  one mus t  also cons ider  the poss ib i l i ty  of d i r ec t  radia t ion action on the adsorbent  
(producing changes in its catalyt ic  p rope r t i e s ,  heating, etc.) .  Since c l a r i f i c a t i ono fa l l  poss ib le  detai ls  of l a s e r  
action on the m a t e r i a l  is quite difficult,  in the f i r s t  approximat ion  we should se lec t  some p a r a m e t e r s  which 
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