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This paper gives the results of an experimental investigation of unsteady 
moisture transfer in chromatographic paper and compares them with 
the solution of the parabolic transport equation in Stefan's formulation, 

Tanaeva  in [1] a t tempted to modify the t r a n s p o r t  
equat ion by the in t roduct ion  of a t e r m  due to r e l axa t ion  
effects.  This  modif ica t ion  was r e q u i r e d  to make the 
r e s u l t s  of ana ly t ica l  ca lcu la t ion  agree  with the e x p e r i -  
menta l  r e s u l t s .  

We think that no modif ica t ion should be made  to the 
t r a n s p o r t  equat ion i tself ,  but  the boundary  condi t ions  
should be fo rmula ted  di f ferent ly .  Allowance m u s t  be 
made for  the fact that some of the m o i s t u r e  may be 
bound by the porous m a t e r i a l  and will  not be involved 
in the subsequent  t r a n s f e r  p rocess ,  jus t  as in the ease 
of me l t ing  some of the heat  is absorbed  on the phase 
in ter face .  

If the coordinate  or ig in  is placed a t  the boundary  of 
contact  of the porous m a t e r i a l  and liquid, the boundary  
condi t ions  for the t r a n s p o r t  equat ion 

OU = D O~U (1) 
Ox Ox 2 

can be wr i t t en  in the form 

Ulx= h = 0 ,  (2)  

- - D  O-~xL.=h= dh r - - ,  (3) 
dx 

U [==o = U~ = const. (4) 
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Fig.  1. Height of cap i l l a ry  
r i s e  of l iquid h, m m  as 
function of t ime  ~-, rain.  The 
f igures  bes ide  the points 
indicate  the n u m b e r  of ex -  
p e r i m e n t s .  Curve ca lcula ted  

f rom Eq. (6). 

The fo rmula ted  p rob lem is a spec ia l  case  of Stefants 
wel l -known problem,  the solut ion of which can be put 
in the fo rm [2] 

[ 
U = U~ L 1 - -  er[ 

h --= I ] t  fx, (6) 

= 8 / 2 / ~ ,  (7) 

g__~_~ exp [-- ix ~1 = l / ~  ix er[ ~t. (8) 
r 

It is well  known that the phenomenologica l  na tu re  
of the r e l a t ionsh ip  between m a s s  (heat) flow and con-  
cen t r a t ion  ( tempera ture)  g rad ien t  leads  to an infini te  
veloci ty of propagat ion of m a s s  (heat), although it is 
obviously finite in fact. We also know that the t r a n s -  
por t  equat ion in the case where  m a s s  (heat) sou rces  
or  s inks  a re  p r e s e n t  on the moving  boundary  leads  to 
a f ini te  veloci ty  of advance of this boundary  [2]. 
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Fig. 2. Value of U + r  as funct ion of 
coordinate  x, mm.  Curve ca lcula ted  

f rom Eq. (5). 

F r o m  the exp res s ion  (5) we can eas i ly  obtain the 
in tegra l  value UE: 

h 

Ux= t U d x = h U  c x 
, , )  
0 

( 1 1 
x { 1 4 [ierfc 0 - -  ierfc IX]f = hU c k. (9) 

t eri F i~ err F ) 

Expre s s ions  (5) and (9) conta in  only two cons tan t  pa -  
r a m e t e r s ,  U e and g, which can be d e t e r m i n e d  expe r i -  
men ta l ly .  

To t e s t  the hypothesis  we c a r r i e d  out expe r imen t s  
with FN-1  (Fi l t rak)  chromatographic  paper .  The choice 
of this  as a c ap i l l a ry -po rous  m a t e r i a l  was based  on the 
des i r e  to avoid a n u m b e r  of e r r o r s  a ssoc ia ted  with 
the use  of loose m a t e r i a l s  (change in pore s ize  in r e -  
l a t ion  to method of loading and tamping,  effect of wal ls  
of vesse l ,  e tc . ) .  In the expe r imen t s  we used suspended 
s t r i p s  of chromatograph ic  paper,  30 m m  wide and 150 
m m  long, on which m a r k s  had been  made at d i f ferent  
heights .  

In the expe r imen t s  we de termined:  
1) the t ime  for the l iquid  f ront  to r each  each m a r k ;  
2) the m o i s t u r e  content  in 10 x 30 m m  por t ions  of 

the paper  over the height of the spec imen  when the 
m o i s t u r e  f ront  reached  the 100-ram m a r k ;  
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3) the to ta l  m o i s t u r e  content  of the pape r  s t r i p s  
when the m o i s t u r e  f ront  r e a c h e d  the 30-,  60-,  80-,  
100-,  and 120-mm m a r k s .  
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Fig .  3. Tota l  e x c e s s  m o i s t u r e  
content  UE as  function of h, 
mm.  Curve  ca l cu l a t ed  f rom 

Eq. (9). 

The m o i s t u r e  content  was  d e t e r m i n e d  by weighing 
in bo t t l e s  on an ana ly t i ca l  ba l ance .  We d e t e r m i n e d  the 
weight  of  the m o i s t  p a p e r  and i ts  weight  a f t e r  d ry ing  
a t  95~ ~ C (to cons tan t  weight) .  We took m e a s u r e s  
to p r even t  evapora t ion  of the l iquid f rom the s u r f a c e  
of the p a p e r  dur ing  the e x p e r i m e n t .  F o r  this  pu rpose  
the v e s s e l  conta in ing the l iquid  and the s t r i p  of p a p e r  
was  cove red  with a c l e a r  p l a s t i c  be l l .  We took into 
account  the p r e s e n c e  of h y g r o s c o p i c  m o i s t u r e  in the 
p a p e r .  The por t ion  of the pape r  i m m e r s e d  in the l i q -  
uid dur ing  the e x p e r i m e n t  was cut  off. In m e a s u r i n g  
the loca l  m o i s t u r e  content  of the p a p e r  we cut  the 
10 • 30 m m  s t r i p s  of p a p e r  into a p p r o p r i a t e  p a r t s  a f t e r  
the e x p e r i m e n t .  A c o m p a r i s o n  of the r e s u l t s  of c a l c u -  
la t ion  and the e x p e r i m e n t a l  da ta  is  shown in F igs .  1 - 3 .  

The e x p e r i m e n t a l l y  obta ined r e l a t i o n s h i p  be tween 
h and r (Fig.  1) was  in good a g r e e m e n t  with Eq. (6) 

for  fi = 1.63 c m / m i n  1/2 (sol id  l ine) .  The r e l a t i o n s h i p  
be tween the to ta l  m o i s t u r e  content  U + r in d i f f e ren t  
po r t ions  of the pape r  and the coo rd ina t e  x with h = 100 
m m  (Fig.  2) was r e p r e s e n t e d  s a t i s f a c t o r i l y  by Eq. (5) 
with U c = 1.90 g / c m  2 and r = 0.95 g / c m  2. The value  
of p, d e t e r m i n e d  f rom Eq. (8), was  0.62 and the value  
of the coef f ic ien t  D f rom Eq. (7) was 1.79 cmZ/min.  

As F ig .  3 shows,  the e x p e r i m e n t a l l y  obta ined  r e -  
l a t ionsh ip  be tween  UZ and h a g r e e d  f a i r l y  wel l  with the 
t h e o r e t i c a l  s t r a i g h t  l ine c a l c u l a t e d  f rom Eq. (9) with 
the p a r a m e t e r s  ~ and U e d e t e r m i n e d  in the p r e v i o u s  
e x p e r i m e n t .  

These  da ta  indica te  that  if a l lowance  is  made  for  the 
b inding of some  of the m o i s t u r e  in the p a s s a g e  of l i q -  
uid into po rous  m a t e r i a l ,  a t  l e a s t  for  c h r o m a t o g r a p h i c  
pape r ,  t h e r e  is  no need  to modi fy  the we l l -known p a r a -  
bo l ic  equat ion.  

This  p r o b l e m  is  ana logous  to the hea t  p r o b l e m s  
involving me l t ing  and so l id i f i ca t ion  of subs t ances .  

NOTATION 

~-) t ime;  x) coord ina te ;  U) spec i f i c  e x c e s s  m o i s t u r e  
content;  r) spec i f i c  bound m o i s t u r e  content;  D) di f fus ion 
coef f ic ien t s ;  h) he ight  of r i s e  of m o i s t u r e ;  fl) m o i s t u r e  
pene t r a t i on  coeff ic ient ;  UE) to t a l  e x c e s s  m o i s t u r e  con-  
tent  of pape r .  
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