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The  f i r s t  s y s t e m a t i c  s tudy  of  the  m o i s t u r e  d i f fus ion  c o e f f i c i e n t s  of v a r i o u s  m a t e r i a l s  is  r e -  
p o r t e d .  

The m o i s t u r e  d i f fus ion  c o e f f i c i e n t s  m u s t  be known to so lve  c e r t a i n  p r o b l e m s  r e l a t e d  to t e m p e r a t u r e  
and  m o i s t u r e  c o n d i t i o n s ,  the d e s i g n  of t e c h n o l o g i c a l  p r o c e s s e s ,  and the p r a c t i c a l  use  of  a n a l y t i c  m a s s  t r a n s -  
f e r  s o l u t i o n s .  

The  m a s s  t r a n s f e r  m e c h a n i s m  ( m a s s  in the f o r m  of a v a p o r  o r  l iquid)  is  g o v e r n e d  by the n a t u r e  
( p h y s i c o c h e m i c a l  o r  p h y s i c o m e c h a n i e a l )  and type  of b ind ing  of the a b s o r b e d  m a t e r i a l  wi th  the s o l i d m a t e r i a l  
and  by the t h e r m o d y n a m i c  cond i t i ons  f o r  the  i n t e r a c t i o n  of the o b j e c t  wi th  the s u r r o u n d i n g  m e d i u m .  

Le t  us  c o n s i d e r  the  e x p e r i m e n t a l  da t a  on the de pe nde nc e  of the m o i s t u r e  d i f fus ion  c o e f f i c i e n t s  on the 
m o i s t u r e  con ten t  and t e m p e r a t u r e  of  the m a t e r i a l .  A m e t h o d  was  p r o p o s e d  in [5] fo r  d e t e r m i n i n g  t h e s e  
c o e f f i c i e n t s  u n d e r  i s o t h e r m a l  cond i t i ons  f r o m  the i n t e g r a l  d r y i n g - k i n e t i c s  c u r v e :  

0"8NRRv (1) 
a m - -  r ( ~ - - ~  " 

The a d v a n t a g e  of  th i s  m e t h o d  i s  tha t  a m can  be d e t e r m i n e d  fo r  a wide  r a n g e  of m o i s t u r e  con ten t s  f r o m  the 
r e s u l t s  of a s ing le  e x p e r i m e n t .  Study has  shown that  Eq .  (1) can  be used  to d e t e r m i n e  the m o i s t u r e  d i f f u -  
s i on  c o e f f i c i e n t s  in c a p i l l a r y - p o r o u s ,  c o l l o i d a l  c a p i l l a r y - p o r o u s ,  and  even  in c e r t a i n  c o l l o i d a l  m a t e r i a l s .  
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Fig. i. Dependence of the initial conditional 
moisture content (kg/kg) for various capillary- 
porous materials on the density of the mate- 

rials (kg/m3). The numbers beside the points 
correspond to the numbers in the first column 

in Table 2. 

A l i n e a r  d e p e n d e n c e  of  1 / a  m on the m o i s t u r e  
conten t  fo l lows  f r o m  Eq .  (1). A c t u a l l y ,  the funct ion  
1 / a m  = f(u) is  a s t r a i g h t  l ine  i n t e r s e c t i n g  the m o i s -  
t u r e - c o n t e n t  ax i s  a t  the po in t  u00_=u00(gr) and the ax i s  
of o r d i n a t e s  at  the po in t  1 /am0.U00;  we wi l l  c a l l  th i s  
m o i s t u r e  con ten t  the " in i t i a l  cond i t i ona l  m o i s t u r e  c o n -  
t en t "  s i n c e  i t  i s  not  a l w a y s  equa l  to u 0 - t h e  a c t u a l  i n i -  
t i a l  m o i s t u r e  conten t  [5]. The quan t i ty  am0 m a y  be 
c a l l e d  the "cond i t iona l  m o i s t u r e  d i f fus ion  coe f f i c i en t  
of the a b s o l u t e l y  d r y  m a t e r i a l . "  The t e r m  " c o n d i -  
t i ona l "  i s  u sed  b e c a u s e  the e x p e r i m e n t a l  po in t s  d e -  
v i a t e  f r o m  the c a l c u l a t e d  p o i n t s  a t  low m o i s t u r e  c o n -  
t en t s  ( t r a n s f e r  of the m o i s t u r e  of m o n o -  and p o l y -  
m o l e c u l a r  a d s o r p t i o n ) .  

The n u m e r i c a l  va lue  of a m  0 i s  found f r o m  Eq .  
(1), which  b e c o m e s ,  when u = 0, 

0"8NRRv (2) 
amo = F~o 

M o i s t u r e  t r a n s f e r  in the m a t e r i a l  is  a c c e l e r a t e d  as  
the t e m p e r a t u r e  i n c r e a s e s .  E x p e r i m e n t a l  s tud i e s  of  
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T A B L E  1 
C e r a m i c  

Material 
tempera- 
ture,~ 

30,0 
39,1 
47,8 

�9 C a l c u l a t e d  Data  fo r  the D e t e r m i n a t i o n  of a m of a P o r o u s  

%o(gr) 

0,951 
0,923 
0,883 

(Y0 = 1 6 8 4 k g / m 3 ,  R = 0.774 �9 1 0  - 2  m) 

i Drying rate i 
during the 
period with 
a constant 
rate N, kg 1/am~ r) 1/am~ 
/ ~ . h  

1,53.10 -~ 7,40.10 s 7,78.10 ~ 
2,616.10 -~ 4,20.105 4,55.105 
4,941.10 -2 2,12.105 2,40.105 

273+t)2. 

8,07 
14,50 
25,40 
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Fig.  2. Dependence of a m (m2/h, f i l led  symbols) and 1 
/ a  m (h /m  2, open symbols) on the mois ture content (kg/kg) 
fo r  a porous ceramic  at var ious temperatures:  1) 30.0~ 
2) 39.1; 3) 47.8. 

the m o i s t u r e  d i f fus ion  c o e f f i c i e n t s  a t  v a r i o u s  t e m p e r a t u r e s  have  shown that  t h e s e  c o e f f i c i e n t s  have  r a t h e r  
s t r o n g  d e p e n d e n c e s  on the a b s o l u t e  t e m p e r a t u r e  (they a r e  p r o p o r t i o n a l  to T n) [2, 4, 5, 9, 13, 14, 21, 23]. 

A c c o r d i n g l y ,  u n d e r  the cond i t ions  u 0 = u00 and R = c o n s t ,  Eq .  (1) can  be r e w r i t t e n  

am 

or, at constant temperature, 

a m \ 

There is considerable interest in a numerical determination of u00. The initial conditional moisture 
content characteristically decreases with increasing density of the absolutely dry capillary-porous ma- 

terial according to a power law (Fig. i): 

Uoo = 5 1 . 0  y o  ~ (5) 

o r  
Too = B -1 y o  ~ (6) 

A f t e r  the e x p r e s s i o n  fo r  u00 in Eq .  (6) i s  s u b s t i t u t e d  into E q s .  (3) and (4), the l a t t e r  b e c o m e  

1 _ A o (  T )-~(l_ByoO.75~), (7) 

1 - Bo (1 --B yo.75 ~). (8) 
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T A B L E  3. C a l c u l a t e d  Data  fo r  the a m of C a p i l l a r y - P o r o u s  M a t e r i a l s  
at  V a r i o u s  T e m p e r a t u r e s  

i. Sand with particle size 50-120p 
2. Refractory fireclay brick 
8. Cellular concrete 
4. Mixed-binder porous concrete 
5. Diatomaceous dust 
6. Mixed-binder cellular concrete 
7. Ceramics 

] 
1530 21--40 9--24 1,61 13 01 

11900 34--47 8--16 3,30 16 6 
22--45 10--40 3,86 Ill,0 
20--40 10--30 23,8 19 0 

510 50--65 10--60 40,4 20,01 
885 24--34 5--35 51,2 26 0 

1684 30--48 4--16 58,1 20,0 

Mqrashko 
MEI 
Dubnitskii 
Huang Fu-Ch'in 
Dubnltskii �9 
Huang Fu-Ch'in 
Zhuravleva 

T A B L E  4. C a l c u l a t e d  Data  fo r  the a m of Colloidal Cap i l l a ry -Porous  

and Colloidal Mate r ia l s  at  Constant Tempera tu re  

- -  B 0 . 1 0 .  ~ amo• Material vo t, ~ ~, % uoo xto,  Experimental data of: 

Beet pulp 
Cotton wool 
Peat 

Wheat flour, 72% 
Sunflower husk 
Complex upland 

peat, degree of 
decomposition 
R= 5% 

Woody lowland 
peat, R = 30% 

Complex upland 
peat, R = 20-25% 

Hemp 
Loam 
Ambary 
Clay 

300_~'-330 

70O 

51 

1520 

~8o 

40~116( 

2 2 

21 
38 
21 

40--80 
50--90 
50--250 

12--16 
15--40 

00--200 

00--500 

00--700 
54--337 
12--31 
~3--432 
21--34 

0,88 ] 0,020! 
1,02 [ 0,028 
4,00 0,043 

0,21 0,134 
0,47 0,500 

~5,00 

5,30 

0,550 

0,800 

8,20 / 1,300 
/ 

5,00 ] 1,54 
0,33 1,64 
7,00 1,87 
0,38 2,65 

50,00 Parfenopulo 
35,71 Shchekoldin 
23,26 Murashko 

7,46 Bab'ev 
2,00 Predtecheuskii 

1,82 Korchunov 

1,25 The same 

0,77 jThe same 
0,65 Khomutskii 
0,61 Murashko 
0,53 1Khomutskii 
0,38 IMurashko 

J 

The  use  of  E q s .  (3) and (4) to d e t e r m i n e  a m has  been  c h e c k e d  fo r  v a r i o u s  m a t e r i a l s ;  E q s .  (7) and  (8) have  
been  c h e c k e d  fo r  c a p i l l a r y - p o r o u s  m a t e r i a l s  (Tab les  1 -5) .  

We wi l l  now i l l u s t r a t e  the p r a c t i c a l  use  of th is  p r o c e d u r e .  We wi l l  u se  the e x p e r i m e n t a l  da t a  r e -  
p o r t e d  by Z h u r a v l e v a  on the i s o t h e r m a l  d r y i n g  of p o r o u s  c o n c r e t e  [8] ; a m w a s  d e t e r m i n e d  f r o m  the e q u a -  
t ion g iven  by E r m o l e n k o  [7], so  in th i s  c a s e  we have  a l l  the n e c e s s a r y  qua n t i t i e s  which  a p p e a r  in E q s .  (1) 
and (2). 

The a m  = f(u) c u r v e s  p l o t t e d  a s  1 / a  m vs  u at  v a r i o u s  t e m p e r a t u r e s  l e v e l  off,  i n t e r s e c t i n g  the m o i s -  
t u r e - c o n t e n t  a x i s  a t  the po in t  u00 = 0.19 k g / k g  and the ax i s  of o r d i n a t e s  a t  s e v e r a l  p o i n t s  1 / a m 0 ( g r ) ,  e a c h  
of  wh ich  c o r r e s p o n d s  to a de f in i t e  m a t e r i a l  t e m p e r a t u r e  (F ig .  2). 

F r o m  Eq .  (2), we can  d e t e r m i n e  the m e t h o d  of c a l c u l a t i n g  the  i n t e r s e c t i o n  1 /am0(2  ) of the 1 / a m  = f(u) 
l i n e s  wi th  the  ax i s  of o r d i n a t e s  (Table  1). A c o m p a r i s o n  of the n u m e r i c a l  v a l u e s  of 1 / am0(gr )  and 1/am0(2)  
shows  that  they  d i f f e r  only  i n s i g n i f i c a n t l y .  

F o r  the  c a l c u l a t i o n  of the  1 / a m 0 ( g r )  = f(T) d e p e n d e n c e  (F ig ,  2), the p o w e r  of the d i m e n s i o n l e s s  t e m -  
p e r a t u r e  is  a s s u m e d  equa l  to 20, so  

A o _  1 ( T ] ~~ am0(gr ) \ 2 - - ~ - /  = 58.1.105. 

A c c o r d i n g l y ,  in a d e t e r m i n a t i o n  of a m for  a p o r o u s  c e r a m i c ,  the  fo l lowing  s i m p l e  d e p e n d e n c e  m a y  be a s -  
s u m e d  (within the r a n g e s  0.04 - u --< 0.16 and 30 _ t - 48): 

' , _  
am 

A l t e r n a t i v e l y ,  if i t  i s  a s s u m e d  that  the va lue  u00 = 0.19 k g / k g  ob t a ined  g r a p h i c a l l y  (Fig .  2) can  be found wi th in  
an  e r r o r  of 2.1% (Table  2) f r o m  Eq . . (5 ) ,  then  we have  

___1 = 58.1.105 (__T__~ -2~ 
a,n I 273 ] 
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TABLE 5. Ca lcu la ted  Data for  the a m of Col loidal  C a p i l l a r y - P o -  
rous  and Colloidal  M a t e r i a l s  at Var ious  T e m p e r a t u r e s  

Material 

Neva clay 
Osinovskii clay 
Charsov Yar clay 
Revda clay 
Beskudnikovo clay 
Polynkovskii clay 
Leningrad clay 
Vasyutin clay 
Loam 
Macaroni dough 

1650 
1820 
1850 
1650 

1865 

1 7 5 0  
152( 

if, ~ 

21 --32 
16--35 
35--65 
23--35 
20--38 
23--42 
22--35 
20--42 
21--40 
30--65 

u,  % 

6--15 
6--18 

10--25 
10--25 
8--20 

10--27 
14--28 
10--25 
12--32 
30--43 

~oo Ao 'I0"s 

0.214} 0,61 
0,264L 1,20 
0,320 I 1,50 
0,279 I 1,65 
0,260 I 2,63 
0,348 I 2,90 
0,280 [ 3,26 
0,300 I 4,40 
0,326 5,27 
0,500 4000,0 

Experimental data 
n of: 

11,8 Isaev 
8,4 The same 
6,9 - - 
9 0 - ,, 

10:0 ,, 

2 8 " :  
II,I I " " 
14,0 Murashko 
6,0 Orlova [4] 

The experimental data on a m for capillary-porous materials were treated in a similar manner. The 

results calculated from Eqs. (7) and (8) are shown in Tables 3 and 2, respectively. 

The capillary-porous colloidal materials used were clays from various regions and other materials; 
the colloidal material was macaroni dough. 

Tables 4 and 5 show the experimental data calculated from Eqs. (3) and (4) for a m. It should be noted 
that all these materials could be treated by dependences (3), (4), and (7), (8) over a wide range of moisture 

contents (Tables 1-5). Only at low moisture contents was there a discrepancy between the experimental 
and calculated data. 

For practical purposes, the following relation, based on Eqs. (i) and (2), can be used for the dimen- 

sionless moisture diffusion coefficient: 

%0 u 
-- l -- -_--. (9) 

a m uoo 

Substituting u00 from (5), (6) into this last expression, we find the following for capillary-porous materials: 

am0 ~ 1 -- 0.0196 V0.Ts ~, (i0) 
a m 

a-m~ := 1 - - B  ~o.75~. (11) 
Ct m 

The app l i cab i l i t y  l i m i t s  of r e l a t i o n s  (1)-(11) cannot  be spec i f ied  p r e c i s e l y  because  of the e x t r e m e  
complex i ty  of the a m  = flu) dependence .  This  complex i ty  occu r s  because  m o i s t u r e  bound in d i f fe ren t  m a n -  
n e r s  with the so l id  ske l e ton  of the m a t e r i a l  s e p a r a t e s  f r o m  the d i f fe ren t  l a y e r s  of the m a t e r i a l ,  and the 
to ta l  m o i s t u r e  flux c o n s i s t s  of the s e p a r a t e  f luxes mov ing  unde r  the in f luence  of v a r i o u s  f o r c e s .  

This  p r o c e d u r e  for  ca l cu la t ing  a m can  p r e s u m a b l y  be extended to the r e g i o n  of p h y s i c o m e c h a n i c a l  
b ind ing  of m o i s t u r e  and,  p a r t i a l l y ,  as e x p e r i m e n t  has shown, to p h y s i c o c h e m i c a l  b inding;  i . e . ,  th is  p r o c e -  
d u r e  appl ies  to the m o i s t  and p a r t i a l l y  hygroscop ic  s ta te  of a m a t e r i a l .  Studies  of 50 d i f f e ren t  m a t e r i a l s  
c o n f i r m  that  this  p r o c e d u r e  may  be widely  used  for  ca l cu l a t i ng  a m .  The r e  is t he r e f o r e  a good bas i s  for 
hoping that Eqs .  (1)-(11) wil l  find app l i ca t ion  in the deve lopmen t  of methods  for  i n t ens i fy ing  m o i s t u r e  t r a n s -  
f e r .  

a m 

am0, am0(gr),  am0(2) 

u 

u 0 , u 0 0 , u 0 0 ( 5 ) , U 0 o ( g r )  = u00(6) 

N 

t , T  

~0 

N O T A T I O N  

is the m o i s t u r e  d i f fus ion  coef f ic ien t ,  m 2 / h ;  
a r e ,  r e s p e c t i v e l y ,  the condi t iona l  m o i s t u r e  d i f fus ion coef f ic ien t  of the a b s o -  
lu te ly  d ry  m a t e r i a l ,  the s a m e  d e t e r m i n e d  g r a p h i c a l l y ,  and the s a m e  c a l -  
cu la ted  f rom Eq.  (2), m 2 / h ;  
is the m e a n  i n t e g r a l  m o i s t u r e  con ten t ,  kg /kg ;  
a r e ,  r e s p e c t i v e l y ,  the in i t i a l  (actual) m o i s t u r e  con ten t ,  the s ame  (condi t ional) ,  
the s a m e  [calcula ted f r o m  Eq.  (5)], and the s a m e  [ d e t e r m i n e d  g r a ph i ca l l y  or  
ca l cu la t ed  f r o m  Eq.  (6)], k g / k g ;  
is the i n t eg ra l  d ry ing  ra te  in  the in i t i a l  ( c ons t a n t - r a t e )  pe r i od ,  kg /kg  .h;  
are the material temperatures. ~ and ~!~, respectively. 
is the density of the absolutely dry material, kg/m3; 
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n 
F 

A 0, Bo, B 
R 

RV 

is  the p o w e r  of  the  d i m e n s i o n l e s s  t e m p e r a t u r e  ; 
i s  the cons t an t  n u m e r i c a l  c o e f f i c i e n t ,  equa l  to t h r e e  for  an inf in i te  p l a t e ,  four  fo r  an in f in i te  
c y l i n d e r ,  and f ive for  a s p h e r e  [12]; 
a r e  the n u m e r i c a l  c o e f f i c i e n t s  which  a r e  c o n s t a n t  fo r  a g iven  type  of m a t e r i a l ;  
i s  the  c h a r a c t e r i s t i c  d i m e n s i o n ,  i . e . ,  the  r a d i u s  of a c y l i n d e r  o r  s p h e r e ,  o r  ha l f  the t h i c k n e s s  
of an  inf in i te  p l a t e ,  m ;  
is  the h y d r a u l i c  r a d i u s ,  m .  
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