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A method is shown of construct ing a universal  sorptton (desorption) isotherm for hygroscopic -  
ally s imi lar  capi l la ry-porous  mater ia ls .  It is shown to be feasible to ascertain the s imilar i ty  
of hygroscopic proper t ies  on the basis  of a limited number of test  points. 

Hygrothermal equilibrium in mater ia ls  can be quantitatively charac te r ized  by the specific moisture  
content u [1], the dependence of which on the tempera ture  t and the relative air  humidity ~0 can be de ter -  
mined f rom test  data. As we know, the thermodynamic proper t i es  of substances are often analyzed by the 
s imi la r i ty  method, by which cer ta in  pa r ame te r s  of new test  mater ia ls  can be calculated and the amount of 
testing can thus be reduced [2]. 

The authors will discuss here cer ta in  aspects  of calculating the mois ture  content by the s imilar i ty  
method, namely in capi l la ry-porous  mater ia ls  of plant origin: wood, jute, ce rea l s ,  and various garden 
crops .  

Similar hygroscopic mater ia ls  will be called mater ia l s  whose equilibrium mois ture  contents, within 
the s imilar i ty  range at equal t and q~, satisfy the following relation 

ul;~;t j  const. (t) 
$/2; ~.i;tj 

Hygroscopic s imilar i ty  is found, above all, between mater ia ls  of a not very  different phisocochemical  con- 
stitution [3, 4]. 

In o rder  to average out the many test  data and to construct  the universal  sorption (desorption) iso-  
therm for hygroscopical ly s imi lar  substances,  we propose to introduce a dimensionless parameter :  the 
r e fe r red  mois ture  content 

U 
W :  

uo s (2) 

where U0s denotes the equilibrium mois ture  content at ~0 = 100% and t = 0~ It follows f rom (1) and (2) that 
the value of w should be the same for hygroscopical ly  s imilar  mater ia l s  at the same equilibrium air  humid- 
ity and that any individual differences of mois ture  content u in real  mater ia l s  are accounted for  by U0s. 

In o rder  to compile tables of equilibrium mois ture  contents [5] or  to derive the equations of sorptton 
(desorption) isotherms [6, 7], one often cons t ruc ts  average isotherms u = u(~0) on the basis  of many test  
data for a given kind of mater ia l  without taking into account individual internal differences.  One assumes  
ei ther  that the internal differences do not exceed the limits of test  accuracy  or  that they do not have a s ig-  
nificant effect on the final results .  The internal differences in t e rms  of mois ture  content can be est imated 
f rom the ratio Umax/Umi n, both at the same t and ~o. Our calculations have shown that this ratio is equal 
to 2.9 for wood fiber, 1.3 for r ice,  1.15 for coffee, and 1.45 for sunflower seeds. With such a scat ter  of 
u values, a construction of the universal  isotherm w = w(~0) ensures  that the trend of the sought relation 
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T A B L E  1. U n i v e r s a l  R e f e r r e d  D e s o r p t i o n  I s o t h e r m  fo r  V e g e t a b l e  
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War_ ermelo_._n_n 

~'% ~ ~ 
�9 ~ 

Tomatoes Cucumbers 

o!~ 
"~[ ':~1 

ff 
l0 
20 
30 
40 
50 
60 
70 
80 
90 

100 

3,00 
4,44 
5,45 
6,42 
7,36 
8,40 
9,74 

[1,57 
15,41 
30,02 

0,0999 
0,1479 
0,1815 
0,2138 
0,2452 
0,2798 
0,3244 
0,3854 
0,5133 
1,0000 

4,05I 
5,22 
6,18 
7,16 
8,20 
9,23 

10,75 
12.78 
16,96 
37,98 

40,54 
35,29 
34,05 
33,49 
33,44 
32,99 
33,14 
33,16 
33,04 

u2o s=33 58 

0,1206 
0,1554 
0,1840 
0,2132 
0,2442 
0,2749 
0,3201 
0,3806 
0,505l 

3,42 
4,85 
5,68 
6,63 
7,46 
8,38 
9,51 

11,13 
14,12 
27,04 

34,23 
32,79 
31,29 
31,0l 
30,42 
29,95 
29,32 
28,87 
27,51 

Ueo s=30 66 

0,1115 
0,1581 
0,1852 
0,2162 
0,2433 
0,2701 
0,3102 
0,3630 
0,4605 

0,1110 
0,1538 
0,1835 
0,2144 
0,2445 
0,2750 
0,3181 
0,3764 
0,4935 
1,0000 

b 

r 
/ 

0 @ 

/ 

Fig .  1. I s o t h e r m s  fo r  c a p i l l a r y -  
p o r o u s  c o l l o i d a l  m a t e r i a l s :  1 and 
3) s o r p t t o n  i s o t h e r m s  fo r  h y g r o -  
s c o p i c a l l y  s i m i l a r  jute  and cot ton;  
2) d e s o r p t i o n  i s o t h e r m  f o r  t o m a t o  
s e e d s ;  m o i s t u r e  con ten t  U (kg 
m o i s t u r e  p e r  kg  d r y  m a s s ,  %), t e m -  
p e r a t u r e  t = 20~ 

wi l l  be m o r e  c o r r e c t l y  r e p r e s e n t e d ,  wi l l  he lp  to r e v e a l  r a n d o m  
d e v i a t i o n s  in ind iv idua l  t e s t s ,  a l so  tha t  such  a c u r v e  and the t e s t  
da t a  wi l l  s u p p l e m e n t  one a n o t h e r  so a s  to m a k e  it f e a s i b l e  to e x -  
t end  the  r a n g e  of h u m i d i t y  v a r i a t i o n .  

The r e a s o n s  fo r  u s ing  the m a x i m u m  h y g r o s c o p i c  m o i s t u r e  
con ten t  in the  d e n o m i n a t o r  of (2) r e l a t e  to the  c o n c e p t s  on the  b a -  
s i s  of which  A. V. Lykov has  adop ted  th i s  quan t i ty  and c o n s t r u c t e d  
wi th  i t  an e x p e r i m e n t a l  s c a l e  fo r  the  m o i s t u r e - t r a n s p o r t  po t en t i a l  
[t] .  The f i r s t  g r i d  of u n i v e r s a l  w - v a l u e s  was  c a l c u l a t e d  fo r  the 
30-100% r a n g e  of h u m i d i t y  ~p and the  - -40  to +40~ r a n g e  of t e m -  
p e r a t u r e  t,  on the b a s i s  of t e s t  da t a  fo r  wood with  a dens i ty  v a r y -  
ing f r o m  300 to 700 k g / m  3 [8]. T h e s e  da ta  w e r e  u s e d  fo r  p lo t t ing  
the  c u r v e  f o r  wood f i b e r s  [9]. C a l c u l a t i o n s  have c o n f i r m e d  the 
s i m i l a r i t y  of  h y g r o s c o p i c  p r o p e r t i e s  in the  c a s e  of wood with  
v a r y i n g  d e n s i t y  o v e r  the t e s t  r a n g e  of t and ~p. The m e a n - s q u a r e d  
r e l a t i v e  e r r o r  a t  a l l  t e s t  po in t s  did not  e x c e e d  1%. A n a l o g o u s  w -  
g r i d s  w e r e  a l s o  p lo t t ed  fo r  r i c e ,  cof fee ,  sun f lower  s e e d s ,  and 
s e v e r a l  o t h e r  c a p i l l a r y - p o r o u s  c o l l o i d a l  m a t e r i a l s .  

We wi l l  now d i s c u s s  the  p r o c e d u r e  fo r  c o n s t r u c t i n g  the 
u n i v e r s a l  r e f e r r e d  i s o t h e r m  f o r  the  s e e d s  of s o m e  v e g e t a b l e s  
wi th  a known m o i s t u r e  con ten t  a t  t = 20~ a c c o r d i n g  to the m e a -  
s u r e m e n t s  by A. I. Chupr in  [10]. A m o n g  the s e e d s  which  he has  
s tud ied ,  we s e l e c t  w a t e r m e l o n  s e e d s  a s  the  b a s i c  s t a n d a r d  m a -  
t e r i a l ,  and with  u20,s = 30.02% we c a l c u l a t e  Wst d (see Tab le  1, 
c o l u m n  3). I t  i s  to be no ted  tha t ,  in v iew of the  l a c k  of da ta  on 
the  m a x i m u m  h y g r o s c o p i c  m o i s t u r e  con ten t  at  t = 0~ we use  

h e r e  the  va lue  of u s at  t = 20~ wi thout  a f f ec t ing  the v a l i d i t y  of the  me thod  wi thin  the  g iven  r a n g e  of the  
u n i v e r s a l  i s o t h e r m  f o r  s o m e  f ixed  t e m p e r a t u r e .  In t h i s  c a s e ,  when a f a m i l y  of u n i v e r s a l  i s o t h e r m s  f o r  
v a r i o u s  t e m p e r a t u r e s  is  to be c o n s t r u c t e d ,  i t  m a y  be wor thwh i l e  to use  u s a t  t = 0~ in the  d e n o m i n a t o r .  

The r e s u l t i n g  r e f e r r e d  b a s e  i s o t h e r m  is  then  u s e d  f o r  r e f i n i n g  the  v a l u e s  of U~o,s fo r  o t h e r  s e e d s .  
A s  i s  we l l known ,  a n e x a c t  d e t e r m i n a t i o n  o f u  at  ~0 = 100% i s  d i f f i cu l t  and,  a c c o r d i n g  to G. A. E g o r o v  [6], even  
i m p o s s i b l e  in the  c a s e  of such  m a t e r i a l s  a s  g r a i n s  and s e e d s .  F o r  th i s  r e a s o n ,  the  v a l u e s  of u s ob t a ined  
by e x t r a p o l a t i o n ,  in m o s t  c a s e s ,  a r e  only  rough.  In o r d e r  to  e l i m i n a t e  the e f fec t  of e r r o r s  in e s t i m a t i n g  
u20,s on the  s u b s e q u e n t  c a l c u l a t i o n s ,  in o u r  m e t h o d  u20,s fo r  the  b a s i c  m a t e r i a l  is  t aken  f r o m  r e f e r e n c e  
s o u r c e s ,  a s  in the  c a s e  of w a t e r m e l o n  s e e d s ,  o r  i s  c a l c u l a t e d  f r o m  a v a i l a b l e  e m p i r i c a l  equa t i ons  [1, 6]. 
The  v a l u e s  of u20,s f o r  o t h e r  m a t e r i a l s  in the  t e s t  g roup  a r e  d e t e r m i n e d  f r o m  the  b a s i c  i s o t h e r m  a c c o r d i n g  
to the  f o r m u l a  

] / ~  ' =, 1 ( .tost)  Uos 7 ' (31 

w h e r e  n deno t e s  the  n u m b e r  of t e s t  po in t s .  
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~O Fig. 2. Compar ison  fietween t e s t  
; ;data on the equi l ibr ium mois tu re  

content of c a r r o t  seeds  :[10] andthe 
r un iversa l  r e f e r r e d  desorpti0n i so -  

j t h e r m s  for  vegetable  seeds  at t 
f = 20~ The points r e p r e s e n t  t es t  

value s. 

A p re l im ina ry  analys is  of m e a s u r e d  i so the rms  [10] has shown that tomato  and cucumber  seeds  a re  
c loses t  to wa te rmelon  seeds  in t e r m s  of hygroscopic  p roper t i e s .  Calculated values  per ta ining to the con-  
s t ruct ion of the universa l  r e f e r r e d  desorption i so the rm (t = 20~ for  watermelon ,  tomatoes ,  and cucum-  
b e r s  a re  given in Table 1. Having determined the values  of u20,s for  cucumber  and tomato  seeds,  we c a l -  
culate Wtest (columns 6 and 9) with the aid of fo rmula  (2). F r o m  Wst d values  for  wate rmelon  and Wtest 
va lues  for  tomatoes  and cucumbers ,  f u r t he rmore ,  we de termine  the numer ica l  values  of the r e f e r r e d  
mo i s tu re  content (column 10). 

The m e a n - s q u a r e d  re la t ive  deviation of all r e l i a b l e  Utest va lues  f r o m  those calcula ted on the bas i s  
of the universa l  r e f e r r e d  i so the rm is 2.3% for  watermelon,  1% for  tomatoes ,  and 2% for  cucumbers .  The 
s imi la r i ty  of hygroscopic  p rope r t i e s ,  in the case  of these seeds ,  is conf i rmed also by analogous ca lcu la -  
t ions made on the bas i s  of the t e s t  data in [11] and [12]. 

The universa l  r e f e r r e d  i so the rm can be used for  calculat ing the equi l ibr ium mois tu re  content in a 
new ma te r i a l  which belongs to a given group of  hygroscopica l ly  s imi l a r  ones, and for  doing this on the 
bas i s  of just the one tes t  point f r o m  which U0s has been calculated according to fo rmula  (3). This,  then, 
is the basic  p rac t ica l  advantage of the proposed  method.  

Impor tan t  aspec ts  of the s imi la r i ty  method a re  the c lass i f ica t ion  of m a t e r i a l s  into groups of hygro -  
scopical ly  s im i l a r  ones,  that it pinpoints the s imi l a r i t y  c r i t e r ion ,  and that  it e s t ab l i shes  a re la t ion  between 
U0s and the phystcochemical  constitution p a r a m e t e r s  which affect  the hygroscopic  p roper t i e s .  Unfortunately,  
in mos t  c a se s  the r e s e a r c h e r s  have not paid enough attention to this  p rob lem,  making  it difficult to e l a b o r -  
ate these  aspec t s  of the s imi la r i ty  method on the bas i s  of avai lable t es t  data. 

The analys is  in [7] has  shown that the i so the rm for  c ap i l l a ry -po rous  colloidal m a t e r i a l s  in u, [log 1 
/(1--~p)]1/2 coordinates ,  can be accura te ly  enough approximated  by three  s t ra igh t  l ines with different s lopes.  

The re la t ive  posit ion of the sorpt ion i so the rms  for  two hygroscopica l ly  s imi l a r  m a t e r i a l s ,  namely  
jute and cotton, is shown in Fig. 1. It follows f r o m  the geomet r ica l  concepts  that a s imi la r i ty  of hygro -  
scopic p r o p e r t i e s  is maintained along the ent i re  i so therm,  if  

u ~ . _  ~._ _. u~8 ug~ _ u~s 
(4) u~ a u ~  ux3 u~4 u.~5 

Consequently, in o rde r  to a sce r t a in  whether  a new ma te r i a l  is s im i l a r  to an a l ready known one whose 
complete  i so the rm is avai lable ,  it suff ices  to m e a s u r e  the equi l ibr ium moi s tu re  content at five values  of 
q~ se lec ted  so that one point will lie on the initial segment  of the i so the rm and two each on the second and 
th i rd  segments .  In this case ,  when a compar i son  is made with the universa l  r e f e r r e d  i so the rm w = w(cfl), 
it is n e c e s s a r y  to use the relat ion 

t t t e s t t  - -  / t t e s t z  - -  U t e s t s  _ /2 t e s t 4 _  tLteSt5 = Uos. ( 5 )  

w 1 w.  w s w4 w5 

Calculations according to Eq. (5) were  made for  c a r r o t  seeds  [10]. F r o m  the t es t  data in [10] and 
guided by the graph in Fig. 1, we took the values  of Utest cor responding  to r 10, 20, 60, 80, and 90%. 
The calculat ions have shown that equality (5) is valid and that u20,s = 33.28%. Consequently, c a r r o t  seeds  
a re  hygroscopica l ly  s imi l a r  to watermelon,  tomato,  and cucumber  seeds.  This conclusion is supported 
by the data in Fig.  2, where  the position of all t e s t  points conver ted  according to the fo rmula  Wtest = Utest 
/33.28, is shown re la t ive  to the un iversa l  r e f e r r e d  desorpt ion i so therm.  

This  study h a s  demons t ra ted  the advantages  of using the s imi la r i ty  method for  an ana lys i s  of hygro -  
the rmodynamic  equi l ibr ium in cap i l l a ry -po rous  colloidal ma te r i a l s .  
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N O T A T I O N  

Ls the specif ic  mo i s tu re  content, kg moi s tu re  pe r  kg dry mass ,  %; 
Ls the t e m p e r a t u r e ,  ~ 
is the re la t ive  a i r  humidity,  %; 
ts the r e f e r r e d  mo i s tu re  content; 
Ls the m a x i m u m  hygroscopic  m o i s tu r e  content; 
ts the m a x i m u m  hygroscopic  mo i s tu re  content at t = 0~ 
~s the m a x i m u m  hygroscopic  m o i s tu r e  content at t = 20~ 
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