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EQUILIBRIUM MOISTURE CONTENT OF MATERIALS IN VAPOR AND VAPOR-  
AIR ENVIRONMENTS 
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Results are presented of experimental measurements of the equilibrium 
moisture content of fabrics in vapor and vapor-air environments. It 
is shown that it is possible to determine the equilibrium moisture con- 
tent of a material in a steam environment at any temperature and 
pressure from test data relating to moist air. 

In such  t ex t i l e  p r o c e s s e s  a s  d ry ing ,  moi s t en ing ,  
s t e aming ,  and f ixa t ion  of dyes ,  hea t  exchange  t akes  
p l a c e  be tween  the m a t e r i a l  and a vapor  o r  v a p o r - a i r  
m e d i u m ,  the r a t e  depending  on how fa r  the  g iven  hy -  
g r o t h e r m a l  s t a t e  of the m a t e r i a l  is  f r o m  the s t a t e  of 
e q u i l i b r i u m  with the s u r r o u n d i n g  m e d i u m  that  the m s -  
t e r i a l  is f r o m  the s t a t e  of e q u i l i b r i u m  with the s u r -  
round ing  m e d i u m  that  the m a t e r i a l  wi l l  r e a c h  on c o m -  
p le t ion  of the p r o c e s s .  In the e q u i l i b r i u m  s t a t e  t h e  
r n a t e r i a l  has  a c e r t a i n ,  s o - c a l l e d  e q u i l i b r i u m ,  m o i s t -  
u r e  content ,  depend ing  on the p a r a m e t e r s  of the m e d i u m  
and the p r o p e r t i e s  of the m a t e r i a l .  Whi le  t h e r e  is  
suf f ic ien t  t e s t  m a t e r i a l  o n  e q u i l i b r i u m  m o i s t u r e  content  
va lues  in m o i s t  a i r  up to 373 ~ K [1], t h e r e  a r e  no da ta  
r e l a t i n g  to p r o c e s s e s  o c c u r r i n g  in a s t e a m  e n v i r o n -  
m e a t .  

The p r e s e n t  a r t i c l e  r e p o r t s  r e s u l t s  of an e x p e r i m e n -  
t a l  d e t e r m i n a t i o n  of  e q u i l i b r i u m  m o i s t u r e  conten t  of 
c e r t a i n  f a b r i c s  in vapor  and v a p o r - a i r  e n v i r o n m e n t s  
at  d i f f e r en t  t e m p e r a t u r e s .  

The i n v e s t i g a t i o n s  show that  when the d r y  m a t e r i a l  
is  l oca t ed  in s u p e r h e a t e d  s t eam,  m o i s t e n i n g  of the 
m a t e r i a l  occu r s ,  j u s t  a s  in m o i s t  a i r ,  and a def in i te  
m o i s t u r e  content  e q u i l i b r u m  is e s t a b l i s h e d  a f t e r  a 
c e r t a i n  t i m e .  The r a t e  of m o i s t e n i n g  in a s t e a m  e n -  
v i r o n m e n t  is  one o r  two o r d e r s  h i g h e r  than i t  is  in 
m o i s t  a i r .  Mo i s t en ing  is  not c o m p l e t e d  in s a t u r a t e d  
s t e a m  even at  a high m o i s t u r e  content  of the m a t e r i a l ,  
when t h e r e  is  a l r e a d y  c a p i l l a r y  m o i s t u r e  in the m a -  
t e r i a l .  Dur ing  m o i s t e n i n g  in s a t u r a t e d  s t e a m ,  con -  
s i d e r a b l e  f luc tua t ions  a r e  o b s e r v e d  in the r a t e  of 
m o i s t e n i n g  of the cloth,  which m a y  be due to the fact  
tha t  b e c a u s e  of i n s t a b i l i t y  of the s t a t e  of the d r y  s a t -  
u r a t e d  s t e a m ,  the l a t t e r  is  p r a c t i c a l l y  a lways  s u p e r -  
coo led  o r  s u p e r h e a t e d .  

In s u p e r h e a t e d  s t e a m  a qui te  def in i t e  va lue  of equ i -  
l i b r i u m  m o i s t u r e  content  of the m a t e r i a l  is  a t t a ined ,  

depend ing  on the s t e a m  t e m p e r a t u r e  and the in i t i a l  
m o i s t u r e  content  of the m a t e r i a l .  When v e r y  m o i s t  
c lo th  is  p l a c e d  in s t e a m ,  t h e r e  is  p a r t i a l  l o s s  of m o i s -  
t u r e  by the cloth,  r e s u l t i n g  in the e s t a b l i s h m e n t  of 
a g r e a t e r  e q u i l i b r i u m  h u m i d i t y  of the c lo th  than when 
d r y  c loth  is  p l a c e d  in s t e a m .  The d e s o r p t i o n  p r o c e s s  
is  not only o b s e r v e d  when v e r y  m o i s t  c lo th  is  p l a c e d  
in s t e a m .  Cold c lo th  c o n d e n s e s  m o i s t u r e  when p l a c e d  
in s t e a m ,  and m a y  b e c o m e  m o i s t e n e d  b e c a u s e  of th is  
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to a humid i ty  e x c e e d i n g  the e q u i l i b r i u m  humid i ty  fo r  
s t e a m  of the given t e m p e r a t u r e .  Fo l lowing  the in i t i a l  
o v e r m o i s t e n i n g  due to condensa t ion ,  a d e s o r p t i o n  p r o -  
c e s s  e n s u e s .  
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Fig. i .  Dependenceof equilibrium moisture 
content W e (kg/~g) of rayon staple cloth on 
r e l a t i v e  h u m i d i t y  q0: 1) s o r p t i o n  in vapor ;  2) 
d e s o r p t i o n  in v a p o r ;  3) s o r p t i o n  in a i r  at  

293 ~ K. 

The equilibrium moisture content of cloth located 
in steam is higher, the closer the steam temperature is 
to the saturation temperature at the given pressure. 

It is known that the equilibrium humidity of a ma- 
terial in air depends on the air humidity and tempera- 
ture. Usually the content of water vapor in the air is 
described by the relative humidity of the air or by the 
degree of saturation (p, defined as the ratio of the 
partial pressure of vapor in the air to the saturated 
v a p o r  p r e s s u r e  at  the  s a m e  t e m p e r a t u r e ,  the  s a t u -  
r a t i o n  p r e s s u r e  u s u a l l y  be ing  r e g a r d e d  as  cons tan t ,  
equal  to a t m o s p h e r i c  p r e s s u r e ,  fo r  t e m p e r a t u r e s  
above  373 ~ K. F o r  th is  r e a s o n  the l ines  q0 = c o a s t  on 
R a m z i n ' s  I - d  d i a g r a m  fo r  m o i s t  a i r  unde rgo  a d i s -  
con t inu i ty  at  373 ~ . T h e r e  a r e  h o w e v e r  no d i s con t inuous  
changes  in the p r o p e r t i e s  of a v a p o r - a i r  m i x t u r e  in 
going f rom the t e m p e r a t u r e  r eg ion  be low 373 ~ to that  
above  373 ~ . The ques t ion  of the c o r r e c t  def in i t ion  of 
~p should  be given s p e c i a l  a t t en t ion .  T o g e t h e r  with the 
t e m p e r a t u r e ,  the r e l a t i v e  h u m i d i t y  ~0 d e t e r m i n e s  the 
e n e r g y  of the m o i s t u r e  bond, which is i m p o r t a n t  for  
e l u c i d a t i n g  the fo rm of the bond of the m o i s t u r e  with 
the m a t e r i a l .  The m a s s  t r a n s f e r  po ten t i a l  of a sub -  
s t a n c e  is a l so  e x p r e s s e d  in t e r m s  of the r e l a t i v e  hu-  
m i d i t y  and the t e m p e r a t u r e .  

Our  e x p e r i m e n t a l  da t a  show that  the b a s i c  laws  of 
the p r o c e s s e s  of s o r p t i o n  and d e s o r p t i o n ,  e s t a b l i s h e d  
fo r  the t e m p e r a t u r e  r eg ion  up to 373 ~ a l s o  hold for  
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the region  above 373 ~ as well  as for a pure  vapor 
env i ronmen t ,  if r e l a t ive  humidi ty  is a s s u m e d  to be 
defined as  the ra t io  of the p r e s s u r e  of the vapor to 
that of the s a tu ra t ed  vapor at the given t empe ra tu r e ,  
without l im i t i ng  the l a t t e r  to the value of the total  p r e s -  
s u r e  of the e n v i r o n m e n t .  

in a v a p o r - a i r  env i ronmen t  in t roducing  only the c o r -  
r ec t ions  for t e m p e r a t u r e .  

F o r  example,  it i s  r equ i r ed  to de t e rmine  the equi -  
l i b r i um m o i s t u r e  content  of acetate  s i lk  in superhea ted  
s t eam at a tmosphe r i c  p r e s s u r e  and a t e m p e r a t u r e  
of 388" K. In this  case  
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Fig.  2. Dependence  of equ i l i b r i um m o i s t u r e  
content  of rayon f ibe r  on t e m p e r a t u r e  T (~ 
and re la t ive  humid i ty  ~ of the env i ronmen t :  
1) ~ = 0.8; 2) 0.7; 3) 0.6; 4) 0.4; 5) 0.3; 

6) 0.2; 7) 0.1. 

F igure  1 shows the re la t ion  Wp =f(r where  ~ is 
d e t e r m i n e d  for  a vapor e n v i r o n m e n t  as the ra t io  of the 
vapor p r e s s u r e  (for our  tes ts  this is a tmosphe r i c  ~ 
p r e s s u r e )  to that of s a tu ra t ed  s t eam at the s a m e  t e m -  
p e r a t u r e .  With i n c r e a s e  of t e m p e r a t u r e  the equ i l i b r i um 
m o i s t u r e  content  at the s ame  value of r e l a t ive  humid i ty  
d i m i n i s h e s .  F o r  this r ea son  the e q u i l i b r i u m  m o i s t u r e  
content  du r ing  so rp t ion  f rom a i r  at 293 ~ K is g r e a t e r  
than dur ing  sorp t ion  f rom a vapor e n v i r o n m e n t .  Curve 
3 is a so rp t ion  i so the rm .  Curves  1 and 2 a r e  not i so-  
the rms ,  s ince  the p roce s s  of a t t a inmen t  of an equ i l i -  
b r i u m  s ta te  in this  case  p roceeds  in a vapor e n v i r o n -  
m e n t  of d i f fe rent  t e m p e r a t u r e  (375 ~ K and above).  

F i g u r e  1 shows that the e q u i l i b r i u m  m o s t u r e  con-  
tent  of cloth in a vapor  e n v i r o n m e n t  va r ies  with v a r i a -  
t ion of ~ in a s i m i l a r  way to the var ia t ion  of m o i s t u r e  
content  of cloth in a i r .  The d i s c r e p a n c i e s  between the 
cu rves  of e q u i l i b r i u m  m o i s t u r e  content  in the vapor and 
v a p o r - a i r  e n v i r o n m e n t s  a r e  due to the inf luence  of the 
d i f fe rent  t e m p e r a t u r e s  at which e q u i l i b r i u m  is e s -  
t ab l i shed .  

F igu re  2 p r e s e n t s  the tes t  data on var ia t ion  of 
e q u i l i b r i u m  m o i s t u r e  content  of rayon  at cons tan t  
r e l a t i ve  humid i ty  ~ as  a function of t e m p e r a t u r e  on 
the tes t  m a t e r i a l s  c i ted in [1]. The points  l abe l led  
by sol id  c i r c l e s  r e f e r  to rayon fabr ic  in our  tes ts ,  
the e n v i r o n m e n t  be ing  pure  s t eam at 388" K. These  
points  fal l  on the s a m e  l ine of var ia t ion  of e q u i l i b r i u m  
m o i s t u r e  content  that jo ins  the tes t  points  for  mo i s t  
a i r .  The re fo re ,  to d e t e r m i n e  the equ i l i b r i um m o i s t u r e  
content  in a vapor env i ronmen t ,  we may  use  the ex i s t -  
ing data on e q u i l i b r i u m  m o i s t u r e  content  of m a t e r i a l s  

1- 10 s 
qp -- - -0.6 

1.68.105 

(i �9 105 N/m 2 is the vapor pressure; 1.68 �9 105 N/m 2 

is the p r e s s u r e  of s a tu ra t ed  s t eam at 388 ~ K). 
F r o m  the tables  of equ i l i b r ium m o i s t u r e  content  

[1] for  ace ta te  f iber  in a sorpt ion  p roces s  with r = 
= 0.6, the equ i l i b r ium m o i s t u r e  content  at 373 ~ K is 
0.0435 kg /kg  of dry  ma t e r i a l ,  and at 323" it is 0.0526 
kg/kg,  i . e . ,  4.35 and 5.26%, r e spec t ive ly .  

A s s u m i n g  a l i n e a r  dependence of m o i s t u r e  content  
on t empe ra tu r e ,  we de t e r mi ne  the equ i l i b r ium m o i s t u r e  
content  in superhea ted  s t eam at 388 ~ K: 

We~ = We, - -  k (T,_ - -  T~) = 

5.26 - -  4.35 
= 4.35 - -  - (388 -- 373) = 4.08 %. 

3 7 3 -  323 

F o r  a n u m b e r  of m a t e r i a l s  there  is  p r ac t i c a l l y  
no dependence of e qu i l i b r i um m o i s t u r e  content  on 
t e m p e r a t u r e .  In this  case,  with an a c c u r a c y  suff ic ient  
for  p rac t i ca l  purposes  we may  d e t e r m i n e  the equ i l i b r ium 
m o i s t u r e  content  in a vapor  e n v i r o n m e n t  f rom the 
value of q~ alone, without b r ing ing  in a c o r r e c t i o n  for  
t e m p e r a t u r e .  

Thus, the p rope r t i e s  of a vapor e nv i r onmen t  in 
sorp t ion  and desorp t ion  p r o c e s s e s  a r e  de sc r ibed  in the 

s ame  way as those of mo i s t  a i r ;  the r e l a t ive  humidi ty  
is  ~, if in def ining ~ = Pv/Ps we take the p r e s s u r e  of 
the s a tu ra t ed  s t eam Ps as dependent  only on the t emp-  
e r a t u r e  of the env i ronment ;  independent ly  of the total  
p r e s s u r e .  

At p r e se n t  d ry ing  of ya rn  on bobbins  is often ac -  
compl i shed  in d ry ing  mach ines  in which the d ry ing  
e n v i r o n m e n t  is superhea ted  s t eam at a p r e s s u r e  of 

5 .  102-12 �9 106 N / m  2 (5-12  atm).  Using the above-  
men t ioned  postulate ,  we may  d e t e r m i n e  the equ i l i b r i um 
m o i s t u r e  content  even for these  condi t ions,  taking 
account  of the data ava i lab le  in the l i t e r a t u r e  on equi -  
l i b r i u m  m o i s t u r e  content  of this m a t e r i a l  in a i r .  

On the I -d  d i a g r a m for  mo i s t  a i r  which we used, 
in the t e m p e r a t u r e  r e g i o n  above 373 ~ K the l ines  (p = 
= eons t  a r e  ver t ica l ,  s ince  the s a tu ra t ion  p r e s s u r e  in 
this  case  is equal  to the b a r o m e t r i c .  The e q u i l i b r i u m  
m o i s t u r e  content  of the m a t e r i a l  in any t e m p e r a t u r e  
range  r e t a in s  the s ame  na tu re  of dependence on r e l a -  
t ive humid i ty  of the vapor -gas  m i x t u r e  under  ano ther  
def ini t ion of humidi ty .  In d e t e r m i n i n g  ~p = Pv/Ps it 
wil l  ev ident ly  be m o r e  c o r r e c t  not to put in the con-  
di t ion of l im i t i ng  the s a tu ra t ion  p r e s s u r e  to the value 
of the total  e n v i r o n m e n t a l  p r e s s u r e .  This  kind of 
def ini t ion of ~ has been a s s u m e d  by a n u m b e r  of in -  
ves t iga to r s  [2, 3]. 

When e xa mi n i ng  condi t ions  of e qu i l i b r i um of vapor 
and a l iquid bonded to the sol id  ske le ton  of a m a t e r i a l  
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at some m o i s t u r e  content  o r  other,  we may  note the 
following analogy.  

Var ia t ion  of the d i f fe rence  of t e m p e r a t u r e  of equi -  
l i b r i u m  of moi s t  m a t e r i a l  and of f ree water  ( i .e . ,  s a t -  
u ra t ion  t e m p e r a t u r e  in the l a t t e r  case)  with vapor  of 
a given p r e s s u r e  (which may  be a l so  a pa r t i a l  p r e s s u r e  
in the case  of a v a p o r - a i r  mix tu re )  a s i m i l a r  v a r i a -  
t ion occur s  of d i f fe rence  of boi l ing  t e m p e r a t u r e  of 
so lu t ions  and of the pure  so lvent  (the so -ca l l ed  t e m -  
p e r a t u r e  depres s ion ) .  The t r e a t m e n t  of t es t  data given 

above shows that the re  is an analogy of the Babo law 
(i. e . ,  for  a given concen t ra t ion  of solut ion q~ = A = 
= const)  and the c o r r e c t i o n s  of Stabnikov 's  law (i. e . ,  
A depends somewhat  on t e m p e r a t u r e  d i f fe ren t ly  for  
d i f fe ren t  so lu t ions ,  to a g r e a t e r  or  l e s s e r  degree) .  

~0) relative humidity of the vapor-air mixture; w) moisture content 
of material; We) equilibrium moisture content, 
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NOTATION 

Ps) pressure of saturated steam; T) ambient temperature, *K; Pv) 
vapor pressure (partial pressure of vapor for a vapor-air environment); 
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