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Results are given of an experimental investigation of the hygroscopic 
properties of peat insulating slabs, and an equation fix determining 
their equilibrium moisture content is presented. The bonding energy 
of moisture with the material has been determined from sception 
isotherms. 

Quite a n u m b e r  of papers  [1-5]  have been  devoted 
to inves t iga t ing  the hygroscopic i ty  of peat, but they 
have all  been concerned  with f inely divided peat at 
room t e m p e r a t u r e ,  except  [4], in which an inves t iga -  
t ion of the hygroscopic  p rope r t i e s  of peat was made in 
the t e m p e r a t u r e  range  2930-378 ~ K, though not with 
peats  used  for insu la t ing  s labs .  

C h a r a c t e r i s t i c s  of the Tes t  Pea t  

Composition of 
the peat 

Moisture excess flake 
Suction residue 
Heather residue 
Sphagnum medium 
Sphagnum fuscum 
Sphagnum parvifolium 
Sphagnum Duzenii 
Sphagaum aplcu.latum 
Sphagnum cusplaatum 

Content~ 

5 
isolated 

t a r e  

15 
55 
5 

10 
5 
5 

Degree of 
dispersion 

l0 

Type of 
peat 

top 

As was es tab l i shed  in [3], the hygroscopic  moi s tu re  
in peat and the shape of the sorpt ion  i so therm depend 
on the degree  of subdivis ion,  the methods of p r e -  
t r e a t m e n t  of the peat, and the a i r  t e m p e r a t u r e .  As 
r e g a r d s  the effect of the botanica l  compos i t ion  of the 
peat,  opinions  a re  cont rad ic tory ,  though the ma jo r i ty  
of i nves t i ga to r s  [1 ,2 ,4]  cons ider  that this  has no sub-  
s t an t i a l  inf luence on the equ i l ib r ium m o i s t u r e  content .  
It  should be noted that we did not find in the l i t e r a tu r e  
any sorp t ion  i so the rms  for peat insu la t ing  s labs  at 
t e m p e r a t u r e s  above room t e m p e r a t u r e .  

A knowledge of the equ i l i b r ium moi s tu r e  content  
in peat  insu la t ing  s labs  has g rea t  p rac t i ca l  impor tance ,  
both for d r y i n g - p r o c e s s  ca lcu la t ions  and for de te r -  
min ing  s torage  condi t ions,  e spec ia l ly  as the s labs  are  
used  as a bui lding and t h e r m a l - i n s u l a t i o n  ma t e r i a l .  

We have therefore  pe r fo rmed  tes ts  to de t e rmine  
the equ i l i b r ium moi s tu r e  content  of peat  insu la t ing  
s labs  at room t e m p e r a t u r e  (295 ~ K) and at 343" and 
363" K. The main  purpose  of the expe r imen t s  was to 
study the na ture  of the m o i s t u r e - m a t e r i a l  bond and to 
de t e rmine  the binding energy  f rom sorp t ion  i so the rms ,  
thus providing a sc ien t i f ic  bas i s  for choosing a method, 
and d e t e r m i n i n g  the op t imum condi t ions ,  for d ry ing  
peat  insu la t ing  s labs .  

The expe r imen ta l  equipment  for making tes t s  by 
the t e n s i m e t r i c  method above room t e m p e r a t u r e  com-  
p r i s ed  a t he rmos t a t  and specia l  s emiconduc to r  t he r -  
mal  r egu la to r s  to ma in t a in  a cons tan t  t e m p e r a t u r e  
(to an accuracy  of*_0.5~ The tes ts  were done with 
peat  insu la t ing  s labs  of d imens ions  2.5 �9 2.5 �9 0.4 cm, 
weighing 0.43 g (see table). Before the tes t  the s labs  
were  dehydrated in a des i cca to r  at 373*-378" K. 

The samples  p repared  in this way were  placed over  
su l fur ic  acid solut ions of va r ious  concen t ra t ions  in 
specia l ly  p repared  g lass  ve s se l s  with a g round -g l a s s  
cover ,  which in tu rn  had a g round-g la s s  s topper  with 
a catch.  The dis tance  of the peat  insu la t ing  s lab f rom 
the acid solut ion was the same in all the v e s s e l s ,  
approximate ly  19-21 mm.  To obtain the value of the 
equ i l i b r ium moi s tu r e  content  at #0 = 1, the s lab s a m -  
ples were  placed in a conta iner  with d i s t i l l ed  water .  
Weighing of the m a t e r i a l  dur ing  the expe r imen t  was 
done on an ADV--200 analy t ica l  balance spec ia l ly  
adapted for the purpose .  The tes ts  las ted for 153 days 
unt i l  constant  s lab weight was at tained,  this being 
de t e rmined  by two or  three  weighings.  

F rom the tes t  data, a f ter  p rocess ing ,  we were  able 
to draw graphs  of the dependence of the equ i l i b r ium 
moi s tu r e  content  u e of a peat insu la t ing  s lab on the 
re l a t ive  a i r  humidi ty (p at va r ious  t e m p e r a t u r e s  (Fig.  
1), in the form of sorpt ion  i so the rms .  The equ i l i b r ium 
mois tu re  content  u e was calcula ted as k i log rams  of 
mo i s tu r e  in 1 kg of absolutely  dry ma t e r i a l .  

The sorpt ion  i so the rms  cons t ruc ted  for t e m p e r a -  
tu res  of 295, 343, and 363" K indicate  that the equi-  
l i b r i um moi s tu r e  content  of a peat insu la t ing  s lab 
depends on the a i r  t e m p e r a t u r e  throughout the en t i r e  
range  of re la t ive  humidi ty f rom ~p = 0 to q~ = 1. The 
same  re l a t ion  for other  kinds of peat was also e s t ab -  
l ished in [4]. 
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Fig. 1. Sorption i so t he r ms  of peat insu la t ing  
slab:  1) at 295 ~  2) at 343 ~  3) at 363 ~  
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The inf luence of a i r  t e m p e r a t u r e  on the e q u i l i b r i u m  
m o i s t u r e  content  o v e r  the  whole  r ange  of  the so rp t ion  
i s o t h e r m  is exp la ined  by the fac t  that  the f r ac t i on  of  
c a p i l l a r y  m o i s t u r e  in the pea t  insu la t ing  s l a b s  may  be 
c o m p a r a b l e  with that  bound by adso rp t i on .  As the 
m o i s t u r e  content  of the s lab  " increases ,  the f r ac t ion  
of  a d s o r p t i o n - b o n d e d  m o i s t u r e  d e c r e a s e s ,  while  that  
of the c a p i l l a r y - b o n d e d  m o i s t u r e  i n c r e a s e s .  The 
s o r p t i o n  i s o t h e r m s  obta ined  by the t e s t  method  a r e  
a p p r o x i m a t e d  qu i te  wel l  by the equat ion 

Wr, =acp / (b - -  @), (1) 

w h e r e  a and b a r e  cons tan t s  which depend on the a i r  
t e m p e r a t u r e  and on the p r o p e r t i e s  of the m a t e r i a l .  

The n u m e r i c a l  va lues  of the coef f i c ien t s  a and b 
for  s ec t i ons  of the s o r p t i o n  i s o t h e r m s  with @ = 0-0-.85 
a r e  as  follows: T = 295 ~ K, a = 13.8, b = 142; at  T = 
= 3 4 3 " K ,  a =  7.0, b =  133; a t  T = 3 6 3 " K ,  a = 2.7, 
b = 112. 
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Fig .  3. D e t e r m i n a t i o n  of hea t  of so rp t ion .  

In a number  of hea t -  and m a s s - t r a n s f e r  c a l c u l a -  
t ions ,  i t  is  n e c e s s a r y  to know the spec i f i c  i s o t h e r m a l  
m a s s  capac i ty  C~ r and the m a t e r i a l  t r a n s f e r  po ten t ia l  
O T. The va lues  of these  quan t i t i e s  may  be d e t e r m i n e d  
f rom the so rp t ion  i s o t h e r m s .  

I t  has been shown e x p e r i m e n t a l l y  by Maks imov  [5] 
that  the e q u i l i b r i u m  m o i s t u r e  content  of a m a t e r i a l  is  
ful ly d e t e r m i n e d  for  a g iven a i r  humidi ty ,  indepen-  
dent ly  of whe the r  o r  not the body is in contac t  with 
o t he r s .  This  conc lus ion  enab les  us  to d e t e r m i n e  the 
t r a n s f e r  potent ia l  and the spec i f i c  m a s s  capac i ty  f rom 
s o r p t i o n  i s o t h e r m s  of  the body being examined  and of 
a s t a n d a r d  m a t e r i a l  ( f i l t e r  pape r ) .  

Using the va lues  given in [6] for  the t r a n s f e r  poten-  
t ia l  of f i l t e r  p a p e r  at  v a r i o u s  t e m p e r a t u r e s  and r e l a t i v e  
a i r  humid i t i e s ,  we d e t e r m i n e d  va lues  of C~r for  the 
pea t  insu la t ing  s l abs ,  and e x p r e s s e d  the dependence  
of C ~  on u g r a p h i c a l l y  (Fig .  2). Then the equ i l i b r i um 
m o i s t u r e  content  of the m a t e r i a l  in the hyg roscop i c  
r eg ion  is d e t e r m i n e d  for  the fo rmu la  

up = c~O~. 

In p r a c t i c a l  ca l cu la t ions  of a d ry ing  p r o c e s s ,  it  is  ve ry  
i m p o r t a n t  to have not only a qua l i t a t ive ,  but a l so  a 
quant i ta t ive  eva lua t ion  of the bond ene rgy  of the m o i s -  
tu re  with the m a t e r i a l .  The l a t t e r  may be d e t e r m i n e d  

f rom the s o r p t i o n  i s o t h e r m s  of  pea t  insu la t ing  s l a b s  
at  v a r i o u s  t e m p e r a t u r e s .  
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Fig.  2. Dependence  of the spec i f i c  m a s s  capac i ty  
of a pea t  insu la t ing  s l ab  on i t s  m o i s t u r e  content :  

1) a t  295 ~ K; 2) at  343 ~ K; 3) 363 ~ K. 

As is  known, the r e l a t i o n  between the p r e s s u r e  of 
e x t e r n a l  f o r c e s  and the l iquid may  be e x p r e s s e d  as  [7] 

In P9, ~ lnq~ ~- -Pevz /RcT.  (2) 
p~ 

Dif fe ren t i a t ing  (2) with r e s p e c t  to t e m p e r a t u r e  for  
the ca se  of cons tan t  m o i s t u r e  content ,  i . e . ,  when 
PeV/ does  not depend on t e m p e r a t u r e ,  we obta in  

d In ~ ~ Peal 

d (1/T) , ...... t Re 

The p roduc t  Pea /  is  the bond ene rgy  of the l iquid.  
The s lope of the s t r a i g h t  l ines  in F ig .  3 d e t e r m i n e s  
the bond ene rgy  of the m o i s t u r e  with the m a t e r i a l .  
F i g u r e  4 shows the so rp t ion  hea t  cu rve  for  a pea t  

i n s u l a t i n g  sIab (1), found acco rd ing  to the above-  
d e s c r i b e d  method;  p lot ted  for  c o m p a r i s o n  is the s o r p -  
t ion hea t  curve  of wood (2), taken f rom [7]. 
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Fig .  4. Heat  of so rp t ion .  

Since in d ry ing  the m a t e r i a l  the f o r c e s  bonding the 
m o i s t u r e  to m o l e c u l e s  of the m a t e r i a l  a r e  o v e r c o m e  
and the m o i s t u r e  e v a p o r a t e s ,  i t  is  n e c e s s a r y  in d r y -  
ing to expend ene rgy  in the phase  t r a n s f o r m a t i o n  and 
in o v e r c o m i n g  the bonding f o r c e s .  I t  m a y  be seen  
f rom Fig .  4 that  dur ing  the d ry ing  of a p e a t  insu la t ing  
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Slab to a f i n a l  m o i s t u r e  conten t  W = 3-5%,  the  bond 
e n e r g y  of  the m o i s t u r e  with the m a t e r i a l  i s  c o n s i d e r -  
ab le .  T h e r e f o r e ,  in the  e n e r g y  ba lance  of  the d ry ing  
equ ipment  fo r  the thorough d ry ing  of pea t  insu la t ing  
s l a b s ,  b e s i d e s  the hea t  of phase  t r a n s f o r m a t i o n ,  we 
m u s t  include the hea t  u s e d  in o v e r c o m i n g  the bonding 
f o r c e s .  Hence i t  fo l lows a l so  tha t  in o r d e r  to in tens i fy  
the  f inal  s t age  of d ry ing  of pea t  insu la t ing  s l a b s ,  the 
d ry ing  m u s t  be c a r r i e d  out  a c c o r d i n g  to the c o u n t e r -  
flow p r i n c i p l e .  

NOTATION 

~) relative air humidity! T) absolute temperature; Pc) gas constant; 
Pc) pressure of external fomes on the liquid; vz) specific volume of 
the liquid; c ~ ) specific isothermal mass capacity; P0, Ps) vapor pres- 
sure of water over the material and in the surrounding medium, res- 
pectively; OT) mass transfer potential; rs) heat of sorption. 
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