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Results  are  shown of an experimental  study concerning the behavior  of water  molecules  
sorbed in peat and of dipole functional groups in an external e lec t r ic  field. 

Water  bonded to various colloidal cap i l l a ry-porous  mate r ia l s  plays an important  role in heat and 
mass  t rans fe r  p r o c e s s e s .  Recently nuc l ea r -magne t i c - r e sonance  methods [1, 2] and dielectr ic  methods 
[3, 4] have been used for examining the s t ruc ture  and the mobili ty of sorbed water  molecules .  The authors 
have studied the state of water  sorbed in a typical colloidal capi l la ry-porous  mater ia l ,  namely in peat. 

In order  to detect the mechanism of interact ion between peat and sorbed water ,  we analyzed the de-  
pendence of the dielectr ic  permit t iv i ty  e' and of the dielectr ic  loss tangent tan 5 on the mois ture  content W, 
on the frequency of the external  e lec t r ic  field f, and on the specimen tempera ture  T. 

The curves  in Fig. 1 of die lectr ic  permit t iv i ty  versus  mois ture  content in the mater ia l  indicate an ap-  
preciable  effect of sorbed water  molecules  on the polar izat ion of a peat specimen.  Naturally, the t rend of 
these e' (W) cha rac te r i s t i c s  is different for different grades  of peat.  This could be due to a different degree 
of bonding between water molecules  and the mater ia l ,  it could also be due to accompanying changes which 
occur in the peat. Foremost here are changes in the mobility of macromolecules in individual polar func- 
tional groups in peat which accompany changes in the moisture content. Furthermore, an increase in the 
moisture content contributes to the formation of a mesh of hydrogen bonds within a specimen. In that case 
the probability of polarization in the material increases on account of the migration of protons along the hy- 

drogen bonds in the direction of the electric field [5, 6]. 

The energy of interaction between peat and sorbed water can be evaluated from the relation between 

the dielectric loss tangent and the temperature. Within the 0.05-10 MHz frequency range and the -60 to 0~ 
temperature range one observes in these characteristics a maximum of relaxation losses (Fig. 2). Both the 
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Fig. i. Dielectric permittivity 
of peat eT as a function of its 

moisture content W (kg/kg): 
i) topsoil peat with Rp = 5:7%; 
2) topsoil peat with R = 25-30%; P 
3) subsoil with Rp = 20-25%. 

absence of such a maximum in the case of perfec t ly  dry peat and the 
increase  in the ex t remum value of tan 5 with increas ing mois ture  
content support  a hypothesis that these maxima are  re la ted to the 
relaxat ion of sorbed water  molecules .  

The logar i thm of the frequency at which a maximum relaxation 
loss occurs  is re lated to the polar izat ion activation energy and to 
the t empera tu re  as follows [7]: 

H 1 
lgf~ ~ - A - -  2.303------R" -T-- " (1) 

This formula  yields the value of H whicl~ cha rac te r i zes  the 
potential b a r r i e r  to be overcome by a water  molecule before the 
la t ter  can align i tself  with the external  e lect r ic  field. In the case of 
water  sorpt ion in peat the activation energy depends on the mois ture  
content in the mate r i a l .  At mois ture  contents of 0.34, 0.20, and 0.12 
kg/kg in our tes ts  it amounted to 50, 59, and 69 kJ /mole  respect ively .  
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Fig.2. Dielectric loss 

tangent tan 5 as a function 

of the temperature T (~ 

at f = 6 MHz: i) W = 0.i0; 

2) 0.34; 3) 0.70 k g / k g .  

The decrease in the polarization activation energy observed during 

an increase in the moisture content agrees closely with the results of 

calorimetric tests [i]. The trend of H can, evidently, be explained as fol- 

lows. When the sorbate content in peat is low, the water molecules are 

bonded primarily to the most active sorption centers. As the moisture 

content increases, the sorbate molecules occupy also less active centers 
and settle in the micropores of peat. At a moisture content above the mono- 

sorption level there begins an interaction between sorbate molecules in 

various active centers and a formation of molecule complexes which even- 

tua l ly  m e r g e .  

An i n c r e a s e  in the bond e n e r g y  of  s o r b e d  wa te r  m o l e c u l e s ,  which o c -  
c u r s  when the m o i s t u r e  content  d e c r e a s e s ,  can a lso  be deduced f r o m  the 
t e m p e r a t u r e  c h a r a c t e r i s t i c s  of the d i e l ec t r i c  l o s s  tangent  at  one f r e q u e n c y  
(Fig. 2). A c c o r d i n g  to the t e s t  r e s u l t s ,  a d e c r e a s e  in the m o i s t u r e  content  
c a u s e s  the m a x i m u m  tan 5 to shif t  toward  h igher  t e m p e r a t u r e s .  This  is 
poss ib l e  if  an i nve r se  r e l a t i on  ex i s t s  be tween  the ac t iva t ion  e n e r g y  and the 
m o i s t u r e  content  in peat ,  b e c a u s e  the fol lowing r e l a t i o n  m u s t  be sa t i s f i ed  
at  a cons tan t  f r equency :  

- -  , (2) 

with f0 = const within the test range of temperatures. 

By applying the general theory of dielectrics to peat systems we have also obtained information about 

the nonuniform energy distribution of sorbed water molecules, based on the distribution of relaxation times. 

According to the Cole-Cole theory [8], the ~" = f(~') characteristic within the region of a relaxation maxi- 

mum for dielectric dipoles with one value of relaxation time is represented by a semicircle with the center 

on the ~'-axis. In the case of different dipole bond energies this characteristic becomes an arc of a circle 
with the center at the point: 

~;- ~L and Q ~:-- ~; ~ e t s = e ~  -+ 2 2 tg 2 (3) 

With the thus obtained value of parameter ~ one can now plot the relaxation time distribution function. For 

peat with a moisture content of 0.7 and 0.4 kg/kg Eq. (3) yield the values 0.505 and 0.755 respectively for 
the parameter e~ (Fig. 3). The graph of the relaxation time distribution function is more sloped for W = 0.4 

kg/kg (Fig. 4) than for W = 0.7 kg/kg, which has to do with the greater energy nonuniformity of sorption 
centers at lower moisture contents: 

1 sin a~ 
F -- (4) 

2~ c h ( 1 - - a )  In f~  - -  cosa~ 
f 

At h igher  m o i s t u r e  contents  the s o r b a t e -  so rba t e  i n t e r ac t i on  p r e d o m i n a t e s  and this causes  a r e d u c -  
t ion in the e n e r g y  s p e c t r u m  of s o r b e d  wa te r  m o l e c u l e s .  

The change in the nonun i fo rm e n e r g y  d i s t r ibu t ion  of so rbed  wa te r  m o l e c u l e s  can be eva lua ted  qua l i t a -  
t ive ly  by  ana lyz ing  the r e l axa t ion  m a x i m a  at va r ious  m o i s t u r e  contents  in the s p e c i m e n .  It  is e a s y  to see  
(F ig .  2) that ,  as  W d e c r e a s e s ,  the tan 6 m a x i m u m  b e c o m e s  f l a t t e r .  A c c o r d i n g  to Eq. (2), this ind ica tes  a 
wide bond e n e r g y  s p e c t r u m  of w a t e r  m o l e c u l e s  i n t e rac t ing  with the so rben t  and with one ano ther .  Of spec ia l  
theoretical interest is determining the dipole moment of a sorbed water molecule, which will also help to 

reveal both the sorption mechanism and the energy distribution of bonded water molecules. This problem 

can be solved in two ways: by the theory of dipoles in static fields or by the dielectric increment in an al- 
ternating field. 

In the first case we have the Froehlieh equation [7]: 

3e; ( e :  4- 2 i 2 4~No~Z 
e~--e 2= 2e~+e2 ~\ 3 / 3KT (5) 

' and ' in Eq. (5) will be more appropriate if taken from the Cole-Cole diagrams The values of r r 

than if based on measurements, because test values contain an appreciable conductive component. 
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Fig.3. Cole-Cole diagram for topsoil peat: I) W = 0.7; 2) 0.4 kg/kg. 

Fig.4. Relaxation time distribution function: i) W = 0.7; 2) 0.4 kg/kg. 

The number  of ~orbed water  molecules  is relaled to the mois ture  content in the mater ia l  a~ follows: 

mWNA 
N O = ~ (6) 

~r 

' a~d ' with the aid of the C o l e - C o l e  d iagram for W = 0.4 kg/kg.  The density of dry We determine gs r 
mater ia l  ~ this case is 587 kg/m 3. F r o m  Eqs.  (5) and (6) we find that a molecule of sorbed water should 
haFa a dipole moment  eqtml to 

P~,W -= 2"65"10-t" e~=2.65 D. 

In determining the dipole moment on the basis of the dielectric increment, i.e., from the change in 
the dielectric permittivity of the mixture due to the content level of the component under investigation, we 

use the equation for an ideal mixture: 

and the Debye equation for dipolar d ie lect r ics  [9]: 

4n~W~ 

~; - ~; (s) 
~, = q § ] + ( ~ t )  2" 

F r o m  Eqs. (6), (7), and (8) we can derive a formula  for calculating the dipole moment  of a sorbed water 
molecule (at the tempera ture  T = 293"14): 

~ . w  = L m (~; + 2) ~ dW ~ / j  . (9) 

Within the range of tow moisa t r e  contents one may,  evidently, dis regard  the eontribu~on of electron 
polar izat ion in sorbed water  molecules  to the total polar izat ion of the specimen,  i .e. ,  one may let de~/dW 
= 0. The relaxation range is so :ba te  molecules  at low mois ture  conteuts and at frequencies within the 0.1- 
10 MHz range may extend to T = 293~ i.e., the magnitude of the quantity (~1-) z remains  within the [1, 0] 
range.  The dipole momea~ of a so :bed  water  molecule,  ca lcula ted  by this formula with the density of dry 
mater ia l  taken into account, as well a~ the dielectr ic  permit t iv i ty  of perfec t ly  dry cpecimens and the di-  
e lec t r ic  increment  are  given here for various grades  of pea~ and for  the ex t reme  values of (~r)  ~, In com-  
posite topsoil peat with Rp = 5%, in the same with Rp = 25-30%, in subsoil reed-sedge  peat (Rp = 30%), and 
in sedge peat (Rp = 20-25%) the molecules  of so :bed  water  have dipole moments  within the following ranges  
respect ively:  2.50-1.77D, 2.72-1.93D, 2.26-1.60D, and 2.72-1.93D. 

The dipole moment of a so :bed  water  molecule,  calculated by the two methods,  is not smal ler  than 
the dipole moment  of a water  vapor molecule (;~ = 2.83D). The polar izat ion activation energy of such a 
molecule cor responds  to the energy of 3-4 hydrogen bonds, on the other hand, which means that aligning 
a water  molecule with an e lectr ic  field requi res  the breakup of so many bonds. These contradic tory  con-  
elusions reached on the bas is  of c lass ica l  for;hulas indicate that one may not t rea t  the (peat + sorbed wa-  
ter) sys tem as an ideal mixture ,  especial ly when calculating the dipole moment  of a sorbate  molecule.  In 
calculations with the aid of C o l e - C o l e  d iagrams the quantity ( ~ s - z s  contains a component due to the dis-  
pers ion  of d~etectric permittivi~y in the medi~m~ - in the polylner mixture with various size m a e r o m o l e -  
eules and with var ious ly  bonded dipolar functional groups.  In the second case an appreciable contribution 
to the dielectr ic  increment  is made by additional polar izat ion mechanism which depends onthe specific con- 
ditions of water  sorpt ion in peat.  
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Along with the quantitative characteristics of the energy distribution (H and a), however, the dipole 
moment of sorbate molecules, calculated by either one of the two methods shown here, can be considered 
a qualitative characteristic of the state of sorbed water. Furthermore, from the value of #s.w one can 
assess any changes within the sorbent due to physical or physicochemical effects. 

NOTATION 
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is the polar iza t ion activation energy;  
is the-gas:constant;  
a re  the die lect r ic  pe rmi t t iv i ty  at the f requency of the, external  f ield equa l  to z e r o  and to infinity 
respec t ive ly ;  
is a-'constant; 
~s the n u m b e r  of w~ter ~m~Ie~ut~s-per uni t  v0tume;  
is the Boltzmann constant; 
is the dipole moment;  
is the density of d ry  ma te r i a l ;  
IS the mOfsture~con~ent in'the m, aterial; 
is t he  A v o g a d r o ' s  number;  
~s the molecu la r  weight  of wafer ;  
is the re laxa t ion  t im~ 0Ldipotar  molecules ;  
~s the dipole m o m e n t  of a s o r b e d  wa te r  molecule;  
is the f requency of the exeernat~field; 
is the de~dmpositicm level ~ of peat;  
is the raSi~n f requency;  
is the die lect r ic  permi t t iv i ty  of a weakly polar ized  medium containing m o lecu l e s  of the ~gmponent 
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