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The resul ts  of an experimental  investigation into the dependence of the dielectr ic  con- 
stant and the tangent of the loss angle of cellulose on the moisture content and the wave- 
length of the e lectromagnet ic  field are  presented, due allowance being made for the dif- 
ferent  fo rms  of binding of the moisture.  

The relat ionship between the dielectr ic  propert ies  of damp cellulose and its moisture content (due 
allowance being made for differences in the form of binding of the absorbed moisture) is of part icular  
in teres t  in connection with optimizing the technological p rocesses  involved in the hydrothermal  processing 
of cellulose in e lectromagnet ic  fields, in studying the mechanisms of damping and drying, and also in the 
field of e lect r ical  humidity measurement .  

We studied the dielectr ic  pa ramete r s  of bleached cellulose sulfite in the form of decalcified fil ter 
paper (All-Union State Standard 7246-54, Trade Standard TU MMP RSFSR No. 304-64) as functions of the 
mois ture  content over the wavelength range 60,000-30 m, using the IDN-1 and KV-1 types of Q meter .  

For  this purpose we made a measur ing  condenser so designed as to ensure a uniform distribution of 
mois ture  in the sample while preserving its macroscopica l ly  porous s tructure.  In this condenser (Fig. 1) 
we used the positive sides of a three-e lec t rode  condenser [1, 2]. 

The electrodes  2 of the condenser were made of sheet nickel 0.6 mm thick with aper tures  0.3 mm 
in diameter  at a distance of 2.5 mm f rom one another. The diameter  of the electrodes and the distance 
between them respect ively  equalled 70 and 3 mm. 

The rigid s i lvered leads 1 of the electrodes were made so as to minimize the dimensions of the 
feeding conductors.  In this way the parasi t ic  parameters  of the measuring condenser (which may be taken 
into account in calculating the e lect r ical  parameters  of the dispersed,  dampened sample mater ia ls  [3]) 
were kept constant. 

The electrodes  were placed in a thin-walled, airt ight Teflon cylinder 3 with small  taps 4 mounted in 
the base. The electrodes  were kept in a plane-paral lel  state by machining the ends of the threaded joints 
of the cylinder ve ry  accurately.  

A condenser of this kind may be used for both loose and solid dispersed mater ia ls .  In order  to en- 
sure  good and stable contact between the electrodes and the sample in the case of loose mater ia ls ,  mechan-  
ical agitation is essential  in order  to maximize the density of the mater ia l  within the condenser. Solid 
samples a re  made in the form of two plane parallel  disks fitted to the condenser dimensions. 

In order  to achieve mois ture  contents up to the maximum hygroscopic value, moist  a i r  is slowly 
pumped through the sample; the a i r  is derived f rom three ser ies-connected  Tishchenko bottles filled with 
twice distilled water.  Moisture contents g rea te r  than the hygroscopic value may be attained by passing the 
vapor of twice distilled water  through the sample in the presence of a s team dome. The condenser is kept 
in a drying cabinet at 80~ In order  to dry the sample,  dry  air  is passed through it, this having been p re -  
viously dried by passing through Tishchenko bottles full of P205. 
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TABLE 1. Mois ture-Holding P r o p e r t i e s  of Cellulose 

Moisture content of mono- I ,., %--) /  -----C~ moisture;is ~aximum hy~roscop[c mois- 
molecu_____llar adsorption, Ium contcnt,7o 

equation [thermograms k~etting Ithermograms ~sotherms i~thermograms 

3,4 4,8 14,4 15,8 24,9 24,7 
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Fig. 1. Ar rangemen t  of the measur ing  con-  
denser .  

The moi s tu re  content of the sample  is d e t e r -  
mined g rav ime t r i ca l ly .  

in order  to achieve  a uni form mois tu re  d i s t r i -  
bution, the samples  a r e  held in the condensers  for  
2-3 days with the taps closed. The uniformity  of the 
mo i s tu re  dis tr ibut ion may  be judged f rom the con-  
s tancy of the input capaci ty  of the condenser ,  de-  
t e rmined  by per iodical ly  connecting to the Q me te r .  

We cor re la ted  the e lec t r i ca l  p roper t i e s  of the 
damp cel lulose with its water -hold ing  p rope r t i e s  by 
studying the different ial  water -holding p roper t i e s ,  
these being determined by seve ra l  mutual ly inde-  
pendent methods,  such as  sorpt ion  i so the rms ,  [ so-  

t he rma l  drying t h e r m o g r a m s  [4], and heats  of wetting, using the Dumanskii  ru le  [5]. All the exper imen t s  
were  ca r r i ed  out at 25~ The different ia l  water -holding p roper t i es  of cel lulose a r e  presented in Table 1. 

The exper imenta l  r e su l t s  a r e  shown in Fig. 2 in the f o r m  of the dependence of the d ie lec t r ic  constant 
and the tangent of the loss angle (tan 5) on the moi s tu re  content of cel lulose for  wavelengths of 60,000, 6000, 
400, and 40 m. 

The e'(w) and tan 5(w) curves  a r e  cha rac te r i zed  by regions  of d i s s imi l a r  inc rements  in the d ie lec t r ic  
constant and tan 5. On the f i r s t  par t  of these curves ,  the d ie lec t r ic  constant and tan 5 inc rease  ve ry  sl ightly 
(in a l inear  manner)  with inc reas ing  moi s tu re  content for  all  wavelengths;  this is apparent ly  because  suc-  
cess ive ly  adsorbed  water  molecules  made s i m i l a r  contr ibutions to the total polar izat ion of the sys tem.  

On the second par t  of these curves ,  the d ie lec t r ic  constant  and tan5 inc rea se  more  sharply ,  m o r e  
par t icu la r ly  for  long wavelengths.  This indicates  a d i spers ion  of the d ie lec t r ic  constant and the tan6  of 
the sys tem.  This is evidently assoc ia ted  with the fact  that, in this range  of moi s tu re  contents,  the m o l e -  
cules of adsorbed moi s tu re  a r e  less  f i r m l y  at tached to the sample .  Relaxat ion polar izat ion of the s y s t e m  
is cha rac te r i s t i c  of this range.  

The t rans i t ion  f r o m  the f i r s t  par t  of the curves  to the second cor responds  approx ima te ly  to the t r a n s i -  
tion f r o m  a monomoleeu la r  l ayer  to polymolecular  moi s tu re  adsorpt ion  for  all  wavelengths studied. 

For  wavelengths of 60,000 and 6000 m the function e'(w) i nc rea se s  st i l l  m o r e  sharp ly  a f te r  reaching  
a mois tu re  content of 15~c, approx imate ly  cor responding  to the total quantity of combined mois ture .  

Thus the manner  in which the d ie lec t r ic  constant  and tan 5 of cel lulose v a r y  with its mo i s tu re  con-  
tent  is de te rmined  both by the wavelength of the e lec t romagne t ic  field and by the fo rm of binding of the 
mois ture .  The par t  played by the fo rm of binding becomes  more  evident as  the wavelength inc reases .  

F igure  3 p resen t s  some exper imenta l  data giving the d ie lec t r ic  p roper t i e s  of damp cel lulose as 
functions of the logar i thm of the wavelength for mois tu re  contents cor responding to monomolecu la r  mo i s tu re  
adsorpt ion,  combined mois tu re ,  mo i s tu re  in the hygroscopic  state,  and comple te ly  wet samples .  

Analysis  of the e ' ( Iog k) and tan 5 (log k) curves  shows that  a d i spers ion  of the d ie lec t r ic  constant and 
tan 5 takes  place for  moi s tu re  contents exceeding the value corresponding to monomolecu la r  adsorpt ion.  
The slight l inear  r i s e  in the d ie lec t r ic  constant  of the s y s t e m  in the region of monomolecu la r  adsorpt ion 
for  the range  of wavelengths studied is evidently due to d isp lacement  polar iza t ions ,  the t ime  requi red  to 
es tab l i sh  these being under 10 -12 sec  [6]. Since the adsorbed molecules  of moi s tu re  a r e  bound quite f i r m l y  
to the sur face  of the body, their  mobil i ty  is low. 
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Fig. 2. Dependence of the d ie lec t r ic  p roper t i e s  of 
cel lu lose  on moia tu re  content for  wavelengths.  1) X 
= 60,000; 2) 600(I; 31 400; 4) 40 m. w, Tc. 
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Fig. 3. Dependence o{ the d ie lec t r ic  p roper t i e s  of cel lulose on 
wavelength for  pact (cuter  mois ture  eontent3: 1) 30; 2) tS~ a} t2 ;  
4) 4 .5% 

We see  I t e m  Fig. 3 that the range  eI d i spers ion  of the d ie lec t r ic  constant and tan6 e m b r a c e s  a very 
wide f requency range;  the g r e a t e r  the mois tu re  content, the s t ronger  is the dispers ion.  With increas ing  
moi s tu re  content the range of d i spe r s ion  of the d ie lec t r ic  constant and tan 6 moves in the shor t  wavelength 
direct ion;  this i~ evidently assoc ia ted  with changes in the mobil i ty  of success ive  molecules  of absorbed  
water ,  oriented in the a l te rna t ing  e lec t r i c  field. 

Thus our study of the d ie lec t r ic  p roper t i e s  of damp cel lulose shows that the manner  in which these 
p rope r t i e s  v a r y  with mo i s tu re  content is de termined,  not so much by the total mo i s tu re  content of the ~y~- 
tern, as by the manner  in which the absorbed  mois ture  is bound; it a lso  depends on the wavelength of the 
e lec t romagne t ic  f i e ld  

This  experi~mental r e su l t  mus~: be taken i~to account  when develeping and cal ibra t ing e lect r ical  
humidity m e t e r s  intended for  colloidal ma te r i a l s .  The foregoing exper imental  data may be used to ca l -  
culate the ameu~t  of ene rgy  diss ipated in cel lulose on flrying the la t ter  in ~ high-frequency e lec t romagnet ic  
field. 

W 

N O T A T I O N  

is the real part of the complex dielectric constant of the material; 
is the m•isture content of the materiaB 
is the waveiength of the electromagnetic field, 
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