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Expe r imen ta l  s tudies  have been made  concerning the effect  of var ious  kinds of ex te rna l  e l ec t r i c  
f ields on the kinet ics  of wa te r  sorp t ion  by  g rade  KSK-2 s i l ica  gel - a typical  c a p i l l a r y -  
porous  m a t e r i a l .  

The in te rna l  m a s s  t r a n s f e r  during drying can be  acce l e r a t ed  by  mainta ining s eve re  operat ing condi-  
t ions (heating the m a t e r i a l  to a high t e m p e r a t u r e ,  holding the par t ia l  p r e s s u r e  of wa te r  vapor  in the a m b i -  
ent a i r  down), by vacuum drying,  by in f ra red  drying, e tc .  Under such conditions,  however ,  there  often oc -  
cur  undes i rab le  i r r e v e r s i b l e  s t ruc tu ra l  t r ans fo rma t ions  in the dr ied m a t e r i a l .  As recen t  s tudies by v a r i -  
ous authors  have shown [1-4], the r a t e  of in ternal  m a s s  t r a n s f e r  can be inc reased  apprec iab ly  by means  of 
e l ec t romagne t i c  f ie lds ,  

I t  is well  known [1, 3] that m o i s t  c ap i l l a ry -po rous  m a t e r i a l s  const i tute po la r ized  s y s t e m s  in which 
applied e l ec t r i c  and magnet ic  f ields undergo re laxat ion ,  i .e . ,  such s y s t e m s  a re  r e l axa t ion -po la r i zed .  

Applying the the rmodynamic  laws of i r r e v e r s i b l e  p r o c e s s e s  to an analys is  of such s y s t e m s  [1, 3] has 
shown that  a superpos i t ion  of e lec t r i c  and magnet ic  f ields should apprec iab ly  affect  the ra te  of m o i s t u r e  
t r a n s f e r .  It  should m o s t  pronouncedly affect ,  f i r s t  of al l ,  the kinet ics  of wa te r  sorp t ion  or  desorpt ion  in a 
c ap i l l a ry -po rou s  m a t e r i a l  at a constant  ambien t  a i r  t e m p e r a t u r e  and humidity.  

It  is well  known that  ve ry  few exper imen ta l  data a r e  avai lable  on this subject ,  e spec ia l ly  concerning 
the effect  of a nonuniform constant  or  a l te rna t ing  (at indust r ia l  frequency) e lec t r i c  field. 

Fo r  this r eason ,  the authors  used vacuum-type  sorpt ion  sca les  of the updated K. V. Chmutov design 
[5] and the rmos ta t i ca l l y  cont ro l lable  within 0.05~C. The e lec t rode  s y s t e m  consis ted  of a cyl indr ica l  me ta l  
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Fig.  1. Curves  of m o i s t u r e  content  W ~ )  in grade  
KSK-2 s i l ica  gel ,  as a function of t ime  ~- (min) in 
which wa te r  vapor  is sorbed:  1) without an e lec t r i c  
field; 2) U = 600 V; 3) 700 V; 4) 800 V; 5) 900 V; 6) 
1000 V. Rela t ive  p r e s s u r e  of wa te r  vapor  q~ ---- 1, 
t e m p e r a t u r e  T = 3 0 3 ~ .  

furnace ,  in suff icient ly close contact  with the 
sorp t ion  tube made of g lass  (d = 3 mm) ,  with a 
molybdenum spr ing so ldered  to it inside and con-  
nected to a s t r a igh t  meta l l i c  conductor  pass ing  
through the d ie lec t r ic  container  with the colloidal  
d i spe r s ion  spec imen .  

In this way, the mo i s t  spec imen  was placed 
a lmos t  a t  the axis  of a cyl indr ica l  e l ec t r i c  field 
with l ines of force  enter ing or leaving.  The tes t  
spec imen  was thus p laced in a highly nonuniform 
field. The potent ial  d i f ference applied a c r o s s  the 
e lec t rodes  was var ied  f rom tes t  to t es t  in 100 V 
s teps  f rom 200 V to 1000 V, both in the dc and in 
the ac (f = 50 Hz) ca se .  The intensi ty  gradient  
pe r  unit spec imen  length was of the o rde r  of (14- 
41) �9 106(V/m)/m,  with the effect  of the sorpt ion 
tube m a t e r i a l  and of the conta iner  m a t e r i a l  as 
well  as of the var ia t ion  of pe rmi t t iv i ty  e during 
humidif icat ion [6] all  taken into account.  
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Fig.2. Time ~ (rain) necessary for grade KSK-2 silica gel to reach the 

mois ture  levels W (%): 1) 20; 2) 40; 3) 50; 4) 60; 5) 70; 6) 80; 7) 90%, as 
a function of the potential difference U (V) applied to the plates of the 
cyl indrical  capaci tor .  

Fig. 3. Moisture content W (%) in grade KSK-2 si l ica gel, as a function 
of potential difference U (V) ac ross  the plates of the cyl indrical  capaci -  
tor ,  with fixed lengths of sorption t ime: 1) 10; 2) 30; 3) 50; 4) 80; 5) 150; 
6) 220; 7) 300 rain. 

The tests  were per formed at a tempera ture  of 303~A and a relative water  vapor p r e s s u r e  q~ - 1 with 
a typical cap i l l a ry-porous  mater ia l ,  namely a 0.25 -< d -< 0.5 mm fraction of grade KSK-2 si l ica gel. The 
sorption and the s t r u c t u r a l -  geometr ica l  proper t ies  of this specinmn had been studied by the authors ea r l i e r  
and are  given in [7]. 

In Fig. 1 a re  shown curves  of the mois ture  content in KSK-2 as a function of the sorpt ion time in the 
p resence  of and without e lec t r ic  fields. According to the graphs,  obviously, the application of a nonuniform 
electr ic  field resul ts  in a higher rate of mois ture  t ransfer  inside the colloidal mater ia l  over the entire 
range of hygroscopic  mois ture  levels.  This becomes understandable if one considers  that this par t icu lar  
si l ica gel contains ra ther  long nar row pores  and that, in order  to reach the equil ibrium level of mois ture  
content, more  time is neces sa ry  for the diffusion of adsorbed molecules through these pores .  As is well 
known, dipolar molecules of water in a nonuniform electric field move always in the direction of the maxi- 
mum intensity gradient. Therefore, a large intensity gradient toward the center of a specimen accelerates 
the diffusion of water vapor molecules inside the material. Obviously, an intensity gradient toward the 
periphery should retard the process of sorptive humidification. 

One can also deduce from Fig. 1 that the presence of a nonuniform electric field affects only the kine- 
tics of water vapor sorption but not the maximum hygroscopic moisture level in a specimen. This is in 
agreement with the hypothesis by A. V. Lykov [i] concerning the relative effects of a nonuniform magnetic 
field on the kinetics of capillary adsorption. 

The time necessary for a specimen to reach a definite moisture level is shown in Fig. 2 as a function 
of the potential difference applied to the plates of the cylindrical capacitor. As the voltage across the plates 
is raised, according to the diagram, above a certain voltage level the time necessary to reach the given 
moisture level decreases linearly. This critical voltage is approximately 480 V. From this voltage level 
on, therefore, the presence of a nonuniform electric field begins to appreciably affect the internal moisture 
transport in the given colloidal material. It follows from the same diagram that the effect of an electric 
field on the time to reach a given moisture level is greater at higher initial moisture levels. Least affected 
by a nonuniform electric field is physicochemically bonded moisture, which again confirms the high energy 
of a such a bond to the skeleton of a capillary-porous material. 
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We have also plotted the kinetic charac te r i s t i c s  of water  sorption by the same specimen mater ia l  in 
the  presence  of a uniform constant and a uniform al ternat ing (f = 50 Hz) e lec t r ic  field with an intensity up to 
2 �9 10 ~ V/m superposed.  Here the test  specimen was placed in the field of a plane c i rcu la r  capaci tor  whose 
plates were 0.2 m in d iameter .  Not even very  careful  measuremen t s  have revealed any significant differ-  
ences between values in a uniform field and without a field, which means that the sorption kinetics were the 
same in both cases. The indication is that, under our test conditions, only a nonuniform electric field of 
even a very low intensity can affect the moisture transport in a colloidal material. 

It must be emphasized here that, apparently, the rate of internal moisture transport is increased not 
only by the action of an electric field intensity gradient on dipolar molecules of water vapor but also by the 
effect of such a gradient on other polarized phases of the system, namely on the retained moisture and the 
capillary-porous skeleton. This has been demonstrated as follows. After the curve of sorption kinetics in 
a nonuniform constant field with a certain potential difference across the plates of the cylindrical capacitor 
had been plotted, the specimen was subjected to desorption by pumping it down to the original weight and the 
test was then repeated for 2 h without an electric field. The curves of sorption kinetics were aln%ost identi- 
cal in both cases, i.e., the specimen of silica gel which had been subjected to a nonuniform constant field 
behaved for some time as an "electret." Similar tests run for longer periods of time have shown that such 

a specimen gradually loses these properties. 

Considering that industrial specimens of silica gel always contain various ionic impurities [8], one 
may assume that the acquisition of so-called "electret" properties by an amorphous specimen held for a 
long time in a nonuniform electric field has to do with the process of ion-relaxation (high-voltage, volume) 
polarization [9] in a capillary-porous material. In this case, evidently, one must conclude that the rate of 
internal moisture transfer is increased not only by the action of an electric field intensity gradient on di- 
polar water vapor molecules but also by its effect on the mobility of hydrated ions when the moisture con- 

tent in the material is close to the maximum hygroscopic level. The displacement of ions which have been 
distorted by a nonuniform electric field [10] results in an accumulation of volume charges in the specimen, 
which then gradually vanish as a result of a reverse ion current and their entropic thermal motion after the 

field has been removed. 

In a nonuniform electric lield, of course,~'rigid" dipoles of water vapor molecules should not be moving 

along the force lines. 

According to Fig. 3, the sorption rate increases with the voltage and, consequently, with the nonuniformity 
of the cylindrical electric field in a specimen. In this case the relation W (U)~- becomes a direct proportion. The 
longer the fixed sorption time is, the steeper becomes the W (U)T curve. At r = 300 rain, then, (SW/DU)T becomes 

as h ighas  0.02 wt. %/V.  

Note should be taken, in conclusion, of the c loseness  between the kinetics of water  so rp t ionby  a specimen in 
a constant and inan al ternating (f = 50 Hz) nonuniform elec t r ic  field respect ively .  This leads one to conclude that 
such a frequency of the al ternating field is still  too low to influence the so rp t ionprocess  significantly. 

Similar measurements  were made with grade KSK-2 si l ica gel and carbon te t rachlor ide  molecules ,  
the dipole moment  of the la t ter  being equal to zero .  Within tes t  accuracy ,  we have not detected any effect  
of external nonuniform electr ic  fields on the sorpt ion kinetics.  
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is the frequency of the al ternating field; 
is the mois tu re  content in the colloidal specimen;  
is the potential difference ac ros s  the plates of the cylindrical  capaci tor ;  
is the sorpt ion t ime; 
is the relat ive p r e s s u r e  of water  vapor;  
is the dielectr ic  permit t iv i ty  of mois t  specimen.  
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