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The method and resul ts  are  presented for  an experimental  and analytical  study of the kinetics 
of the p rocess  of drying of mois t  mate r ia l s  impregnated with an electrolyte  by the passage 
through them of an e lectr ic  cur ren t  of commerc ia l  frequency. 

The relat ively new and promis ing means of thermal  t reatment  of various products and mater ia l s  con-  
taining e lect rolyte  by passing through them cur ren ts  of commerc ia l  frequency (electrocontact  treatment) 
[1-7] has lately been undergoing intensive development. 

The at tempts of severa l  authors to general ize  the resul ts  of r e sea rch  on e lec t rocontact  thermal  t r ea t -  
ment  are  known from the l i terature.  For  example,  the authors of [1, 2] on the basis of thermal  balance 
obtained a dependence for the determinat ion of the duration of the e lect rocontact  treatment.  In our view it 
is not fully legitimate since the heat losses to vaporization and exchange with the external  medium are not 
allowed for  in it. 

The p rocess  of e lect rocontact  thermal  t reatment  of the above mate r ia l s  proceeds in time in the follow- 
ing way. Upon the supply of an alternating cur ren t  of 50 Hz frequency to the e lect rodes  in contact with the 
ma te r i a l  it is f i rs t  heated with an intensity which increases  with increasing tempera ture  up to 85~ at 
a tmospher ic  p res su re .  Then the evaporation of mois tu re  f rom the mater ia l  begins with a simultaneous 
smooth increase  in its tempera ture  to ~105-115~ and the subsequent drying takes place at a constant t e m -  
pera ture .  Here the layers  of mater ia l  near  the e lectrodes  dry more  intensely than the cent ra l  layers  and the 
mois tu re  gradient  directed from the center  to the per iphery increases .  However,  for sheet mater ia l s  in a 
number  of cases  the mois ture  gradient  over  the c ros s  section of the mate r ia l  is slight and can be neglected. 

As seen from the above, mathemat ical  relat ionships for the descript ion of the p rocess  of e lec t rocon-  
tact  thermal  t reatment  are  absent at present .  

We have attempted to fill in this gap somewhat on the basis of a solution of the thermal  balance equa- 
tion in differential  form. 

The fundamental balance equation [8] in application to e lectrocontact  drying is writ ten in the form 

V 2 , - 

- -  d-~ = ~o (~o -~- cli ~) do - Gom~. (1) 
R 

Along with the well-known assumptions of [8, 9], here it is assumed that the mater ia l  has a purely 
active res is tance  R, i .e. ,  cos(p ~ 1, which actually occurs  in pract ice and is confirmed in [1, 2]. 

Then the total res is tance  of the mater ia l  can be determined from the equation 

1 l 
R - -  

• S 
(2) 

By substituting (2) into (1) and performing the appropriate  t ransformat ions  we obtain 
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We define 

W• dT = Go (Rb + 1) d~. 
rl  

(3) 

and obtain (3) in the f o r m  

V2S 
A -- (4) 

r ig  o 

d~ 
d-c = A-Rb -}- 1 (5) 

The dependence  between the Reb inde r  n u m b e r  Rb and the m o i s t u r e  content  of  the m a t e r i a l  dur ing  e l e c t r o -  
con tac t  d ry ing  in the ini t ia l  per iod  can  be d e s c r i b e d  in the fol lowing way [8]: 

Rb = S (exp n~), (6) 

w h e r e  n > 0; B is an e m p i r i c a l  coef f ic ien t  which depends  on the ope ra t ing  p a r a m e t e r s  of  the p r o c e s s ,  

Dur ing  the per iod  of  d e c r e a s i n g  d ry ing  r a t e  the Reb inde r  n u m b e r ,  a s  was  es tab l i shed  on the bas i s  
of  p r e l i m i n a r y  e x p e r i m e n t s ,  does  not change and has  a cons tan t  value.  

The spec i f ic  e l e c t r i c a l  conduct iv i ty  of  the m a t e r i a l  in the p r o c e s s  of e l e c t r o c o n t a c t  d ry ing  f i r s t  i n -  
c r e a s e s  with an  i n c r e a s e  in t e m p e r a t u r e  f r o m  85~ up to ~102~ r each ing  a m a x i m u m ,  and then d e c r e a s e s .  

On the bas i s  of an ana lys i s  of c u r v e s  of the t ime va r i a t ion  in c u r r e n t  dur ing  the heat ing and d ry ing  
of  f ibro l i te  p la tes  by c u r r e n t s  of c o m m e r c i a l  f r equency  and d i f fe ren t  vo l tages  [2] and of  p r e l i m i n a r y  e x p e r i -  
m e n t s  which we conducted it was  es tab l i shed  that  the spec i f ic  e l e c t r i c a l  conduct iv i ty  of  a m a t e r i a l  v a r i e s  
with a change in its m o i s t u r e  content  in a c c o r d a n c e  with the equat ion 

lO-i 
• = _ (7) 

au ~ - -  bu- i -  c 

The subst i tu t ion of Eq. (7) into (5) leads  to the equat ion 

d__~ = _ A .  10 -i  
d z  (au ~ - -  bu  + c){[exp nul + 1} " (8) 

Let  us in tegra te  Eq. (8) with the ini t ia l  condi t ions  ulT=TO = ui: 

B 

t l ,  

x = Ba  exp(nu) u~ 2u -f- 2 _ e x p ( n u  i )  ui 
n n-r n n ~ ' 

1 :Ta--u~)--b.  1 - -2, _[_ c(u__ui ,  }, [exp (nu) - -  exp (nui)] -I- a. --~- (u --2-- (u 2 - -  ui, 

In a n u m b e r  of  c a s e s  the t e m p e r a t u r e  va r i a t ion  of  the m a t e r i a l  dur ing  the d ry ing  p r o c e s s  is s l ight  
and the f r ac t ion  of heat  going into the hea t ing  of  the m a t e r i a l  is sma l l  in the total  t h e r m a l  ba lance  of the 
p r o c e s s .  In this c a s e  Rb = 0 and with a l lowance  fo r  (7) Eq. (5) takes  the f o r m  

du 10-1 
d'~ - -  A au ~ - b u ~ - c  

(9) 

The solut ion of  this equat ion  with the p rev ious  ini t ial  condi t ions  is wr i t t en  in the fol lowing way:  

(10) 

and a f t e r  s e v e r a l  t r a n s f o r m a t i o n s  

A . l O - l x = a  5 u 2 d u - - b  S u d u - ~ c S  du 

u i u i u i 

A - T  . 
( 1 1 )  
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Fig. 1. Schematic d iagram of experimental  appa ra -  
tus for the study of the p rocess  of e lec t rocontac t  
drying. 

The experimental  study of the kinetics of drying and the establ ishment  of the form of the mathemat ical  
dependence of the specific e lec t r ica l  conductivity of a mois t  mater ia l  were car r ied  out on the laboratory 
apparatus  shown in Fig. 1. 

The apparatus  cons is t s  of two lattice e lec t rodes  2 between which is placed the specimen of test  m a -  
ter ia l  1, a clamping device 12 for the regulation of the tightness of fit of the e lect rodes  to the mater ia l ,  
an analytical  balance 3 of the VTK-500 type to monitor  the decrease  in specimen weight during the drying 
p r o c e s s ,  C h r o m e l -  Copel thermocouples  4 operating in an assembly  with a recording osci l lograph 5 of 
type N-700, an osci l lograph power supply 6 (VSA-6a rect i f ier) ,  a recording assembly  7 of type K-50 for 
visual  moni tor ing of the e lec t r ica l  pa rame te r s  of the p rocess  through the cur rent ,  voltage, and power, an 
N-390 recording  am mete r  9 in an assembly with a cu r ren t  t r ans fo rmer  8 of brand UTT-5,  an au to t rans-  
f o r m e r  10 for the regulation of the applied voltage, and a nonstandard time m a r k e r  11. 

Felt  with a thickness of 0.018 m, which is a cap i l l a ry-porous  mater ia l  with relat ively uniform p o r e s -  
it-y, was chosen as the subject of the study. The specimen was moistened with an aqueous solution of c a l -  
cium nitrate of different concentrat ions.  

The specimen was placed between two lattice e lectrodes  and the degree of press ing  of the e lectrodes  
against  the mate r ia l  was judged from the distance between the e lec t rodes  and it was regulated by the c l amp-  
ing device. The degree of tightening was determined f rom the equation 

d o - -  d c~ = - -  �9 loo (%), 
d 

where d o is the thickness of the mate r ia l  in mm before compress ion  by the e lectrodes;  d is the thickness 
of the ma te r i a l  in the compressed  state in mm. In the tests  presented ~ was taken as equal to 17 and 20%. 

Then the voltage of an al ternating cur ren t  of commerc ia l  frequency was supplied to the e lect rodes  
and the required pa rame te r s  of the p rocess  were recorded.  

Drying curves  and graphs of the variat ion in cu r ren t  and in the mean integral  temperature  of the 
specimen are  presented in Fig. 2 as an example. 

As seen from the graphs presented,  the heating of the mate r ia l  takes place for 10 sec and then the 
t empera tu re  of the mater ia l  inc reases  monotonically during its drying and is 115~ at the end of 180 sec. 

An analysis  of the nature of the curve of time variat ion with the current  shows that as the mater ia l  
dr ies  the s trength of the cu r ren t  pass ing through it grows with the increase  in the concentrat ion of the 
e lec t ro lyte  and with the tempera ture  of the specimen up to a maximum value. The fur ther  drying promotes ,  
on the one hand, an increase  in the e lectrolyte  concentrat ion and consequently a growth in the cur ren t ,  but 
on the other  hand, a decrease  in the amount of mois ture  in the ma te r i a l  which dec reases  the number of 
c u r r e n t - c a r r y i n g  "br idges ,"  i .e. ,  dec reases  the cur ren t  strength. 
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Fig. 2. Curves of variat ion in mois ture  content (1, 2) [1) experimental  data; 2) calculated values],  
cu r ren t  (3), and mean integral  tempera ture  of specimen (4) with time during p rocess  of e l ec t ro -  
contact  drying of felt w i t h C  =1%, ~=  17%, andV = 1 3 0 V .  7- in sec; t in ~ T in A; and u i n k g / k g .  

Fig. 3. Dependence of e lec t r ica l  conductivity of fe l ton  mois ture  content, different initial weight 
concentrat ions of the chemical  reagent ,  and voltages at a = 20%: 1) C = 1%, V = 130 V; 2) 1% and 
180 V, respect ively;  3) 2% and 130 V; 4) 3% and 130 V. 

The effect of these opposing :factors resul ts  in a decrease  in the size of the current .  

Curves of the variat ion in cur ren t  T and mois ture  content of the mater ia l  u with time ~- for different 
voltages V were analyzed to obtain the dependence u = f(u). For  this the value of 1~ was calculated for dif-  
ferent  t imes and then, knowing the a rea  S of the e lect rodes  and the distance l between them, ~ was de t e r -  
mined from Eq. (2). The resul ts  of these calculat ions are  presented in Fig. 3. It is seen f rom the graphs 
that the dependence ~ = f(u) has an ext remal  nature with the maxima being shifted toward smal le r  u with an 
increase  in the initial e lectrolyte  concentrat ion at the same applied voltage of the alternating current .  At 
equal initial concentrat ions and different voltages the maximum is shifted toward higher mois ture  contents 
u and a higher voltage V corresponds  to a g rea te r  maximum in the specific e lec t r ica l  conductivity ~. 

The use of the e lec t rocontact  method of heating for  the dehydration of fibrolite at V = 220 V and tmax 
= 100~ permit ted a reduction in its mois ture  content f rom 100% to 40-37% [2]. It was noted that 5-10% 
of the total amount of mois ture  w a s  removed in the liquid phase and the res t  in the form of vapor  in this 
case  while the rate  of tempera ture  r i se  reached 1.18 d e g / s e c .  

The removal  of par t  (2%) of the mois ture  in the liquid phase also occur red  in our studies while the 
average rate of r ise  in the mean integral  tempera ture  of the mater ia l  was somewhat different,  being 8 deg 
/ s e c  at f i rs t  and 0.18 d e g / s e c  during the drying. This difference is due mainly to the difference in the 
concentrat ions of the metal  salts in the fibrolite and the felt. 

The authors of [3] experimental ly studied the kinetics of sausage meat  during e lec t rocontact  thermal  
t reatment  in the tempera ture  range of f rom 20 to 70~ In par t icu lar ,  an analysis  was made of the time 
var iat ion in the tempera ture  of the mate r ia l  at different degrees  of press ing  t ~ of the e lect rodes  against the 
mater ia l .  For  example,  the duration of t rea tment  of the sausage meat  at V = 127 V was ~tre = 40 sec at 
P = 8.7.104 N / m  2, -rtr e = 38 sec at P = 11.8.104 N / m  2, and' Ttr e = 33 sec at P = 41.2.104 bT/m 2, i.e., 
with an increase  in the degree of press ing  P the intensity of heating of the ma te r i a l  increases  and the du ra -  
tion of the t rea tment  naturally decreases .  Our experiments  also showed an analogous effect of the degree 
of press ing  of the e lec t rodes  against the mate r ia l  on the intensity of its drying and heating. 

A n analysis  of the tempera ture  distr ibution in the volume of the mater ia l  during the e lec t rocontact  
baking of bread showed that the grea tes t  increase  in the rate of heating of the mate r ia l  occurs  in the layer  
near  the e lect rode,  whose tempera ture  reaches  99~ in 80-90 sec,  at the same time that the temperature  
at the cen te r  of the ma te r i a l  reaches  only 63-65~ [4]. Such a tempera ture  distribution through the volume 
of the ma te r i a l  is also observed during the radiative and convective heating of mater ia ls .  
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TABLE 1. Values of Empir ica l  Coefficients a,  b, and c in Dete r -  
ruination of Specific Elect r ical  Conductivity of Fel t  

Weight con- 
centration of 
Ca(NO3)z, % 

Voltage, V/m 

12.10 a 
8,7.10 a 
The same 

5,1 
18 
8 

12,8 

Coefficients, ~/m 

13,2 
39,6 

16 
30 

9,3 
21,9 
8,7 

18,4 

[Initial moNturr 
content,~o 

150 
150 
150 
150 

TABLE 2. Experimental  and Calculated Data 
on Drying of Felt  by the Elect rocontact  Method 

Moisture con- 
tent, kg/kg rexp, sec Tcalc , sec ] A, sea ~, % 

1,46 
1,42 
1,32 
i,26 
1,19 
1,13 
1,08 
0,97 
0,78 
0,69 
0,63 
0,59 
0,55 

10 
13 
20 
25 
30 
35 
40 
50 
70 
80 
90 

100 
115 

10 
14,9 
16,35 
22,4 
25,8 
29,1 
31,8 
38,5 
63,5 
80 
87 
94,5 
100 

o 
1,9 

--3,35 
--2,6 
--4,2 
--5,9 
--8,2 
--11,5 
--6,5 

0 
--3,0 
--5,5 
--15 

o 
14,6 
16,7 
lO,4 
14,o 
16,8 
20,5 
23 
12,3 

0 
3,3 
5,5 

13 

An analogous tempera ture  distribution over  the 
c r o s s  section of the drying felt was observed in our 
case ,  despite its relat ively small  thickness of 0.018 
m. The difference in t empera tures  of the center  and 
the electrode layer  was great ly  reduced,  however,  
and was 2-5~ during the course  of the drying process .  

An analysis  of the experimental  resul ts  on the 
measu remen t  of the specific e lec t r ica l  conductivity of 
specimens of felt impregnated with e lectrolyte  showed 
that the dependence (7) is valid for different voltages 
of the power supply and different e lectrolyte  concen-  
trat ions in the mater ia l .  The empir ica l  coefficients 
found for this dependence are  presented in Table 1. 

An analysis  of the resul ts  of experiments  on 
the kinetics of the drying and heating of the mater ia l  

at an e lec t r ic  field s trength of 8.7- 103 V / m  and an initial weight concentrat ion of the salt  of C = 1% made 
it possible to obtain the dependence of the Rebinder number Rb = ( c / r )  (du/dt)  on the mois ture  content of 
the ma te r i a l  for the period of constant drying rate :  

where B = 0.18 and n = 1.75 at V = 130 V in the range of variat ion in the mois ture  content of 1.38-1.48 kg 
/ k g  and of 85-115~ in the tempera ture  of the mater ia l .  

In the second period the Rebinder number is constant and is determined by the conditions of the 
p rocess .  

Calculations were  ca r r i ed  out to test the co r rec tnes s  of the analytical  dependences obtained and some 
of their  resul ts  a re  presented in Fig. 2 and in Table 2. 

Calculated and experimental  data obtained with an al ternating cur ren t  voltage of 180 V, specimen 
thickness of 0.018 m,  salt  concentrat ion of 1%, initial mois ture  content of the mater ia l  of 146%, dry mass  
of specimen of 0.016 kg, and a specimen area  of 26.5 �9 10 -4 m 2 in contact  with the electrode are  presented 
in Table 2. 

The data of Fig. 2 and Table 2 show that throughout the drying p rocess  the d isagreement  between the 
calculated and experimental  data on the duration of drying averages  10-15%. 

This d isagreement  in our opinion is caused by the experimental  e r r o r ,  by not allowing for the heat 
loss to the surrounding medium and for a cer ta in  fraction of the mois ture  removed in the liquid drop phase, 
and by the heat expended on heating the clamping device in contact with the mater ia l .  At the same time this 
d i sagreement  is quite acceptable for technical calculations.  

Consequently, in the present  work a sufficiently reliable equation is obtained for  the drying curve 
during e lec t rocontac t  dehydration of mate r ia l s  containing electrolyte  by cur ren t s  of commerc ia l  frequency 
which can be used to calculate the kinetics of the drying with an e r r o r  of 10-15%. 
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