KINETICS OF THE PROCESS OF ELECTROCONTACT
DRYING OF MOIST MATERIALS
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and V. 8. Karpenko

The method and results are presented for an experimental and analytical study of the kinetics
of the process of drying of moist materials impregnated with an electrolyte by the passage
through them of an electric current of commercial frequency.

The relatively new and promising means of thermal treatment of various products and materials con-
taining electrolyte by passing through them currents of commercial frequency (electrocontact treatment)
[1-7] has lately been undergoing intensive development.

The attempts of several authors to generalize the results of research on electrocontact thermal treat-
ment are known from the literature. For example, the authors of [1, 2] on the basis of thermal balance
obtained a dependence for the determination of the duration of the electrocontact 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 process of electrocontact thermal treatment of the above materials proceeds in time in the follow-
ing way. Upon the supply of an alternating current of 50 Hz frequency to the electrodes in contact with the
material it is first heated with an intensity which increases with increasing temperature up to 85°C at
atmospheric pressure. Then the evaporation of moisture from the material begins with a simultaneous
smooth increase in its temperature to ~105~115°C and the subsequent drying takes place at a constant tem-
perature. Here the layers of material near the electrodes dry more intensely than the central layers and the
moisture gradient directed from the center to the periphery increases. However, for sheet materials in a
number of cases the moisture gradient over the cross section of the material is slight and can be neglected.

As seen from the above, mathematical relationships for the description of the process of electrocon-
tact thermal treatment 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 electrocontact drying is written in the form
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Along with the well-known assumptions of [8, 9], here it is assumed that the material has a purely
active resistance R, i.e., cos¢ = 1, which actually occurs in practice and is confirmed in [1, 2].
Then the total resistance of the material can be determined from the equation
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By substituting (2) into (1) and performing the appropriate transformations we obtain
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The dependence between the Rebinder number Rb and the moisture content of the material during electro-
contact drying in the initial period can be described in the following way [8]:

Rb = B (exp nu), (6)
where n > 0; B is an empirical coefficient which depends on the operating parameters of the process,

During the period of decreasing drying rate the Rebinder number, as was established on the basis
of preliminary experiments, does not change and has a constant value.

The specific electrical conductivity of the material in the process of electrocontact drying first in-
creases with an increase in temperature from 85°C up to ~102°C, reaching a maximum, and then decreases.

On the basis of an analysis of curves of the time variation in current during the heating and drying
of fibrolite plates by currents of commercial frequency and different voltages [2] and of preliminary experi-
ments which we conducted it was established that the specific electrical conductivity of a material varies
with a change in its moisture content in accordance with the equation
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The substitution of Eq. (7) into (5) leads to the equation
du A.107
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Let us integrate Eq. (8) with the initial conditions EIT=TO = Gi:
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In a number of cases the temperature variation of the material during the drying process is slight
and the fraction of heat going into the heating of the material is small in the total thermal balance of the
process. In this case Rb = 0 and with allowance for (7) Eq. (5) takes the form

du R
T A T e (10)

The solution of this equation with the previous initial conditions is written in the following way:
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and after several transformations
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Fig. 1. Schematic diagram of experimental appara-
tus for the study of the process of electrocontact
drying.

The experimental study of the kinetics of drying and the establishment of the form of the mathematical
dependence of the specific electrical conductivity of a moist material were carried out on the laboratory
apparatus shown in Fig. 1.

The apparatus consists of two lattice electrodes 2 between which is placed the specimen of test ma-
terial 1, a clamping device 12 for the regulation of the tightness of fit of the electrodes to the material,
an analytical balance 3 of the VTK-500 type to monitor the decrease in specimen weight during the drying
process, Chromel ~Copel thermocouples 4 operating in an assembly with a recording oscillograph 5 of
type N~700, an oscillograph power supply 6 (VSA-6a rectifier), a recording assembly 7 of type K-50 for
visual monitoring of the electrical parameters of the process through the current, voltage, and power, an
N-390 recording ammeter 9 in an assembly with a current transformer 8 of brand UTT~5, an autotrans-
former 10 for the regulation of the applied voltage, and a nonstandard time marker 11.

Felt with a thickness of 0.018 m, which is a capillary-porous material with relatively uniform poros-
ity, was chosen as the subject of the study. The specimen was moistened with an aqueous solution of cal-
cium nitrate of different concentrations.

The specimen was placed between two lattice electrodes and the degree of pressing of the electrodes
against the material was judged from the distance between the electrodes and it was regulated by the clamp-
ing device. The degree of tightening was determined from the equation

dy— d
g = Od - 100 (%),

where d; is the thickness of the material in mm before compression by the electrodes; d is the thickness
of the material in the compressed state in mm. In the tests presented ¢ was taken as equal to 17 and 20%.

Then the voltage of an alternating current of commercial frequency was supplied to the electrodes
and the required parameters of the process were recorded.

Drying curves and graphs of the variation in current and in the mean integral temperature of the
specimen are presented in Fig. 2 as an example.

Asg seen from the graphs presented, the heating of the material takes place for 10 sec and then the
temperature of the material increases monotonically during its drying and is 115°C at the end of 180 sec.

An analysis of the nature of the curve of time variation with the current shows that as the material
dries the strength of the current passing through it grows with the increase in the concentration of the
electrolyte and with the temperature of the specimen up to a maximum value. The further drying promotes,
on the one hand, an increase in the electrolyte concentration and consequently a growth in the current, but
on the other hand, a decrease in the amount of moisture in the material which decreases the number of
current-carrying "bridges,” i.e., decreases the current strength.

819



zl
t 7 U /A'——A N ‘A\ A\A/\‘\\
AN /
120} 24 a > 12 7 >A
T a7 \\ N
A R \ o/ 1 /
. ——
X.d R aJ R // \
80y 16} 13 x4 /4 A %
TIEN N L \
[ A4 N og
L]
\\ q / a3 \ 3
w01 48; 09 H— &

] ] \\\\ J Y a4
”T o4} 47 f [~ ‘:T“ y \
- f

gt ot g5

o /3

/

)
S

20 40 69 &0 M0 20 K2 OO T .45 q7 g9 17 u

Fig. 2 Fig. 3

Fig. 2. Curves of variation in moisture content (1, 2) [1) experimental data; 2) calculated values],
current (3), and mean integral temperature of specimen (4) with time during process of electro-
contact drying of felt with C = 1%, o= 17%, and V = 130 V. 7 in sec; tin °C; Iin A; and u in kg /kg.

Fig. 3. Dependence ofelectrical conductivity of felt on moisture cdntent, different initial weight
concentrations of the chemical reagent, and voltages at ¢ = 20%: 1) C = 1%, V = 130 V; 2) 1% and
180 V, respectively; 3) 2% and 130 V; 4) 3% and 130 V,

The effect of these opposing factors results in a decrease in the size of the current.

Curves of the variation in current I and moisture content of the material u with time 7 for different
voltages V were analyzed to obtain the dependence % = f(u). For this the value of R was calculated for dif-
ferent times and then, knowing the area S of the electrodes and the distance ! between them, » was deter-
mined from Eq. (2). The results of these calculations are presented in Fig. 3. It is seen from the graphs
that the dependence n = £ (@) has an extremal nature with the maxima being shifted toward smaller u with an
increase in the initial electrolyte concentration at the same applied voltage of the alternating current. At
equal initial concentrations and different voltages the maximum is shifted toward higher moigture contents
uand a higher voltage V corresponds to a greater maximum in the specific electrical conductivity «.

The use of the electrocontact method of heating for the dehydration of fibrolite at V = 220 V and tmax
= 100°C permitted a reduction in its moisture content from 100% to 40-37% [2]. It was noted that 5-10%
of the total amount of moisture was removed in the liquid phase and the rest in the form of vapor in this
case while the rate of temperature rise reached 1.18 deg / sec.

The removal of part (2%) of the moisture in the liquid phase also occurred in our studies while the
average rate of rise in the mean integral temperature of the material was somewhat different, being 8 deg
/sec at first and 0.18 deg / sec during the drying. This difference is due mainly to the difference in the
concentrations of the metal salts in the fibrolite and the felt.

The authors of [3] experimentally studied the kinetics of sausage meat during electrocontact thermal
treatment in the temperature range of from 20 to 70°C. In particular, an analysis was made of the time
variation in the temperature of the material at different degrees of pressing P of the electrodes against the
material. For example, the duration of treatment of the sausage meat at V = 127 V was Tire = 40 sec at
P=8.7-10" N /m?, 7ype = 38 sec at P = 11.8-10* N/m?, and Type = 33 sec at P = 41.2- 104 N /m?, i.e.,
with an increase in the degree of pressing P the intensity of heating of the material increases and the dura-
tion of the treatment naturally decreases. Our experiments also showed an analogous effect of the degree
of pressing of the electrodes against the material on the intensity of its drying and heating.

An analysis of the temperature distribution in the volume of the material during the electrocontact
baking of bread showed that the greatest increase in the rate of heating of the material occurs in the layer
near the electrode, whose temperature reaches 99°C in 80-90 sec, at the same time that the temperature
at the center of the material reaches only 63-65°C [4]. Such a temperature distribution through the volume
of the material is also ohserved during the radiative and convective heating of materials.
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TABLE 1. Values of Empirical Coefficients a, b, and ¢ in Deter-
mination of Specific Electrical Conductivity of Felt

Weight con-
centration of
Ca(NOgy)y, %o

Céefficients, Q/m

Voltage, V/m

Initial moisture
content, %

— 0 DO e

12.108
8,7-10
The same

" ) 1

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

Moisture con- . . r - A .

tent, kg/kg exps sec calc, S€C , SEC e %
1,46 10 10 0
1,42 13 14,9 1,9 14,6
1,32 20 16,35 —3,35 16,7
1,26 25 22 .4 —2,6 10,4
1,19 30 25,8 —4.2 14,0
1,13 35 29,1 —5,9 16,8
1,08 40 31,8 —8,2 20,5
0,97 50 38,5 —11,5 23
0,78 70 63,5 —6,5 12,3
0,69 80 80 0 0
0,63 90 87 —3,0 3,3
0,59 100 94,5 —5,5 5,5
0,55 115 100 ~15 13

it possible to obtain the dependence of the Rebinder number Rb =

the material for the period of constant drying rate:

150
150
150
150

An analogous temperature distribution over the
cross section of the drying felt was observed in our
case, despite its relatively small thickness of 0.018
m. The difference in temperatures of the center and
the electrode layer was greatly reduced, however,
and was 2-5°C during the course of the drying process.

An analysis of the experimental results on the
measurement of the specific electrical conductivity of
specimens of felt impregnated with electrolyte showed
that the dependence (7) is valid for different voltages
of the power supply and different electrolyte concen-
trations in the material, The empirical coefficients
found for this dependence are presented in Table 1.

An analysis of the results of experiments on
the kinetics of the drying and heating of the material
at an electric field strength of 8.7-10° V/m and an initial weight concentration of the salt of C = 1% made

(¢ /r)({du/dt) on the moisture content of

where B=0.18 and n = 1,75 at V = 130 V in the range of variation in the moisture content of 1,38-1.48 kg
/kg and of 85-115°C in the temperature of the material,

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

process.

Calculations were carried out to test the correctness of the analytical dependences obtained and some
of their results are presented in Fig. 2 and in Table 2.

Calculated and experimental data obtained with an alternating current voltage of 180 V, specimen
thickness of 0.018 m, salt concentration of 1%, initial moisture content of the material of 146%, dry mass

of specimen of 0.016 kg, and a specimen area of 26.5- 107¢m
in Table 2.

2

in contact with the electrode are presented

The data of Fig. 2 and Table 2 show that throughout the drying process the disagreement between the
calculated and experimental data on the duration of drying averages 10-15%.

This disagreement in our opinion is caused by the experimental error, by not allowing for the heat
loss to the surrounding medium and for a certain fraction of the moisture removed in the liquid drop phase,
and by the heat expended on heating the clamping device in contact with the material. At the same time this
disagreement is quite acceptable for technical calculations.

Consequently, in the present work a sufficiently reliable equation is obtained for the drying curve
during electrocontact dehydration of materials containing electrolyte by currents of commercial frequency
which can be used to calculate the kinetics of the drying with an error of 10~15%.
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