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The results of the research into the electrical
properties of the "water in castor oil” emulsion, which
make it possible to substantiate the technology of
castor oil purification from plant impurities and water
in an electric field, were presented.

The experimental studies of the electrical
properties of the "water in castor oil” emulsion revealed
the dependences of specific resistance to direct and
alternating currents and dielectric loss angle tangent
on the temperature and water content. It was proved
that the active component of specific resistance to the
suspension "water in castor oil" on AC is smaller than
resistance to DC. That is why, at the temperature
of 80 °C and water content of 2 %, heat release on AC
is 10 % higher than the heat release on DC. According
to this, itis advisable to perform the process of castor oil
purification from plant impurities and water residues
on AC. This makes it possible to obtain additional heat
release and thereby compensate for heat losses for the
vaporization of flotation bubbles, which leads to the
stable process of flotation purification. A comparison
of the magnitudes of polarization losses and losses of
end-to-end electrical conductivity for pure oil indicates
their identical order. The addition of water leads to an
increase in polarization losses due to the structural
and dipole polarization of water as a polar fluid.
Due to this, from the theoretical point of view, it
can be argued about additional local heat release on
finely dispersed water drops in the quantity, which
can ensure the compensation for the heat needed for
vaporization. According to this, vaporization does not
require indirect heating of the electrode area from an
external source at the expense of thermal conductivity.

The obtained results of the experimental research
make it possible to substantiate the technological and
structural parameters of the electro-technological
complex of castor oil purification in the electric field
of the cylindrical system of electrodes
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1. Introduction

Natural vegetable oils are the most important compo-
nents of raw materials in the production of cosmetics and
components for skin treatment. In medicine, oil emulsions
and creams are made from different vegetable oils (castor,
almond). Glycerin and fatty acids are obtained from vegetable
oils. Valuable multi-protein saturated feeds are wastes — oil
cake and groats that are used for the production of feeds. In
the future, due to the growing environmental problems and
the need for products on a biological basis to replace synthetic
raw materials, castor oil can be used in many industries [1].

In recent years, the products of plant oil processing have
been used increasingly often as an alternative to fuels for
diesel engines, which have better environmental character-
istics than petroleum fuels. Ricin (castor) oil is a valuable
product with specific properties. From 50 to 55 % of oils are
accumulated in castor seeds. Castor oils contain about 90 %
of glycerides of castor acid, which was not found in other oils.
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Castor oil belongs to the group of nondrying oils, it is very
viscous, weakly dissolved in gasoline and other organic sol-
vents, does not freeze at low temperatures (minus 12—18 °C),
flames up at high temperatures (plus 300-310 °C). That is
why it is an unsurpassed lubricant when it comes to quality,
especially for aviation engines and mechanisms operating
under complicated conditions of the north.

The oil is obtained from castor seeds by hot or cold press-
ing. Hot pressing ensures greater yield of oil, but its quality
is worse, because poisonous substances, such as ricin and ri-
cinin, get to the oil from seeds. That is why this oil is suitable
only for technical needs. To obtain a high-quality product,
the oil is to be purified. Existing traditional purification
methods (filtration, settling, etc.) do not make it possible to
get a high-quality product or are energy- and resource-con-
suming. That is why it is urgent to find new technologies for
castor oil purification from plant impurities, which would
allow reducing the cost of production and improving product
quality.



2. Literature review and problem statement

According to its chemical composition, castor oil is
a complex multi-component system. It contains mostly
complex ethers of glycerin and fatty acids, as well as the
substances that can be dissolved in them. Freshly pressed
oil contains impurities that reduce its quality and market ap-
pearance, as well as free fatty acids, phospholipids, aromatic
substances. This oil cannot be used as a ready-to-use product
without a technological purification process.

The quality of castor oil in addition to such features as
color, transparency, and density depends on electrical indi-
cators (specific resistance, dielectric permittivity, dielectric
loss angle tangent).

The process of purification of castor oil is aimed at remov-
ing impurities that transfer from raw materials to oil during
the substance pressing process that is called refinement.

One of the methods for purifying dielectric fluids is im-
purities removal due to the forces operating in the electric
field. Paper [3] deals with electrophoresis and the deforma-
tion of a fluid drop weighed in another fluid and located in
a heterogeneous alternating electric field with a constant
component. These processes were considered for one drop
and do not take into consideration the dependence of elec-
trical conductivity of a suspension on the concentration of
drops in case the dielectric is an emulsion. In paper [4], the
dielectrophoretic motion of a drop under the influence of
heterogeneous variable electric field was explored and it was
shown that the velocity of the particle motion depends on
the field frequency. Frequency dependence is known to be
determined by the electrical properties of both a fluid and a
drop. In addition, it was shown in article [5] that electro-hy-
drodynamic currents, the behavior of which also depends
on electro-physical properties of contacting fluids, occur on
the surface of separation of the drop and fluid phases. That
is why from the theoretical and practical points of view,
it is very important to know the dependences of specific
electrical resistance and dielectric loss angle tangent in the
emulsion on the concentration of dispersed phase, which are
not found in papers [3-5].

The method for oil purification in the electric field of
polyelectrode systems can be considered promising [6].
Under this method for purification on electrodes, vapor and
gas bubbles that move towards the fluid surface along with
impurities and then removed in mechanical or in other ways,
are formed under the influence of dielectrophoretic force and
heat. For this process to flow, water (1-2 %) is added to oil
for hydration of phosphates and other high-molecular impu-
rities of plant origin. Oil is heated up to 60—80 °C to form
steam-gas bubbles from water droplets. High voltage (up
to 5kV) is given to electrodes. Electrodes (parallel cylin-
ders with the diameter of 2—3 mm) create a heterogeneous
electric field due to which water droplets move towards
the surface of electrodes where there is vaporization. This
process makes it possible not only to purify oil from plant
impurities but also to remove free moisture, which worsens
the quality of the finished product [6]. However, the study
did not reveal how the geometric parameters of the electrode
system (the distance between electrodes and their length)
were chosen. To do this, it is advisable to study volt-ampere
characteristics of a weakly conductive liquid. This approach
was used in article [7], where such characteristics were the-
oretically explored, but unfortunately, the obtained results

do not make it possible to assess the temperature impact on
volt-ampere characteristics.

In paper [8], the temperature impact on the electri-
cal conductivity of refined sunflower oil was explored.
The obtained results show a significant impact on the
temperature on the electrical conductivity of oil. But the
issues of the dependence of electrical conductivity (or
specific resistance) on temperature for castor oil, which
is characterized by much higher viscosity), remained
unresolved.

It should be noted that in papers [6—8], there are no
data on the impact of impurities, in particular water, on the
electrical properties of oils. Research [9], which substanti-
ated the technology for purification of vegetable oils in the
electric field with preliminary hydration, does not contain
these data either.

Electrical conductivity and dielectric permittivity of the
“water in solar oil” emulsion in the water content range from
40 to 60 % were explored in article [10]. Solar oil differs sig-
nificantly in its rheological and electro-physical properties
from castor oil and, in addition, the obtained results for the
emulsion are limited to the specified interval of water con-
tent and fixed temperature.

In article [11], the data on the resistance of the emulsion
“water in castor oil” in the temperature range from 20 to
90 °C at the water content from 0 to 2 % were obtained.
These results were received at low voltage (100 V) of DC.
Taking into consideration the fact that the castor oil puri-
fication technology involves the use of high voltage (from 3
to 5 kV) AC, their results need refining for high voltage DC.
Dependences of components of specific resistance and di-
electric loss angle tangent on temperature and water content
were not studied for high voltage AC.

The technological process of oil purification in the elec-
tric field [6] involves adding water and creating the “water
in oil” emulsion. The data on the impact of water content
on the electrical conductivity of castor oil at the high volt-
age both on DC and AC at the water content from 0 to 2 %
were not found in literary sources. Such data are necessary
to determine the technological parameters of the process
of purification in the electric field and energy indicators of
the process.

Thus, analysis of literary sources revealed that for
high-quality purification of castor oil, it is advisable to use
hydration with subsequent removal of impurities and water
in the high voltage electric field. At the same time, the re-
sulting emulsion “water in castor oil” is significantly differ-
ent in its electrical properties from non-moisturized castor
oil. Attention was paid to the close problems of the water
impact on the electrical conductivity of dielectric fluids in
specific technical areas related to petroleum refining prod-
ucts, but these fluids in their rheological and electrical prop-
erties differ from castor oil. For castor oil, it was not studied
how temperature and water content influence resistance in
DC at high voltage, ohmic resistance, and impedance to high
voltage AC and dielectric loss angle tangent.

All this suggests that it is advisable to conduct a study
devoted to determining specific resistance on direct and
alternating currents and dielectric loss angle tangent of the
“water in castor oil” emulsion. Dependences of these param-
eters on temperature and water content make it possible to
substantiate the technology of castor oil purification from
plant impurities and water in the electric field.



3. The aim and objectives of the study

The aim of this study is to determine the electric and
physical properties of castor oil with different water content
depending on temperature. This will make it possible to de-
termine and substantiate the technological, structural, and
energy parameters of the electrotechnological complex for
castor oil purification in the electric field.

To accomplish the aim, the following tasks have been set:

— to obtain dependences of specific resistance of castor oil
on the temperature at different water content for DC and AC;

— to obtain dependences of dielectric loss angle tangent
of the “water in castor oil” emulsion on the temperature at
different water content.

4. Materials, equipment, and procedure of research

4. 1. The studied materials and equipment used in the
experiment

Purified castor oil and water were used in the experi-
mental studies. The mixer Homogenizer MPV-302 (Repub-
lic of Bulgaria) was used to obtain a stable emulsion when
mixing water with oil.

The studies were conducted in a thermally insulated
chamber (1) with a volume of 0.1 dm? (Fig. 1). The chamber
has a cylindrical shape and consists of three electrodes:
high-voltage, measuring, and protective [12].
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Fig. 1. The circuit of laboratory plant to study electrical
properties of castor oil

High voltage AC and DC current were sent to the
electrodes of the measuring chamber (6). To increase the
voltage of the network, we used a high-voltage transform-
er TSV3-1020 (2), which was connected to the network
through a laboratory autotransformer (1) to regulate volt-
age. During the studies on DC, a rectifying diode shunt (3)
with a capacitor for pulsation smoothing was connected to
the secondary winding of a high-voltage transformer.

Electrostatic kilovoltmeter C-196 (4) was used to record
and measure the voltage values. The values of current power
were recorded by microampermeter F195 (5).

The camera was placed in a thermo-chamber. The tem-
perature values were recorded by a mercury thermome-
ter (not shown in Fig. 1).

4. 2. Experiment procedure
To carry out the research, the samples of the water-oil
emulsion with a water content of 0; 0,5; 1 and 1,5 % were

prepared and mixed with the Homogenizer MPV-302 mixer
for 1 minute.

The emulsion sample was poured into the chamber and
heated up to the temperature of 20; 40; 60; and 80 °C. At
each temperature, currents at voltages on the electrodes of
2; 3; 4 and 5kV were measured. The voltage was smoothly
changed by the autotransformer. The studies were conduct-
ed on both DC and AC.

4. 3. Procedure for processing experimental data and
determining the specific resistance and dielectric loss
angle tangent

Experimental data were processed and specific resis-
tance and dielectric loss angle tangent were determined
based on the parallel equivalent scheme of lossy dielec-
tric [13, 14], which included in parallel connected capacitor
and active resistors to losses. The magnitude of the capacitor
is determined by the polarization of the dielectric. The ohmic
resistance of liquid low-polar dielectric includes connected
in a parallel resistor of end-to-end electric conductivity of
castor oil and the resistor, which is caused by structural
polarization in the presence of impurities of water as polar
liquid.

The magnitude of impedance of the replacement circuit
is calculated according to the following formula:

Zy=—, M

where Z4 is the impedance, Ohm; Uy is the AC voltage on the
electrodes, V; I is the AC, A.

Resistance of end-to-end electric conductivity can be
measured on DC and computed from the following formula:

R, =, @)

where R, is the resistance of end-to-end electric conductiv-
ity, Ohm; U, is the DC voltage on the electrodes, V; I, is
the DC, A.

Equivalent resistance caused by water impurities during
structural polarization and by end-to-end electrical con-
ductivity, according to the parallel equivalent circuit, if
polarization capacitance is known, can be computed from
the following formula:

R =;, 3
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where R,;. is the equivalent resistance of end-to-end
electric conductivity and polarization losses, Ohm; o is
the angular frequency of AC, rad/s; C, is the polarization
capacitance, F/m.

Resistance is caused by polarization losses:

R — Re.tm i Rt.n.
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To determine specific resistance of fluid in the system of
cylindrical electrodes according to the known resistance, we
used the following formula:

Z=Fk 2z, ®)



where Z is the complex resistance, Om; z is the complex
specific resistance, Ohm-m; % is the geometric coefficient of
electrode shape, m™.

For the equivalent parallel circuit, if the active compo-
nent of specific resistance is much larger than the capacitive
component, the geometric coefficient of the shape of the

electrodes can be determined from the following formula:

=UA'w'£D.c.
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where €p ¢ is the dielectric permittivity of oil, F/m.
The magnitude of dielectric loss angle tangent was com-
puted from the following formula:

tgo=— (7

For pure castor oil at the temperature of 20 °C, dielectric
permittivity makes up from 3.54-10" to 3.98-10"!'! P/m [15],
which for an angular frequency of 314 rad/m (50 Hz) corre-
sponds to specific capacitive resistance from 8-107 to 9-107 Ohm.
Specific active resistance of castor oil, according to the
datain paper [15] makes up the magnitude from 5-108 to
5-10' Ohm:m. That is why, to calculate the geometric
coefficient of the electrode system, we used formula (6).

3. Results of studying the electrical and physical
properties of the “water in castor oil” emulsion

5. 1. Results of studying the specific resistance
of the “water in castor o0il” emulsion

To determine the electrical properties of the “wa-
ter in castor oil” emulsion, the values of currents

flowing into the system of cylindrical electrodes from 1

the DC and AC sources of a voltage of 4 kV were mea-
sured. The voltage of 4 kV was selected as maximum
possible for the temperature range from 20 to 80 °C
and water content from 0 to 2 % for a constant process
without a breakdown of suspension. Table 1 shows the
results for DC, and Table 2 shows the results for AC.

Table 1

DC in the system of cylindrical electrodes at a voltage of 4 kV at
different values of water content and temperature of castor oil

Temperature, °C Current, pA
0% 0.5% 1% 1.5% 2%
20 0,4 10 20 50 150
40 1 18 45 90 320
60 1,7 30 70 130 460
80 2,5 35 90 160 580

The data obtained as a result of the experimental studies
and presented in Tables 1, 2 are used in calculations of resis-
tances on alternating and direct currents and dielectric loss
angle tangent.

To calculate specific resistances (1)...(5), the values of
the geometric coefficient of the electrodes’ shape were pre-
viously calculated. To do this, the value of current in pure
castor oil at the temperature of 20 °C and at the voltage on
the electrodes of 2, 3, 4, and 5 kV were measured. Calcula-
tion of capacitive resistance according to formula (1) gave

100 -

Specific resistance, MOhm-m
=)

the average magnitude Z4=121 MOhm and the correspond-
ing value of the coefficient of electrodes’ shape according
to formula (6) (for the average dielectric permittivity of oil
ep.c=3.76-1011 F/m) k=1.43 m™.

Table 2

AC in the system of cylindrical electrodes at a voltage of 4kV at
different values of water content and temperature of castor oil

Temperature, °C Current, A
0% 0.5% 1% 1.5% 2%
20 30.01 31.83 36.91 61.77 165.5
40 30.04 35.6 56.92 101.7 348.5
60 30.1 43.83 81.01 143.6 500
80 30.2 47.85 101.3 175.4 630

The results of calculations of specific resistance on AC
in the form of graphical dependences are shown in Fig. 1, 2.
Impedance does not depend on temperature for castor oil
without adding water. If there is water in oil, the specific
resistance of end-to-end electrical conductivity decreases at
an increase in temperature and an increase in water content.
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Fig. 2. Dependences of specific resistance on AC of castor oil with

various water content on the temperature
at a frequency of 50 Hz

To determine energy characteristics of the process of oil
purification in the electric field, the equivalent active specific
resistance of oil, which causes heat release according to the
Joule-Lenz law and the magnitude of dielectric losses angle
tangent are of interest. To calculate its magnitude, we used (3).
Corresponding graphic dependences are shown in Fig. 3.

Analysis of these dependences revealed that active spe-
cific resistance at the water content of 0 % within the entire
temperature interval is much higher than the capacitive re-
sistance of 121 MOhm. At the water content of 0.5 % and the
temperature of about 60 °C, these resistances are comparable.
At an increase in temperature over 60 °C, active resistance
to water content from 1 to 2% becomes determining, that
is smaller, within the entire interval of temperatures active
specific resistance is much lower than capacitive resistance.

To identify the specific features of the oil purification pro-
cess in a constant electric field, the values of specific resistance
to DC were calculated according to formula (2). The obtained
data also enabled further determining active resistance, caused
by structural polarization in the presence of water impurities.
Corresponding dependences are shown in Fig. 4.
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Fig. 3. Dependences of the active component of specific resistance on AC of castor oil with various water content on the
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Fig. 4. Dependences of specific resistance of castor oil with different water content on
temperature on DC (end-to-end electric conductivity)

It follows from these dependences that specific resis-
tance to DC significantly depends not only on tempera-
ture but also on water content. Thus, at a change in water
content from 0 to 2 %, specific resistance to DC is reduced
by 200...300 times.

In order to identify how resistances on DC and AC are
related, the magnitudes of specific active resistance of polar-
ization losses (4) were calculated and corresponding graphic
dependences were constructed (Fig. 5).

Graphic dependences in Fig. 5 show that resistances of
polarization losses of the “water in castor oil” emulsion are
higher than resistances of end-to-end electrical conductivity
on DC (Fig. 4). Depending on the temperature and water
content, this difference is from 100 to 1,000 %. When adding
water and raising the temperature, this difference increases.

5. 2. Results of studying dielectric loss angle
tangents of the “water in castor o0il” emulsion
On AC, polarizing losses, which are commonly

characterized by dielectric loss angle tangents, or the

angle tangent, are added to the losses of end-to-end

electrical conductivity That is why we constructed
graphic dependences of dielectric loss angle tangent

on temperature and water content (Fig. 6, 7).
Dependences of Fig. 6 show that at water content

from 0 % to 2 %, the impact of temperature on losses
in oil is insignificant (when the temperature increas-

es from 20 to 80 °C, losses increase by 3...5 times).
It follows from dependences in Fig. 7 that at an
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Fig. 5. Dependences of specific resistance of polarization losses of
castor oil with different water content on the temperature

at a frequency of 50 Hz

increase in water content, dielectric losses signifi-
cantly increase. Thus, at a change in water content
from 0 to 2 % at the temperature of 20 °C, losses
increase by 216 times, at the temperature of 40 °C —
by 230 times, at the temperature of 60 °C — by
208 times, and at the temperature of 80 °C —
by 174 times.
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parallel to this resistance. As a result, the impedance
to AC decreases.
It should be noted that the vaporization process

in the emulsion under the influence of the electric
field determines the quality of the flotation purifi-
cation of castor oil and it should be stable. And for

this, local heat release in the electrode region plays a
significant role. From this point of view, AC is more
suitable for obtaining vapor-gas flotation bubbles.

A comparison of the magnitudes of polarization
losses and losses of end-to-end electrical conductivi-

ty for pure oil indicates their identical order, and the
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Fig. 6. Dependences of dielectric loss angle tangent of castor oil with
different water content on the temperature at a frequency of 50 Hz

addition of water leads to a significant increase in
both losses due to end-to-end electrical conductivity
and to polarization losses. An increase in end-to-end
electrical conductivity is explained by both ion elec-
tric conductivity and an increase in the number of
electrophoretic water particles and their deformation
in the electric field [3, 4], and an increase in polariza-
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tion losses is explained by the structural and dipolar
polarization of water as a polar fluid [13, 14, 16].
Due to this, from the theoretical point of view, we

100

can talk about local additional heat release on finely
dispersed drops of water in the quantity, which can
provide compensation for the heat needed for vapor-
ization. Thus, the boiling maintaining process and
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obtaining enough vapor bubbles does not require in-
direct heating of the electrode area from an external
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source due to thermal conductivity.
On the other hand, heat release in the dielectric
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emulsion under the influence of alternating electric
field is characterized by the magnitude of dielectric
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Fig. 7. Dependences of dielectric loss angle tangent of castor oil with
various water content on the temperature at a frequency of 50 Hz

6. Discussion of results of studying the electrical
properties of the “water in castor oil” emulsion

Experimental results proved the assumption that specific
resistance of pure, without any impurities, castor oil is deter-
mined by a capacitive resistance of polarization. It should be
noted that according to Fig. 2, 3, they differ almost by two
orders of magnitude, which substantiates the reliability of
the determined geometric coefficient of the electrodes’ shape
by the magnitude of the impedance of oil.

To evaluate the electrical properties of the “water in
castor oil” emulsion, it is advisable to compare the compo-
nents of specific resistance at a change in water content and
temperature. This is important both in terms of energy con-
sumption for the oil purification process in the electric field
and for analysis of the mechanism of this process.

If the process is carried out on DC (Fig. 4), for which the
emulsion “water in the castor oil” has much higher specific
resistance within the entire interval of temperatures, respec-
tively, heat release will be less than when using AC (Fig. 3).
This can be explained based on the parallel equivalent cir-
cuit of lossy dielectric [13, 14]. On DC, resistance included
only resistance of end-to-end electrical conductivity, and
on AC, the resistance of polarization losses is connected in

1.75

2 loss angle tangent. This indicator for both pure castor
oil and for the emulsion “water in castor 0il”, depends
on the temperature and its increase almost by 5 times
at an increase in temperature from 20 to 80 °C is de-
termined by a decrease in specific resistance (second
king electric conductivity of oil as a weakly polar
liquid), electrophoretic electric conductivity and an
increase in losses in dipole polarization [13, 14].

The obtained results do not differ from the data on the
temperature impact on pure castor oil known from papers [15].
Regarding the impact of water on specific resistance and di-
electric loss angle tangent, the literature contains the data only
for low water content (up to 0.5 %), and in this case, water is
partially dissolved in oil and does not affect specific resistance.
That is why in contrast to the data [10, 17], the range of water
content in the oil, in which dielectric losses were studied, was
significantly expanded. This made it possible to determine the
electrical properties of oil to substantiate electrical-technolog-
ical and energy parameters of the purification process in the
electric field: the magnitude of power voltage and the kind of
current, number, and length of electrodes, treatment time, en-
ergy consumption, active and full powers.

The studies of the electro-physical properties of the “wa-
ter in castor oil” emulsion were conducted at a fixed voltage
on 4 kV electrodes, which corresponds to the technological
parameters of the oil purification process in the electric
field. It is advisable to conduct these studies in the direction
of identification of dependences of specific resistances and
dielectric voltage loss angle tangent. In addition, for the
technology of castor oil purification, it is important to know
the dependences of the voltage of the electrical breakdown of
the suspension on temperature and water content.



7. Conclusions
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