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The frequency dependence of the dielectric constant, the dielectric loss factor and conductivity were
studied for five edible oils in the frequency range of 100 kHz to 13 MHz at different temperatures using
frequency domain spectroscopy. The dielectric constant was similar for all the samples, in agreement with
previous reports. The dielectric loss was low (<0.01), except for virgin olive oil with a value of 0.05. The
dielectric loss peak frequency was 4 MHz for corn oil and around 5.2 MHz for the others. At this frequency,
conductivity was on the order of 107-10 S/cm and decreased with temperature, following the behavior
of dielectric losses. The refractive index, molar and orientation polarization were calculated for all types of
oils using the novel theory proposed by N. M. Putintsev and D. N. Putintsev. The data show that orienta-
tion polarization contributes to the observed dielectric constant at low temperatures and frequencies. This
indicates that edible oils are not pure non-polar dielectrics. The induced dipole moments of the oils were
calculated for 400 kHz and 10 MHz at 300 K and 318 K. The results are discussed and correlated as a func-
tion of temperature and frequency to establish this relationship.
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JUEJEKTPUYHA KOHCTAHTA U UHAYHWPAH JUITOJIJEH MOMEHT
HA MACIJIA 3A JAJEIBE ITOJJIOCKEHH HA KOHBEHIIMOHAJIHO I'PEEILE

VcnmtyBaHa € (ppeKBEHINCKA 3aBUCHOCT Ha AUENICKTPUYHATA KOHCTAHTA, AUESICKTPUYHUOT (ak-
TOp Ha 3aryOH U eNeKTpUYHATA CIIPOBOAJIMBOCT Ha MET Maclia 3a jaJierhe BO (peKkBeHTHH HHTEpBa ox 100
kHz mo 13 MHz npu Hekonky Temrieparypu. [JuenekrpraHara KOHCTaHTa HMa OJMCKH BPEIHOCT 3a CUTE
MIPIMEPOLIN U CE CIIOKYBa CO TTONATOINTE Of JuTepaTypara. Juenexrpuaante 3aryou ce mamu (< 0,01)
OCBEH 33 MacJIMHOBOTO Maciio koe uMma BpexHocT ox 0,05. @pexBeHunjata Ha MAKCUMYMOT Ha JAHUCIICKT-
puunu 3aryou e 4 MHz 3a muenkapHoTo Maciio u oxony 5,2 MHz 3a cure npyru. CripoBoutHBOCTa Mepe-
Ha Ha oBaa (pekBeHNHrja ¢ o pex Ha 107—10° S/cm, HajBHCOKa 38 MACIMHOBOTO MACJIO U CE HaMayBa
CO TeMIepaTypaTta, CIe/Iejki TO OHECYBaEeTO Ha NUENeKTPHIHUTE 3aryon. O mpecMeTaHuTe BPEeTHOC-
TH Ha MOJIapHATa IT0JIapH3allija Ha ONTHYKH (PPEKBEHIMH, MOJapHaTa IoJapH3alja i OpHEHTA[OHATa
roNlapu3anuja, mpu mTo € kopuctena teopujara Ha H. M. Ilyrundes u [I. H. Ilytunues, ce 3abemnexysa
BJIMjaHUETO HAa OPHUEHTALMOHATA IOoJNApU3annja Bp3 OJHECYBAKETO Ha JUEICKTPUYHATA KOHCTAHTa IPH
TIOHUCKHU TEMITepaTypy u HUCKH (pekBeHun. OBa JOBEeIyBa 10 3aKIy4OK JeKa Maciara He ¢e YHCTO He-
TTOJIAPHU IUEJICKTPHUITH, TYKY IPOjaByBaar Majia moiapHocT. [IpecmeTtann ce numoaHuTe MOMeHTH 32 400
kHz n 10 MHz npu Temmeparypu ox 300 K u 318 K. HaGspymyBana e mpoMeHara Ha TUTTOTHHOT MOMEHT
BO 3aBHCHOCT O] TEMIIEpaTypara i (ppeKkBeHIHjaTa.

Kityunu 300poBu: TreneKTprYHA KOHCTAHTA; Maclia 3a jajIekhe; MOJapHa MoJlapH3aliija;

MoJapHa pedpakinja; JUMTOICH MOMEHT
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1. INTRODUCTION

Currently, mineral oil is widely used as
a basic insulator material in industry as it has
a low cost and excellent dielectric and cooling
properties [2—4]. It is poorly biodegradable
and contaminating to soil and its stocks de-
crease every year because it is non-renewable.
A shortage is expected very soon, in the mid-
dle of the 21st century, so there are demands
for alternative materials with improved effi-
ciency to replace mineral oil [2—4]. Vegetable
oils are being seriously considered as candi-
dates for this purpose. Technically, natural
oils with unsaturated fatty acids have attracted
great attention for their use in medical, food
and industrial materials. They have already
replaced mineral oil in some outdoor small
transformers in US [5]. Natural esters have
very acceptable properties, such as their re-
newability and their ability to biodegrade (70
% — 100 %) with very little or no toxicity [6],
which makes them environmentally friendly.
They are chemically and temperature stable
with a high degree of water solubility (20 to 30
times more than mineral oil), which decreases
the effect of humidity on insulator strength
[2]. This leads to low relative water content
in vegetable oils and a higher breakdown volt-
age than mineral oil. The breakdown voltage
is highly influenced by impurities like water,
gases and particles present in oils.

Edible oils are natural esters formed
from glycerol and triglycerides. Some of them
have two or three different fatty acids. Fatty
acids are saturated if the carbon atoms in the
molecule are connected with single bonds.
Sometimes, fatty acids are converted from
saturated to monounsaturated, with the loss of
one hydrogen atom, and the single bond be-
tween carbon atoms becomes double. If there
is more than one double bond, the fatty acid
becomes polyunsaturated. Every vegetable oil
has its own composition with different ratios
of unsaturated with saturated fatty acids. Oils
with a higher content of unsaturated acids are
liquid at room temperature. The nature of the

oil depends on its constituent fatty acids. Their
variation can change the oil’s physical and
chemical properties, which enables them to be
a good replacement for mineral oil.

To characterize any vegetable oil, it is
necessary to know its properties like density,
molecular weight, acid value, saponification
value, iodine value, refractive index and di-
electric behavior. The molecular weight of ed-
ible oils is very difficult to calculate due to the
unavailability of these oils in pure compounds.
Edible oils usually exist as a mixture of dif-
ferent fatty acids. In this study, we used the
saponification value in order to estimate the
molecular weight of the oils under considera-
tion. It should be noted that the saponification
value (SV) is the number of milligrams of po-
tassium hydroxide required to saponify 2 g of
oil. A lower saponification value indicates a
larger molecular weight of the fatty acid [8].
The density of different types of vegetable oils
is similar, within the interval 910-930 kg/m?
[9].

In order to provide monitoring for qual-
ity control during production processes, sever-
al methods were applied. Highly sophisticated
methods for analysis of oils have already been
developed, such as liquid chromatography
[10], Fourier transform infrared (FTIR) spec-
troscopy [11], Raman spectroscopy [12] and
nuclear magnetic resonance (NMR) [13]. All
these methods are very expensive and unsuita-
ble for quality control in oil processing indus-
tries. A method like frequency domain dielec-
tric spectroscopy is easy to apply for industrial
monitoring applications. Frequency domain
dielectric spectroscopy is also a low-cost
method. In this study, we used this method to
monitor the quality characteristics of natural
oils. In industrial liquid processing, properties
like density, refractive index and the amount
of polar components should be correlated with
the dielectric parameters obtained using this
method [6, 14]. The study of the dielectric
properties of oils is a good source of informa-
tion about their behavior. The dielectric con-
stant, dielectric losses, conductivity and dipole
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moment are related to the functioning of the oil
for a specific application. This article presents
detailed studies of these dielectric properties
for five types of vegetable oil. On the basis of
their dielectric behavior, the investigated oils
were ranked in order to find the most suitable
oil for insulator industrial applications.

2. EXPERIMENTAL

The vegetable oils were purchased from
local markets. Their composition was provided
by the manufacturers. The ratio of unsaturated/
saturated fats, saponification value and molecu-
lar weight are given in Table 1.

Values for palm oil contents were taken
from the literature for the most common palm
oil [7], as they were not available from the man-
ufacturer. Saponification values (SV) were tak-
en from the literature [8, 9, 15, 16] and average
values are used. The molecular weight M was
calculated by the relation M - SV = 168300
(M, is given in g/mol) [9].

The densities of the oils were measured
at room temperature by a gravimetric method
with the accuracy of the balance at 10* g. The
dielectric constant at optical high frequency
g, = n* was determined by measuring the re-
fractive indices of the oils at 298.15 K with a
Carl Zeiss Abbe refractometer (Bellingham &
Stanley 60—70) with a precision of 1x10* at a
wavelength of 589 nm.

The dielectric measurements were per-
formed using an LF Impedance Analyzer HP
4192 A with an applied voltage of 1 V. The sam-
ples were put in HP 16452A Liquid Test Fixture
with an electrode diameter of 38 mm and a fluid
gap of 0.3 mm in parallel mode. For all samples,
the capacitance C, of the empty cell, the capaci-
tance Cp of the cell filled with oil, the conduct-
ance G and dielectric loss tand were measured
in the frequency range 100 kHz to 13 MHz at
different temperatures from 300.15 to 318.15 K.
The temperature of the investigated samples
was measured in situ with an accuracy of 0.01
K. Dielectric constant &, dielectric loss factor &”
and ac electrical conductivity ¢ were calculated
using the following equations [2, 17]:

U CP
&' =—
c (1)
g"=¢'-tand ()
d n
0'=G-§=8027y‘8 3)

where S is the area of the injecting electrode,
d is the fluid gap and ¢ is permittivity of free
space. The conductance G is related to dielec-
tric loss as G = 2zfC tand, f'is the linear fre-
quency of the applied electric field.

Table 1
Characteristics of the oils used in this study

T foil Saturated fats Monounsa- Polyunsa- Ratio SV M,

ypeotol % turated, % turated, % uns : sat (107 kg/mol)
Palm 50 40 10 1 187-206 863.39+22.29
Olive (ac. <1.5%) 15.9 73 9.5 5.2 185-200 886.67+48.00
Corn 12 26 61 7.25 187-193 853.60+46.40
Sunflower 11 34 55 8.1 188-194  886.18+18.66
(cold pressed)

Rapeseed 6.7 58.9 30 13.3 194-197 860.926.64
(cold pressed)
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The dielectric character of the investi-
gated oils was established by studying the vari-
ation in the dielectric constant, dielectric losses
and conductivity of the samples with changes
in temperature.

3. THEORETICAL BACKGROUND

A molecule has an electric dipole mo-
ment if it has a net separation of the centers of
the positive and negative charges (dipoles). If
dipoles exist in the molecule without the appli-
cation of an electric field, it has a constant elec-
tric dipole moment. If we apply an electric field
to a molecule which has no dipoles, an induced
dipole moment will appear through interaction
with the field.

The dielectric constant represents the sum
of two different component properties of mate-
rials: the deformation polarizability a, . and the
constant dipole moment of the molecules u. Po-
larizability o, . measures the interaction of the
electrons in a molecule with the electric field
and is defined as the magnitude of the propor-
tionality between the induced dipole moment p
and the local electric field F:

P = Qger - F (4)

Until recently, the Lorenz-Lorenz equa-
tion was considered a good approximation
for non-polar or weakly polar substances and
the molar refraction value was assumed to be
the molecular constant of the substance under
consideration [18]. In the last few years, this
equation has been modernized by considering
that thermal motion continuously reorients the
molecule dipoles in liquids, thus causing an in-
teraction between them; therefore, the values
of electron polarizability o of the molecules
changes with changes in the energy state [19—
21]. This theory is based on the assumption
that the energy of substance polarization in low
electric fields virtually equals the interaction
energy; an explanation is given elsewhere [1].
According to this novel theory proposed by N.

M. Putintsev and D. N. Putintsev, the equation
for calculating molar polarization P, is:

2

Py =(g,-1)-¥, = ]Z_:'(adeﬁ';;{_Tj )
where ¢_is the static dielectric constant, V=
M/ p is the molar volume, p is the density and
M  is the molecular weight of the oil, & is the
Boltzman constant, 7" is the absolute tempera-
ture and N, is Avogadro’s number. Molar polar-
ization contains two contributions, one due to
constant electric dipoles, P, , and the second,
P, .» known as molar deformation polariza-
tion, due to induced electric dipoles caused by
distortion of the electronic cloud. Natural oils
are mainly non-polar dielectrics and the second
term (constant dipole moment) is neglected. In
this case, equation (5) transforms to equation
(6) and we can calculate the deformation molar
polarization as:

N
Py :PMdef:(gdef_l)'VO = —L.au  (6)

€9
To determine the contribution of constant
dipoles, if any, one must estimate the contribu-
tion of induced dipoles. This can be done by
knowing that at high frequencies of visible
light, constant dipoles make essentially no
contribution to polarization. A measure of the
dielectric constant at these conditions allows
us to estimate the contribution of induced di-
poles. The dielectric constant at these optical
frequencies is related to the refractive index by
a simple formula (¢, = #n*). From here, we can
obtain the molar refraction (molar polarization
at optical frequencies), R, , of the oils, defined
by the following equation [1]:
R, = (i -1)7, = Mg, (7
80
where a is the electron polarizability.

In non-polar liquids, the difference be-
tween P, and R, should be zero, since it re-
flects the contribution of orientation polar-
ization. By investigating the temperature
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dependence of the dielectric constant we can
establish what kind of polarization the inves-
tigated oils have and separate electronic from
dipole (orientation) polarization. We assume
that the orientation molar polarization P,, is
a measure of the difference between the molar
polarization P, (polarization at low frequen-
cies) and the molar refraction R, (polarization
at optical frequencies), i.e.:

PM,or :PM _RM (8)

The induced dipole moment p can be cal-
culated from the following equations, where
the relationship between the energy of inter-
action and the polarization characteristics of a
compound has been established [1, 22]:

NAadesz =2Uy, 9
2U.
L(x,)=—"™m _ 10
(xr) 2U,., +RT (19)
kT ¢
2 0
p = Py (11)
L(xF)NA

where L(x,) is the Langevin function, F is
the electric field responsible for deformation
polarization of the system, U, is the internal
energy of the interaction and R=8.314 J/mol K.
kT in equation (11) represents the amount of
thermal energy available. In liquids, thermal
motion continuously changes the orientation
of dipoles. Using this relation, we see large
molecules of vegetable oils as rotating rigid
structures. In an oscillating electric filed, the
entire molecule has to rotate. From the dipole
moment of these molecules, we can estimate
the dimensions of the molecules by the relation
1 = p/Q if we know the electric charge of
the molecule Q. Here, 1 represents the distance
between the positive and negative charge
in the molecule.

Maced. J. Chem. Chem. Eng. 31 (2), 285-294 (2012)

4. RESULTS AND DISCUSSION

Figure 1 shows the temperature depen-
dence of the real part of the complex dielectric
constant ¢’ (e* = ¢’ + ¢") for edible oils mea-
sured at 400 kHz. This frequency is assumed
to be very low and the values of dielectric con-
stants are considered static when dc current is
applied through the sample. There is no depen-
dence of ¢’ on the amount of monounsaturated,
polyunsaturated or saturated acids in the com-
position of the oils, although in [9], increased
¢" of oils was connected to an increase in the
unsaturation of the oil. A decrease in the dielec-
tric constant with increasing temperature (Fig-
ure 1) was observed over the range of tempera-
ture studied. The density of the oils decreased
slightly with increasing temperature, which is
directly related to the density of the dipoles.
An increase in temperature causes an increase
in kinetic energy, i.e. the velocity of the mol-
ecules, thus causing an increase in the chaotic
movement and a decrease in the dipole orienta-
tion, which decreases ¢'. The value of ¢’ for all
vegetable oils was in the interval of 3.1-3.2 at
room temperature. In comparison to ¢’ of min-
eral oil (2.2) it is higher, suggesting that these
oils can be used in transformers as a dielectric
coolant [2, 3].
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3.0 ——plive
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—— sunflower

2.9 T T - -

285 300 305 310 315 320

TiK

Fig. 1. Temperature dependence of ¢’ for
five vegetable oils at 400 kHz
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Figure 2 shows the behavior of the imagi-
nary part of permittivity ¢” as a function of tem-
perature. The values of ¢ for each oil are given
at the peak frequency where the dielectric loss
was highest. This value corresponds to the re-
laxation time frequency and was similar for all
oils, ~5.2 MHz, except for corn oil at 4 MHz.
Here, we see an enhanced value of & (~ 0.05)
for olive oil compared to the other oils (< 0.01),
indicating a higher amount of impurities such as
relative water content and/or the non-symmet-
rical structure of the olive oil molecule. These
results agree with the literature [3], where an
increase in dielectric losses in green olive oil
was attributed to the presence of carotene and
chlorophyll. Also, an increase in temperature re-
duced the relative water content in the oil, i.e.
this decreased the degree of polarization of the
oil. Dielectric losses are influenced by polariza-
tion and also decrease with temperature. Our re-
sults are in good agreement with the data given
in the literature with values of ¢"” of 0.22 [3],
0.45 [8], 0.01 [2], 0.1 [4] and 0.35 [6].

0.06
ha
e 3
0.05 CN——
0.04 ——alive
f'" —i—npalm
* o3 —E—com
W rapassed
——gunflower
0,02
0.01 t1._§ :_--'-_l:
0.00 - - . :

285 300 305 310 315 32C
TiIK

Fig. 2. Dielectric loss ¢" as a function of temperature
at peak frequency for the investigated oils

Figure 3 presents the behavior of ac elec-
trical conductivity with variable temperature
for the investigated oils at the same frequency
as the peak frequency of e”. It can be seen that
the values of conductivity were very low, from
107 to 10 S/cm; the highest was observed for
olive and the lowest for corn oil. A very slow
decrease in conductivity with increasing tem-
perature was observed, which confirms the re-

sults for the dielectric loss factor £"”. Olive oil
showed the most stable state with no fluctuation
in the temperature dependence due to the dete-
rioration of heated oil, which was the most pro-
nounced for sunflower oil. The biggest decrease
in conductivity was observed for rapeseed oil.

10%,

107’ .\.*.\'\"l

n  10%
® _
—=— olive
10°. D SZT%
—vw— rapeseed
—<— sunflower
10" : :

300 305 310 315 320
T/ K

Fig. 3. The variation in conductivity
with temperature at 5.2 MHz

Figure 4 shows the decrease in the dielec-
tric constant for corn oil as a function of temper-
ature measured for different frequencies of the
applied electric field. This behavior is normal for
almost all materials, because at higher frequen-
cies there is insufficient time for the molecule to
rotate, i.e. the orientation polarization decreases
with a tendency to disappear; therefore, at these
frequencies, only the polarizability term con-
tributes to the dielectric constant [23]. However,
significant changes were observed at higher fre-
quencies and temperatures. The behavior of the
other oils was similar to the behavior of corn oil.

35

corn ol
& 1 ———
2.5 T B
B T—
=t 100AH
2.0
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1.5

300 5 3o s om0 325 530
TiK

Fig. 4. Temperature dependence of the dielectric
constant for corn oil at five different frequencies
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Table 2 presents the measured values position of oils and their characteristics. Tem-
of density, the refractive index and the calcu- peratures up to 318 K can still be considered
lated values of high frequency dielectric per- room temperature.
mittivity at 298.15 K. The values of the real From equation (7), we estimated the
part of dielectric permittivity for the lowest molar refraction R, for each oil; the data are
(300.15 K) and highest (318.15 K) tempera- presented in Table 2. It was found that molar
tures implemented in the measurements of the refraction was very similar for all types of nat-
investigated oils are also shown. We used this ural oils with an average value of R, = (1.102
temperature interval to avoid high temperature + 0.008) x 107 m*/mol. This means that the
oxidation processes which can create primary values of molar refraction cannot be used as a
and secondary products and change the com- characteristic to differentiate the oils.

Table 2

Density p, refractive index n and dielectric constant at 300.15 K and 318.15 K,
optical dielectric constant e  and molar refraction R, for five types of vegetable ol

Type of oil  p (ke/m?) ¢,300.15K ¢, 318.15K ¢,300.15K ¢, 318.15K € 7 R,
400kHz  400kHz  10MHz _ 10MHz _ 298.15K 10-m¥mol
Palm 919.91 1.4670 3.138 3.028 2.333 2.297 2.152 1.081
Olive 916.19 1.4690 3.096 3.014 2.303 2.283 2.158 1.121
Corn 921.38 1.4730 3.115 3.036 2.303 2,201 2.169 1.084
Sunflower 923.98 1.4735 3.166 3.063 2.365 2.321 2.171 1.123
Rapeseed 913.65 1.4725 3.109 3.106 2.317 2.264 2.168 1.101
Using the values of the dielectric con- electric constants shows that the value of ¢’ de-
stant at two different temperatures (300.15 K creases with increasing temperature, indicat-
and 318.15 K) and two different frequencies ing the presence of a certain dipole moment,
(400 kHz and 10 MHz) we calculated the mo- 1.e. the oils are not purely non-polar (for such
lar polarization, P, using equation (6). Ob- dielectrics, &' does not depend on tempera-
tained values are presented in Table 3. ture). This means that a decrease in orientation
As can be seen, P, and R, differ in their polarization occurs, resulting in absorption in
values. The temperature dependence of the di- the millimeter range [24].

Table 3

Molar polarization P,,, molar orientation polarization P, and induced dipole moment p for all
the oils investigated at 400 kHz and 10 MHz at two temperatures of heating, 300.15 K and 318.15 K

. 3 . 3 . 3 . 3
Type of oil Frequency (ang /ni(())l) fg{gf/mi% p(D) (Pn% /nric())l) fgig;mi)(l)) p(D)
300.15K 318.15K
Palm 400 kHz 2.007 0.926 1.926 1.936 0.855 1.850
10 MHz 1.251 0.170 0.824 1.217 0.136 0.738
Olive 400 kHz 2.028 0.908 1.957 1.963 0.842 1.887
10 MHz 1.261 0.140 0.770 1.242 0.121 0.715
Comn 400 kHz 1.959 0.875 1.852 1.887 0.803 1.774
10 MHz 1.207 0.123 0.695 1.113 0.029 0.337
Sunflower 400 kHz 2.078 0.954 2.007 2.020 0.897 1.946
10 MHz 1.309 0.186 0.886 1.267 0.144 0.780
Rapeseed 400 kHz 1.988 0.888 1.880 1.898 0.797 1.782
10 MHz 1.241 0.140 0.746 1.191 0.090 0.600
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Using equation (8), we calculated the
orientation polarization P, . The values are
given in Table 3. The value of P, decreased
rapidly with increasing frequency of the applied
field and should be zero at optical frequencies.
We also observed a decrease in P, with in-
creasing temperature, but this was not as fast.
Finally, we calculated the values of induced
dipole moment p, expressed in Debyes, 1D =
3.3564x107° Cm. The data are given in Table 3.

In liquids, thermal motion continuously
changes the orientation of dipoles, unlike solids
where the crystal structure freezes the dipoles
in a fixed geometrical orientation, or in gases
where the distance between the molecules is
large and the interaction between dipoles is
weak. Because of thermal motion, the orienta-
tion and movement of molecular dipoles pres-
ent in the system cause dielectric changes in
liquids. The dipole moment contribution to the
dielectric constant shows a direct inverse tem-
perature relationship [25]. Mineral oil contains
much less polar material and therefore has a
small dipole moment contribution. Therefore,
less change in ¢’ is observed with heating [26].
The dielectric constant of natural oil (~3.1) is
higher than that of mineral oil (2.2), because the
dislocated electrons in the molecule are more
polarizable. This is the reason for the higher ori-
entation polarization in natural oils.

The obtained values for the dipole mo-
ment were in interval of 2.007 to 1.852 D.
Compared to the literature [9] where p is around
2.5 D, our calculations gave lower values for the
dipole moment. The reason for this might be our
novel approach using the novel Putintsev theo-
ry, instead of the well-established Debye theory
used in previous studies [9]. The composition
of the oils is also probably the reason for lower
values of p since all the investigated oils are vir-
gin, cold pressed and with no additives which
can increase p. The highest value of p for sun-
flower oil leads us to conclude that molecules
in this oil can rotate with high velocity, i.e. they
are the smallest molecules, and the lowest value
of p for corn oil indicates the slowest molecules
with the greatest length. This also means that

the relaxation time of the dielectric relaxation
process in sunflower oil is shorter than in corn
oil, i.e. the dielectric relaxation process is fast-
est in sunflower oil and is slowest in corn oil.

As we can see, the dipole moment de-
creases with increasing frequency and tempera-
ture. The frequency dependent changes of p are
not so much pronounced and are attributed to
the disability of dipole molecules to rotate with
the frequency of the electric field. At room tem-
perature, these changes are small and similar
for all oils. The greatest changes at 318.15 K
were observed for corn oil and lowest for olive
oil, indicating that the presence of polyunsatu-
rated fats influences these changes. Corn oil has
a high content of polyunsaturated fats (61%)
while olive oil has a low content (10 %).

Heating of'the oils enhanced the decrease
in the dipole moment, confirming the inverse
temperature dependence. During heating, oxi-
dation processes take place in fatty acids, creat-
ing primary (hydroperoxide derivates, ketones,
etc.) and secondary products. In our previous
work [27], we defined the oxidation processes
during the heating of oils using UV spectros-
copy. Olive oil showed no significant oxidation
of polyunsaturated fats and only oxidation of
monounsaturated fats was observed, while sun-
flower oil (with a similar content of mono and
polyunsaturated fats as corn oil) showed chang-
es in the UV spectrum, indicating the presence
of primary products of monounsaturated fats
and polyunsaturated fat oxidation. An increased
amount of these products during oxidation can
explain the rapid decrease in the dipole moment
which was especially pronounced in corn oil
and sunflower oil. The decreased dipole mo-
ment led to increasing relaxation time, i.e. the
relaxation process that took place in the oils was
slowed down.

From what we observed here, although
all the oils are considered suitable, virgin olive
oil appeared to be the best candidate for indus-
trial applications, as it showed the most stable
behavior during heating and the smallest chang-
es in the dipole moment.
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5. CONCLUSION

We have measured the optical and dielec-
tric properties of five edible oils. The dielec-
tric constant, dielectric losses and conductivity
were measured at different temperatures. The
results show the temperature dependence of the
dielectric constant, indicating the presence of
electric moment in the oils. The conductivity of
the samples measured at frequencies that corre-
spond to the peaks of dielectric losses was low
and almost independent of temperature in this
interval, confirming the low values of the dipole
moment. The calculated molar refraction and
molar polarization showed that R, was similar
for all types of investigated oils with an average
value of (1.102 £+ 0.008) x 10 m*/mol, and is
not a good indicator to make a distinction of the
dielectric characteristics of the oils. The molar
polarization decreased strongly with increas-
ing frequency and temperature. The orientation
molar polarization of the samples showed a de-
crease, especially at higher frequencies, which
is normal behavior when approaching zero at
optical frequencies. We have also observed a
decrease of the dipole moment with increasing
temperature and frequency. Most pronounced
effect of the decreasing dipole moment was ob-
served for the oil with the highest level of poly-
unsaturated fats (61%), corn oil, while most
stable behavior was observed for olive oil with
the lowest level of polyunsaturated fats (10 %).

This behavior confirms the results from
our previous work [27], where we connected
changes in the UV spectra of oils with oxida-
tion processes that took place during heating of
the samples. An increasing amount of primary
products during oxidation is a likely explana-
tion for the rapid decrease in the dipole mo-
ment, which was especially pronounced in corn
oil, where the oxidation of polyunsaturated
fats is significant. This increases the relaxation
time, which slows down the relaxation process
in oils.

Although virgin olive oil showed the
best characteristics for industrial applications,
the most stable behavior during heating and the
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smallest changes in the dipole moment, fur-
ther investigations are needed, especially in the
higher temperature region, where significant
changes in dielectric behavior are expected.
Also, defining the breakdown voltage is neces-
sary, as it is a very important quantity for the
industrial application of vegetable oils. The in-
fluence of the fat content could be significant in
improving the dielectric properties of oils, so
UV spectroscopy analysis with heating of all
types of oils is needed.
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