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Abstract: Pulp, an amorphous polymeric material composed of glucose units was used as a mechanical
property modifier for the insulating oil–based polymer composites. It blends up to 30 wt% that should
open possibilities for new applications of such composites beyond the scope of structural materials. The
aim of this work is to describe the preparation of insulating oil which is blended with low density
polymers [polyethylene (PE) and polypropylene (PP)] and Kraft pulp with different concentrations of each
component to manufacture different composites. The electrical properties (dielectric constant, energy loss
and power factor) and mechanical properties (hardness and tear factor) for each blend were measured. It
was shown that there is a different degradation for such blend types in electrical and mechanical properties
between them.
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INTRODUCTION

The quality of the electrical insulation is a key
element for reliable operation of each electric machine
because the insulation is subjected to multiple stresses
such as electrical, thermal and mechanical which may
act together to accelerate degradation and cause failure
of insulation[1] . Nowadays, there are two basic types
of insulation systems which differ in the type of
construction, Resin Rich and VPI (vacuum pressure
impregnation). Both of them use composite materials
which can be modified to achieve the required quality.
The modification can be based on a change of
electrical, mechanical or thermal properties of every
component in the composite. The family of cellulose
fibers has received a tremendous amount of interest for
use as composite reinforcement. The interest of using
cellulose fibers for polymer matrix reinforcing is
rapidly growing in the last decade because natural
fibers are from annually renewable resources and hold
good reinforcing capability when mixed with polymer
matrices[2-4] and have some advantages such as light,
reproducible and biodegradable properties. Also,
Polymer composites (PC) with cellulose fibers are
environmental friendly materials with improved
mechanical properties. At present various workers are
focusing their attention on effective utilization of these
natural fibers in place of toxic synthetic fibers in
various fields[5-7]. So, currently material scientists
around the world are engaged in the synthesis of new

green polymeric materials and processes that improve
the environmental quality of a number of products[8-10].
For example, Kraft pulp paper insulation impregnated
with dodecyl benzene oil is used as an electrical
insulation medium in high voltage power cables[11].
Moreover, Manufacture of power or distribution of
transformers using Kraft pulp paper along with mineral
oil as insulation, was achieved.

The aim of the present work is to investigate how
to utilize Kraft pulp fiber to fabricating PC based on
polyethylene and polypropylene as the matrices in order
to satisfy the requirements in the mechanical properties
with acceptable cost.

Ii. Experimental Work:
A. Materials:
A.1. Preparation of Insulating Oil: The tested
insulating oil sample was prepared by vacuum
distillation of paraffinic oil fraction at pressure 1
mm/Hg kindly obtained from Alexandria petroleum
Company to give light wax distillate fraction b.r. (300º
– 420ºC).

The light wax distillate fraction was extracted
using furfural as solvent to prepare raffinate of good
quality, using a glass double jacketed mixer settle unit
having 0.5 liter charge capacity. The extraction
temperature was maintained constant at 70ºC. The
mixture of oil/solvent ratio 1:4 was stirred for a period
of one hour, and then settled for the same time before
separating the two phases. The solvent was removed
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from the raffinate phase and washed with hot distilled
water and dried over anhydrous calcium chloride.

The physico-chemical characteristics of the
paraffinic oil fraction and its refined oil fraction were
measured according to ASTM[12] and IP[13] standard
methods. 

A. 2. Kraft Pulp Fiber: The raw material used in this
study was Kraft pulp, which was kindly, denoted for
Edfo Company. The cellulose fibers were a bleached
chemical Kraft pulp fiber supplied as pressed and dried
pulp sheets (Ultranier-J, Rayonier, Inc.). The cellulose
fibers were selected as the reinforcement due to their
high aspect ratio, high purity, and good thermal
stability and for consistency with pervious research[14,15].

Chemical pulp processes are also referred to as
Kraft pulping and constitute the largest portion of pulp
fibers manufactured. During the chemical soaking and
processing of Kraft fibers, most of lignin and
hemicellulose are removed. Because of this, Kraft pulp
fibers are generally considered to be of the highest
quality in terms of strength and bleached brightness
potential[16]. However, these important qualities come at
the cost of a low yield potential of approximately 45-
55% and high operating and capital costs compared to
the other pulp processes. Additionally, any required
refining (beating) must be done separately and at
increased costs.

A.3. Matrix Polymers: The polyethylene (PE) and
polypropylene (PP) is a low cost, low melting point
matrix of industrial interest in injection molding
applications. The specific polyethylene and
polypropylene were chosen for consistency with
pervious research[14,17] and because we needed a high
melting flow index polymer to offset the high viscosity
due to fiber addition. All the chemicals were used as
received.

B. Manufacturing of Polymer-based Composite
Samples: The injection molded specimens were
prepared from polymers (PE & PP). To produce
injection molded composites, the compounded material
was cooled in a cold press, granulated, and then dried
at 105°C for at least 4 hours before molding.

Mixing of polymers (polyethylene, polypropylene)
and pulp with oil were performed on mixer "Haak
Recorder 90" usually about 45g were mixed with each
other at temperature 100 - 150 oC. The mixer is a high
shear compounder that adequately dispersed the
cellulose fiber (Kraft pulp) and oil in polymer matrices.
Cellulose fiber content was easily and precisely
controlled in the batch mixer and metering and feeding
problems due the low bulk density cellulose fibers
were avoided. 

The resulting blends were collected and each blend
was molded into the shoulder type test specimens in a
mold which was covered by metal plates on both sides.
Table (1) shows description of the eight different
manufactured composite samples (A-H). 

C. Electrical Measurements of the Prepared
Composite Samples: The cross–linked samples
employed for electrical measurements were circular
discs of range 0.2-0.3 cm thick and 1.0 cm diameter,
which were sandwiched between two brass electrodes.
Dielectric measurements for composites (A-H) were
carried out in the frequency range from 100 Hz up to
200 KHz at 25 oC by using a bridge type GM Instek
LCR-821 meter. The capacitance C and loss tangent
tanδ values were obtained directly from the bridge,
from which the real part of the dielectric constant (έ)
and dielectric loss (ε") were calculated. The real part
of the dielectric constant (ε') was calculated from the
relation.

έ = 11.3(d /A) C

Where, d (cm) is the thickness of the sample, A
(cm2) is the cross – sectional area of each of the
parallel surfaces of the samples and C (pF) is the
capacitance. 

Dielectric loss (ε") was measured by using the
same cell at the same experimental conditions by using
the following equation

D = tanδ = ε"/ έ

Where, D is the dissipation factor or loss tangent
or power factor.

The relaxation time was determined experimentally
by using the equation.

Τ = 1/2πFmax

Where, Fmax: is the frequency corresponding to
maximum energy loss.

D. Mechanical Measurements of the Prepared
Composite Samples: The dimensions of all samples
were measured with micrometer. All experimental data
reported in an average of at least four measurements.
Hardness of the tested composite samples was
measured according to ASTM D-2240 standard method
at room temperature.

Tear resistance (tear factor) of the tested composite
samples was measured at room temperature according
to Tademy 1962 standard method[18].
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Table 1: Description of the manufactured composite samples
Composite  type Polymer (%) Oil (%) Pulp %
A 70 30 -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B 70 - 30
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C 70 30 3g/100 gm polymer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
D 30 70 3g/100 gm polymer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
E 50 50 3g/100 gm polymer
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F 50 45 5
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
G 50 43 7
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
H 50 40 10

RESULTS AND DISCUSSION

A. the Physico-chemical Properties of the Tested
Insulating Oil Samples: The physico-chemical
properties of the paraffinic mineral oil and its refined
oil (insulating oil) fractions used in this study were
measured according to ASTM[12] and IP[13] standard
methods. The data are given in Table (2). 

It was shown that, the tested mineral oil fraction
is paraffinic in nature (Table 2) and the refining
process improved the physical properties of it  and
gives finished oil of better quality as it removes
sulphur and nitrogen contents, reduces total acid
number to (0.08 mg KOH/g sample) and viscosity at
40 oC to (21.85 cSt). Also, it causes an increase in
pour point to 42 oC, flash point to 205 oC and viscosity
index to 146.2 

B. Electrical Properties of the Prepared Composite
Samples: The dielectric constant (έ), dielectric loss (ε")
and power factor (tanδ) for composites (70% polymer
and 30% oil) , (70%polymer and 30% Kraft pulp) ,and
composites containing different concentrations of Kraft
pulp (3-30 wt%) were measured in the frequency range
from 100 Hz up to 200 KHz). The measurements were
carried out at 25 oC. The values obtained are
graphically represented by Figures (1-3).

Figure1 (a-c) gives the variation of the dielectric
constant έ with frequency at temperature 25 oC for all
eight samples.

Figure1 (a) gives the variation of the dielectric
constant έ with frequency at temperature 25 oC for
samples A and B. It is evident from this figure that έ
decreases with increasing frequency at fixed
temperature. It is also evident from this figure that the
decrease in έ is very prominent at low frequencies. The
decrease of έ with increasing frequency is an expected
behavior in most dielectric materials. This is due to
dielectric relaxation which is the cause of anomalous
dispersion. From a structural point of view, the

dielectric relaxation involves the orientation
polarization[19] which in turn depends upon the
molecular arrangement of dielectric to be material. One
of the expected mechanisms is related to the interfacial
polarization, which usually, occurs at the lower
frequency range for heterogeneous systems. So, at
higher frequencies, the rotational motion of the polar
molecules of dielectric is not sufficiently rapid for the
attainment of equilibrium with the field, hence
dielectric constant seems to be decreasing with
increasing frequency[20]. Also, the dielectric constant of
sample B is lower than that of sample A; this may be
attributed to loss in density and greater porosity
especially of Kraft pulp content.      

Figure1 (b) shows the variation of the dielectric
constant έ with frequency at temperature 25 oC for C,D
and E samples containing of 3g of  Kraft pulp and
different concentrations of polymer and oil (30-70 %).
It is clear from this figure that έ decreases almost with
log F in the frequency range (100 Hz-200 Hz) and
remains constant at an almost values at higher
frequencies. This would imply a series of combinations
of the blend constituent forming a thick layer of
polymer, the degree of reinforcement gets weaker as
expected pore of the filler were blocked more. Also,
the dielectric constant έ is higher for composite D
containing 70% oil; this may be due to the ease of
rotation and polarization in the oil resulting from the
lower effect of the polymer.

Figure1(c) illustrates the variation of the dielectric
constant έ with frequency at temperature 25 oC for
samples F,G and H containing different concentrations
of Kraft pulp (5-10%). It is clear from this figure that
the lowest values of έ for composite F containing 5%
Kraft pulp, while the highest values for composite G
containing 7% pulp. The great difference in έ values
obtained for different composites can be attributed to
the decrease of the effect of interaction occurred
between the surface molecules of each component of
the composite through the hydrogen bonds between the 
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Fig. 1: Frequency dependence of dielectric constant at 25 oC for (a) Samples A and B(b) Samples C,D and E
(c) Samples F,G and H

Kraft pulp and the other components, caused by the
increased mobility of playable and flexible parts in the
composites.

The dielectric losses of these composites were
measured within the same frequency range from 100
Hz up to 200 kHz at the same temperature 25 oC. The

values obtained are graphically represented by figure 2
(a-c). The two types of losses (dc-loss and Deby loss)
are always present, but one of them is predominant in
all composites. The dc loss decreases with the increase
of frequency above the critical frequency in all
composites.
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Table 2: Physico-chemical properties of Alex paraffinic mineral oil fraction (b.r.300-420 оC) and its refined mineral oil
Physical properties Origin Furfural raffinate sample

Solvent/oil ratio 4:1
Density@15.56 oC , g/L 0.8802 0.8132
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Refractive index @70 oC 1.4878 1.4595
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pour point , oC 33 42
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Molecular weight 228 374
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T.A.N.,mg KOH/g 0.23 0.08
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sulphur content ,wt% 0.59 nil
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nitrogen content, wt% 0.104 nil
Kinematic viscosity, cSt
@40 13.93 21.85
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 @100 7.787 4.18
Viscosity index 111.2 146.2
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Flash point, oC 195 205

Figure 2 (a) gives the variation of dielectric loss
factor with frequency at 25 oC for samples A and B.
This figure shows shift of maximum of the dielectric
loss (Fmax) toward higher frequency for composite A, as
compared with that of composite B. This may be
attributed to the increased mobility of composite A.

Figure 2 (b) shows the variation of dielectric loss
factor with frequency at 25 oC   for composites C,D
and E containing 3g of Kraft pulp and different
concentrations of oil and polymer. It can be seen from
this figure that the maxima (F max (for composites C
and E the same while Fmax for composite D is shifted
to higher frequency region. 

Figure2 (c) shows the variation of dielectric loss
factor with frequency at 25 oC for composites F, G and
H containing different concentrations of Kraft pulp (5-
10%). It is evident from this figure that the Fmax for
composite F which contains 5% of pulp is the lowest
one while Fmax of composites G and H are the same
and shifted towards higher frequency. It can be seen
that the composite which contains higher percent of oil
has Fmax at higher frequency; this may be due to the
higher mobility of the components. It is reasonable to
consider the relaxation as secondary or β-relaxation
originating mainly in the amorphous phase and
associated with the orientation of polar side OH groups
in the pulp. The apparent relaxation times are
calculated from the equation and listed in table (3).

Τ = 1/2πFmax

It is clear that the relaxation times are higher for
the composite containing high percent of pulp and
polymer. This can be attributed to the higher polarity
of the pulp molecules and also to the condensed
structure of the polymer. The large relaxation times are

due to the orientation restriction partially caused by the
effect of hydrogen bonding.

The values of power factor (loss tangent) tan δ of
all composites were directly measured from the used
bridge and the data are graphically represented by
figures 3 (a-b). It is clear that the values of tan δ
decreased with increasing frequency and remains
constant at higher frequency in all composites.

It is also evident  that , sample E which contains
50% of both oil and polymer and 3g pulp has the
lowest value of tan δ, followed by composite H which
contains 10% pulp. The lower value of tan δ for
composite H, is due to the high viscosity of polymeric
structure of the composite which restrict the rotation
dipoles, while the lowest value of tan δ of the
composite E, is due to the small moment of
polyethylene and polypropylene molecules since there
is no polarity indicating that this composite is high
insulator and more durable due to the presence of
polyethylene and polypropylene composites.

C. Mechanical Properties: The mechanical strength is
an important property in the polymer composites. The
mechanical strengths (hardness and tear factor) of the
prepared composites have been measured and listed in
Table 4.

The composites are prepared from a material
containing hydroxyl groups (Kraft pulp), thermoplastic
containing labile atoms (polyethylene and
polypropylene) in presence of insulating oil. The
influence of addition of Kraft pulp to the composite
blends improves its mechanical properties decreasing
the tear factor; the minimum value is 103 for
composite E containing 30% of Kraft pulp. The
hardness of the composite samples increased reaching
the maximum value 83A, for composite B.
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Fig. 2: Frequency dependence of dielectric loss at 25 oC for (a) Samples A and B (b) Samples C,D and E (c)
Samples F,G and H
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Fig. 3: Frequency dependence of power factor tan δ at 25 oC for (a) Samples A and B (b) Samples C, D and
E (c) Samples F, G and H
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Table 3: The apparent relaxation times τ for the composite samples
Composites samples β-relaxation
A 3.18
B 5.03
C 2.27
D 2.27
E 2.27
F 3.4
G 3.9
H 5.03

Table 4: The mechanical properties of the prepared composite
samples

Hardness ,A Tear factor  Composite Samples
75 148.0 A
83 138 B
80 128 C
61 120 D
64 103 E
70 105 F
72 110 G
78 136 H

The addition of polymer to the composite blends
decreases the hardness the minimum value reaches 61A
for composite blend D which contains 70%oil and 30%
polymer and 3% pulp. It is clear that the improvement
modification of the composite blend depends on the
concentration of its components.

Conclusion: 
- The electrical properties of the composites are

dependent on the concentration of their
components.

- The lower value of power factor (tan δ) for
composite E which contain 50% polymer, 50% oil
and 3% pulp.

- The addition of Kraft pulp to the composite
improves its tear factor.

- The addition of polymer (polyethylene and
polypropylene) to the composite improves    the
electrical properties and hardness of the composite.
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