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Abstract— For decades, oil-impregnated paper and
presspaper derived from Kraft pulp have been utilized in
high-voltage transformers to fulfill the function of providing
electrical insulation. In response to the growing demand for
wood fiber on a global scale, non-wood fibers have been
developed for use in pulp and presspaper manufacturing
as alternatives to wood fibers. The purpose of this study
is to develop an insulating presspaper for transformer
applications using non-wood Kenaf Bast fiber. Specifically,
this article investigates the morphology, thermal properties,
tensile strength, and electrical breakdown voltage perfor-
mance of Kenaf presspaper in order to assess its potential
use as presspaper insulation. Results show that Kraft
presspaper has better thermal stability and tensile strength
value than Kenaf presspaper. A higher relative bond area in
Kraft presspaper than in Kenaf presspaper is one reason for
its mechanical strength. However, in terms of the electrical
breakdown voltage performance, it has been seen that the
Kenaf presspaper performance is greatly improved. The
findings of the study show that additional investigation into
the implementation of Kenaf presspaper in transformers
is recommended. It is possible that the insulating perfor-
mance could be improved by making some modifications
to the production process of Kenaf presspaper.

Index Terms— Dielectric, insulation, Kenaf, Kraft,
presspaper, transformer.
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I. INTRODUCTION

IN THE power system, a transformer is utilized for elec-
trical transmission and distribution. The efficiency of the

transformers depends on their solid and liquid insulation
conditions. Presspaper, pressboard, and insulating oil have
been essential insulating materials in transformers for many
years. In the 1950s, there was a gradual growing interest in
synthetic dielectric materials to replace cellulosic insulation.
The mixture of cellulosic and synthetic materials has been
widely used as solid insulation for power transformers [1].
Paper insulation plays a vital role by acting as insulation
around the copper conductors and providing structural support
within oil-filled electrical power transformers. Meanwhile, the
pressboard forms a barrier to partitioning the oil volumes into
smaller oil gaps to enhance the dielectric strength of oil gaps.
On the other hand, oil is the primary insulation for oil-filled
transformers used as a cooling medium.

Despite extensive research on insulating transformer oil and
other polymers, only a few studies have focused on modifica-
tion or alternative presspaper insulation [2]. Better-performing
insulating presspaper is in high demand. Huang et al. [3]
investigated the performance of nano-additives (unmodified
nanofibrillated cellulose, cationic nanofibrillated cellulose,
anionic nanofibrillated cellulose, and cellulose nanocrystals)
on the performance of presspaper. According to the find-
ings, the performance of cationic nanofibrillated cellulose
with softwood fiber composite can improve insulation per-
formance. In another study, Huang et al. [4] examine the
appropriateness of bamboo fiber and bamboo/ softwood fiber
as insulating presspaper. As a result, bamboo fiber is not
ideally adapted for use as insulating presspaper. However, the
performance of insulating presspaper is promising and could
be improved in the future as bamboo and softwood fiber are
combined.

Presspaper is formed from a network of wood fibers that
are 3-D-structured. Softwood fibers produced during the Kraft
pulping process are utilized to make electrical-grade paper.
Softwood fiber (e.g., southern pine, Douglas fir, spruce, all
conifers), which is typically obtained from the timber in
Scandinavia, Russia, or Canada, has been used for decades as
a transformer insulation presspaper because it is more flexible
and stronger than hardwood [5]. Furthermore, softwood has
a significantly longer fiber than hardwood. Softwood fibers
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Fig. 1. Molecular structure of cellulose chain fragment.

Fig. 2. Molecular structure of lignin.

are made up of three major constituents: cellulose, hemicel-
lulose, and lignin. Cellulose (C6H10O5)n is a linear polymer
consisting of numerous β-D-glucopyranosyl units linked to
each other [1], as shown in Fig. 1.

The repeating unit constitutes six hydroxyl groups (O-H)
to form a cellulose fiber and two glycosidic oxygen linkages,
which is one of the parameters that contribute to the mechan-
ical strength of the paper [6]. Hemicelluloses are usually
made up of different monosaccharides with a linear backbone
comprised of linked glucose, mannose, xylose, or galactose
units. The structure is more branched than cellulose, and the
chains are shorter. Unlike cellulose and hemicellulose, lignin
does not have a well-defined repeating unit. The 3-D network
structure of lignin is more complicated as shown in Fig. 2, and
it comprises both aromatic and aliphatic units. During Kraft
pulping, hemicellulose and lignin are taken out to improve
the mechanical properties of the paper and get more out of
the cellulose fibers.

With the depletion of softwood resources, the papermaking
industry has focused more on the search for non-wood raw
materials. Non-wood fibers can have advantages because they
are abundant, have short cycles, and rapid generation, and
a comparatively low price [7]. Examples of non-wood fiber
resources available for paper production are wheat straw,
rice straw, sugarcane, bamboo, and oil palm empty fruit
bunches (EFBs) [8], [9], [10]. Huang et al. [4] investigated
the mechanical durability and dielectric response of Kraft
and Bamboo presspapers. They discovered that untreated
bamboo presspaper is not suitable for insulating presspa-
per. Besides, some research has been reported on modifying

Fig. 3. Parts of Kenaf stalk.

insulating presspaper by adding organic nanoparticles as an
addictive. The results showed that the ac and dc breakdown
strengths could be up to 21% higher than normal press-
paper with an appropriate concentration and mechanical
strength [3], [11].

Kenaf (Hibiscus cannabinus) is one of the herbaceous non-
wood, most promising plant fiber sources that can be an
alternative for paper production [12]. Research on Kenaf
in Malaysia has begun assessing Kenaf adaptability, iden-
tifying suitable cultivars for industrial and agricultural use,
agronomic management and inputs, end products, and cost
development [13]. Kenaf is an herbaceous plant with a growth
cycle of around 4–5 months, allowing for two harvest cycles
annually, while its stalks can reach 3.7–5.5 m in height [12].
In general, Kenaf fiber has a length ranging from 2.39 to
2.82 mm [14], contributing to strength. The Kenaf bast
comprises 55% cellulose and 8%–10% lignin, which meets
the Malaysian pulp and paper industry’s criteria [15]. Since
Kenaf fiber has advantageous properties, it is perhaps a good
material for modifying presspaper insulation. Researchers have
demonstrated that Kenaf may be used as an alternative raw
material in bio composite research [16], [17]. Fig. 3 shows
the part of the Kenaf stalk. In this study, Kenaf presspa-
per was prepared from Kenaf bast fiber to investigate the
morphology characterization, mechanical properties, thermal
properties, and electrical breakdown performance. As a frame
of reference, the properties of the current Kraft presspaper
were used.

II. PREPARATION OF KENAF PRESSPAPER SAMPLE

Equation (1) is used to figure out the percentage of the yield.
The Kraft and Kenaf pulping process results in a yield of pulp
that is in the range of ∼45% and ∼55%. Fig. 4 displays the
screened Kenaf pulps that were used in the experiment

Yield(%) =

(
weight of screened pulp)

weight of raw material)

)
× 100. (1)

At the beginning of this process, Kenaf bast was cut into
lengths ranging from 30 to 50 mm. Following that, 1 kg of
oven-dried short Kenaf fiber was processed in a rotary digester
with a highly alkaline solution: sodium hydroxide (NaOH).
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Fig. 4. Kenaf pulp specimen was used in this study.

To remove the residual black fluid, the softened Kenaf pulp
was washed thoroughly using a hydro pulper. According to
TAPPI T275 [18], the Kenaf pulp was screened through a
slot size of 0.05 mm by PTI Sommerville Fractionators.
After that, the pulp went through the drying process with a
spin-drying machine and the mixing process with a Hobart
mixer machine. The entirety of the process was depicted in
Fig. 5.

A. Beating Process
After being dried, the pulp was beaten with a NORAM pulp

flotation instrument (PFI) mill in accordance with the TAPPI
T248 Laboratory beating of Pulp (PFI mill method) [19].
The process of beating is the most fundamental step in the
production of paper because it ensures that the pulp produced
from beaten stock is robust, thick, and has a firm consistency.
In each beating run, a specimen of pulp weighing 24 g was
taken from a typical sample, and 2000 r/min were performed
on the disintegrator tank after adding 2 L of water. This was
done to disperse the bundled pulp. After the process was
finished, the pulp that had been disintegrated was placed into
the PFI mill, which rotates at a number of different speeds.
In the course of this inquiry, a pounding that has a rotational
speed of 12 000 r/min was utilized.

B. Handsheet Process
In accordance with TAPPI T205 [20], the pulp needs to

undergo the necessary processing to become the stock for the
papermaking process. To disperse the pulp, a quantity of 24 g
of pulp was diluted with 2000 mL of distilled water. After
that, 8 L of water were added to the stock, and the stock
was thoroughly mixed in the stock divider to ensure that the
water was properly distributed throughout the stock. In the
end, 400 mL of the stock that had been half-filled was moved
to a sheet machine so that presspaper could be made using
handsheet.

III. EXPERIMENTAL SETUP

A. Preprocessing of Oil and Paper
Initially, the mineral oil was filtered three times using a

Nylon membrane filter with a pore size of 0.2 µm and
both presspaper types were cut into 50 × 50 mm pieces.

To remove the moisture content of the oil and paper, filtered
oil and presspaper were dried in a vacuum oven for 48 h
at a temperature of 90 ◦C. After that, the dried papers were
transferred to test bottles and later subjected to impregnation
in dried oil for 24 h at a temperature of 90 ◦C in a vacuum
oven. The amount of oil and paper for each test bottle is set
to the weight ratio 20:1 [21], [22].

B. Experimental Procedure

A field emission scanning electron microscope (FESEM)
is employed to study the morphologies of Kraft and Kenaf
presspaper at a magnification of 500×. Before conducting
the experiment, each of the samples was given a layer of
gold plating and then cut into squares measuring 9 by 9 mm.
To obtain an infrared spectrum of absorption or emission of
presspaper samples, Fourier transform infrared spectroscopy
(FTIR) is used in the mode of attenuated total reflection
(ATR). This allows the user to simultaneously accumulate
high-resolution spectral data over a broad spectral range.
The ATR method is exceptionally useful for determining the
spectra of presspaper samples that absorb infrared radiation
to a significant degree. The portion of the totally reflected
light that is attenuated is the one that occurs because of
the presspaper samples absorbing radiation of a particular
frequency. The light beam will typically penetrate the sample
to a depth of between 0.5 and 3 µm. The range of this
measurement is from 4000 to 650 cm−1.

Thermal analysis of paper insulation was carried out using
the thermogravimetric analysis (TGA) technique. TGA is used
for the monitoring of the thermal degradation characteristics
of both paper insulations. The TGA measurements were per-
formed using Perkin Elmer STA 8000, completed with the
Pyris software, which operated under a constant nitrogen gas
flow at a rate of 100 mL/min. TGA measurement started by
cutting the samples into a small size with a weight of about
10–25 mg. It was then stabilized at 30 ◦C for 5 min and then
heated to 800 ◦C with a heating rate of 10 ◦C/min.

Tensile tests were performed on BUCHEL horizontal ten-
sile equipment according to the TAPPI T494 standard [23].
A paper strip of 15 mm width and 100 mm length is clamped
at each end between the two jaws. For each kind of presspaper,
ten samples were tested. The tests were conducted with a
condition of 23 ◦C and 50% relative humidity.

The relative permittivity or dielectric constant is one of the
important parameters for dielectric materials such as paper
insulation. It affects the material’s ability to insulate, store
electrical charge, and handle electric fields. The determination
of relative permittivity was conducted using an Impedance
analyzer, specifically the Keysight E4990A, at room tem-
perature. The experimental setup consisted of two identical
circular copper electrodes, each having a diameter of 30 mm.
These electrodes were placed with a dry presspaper sample
in between, which had a diameter of approximately 35 mm.
The entire test was conducted in an ambient air environment.
A sinusoidal voltage with an amplitude of 1 V was applied
during the process. The testing frequency spanned a range
from 20 Hz to 10 MHz. To assess the consistency and
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Fig. 5. Pulping process, beating process, and handsheet.

reliability of the measurements, three samples were measured
for each presspaper variant.

The electrical breakdown strength of a material is of utmost
significance when referring to insulating material. As a result,
the alternating current (ac) breakdown voltage test of Kraft
and Kenaf presspaper was carried out in accordance with
the standards IEC 60243 [24]. Two equal electrodes with
25 ± 1 mm with their edges rounded to a radius of 3 ±

0.2 mm made from stainless steel were used. There was
a total of ten different breakdowns obtained for each test.
The thickness of the test specimen of this study was 3 mm
(25 layers of presspaper) following the requirement in the
IEC60243 standard as shown in Fig. 6. The test cell was
filled with mineral oil, the voltage frequency was 50 Hz,
and the voltage rise was set to 2 kV/s until the breakdown
occurred.

IV. RESULTS AND ANALYSIS

A. Basic Physical Properties

Table I illustrates the selected characteristics of both press-
paper types.

The conventional insulation presspapers have apparent den-
sities between 0.75 and 1.3 g/cm3 while the thickness is
between 12 to 250 µm [25]. The Kraft paper used in this study
is Grade K and was supplied by the industry where all the
presspaper products are produced based on of IEC 60641-3-2,
type P.4.1A standard [26]. The specific characteristics of press-
paper and fiber for both presspaper are presented in Table I.
The apparent density for the Kraft presspaper is 1.0 g/cm3

with the thickness of 0.12 mm and it is comparable to similar
thickness of Kenaf presspaper which is 0.8 g/cm3. Meanwhile
the average fiber length of Kenaf is 2.87 mm, while that of
Kraft is 3.4 mm, showing a relatively shorter length for Kenaf
fibers.

Fig. 6. Experimental setup for ac breakdown voltage testing.

TABLE I
PRESSPAPER AND FIBER CHARACTERISTICS

B. Morphology Characterization

Fig. 7 illustrates the SEM results of the Kenaf presspaper
and Kraft presspaper. Both fibers show a relatively not smooth
and flat surface, and their tubular shapes are only slightly
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Fig. 7. Morphologies of (a) Kraft presspaper and (b) Kenaf presspaper
with 500× magnification.

elongated. This is since the refining step in making paper
causes the lumen to collapse and makes the surface of the
fibers rough. As a result, the fiber will become more flexi-
ble, and the area where the fibers are bonded together will
expand. It is suggested that the external fibrillation process
is responsible for the fact that Kenaf presspaper has fewer
voids between the individual fibers than Kraft presspaper does.
Delamination of the surface layers is brought about by external
fibrillation, which contributes to the potential for fiber-to-fiber
bonding [27], [28]. Furthermore, the decreased pore size could
potentially contribute to the increased mechanical strength and
breakdown strength. In terms of fiber width, Kraft presspaper
demonstrates a narrower width compared to Kenaf presspaper.
The characteristics of fiber for both presspaper are presented
in Table I.

The FTIR spectra of both Kenaf presspaper and Kraft
presspaper are displayed in Fig. 8. The presence of a hydrogen
bond can be determined by the presence of a broad absorption
band in the range of 3250–3650 cm−1 (hydrate, hydroxyl
ammonium, or amino). It should then be followed by the
presence of spectra for hydroxyl compounds at wavenumbers
of 1300–1600 cm−1, 1000–1200 cm−1, and 600–800 cm−1.
The -OH stretching and C-O stretching are attributed to
the two prominent absorption peaks that occur at 3344 and
1030 cm−1, respectively. It is discovered that there is no sharp
intensity absorption in the areas of 3670 and 3550 cm−1,
which indicates that the compound does not contain oxygen-
related groups. The band at 2920 cm−1 is associated with the
asymmetric stretching of -CH2, and the band at 2850 cm−1 is
due to the stretching of -CH [29], [30].

Fig. 8. FTIR spectra of Kraft and Kenaf presspaper.

Fig. 9. TGA plots for Kraft and Kenaf presspaper.

There has been no observation of -CH stretching in Kraft
presspaper, which is attributed to a disparity in the structural
arrangement of the molecules. The absorption peak corre-
sponds to the C=O stretching of hemicellulose at 1630 cm−1.
The content of CH2 or CH3 bending (aromatic ring modes)
can be determined from the peak at the region of ∼1430 cm−1,
and the bending of O-H can be discovered at ∼1312 cm−1

region. The functional group for the two samples showed no
clear trend. By comparing the FTIR spectrum of Kraft and
Kenaf presspaper, both spectra have a high degree of similarity.

C. Thermal Properties

The results of TGA experiments are shown in Fig. 9, which
depicts curves of weight loss of Kenaf and Kraft presspaper
as a function of temperature rise with a constant heating
rate. The TGA curve shows that as the temperature increases,
a variety of distinct reactions cause the weight percentage
to decrease. The thermal decomposition of cellulose and
regenerated cellulose was divided into two weight loss phases,
which corresponded to slow and fast pyrolysis. These phases
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were classified according to their rate of weight loss. At tem-
peratures below 150 ◦C, a weight loss is seen for both the
early and slow pyrolysis stages of the curve for presspaper.
This weight loss is associated with the volatilization and
vaporization of water. Even though the weight percentage of
Kenaf presspaper remained nearly unchanged from 100 ◦C to
250 ◦C, Kenaf presspaper showed a continuous weight loss
in that temperature range due to lower intermolecular forces
and hydrogen bonding. Meanwhile, fast pyrolysis occurred at
temperatures between 250 ◦C and 350 ◦C. Methylene bonds
are disrupted when the temperature reaches this level [27]. The
random amorphous cellulose, crystalline cellulose, and lignin
all contribute to the rapidity with which additional weight loss
takes place.

The initial decomposition temperature (also known as
onset), Ti of the presspaper sample is investigated in this
study. This temperature is regarded as the point at which the
sample starts disintegrating and is measured as an evaluation
of its thermal stability. Since the Ti for Kraft presspaper is
229 ◦C, and the Ti for Kenaf presspaper is 254 ◦C, it can
be deduced that Kenaf presspaper has a higher capacity for
withstanding high temperatures than Kraft presspaper. Based
on the derivative of TGA, two weight losses (∼345 ◦C and
∼485 ◦C) have been detected for Kraft presspaper, while only
one weight loss (∼345 ◦C) existed in Kenaf presspaper. Weight
loss at the first stage of Kenaf presspaper is ∼2.87% higher
than Kraft presspaper. The second stage of weight loss seen in
Kraft presspaper can be attributed to a higher weight residue,
which is most likely the result of contaminants that were
kept in the presspaper during the manufacturing process. This
may be explained by the fact that NaOH caused damage to
most of the hydrogen bonds and the cellulose molecular chain,
which in turn affected the molecular weight and crystallinity.
In addition, the low molecular weight accelerated the process
of heat breakdown. This coincides with the findings that
Yeng et al. [31] reached the conclusion of. When heated
to approximately 700 ◦C, the residue of Kenaf presspaper
is significantly higher than that of Kraft presspaper. This is
associated with the lower ash content of the Kraft presspaper.

D. Tensile Strength

Fig. 10 depicts the tensile strength of presspaper samples
made from Kenaf and Kraft fibers, respectively. Presspaper
made from Kenaf fibers has a tensile strength of 48 ±

1.5 MPa, which is 8% lower than the geometric mean of
tensile strength of presspaper made from Kraft fibers (52 ±

1.4 MPa). The geometric mean is used to represent the tensile
strength of the Kraft presspaper, as it is an invariant with
respect to the fiber orientation anisotropy for tensile strength.
According to Huang et al. [3], the tensile strength of paper is
determined by the strength of the interfiber bonds in the paper.
During the tensile failure process, the interfiber bonds can
break apart, and the fibers themselves can rupture. In general,
papers with higher density are often stronger than papers with
lower density. This is because paper density is a measure of
how much mass or material is packed into a given volume.
Higher density papers have more fibers and material per unit

Fig. 10. Tensile strength of Kraft and Kenaf presspaper.

volume, making them more durable and less prone to tearing
or damage. This might be the one reason Kraft Paper has
higher tensile strength than Kenaf paper.

Another reason Kenaf paper has a lower tensile strength
in this study is due to the different pulping processes for the
Kraft presspaper and Kenaf presspaper. The Kraft presspaper
in this study was sourced from the commercially available
paper insulation market and is mostly manufactured with the
Kraft pulping method at the factory scale and involves special
treatment during the manufacturing process. In contrast, the
production of Kenaf presspaper involves soda pulping at the
laboratory level, chosen for its cost-effectiveness within this
scale. The Kraft process is known for producing strong and
durable paper due to its ability to retain most of the cellulose
fibers’ strength. This process also effectively removes lignin,
a component of wood that can weaken paper which cannot
be obtained through soda pulping. Hence, the Kraft pulping
method yields pulp that has higher and stronger quality, both
of which can contribute to the results of the tensile strength
test. It is possible that changing the pulping process will result
in an increase in the tensile strength of the presspaper as well
as the strength of the bonds between the individual fibers.
Besides that, the tensile strength increased corresponding to
the increase of the length of the cellulose fiber. As shown in
Table I, Kraft presspaper has a longer fiber length than Kenaf
presspaper, which agreed with the result obtained for tensile
strength. Longer fibers can create stronger bonds within the
material, making it more capable of withstanding forces that
try to stretch or tear it.

E. Relative Permittivity and AC Breakdown Properties

Table II shows the detailed results of the relative permittiv-
ity of dried Kraft and Kenaf presspaper at 50 Hz. For each
type of presspaper, the result is the average value of three
measurements. Kenaf presspaper exhibits a higher permittivity
value than Kraft presspaper. This result can be attributed to the
reduced presence of pores, resulting in a higher permittivity
due to the enhancement of the material’s effective dielectric
constant, as depicted in Fig. 7. The effective dielectric constant
of a material is determined by the permittivity of the material
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TABLE II
RELATIVE PERMITTIVITY OF PRESSPAPER AT 50 HZ

Fig. 11. Individual values from ac breakdown test of Kraft and Kenaf
presspaper samples.

itself, as well as the relative quantities of the material and
any voids or pores within it. Kenaf presspaper exhibits fewer
voids or pores within its microstructure, which diminishes the
amount of air present. Consequently, the effective dielectric
constant of Kenaf presspaper is elevated due to the higher
dielectric constant of the fibers compared to that of the
air.

The breakdown strength of an insulating material is one of
the fundamental aspects that must be taken into consideration
for a transformer to function properly. The individual values
of ten measurements of the ac breakdown test of Kraft and
Kenaf presspaper samples are shown in kV/mm in Fig. 11.
It is seen that Kenaf presspaper achieves higher dielectric
strength results than Kraft presspaper when both types of
presspaper were immersed in transformer oil. This is because
Kenaf presspaper has a greater proportion of fibers as well as
higher permittivity than Kraft presspaper. According to [32],
it is evident that the ac dielectric strength is significantly
influenced by the presence of voids or porosity. As the void
concentration increases, the ac dielectric strength decreases.
This is due to voids within presspaper possessing a lower
breakdown strength in comparison to cellulose fibers, while
still needing to endure higher stress levels. Consequently,
under the application of an external electric field, partial
discharge arises within these voids, ultimately leading to the
breakdown of the presspaper. By decreasing the concentration
of voids through a reduction in porosity, the breakdown
behavior of the presspaper can be improved [4]. It is also
noticeable that the ac dielectric strength results obtained by
Kenaf presspaper are more consistent than those obtained by
Kraft presspaper that was immersed in oil. The authors believe
that the apparent downward trend of the Kraft paper values was

Fig. 12. Weibull plots of ac breakdown field of Kraft and Kenaf
presspaper.

caused by statistical coincidence and not by the test procedure
itself.

Cumulative probability plots of ac breakdown voltage tests
for Kraft and Kenaf presspaper are presented in Fig. 12.
Weibull statistics are performed in accordance with the interna-
tional standard IEC 62539 [33], which serves as a reference for
statistical analysis of dielectric breakdown data. Equation (2)
calculates the probability of the i th breakdown voltage from
the total n tests after ordering the breakdown values from
lowest to highest

F(i, n) =

(
(i − 0.44)

(n + 0.25)

)
× 100%. (2)

The solid lines in Fig. 12 represent the Weibull fitting of
10 ac breakdowns field for both presspaper samples. Based
on the graph, Kenaf presspaper shifted to the rightest side
compared to Kraft presspaper, which shows that Kenaf press-
paper has a better breakdown performance than the Kraft
presspaper. Generally, there were three significant probability
distribution percentiles (1%, 50%, and 90%) were identified.
At any percentage, it is noticeable that Kenaf presspaper
achieves a higher breakdown voltage than Kraft presspaper.
This is because Kenaf presspaper has fewer voids and smaller
pore sizes. Because of this, Kenaf presspaper has a better
performance in terms of its breakdown compared to Kraft
presspaper.

V. CONCLUSION

This study aimed to explore the viability of employing
Kenaf fiber for the production of insulating presspaper. The
process involved creating Kenaf presspaper samples using a
laboratory papermaking setup, while commercially available
Kraft presspaper was utilized for comparison. The investiga-
tion encompassed an analysis of morphology, tensile strength,
thermal characteristics, and electrical properties. In summary,
the resulting conclusions are as follows.
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1) Kenaf fiber is shorter and narrower than softwood fiber.
FTIR result suggests that chemical structure of Kenaf
fiber probably differs from that of softwood. SEM
result shows that Kenaf fiber presspaper has fewer voids
between the individual fibers than Kraft presspaper does.

2) The thermal stability of Kenaf presspaper is slightly
better than Kraft presspaper. Kenaf presspaper has a
higher ability to withstand high temperatures than Kraft
presspaper. However, this high temperature is far from
any relevant aging study for transformers which is in the
range of about 120 ◦C–150 ◦C, oil immersed. Therefore,
the study needs to be extended, investigating the Kenaf
aging behavior under realistic oil-cooled transformer
condition.

3) Although the tensile strength of Kenaf presspaper is
about 8% lower than Kraft presspaper, mechanical
strength can be enhanced by having similar density
as Kraft paper and changing the pulping process from
soda pulping to Kraft pulping. Mechanical strength is
influenced by several factors including fiber curliness,
milling techniques, and paper density.

4) The Kenaf paper investigated in this study reveals
marginally higher relative permittivity than the reference
Kraft paper, despite its lower density. This can be
attributed to less pores present in the Kenaf paper.

5) Compared to Kraft presspaper, the ac breakdown
strength of Kenaf presspaper is higher. This is because
Kraft paper has more voids and larger pore size, and it is
believed that partial discharges in Kraft presspaper will
become more severe than those in Kenaf presspaper.

While Kenaf presspaper demonstrates comparable per-
formance with Kraft presspaper concerning ac breakdown,
relative permittivity, and thermal stability, it falls short in terms
of mechanical properties. This deficiency can be attributed
to its lower density compared to Kraft paper. However, it is
important to note that the specific properties of paper can
vary depending on factors such as the type of fibers used,
the manufacturing process, and any treatments or coatings
applied to the paper. In other words, while density is a good
indicator of paper strength, it is not the sole determinant. Other
factors, such as the type of fibers used, chemical treatments,
manufacturing techniques, and the intended use of the paper,
can influence its strength. The study’s findings lead to the
conclusion that while Kenaf presspaper shows potential, it has
not yet reached the level of Kraft presspaper. Nevertheless,
it could be considered a viable contender for prospective paper
insulation materials.
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