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1. INTRODUCTION

Majority of transformers in the power system networks use wood based papers as one of the main
insulation systems. Wood based insulation papers are reliable, cost effective and comply with the thermal,
mechanical and electrical requirements for application in transformers [1]. Other alternative sources for
papermaking can be from non-wood plants such as wheat straws, sugarcane, bamboo, hemp, bagasse, cotton
and jute [2]. Non-wood plants have different charateristics of fibers. Cellulose extracted from non-wood
fibers can be used to produce papers with different properties [2-4]. Kenaf is a non-wood plant, recognized as
the source for producing papers and paperboard [6].

Kenaf fibers have been used in different types of other applications such as building/packaging
materials, papermaking and composite wood [4-7]. Core and bast fibers are the main components in kenaf
plants. The lengh of core fibers are shorter than the bast fibers [4, 8]. The papers used in transformers
normally have long fibers which contribute to the high mechanical strength which is essential to withstand
any physical movements due to the operation [9]. Generally, the length, chemical composition and cell wall
thickness of fibers determine the physical properties of papers [10].

Bast fibers lengths of kenaf plant can be between 2.32 mm and 2.62 mm which depend on the age,
location and species [3, 4]. One study shows that the mechanical behaviour of kenaf bast fibers is quite close
to wood fibres. Furthermore, it is shown that the tear resistance of kenaf bast fibers can be higher than wood
fibers. Core fibers are short and contains 60% - 65% of the plant by weight. The length of core fibers can be
in between 0.5 mm and 0.7 mm [4]. The physical properties of kenaf based paper can be further improved
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through processes such as identification of the best pulping method, optimisation of pulp conditions and
chemical additives [26].

Beating process is known as one of the basic process in the papermaking. It is a physical treatment
on pulps that can increase the contact area between fibres and flexibility by increasing surface area through
fibrillation [11, 12]. As a result, the physical properties of the paper can be improved [7, 13]. This paper
presents the investigation on the properties of untreated kenaf bast fibers based paper for application in
transformers. The process to develop the paper is presented and its physical properties at different beating
degress are discussed.

2. EXPERIMENTAL SETUP
2.1. Raw Material

The raw kenaf bast fibers were obtained locally. First, the fibers threads were separated and cleaned.
The next process was to cut the fiber threads into 10 cm in length. For the pulping process, 1 kg of Oven
Dried (OD) fibers were processed. The OD weight of fibers was calculated after it was dried in the air
circulating oven. Image of kenaf bast fibers as shown in Figure 1.

Figure 1. Image of kenaf bast fibers

2.2. Pulping Process

Soda pulping process was employed to treat the kenaf fibers through rotary digester. The pulping
parameters can be seen Table 1 [14]. The concentration of sodium hydroxide (NaOH) was 14% with liquor to
wood ratio of 7:1. The initial temperature was set to 35 °C with a constant rise up to 170 °C at maximum
time of 120 mins at pressure of 140 psi.

Table 1. Soda Pulping Parameter

Process variables Values

Liguid/wood fraction 7:1
NaOH (%) 14%

Starting temperature (°C) 35
Maximum Temperature (°C) 170
Pressure (psi) 140

Time to maximum temperature (min) 90
Time at maximum temperature (min) 120

A hydropupler was used to process the softened kenaf pulps by removing the black liquor residues
from the pulp. After separation of black liquor from fibers, the pulps still contain coarse fibers, dirt, bark
pieces and digester brick which can be removed by screening process. PTI Summervile fractionators with slot
size of 0.15 mm was used to screen the kenaf pulps in accordance to TAPPI T275 [15]. A centrifugal
separator was used to loose pulp with excess water. Then, the pulp was stored in chiller at 6°C.
The percentage of yield was determined based on 1.

. o - Weight of screened pulp (g)
Yield (/0) Weight of raw material (g) x 100 (1)

Indonesian J Elec Eng & Comp Sci, Vol. 17, No. 2, February 2020 : 759 - 766



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 761

Freeness of pulp was determined based on L&W CSF tester according to TAPPI T227 in order to
determine the surface conditions and swelling of fibers [16].

2.3. Beating Method

Screened pulps were exposed to the beating procedures by NORAM PFI mill in accordance to
TAPPI T248. The beating process affects the surface area, flexibility of fibers and bonding which lead to the
increment of physico-mechanical properties. The beating interval chosen for the study was from 3000
revolutions to 12000 revolutions [17]. The control sample was the unbeaten pulp.

2.4. Handsheets Preparation

The handsheets were formed based on TAPPI T205, with a grammage of 60 g/m? [18]. Dilution of
24 g of OD pulps was carried out with 2 litre of distilled water at room temperature as shown in Figure 2.
The fiber bundles were dispersed at 50,000 revolutions by a standard disintegrator to relax the fibers and
remove latency. The sample was homogenized in stock-divider filled with 8 liters of distilled water.
The sample was agitated to ensure proper mixing.
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J4g OD pulp 2000 il or Daluted pulp
dintibled watey

'
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Landsheets WHh B Loy ot diluted pulp at
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Figure 2. Papermaking process

2.5. Grammage of Paper

L&W micrometer was used to measure the thickness of the beaten paper based on TAPPI T411 as
seen in Figure 3 [19]. The grammage of the paper was determined based on TAPPI T410 [20]. As shown in
(2) was applied to calculate the apparent density of the paper [21].

Apparent Density = grammage 2

Thickness

Figure 3. L&W micrometer
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2.6. Tensile, Bursting and Tear Resistance of Paper

Fiber mechanical properties, dimension, structure and bonding affect the zero-span tensile strength
of the paper [22, 35, 36]. Buchel B.V Horizontal tensile tester was used to measure zero-span tensile strength
of the beaten paper based on TAPPI T494 [22]. As shown in (3) was used to calculate Tensile Index (TI).

TI =

Tensile Strength (
- Grammage of Paper

Nm/g) (3)

The burst strength is the highest hydrostatic force that is required to cause the fracture of the paper
[23]. Continuous rising stress was implemented through the burst tester by a rubber diaphragm on the paper
orbicular area of 30.5 mm. The burst strength of the beaten paper was measured in accordance to TAPPI
T403 [23]. The Burst Index (BI) was determined based on (4).

BI =

Burst Strength (
Grammage of Paper

Pa/g) (4)

The tear resistance is the force needed to tear the paper. In this study, the tear resistance of the
beaten paper was determined using Elmendorf tearing tester based on TAPPI T414 [24]. The Tear Index
(Tel) was determined based on (5).

Tear Strength (

Tel = mN/g) (%)

Grammage of Paper

3. RESULT AND DISCUSSION
3.1. Pulp Properties

The screened kenaf pulps are shown in Figure 4. The pulp yield depends on the lignin compositions,
pulping conditions and fiber quality [25]. Generally, a good pulping process should produce high pulp yield
[26]. The soda pulping process produces 59.17% of yield of the kenaf pulps which is considered a high pulp
yield and indicates that pulping process and conditions are good [26].

Figure 4. Images of kenaf pulps

3.2. Physico-Mechanical Properties of Kenaf Paper

The electrical insulation papers are available in wide range of grammage ranging from 50 g/m? to 65
g/m? and have different mechanical and electrical characteristics [1]. The grammage of oven dried papers is
60.984 g/m* with thickness and apparent density of 175.9 um and 0.3469 g/cm?® respectively as shown in
Table 2. The tensile strength of the unbeaten kenaf paper is 1672 Nm.

The unbeaten kenaf paper’s tensile index calculated using (3) is 27.417 Nm/g. The conventional
insulation papers normally have tensile index greater than 90 Nm/g [27, 28, 29]. The tensile index of kenaf
paper is much lower than the conventional insulation paper which can be improved by modification of pulp
fibers and addition of different chemicals [29].
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Table 2. Physico-Mechanical Properties of Kenaf Paper for Unbeaten Pulp

Physio-Mechanical Parameter Values
Thickness (um) 175.9
Grammage (g/m?) 60.984
Apparent Density (g/cm®) 0.3469
Tensile strength (Nm) 1672
Tensile index (Nm/g) 27.417
Tear resistance (mN) 1007.5
Tear index (MN/g) 16.52
Burst strength (kPa) 88.3375
Burst index (kPa/g) 1.448
Folding endurance (No.) 6

3.3. Effect of Beating on Freeness of pulp

The freeness of the kenaf pulp decreases almost linearly with the increment of beating revolution as
shown in Figure 5. The freeness of unbeaten kenaf pulp is 718 ml and it decreases to 54 ml after subjected to
12000 revolutions. The decrement of freeness for the kenaf pulp indicates that there is a fibers development
process on the fiber walls. Through beating, the fibers break into multiple fragments which lead to the
increment fiber numbers [30]. In addition, low freeness leads to high capability of the paper to hold liquids in
the pores and maintain the mechanical strength which are important requirements for the insulation paper
[30]. Extremely low freeness is not recommended for high strength of papers.
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Figure 5. Freeness of pulp at different beating revolutions

3.4. Effect of Beating on Thickness and Density of Paper

The beating also has significant effect on the thickness and apparent density of the paper as shown
in Figure 6. The thickness decreases from 176 um to 92.99 um after subjected to 12000 revolutions of
beating. The density increases while the thickness decreases with the increment of the beating revolution.
Beating causes the increment of fibers flexibility and surface area [31]. As a result, the bondings between
fibers increase and lead to the increment of fibers joints. Due to this phenomenon, the density of paper
increases and at the same time leads to the decrement of the thickness of paper [32]. The conventional
insulation papers have densities between between 0.75 and 0.90 g/cm?® while the thickness is between 70 um
to 100 um [32]. The range of densities for the kenaf based paper are between 0.3469 and 0.6480 g/cm? and it
is still low as compared to wood-based insulation paper which is 0.8 g/cm®- 1.1 g/cm®[34]. It is observed that
thickness of the kenaf paper decreases up to 53% while the density of the kenaf paper increase up to 54%
after 12000 revolutions of beating.
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Figure 6. Physical properties at different beating revolutions

3.5. Effect of Beating on the Mechanical Properties of Paper
3.5.1 Tensile Index

The impact of beating degree on the tensile index of the kenaf paper can be seen in Figure 7. As the
beating revolutions increases to 3000, the tensile index increases rapidly from 27.417 Nm/g to 58.19 Nm/g.
The rate of tensile index increment for the kenaf paper declines as the beating revolution progresses higher
than 3000. After 12000 beating revolutions, the final tensile index of the paper is 72.71 Nm/g. Beating
process increases the fiber flexibility and fiber-fiber bonding which causes the tensile index to increase [32].
It is observed that highest percentage of tensile index increment for the kenaf paper is 37% after 12000
revolutions of beating.
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Figure 7. Tensile index at different beating revolutions

3.5.2 Burst Index

The increment of beating revolutions causes increment of the burst index as shown in Figure 8.
The beating process increases inter-fiber bonding which lead to high burst index [33]. The burst index
increases to 4.599 kPa/g (36% increment) after 12000 revolutions of beating.
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Figure 8. Burst index at different beating revolutions

3.5.3 Tear Index

Tear index of the kenaf paper decreases with the increase of bearting revolutions as shown in
Figure 9. The beating process results in shorter fibers and hence less bonding area occurred in between fibers.
Therefore, less energy is required to tear the paper which lead to lower tear index [33]. It reduces from
16.521 mN/g to 7.487 mN/g (45% decrement) after 12000 revolutions of beating.

-
”~

Tear inder (imNg)
»

Heating (revoldutions)

Figure 9. Tear index at different beating revolutions

4. CONCLUSION

The beating process enhances the mechanical stability of the paper by increasing tensile index of the
paper. The apparent density, burst index and the tensile index of the beaten paper increase by 37 %, 35.5 %,
and 53.53 % respectively. The tear index and the thickness decrease by 45.31 % and 52.8% respectively. The
investigation on the improvement of the physical characteristics of the paper can be performed in the future
through chemical treatment.
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