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Abstract. The demand for paper grows yearly, but it's getting harder to get raw materials made of
wood, so we need alternate raw materials. The artistic appearance of art paper is one with many
distinct and natural tones. Since cellulose fibers from trees are typically used in the production of
art paper, this has an effect on deforestation, which contributes to natural disasters. Papermaking
was done as part of this study in May—June 2022 at the Semen Indonesia International University's
material analysis lab. The goal of the study is to ascertain the impact of pre-treatment and cooking
temperature on the caliber of paper produced from empty fruit bunches and paper trash. The
variables used in this study were cooking temperatures of 80°C, 90°C, and 100°C. Parameters
observed were appearance, grammage, thickness, moisture content, and water absorption on
paper. The results showed that the difference in cooking temperature of empty oil palm fruit
bunches affected the quality of the paper produced. The highest grammage was obtained in the
cooking treatment with a temperature of 80°C, which was 208.83 g/m?, the highest paper thickness
was obtained in the first treatment (4) at 80°C cooking at 0.16 mm, the highest water content was
obtained in the cooking treatment with temperature of 80°C is 4.27%, and the lowest water
absorption is obtained in the cooking treatment with a temperature of 80°C which is 314.03%, but
the fiber characteristics are still stiff.
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1. Introduction

Paper is always in demand, but Indonesia in particular sees a surge year after year. While
the availability of raw materials, particularly needle-leaved wood, is extremely constrained and
even declining from year to year, the development of paper consumption in both industrialized and
emerging countries shows a consistent increase of about 1-4% yearly. This is particularly true for
tropical nations with little potential for evergreen and broadleaf forests, such as Indonesia, India,
Egypt, and Central America. If there is, it is very little, hence non-timber materials including
bagasse, straw, bamboo, and others are now being developed to supply the domestic pulp industry's
raw material needs. Alternative materials that can be utilized are therefore required. Therefore,
substitute resources are required, such as plant fibers and fiber that contain waste, to take the place
of wood in the production of paper pulp.
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In written communication, paper is a medium used to spread information. Currently, it is
used for a variety of purposes, including those connected to the packing, packaging, cleaning,
insulation, and photographic sectors. Plants that have fiber can serve as the raw material for
creating paper [1]. Bark is still a common source of raw material for the paper industry. Given that
wood plants take years to mature and can be used as raw material for paper while paper mills need
wood every day to generate paper, 1 ton of paper requires 4 hectares of forest, which can produce
as much as 20 m3 of wood per hectare. If the missing trees are not replaced, this will result in a
serious lack of raw materials as well as severe environmental harm.

Imports continue to satisfy Indonesia's need for paper pulp. Despite the nation's considerable
pulp production potential. The palm oil industry was noted as the biomass's largest producer,
producing over 23 million tonnes of residues, 90% of which came from plantations and the
remaining 10% from mills where the oil was extracted [2]. Oil Palm Empty Fruit Bunches
(OPEFB) are the solid residues from the oil palm tree's fresh fruit bunches (FFB), which are mostly
grown in Thailand, Indonesia, Malaysia, and other nations. The OPEFB contains the building
blocks of cellulose, hemicellulose, and lignocellulose, and is now used to produce compost,
biofuels, and fertilizer [3].

Making art paper typically involves the use of cellulose fiber from trees, which affects
deforestation, and contributes to natural catastrophes. As a result, finding substitutes for trees as a
source of raw materials for papermaking, such as empty palm oil bunches, is important (EFB).EFB
has almost the same amount of cellulose as hardwoods, but less lignin and a disproportionately
larger amount of pentosans and hemicellulose [4]. Table 1 shows that there is a very wide range
of cellulose concentration in EFB, from high to low class. However, the average result is close to
40%, indicating that the EFB cellulose concentration falls into the moderate category. EFB has an
extractive content that is comparatively high. Cooking chemicals will be consumed more
frequently throughout the pulping process, which will lower the quality of the paper that is
produced [5].

Table 1. Classification of EFB chemical components [5]

High Moderate Low
Cellulose,% >45 40-45 <40
Lignin, % >33 18-33 <18
Pentosans, % >24 21-24 <21
Extractives, % >4 2-4 <2
Ash, % >6 0.2-6 <0.2

Oil palm empty fruit bunches can be utilized as a substitute material for creating art paper
because of their plentiful supply and high cellulose content. The limited availability of natural
materials encourages the utilization of other materials such as waste materials that have not been
widely utilized for paper raw materials. Indonesia produced EFB-based paper products including
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printed papers and cement bags to reduce the import of paper waste using the EFB fibre through
semi-chemical pulping [6].

Due to the specific qualities of non-wood fibers, the pulping process needs to be handled
carefully, especially by performing a pre-treatment before the pulping process.
Physical/mechanical action, hydrothermal, chemical, and/or biological therapy are all possible
forms of pre-treatment. The non-wood chemical contents, including cellulose, hemicellulose, and
lignin as well as other chemical elements, are affected differently by each process. However, the
main goal of this pre-treatment is to carry out subsequent non-wood processing procedures that
are simpler and more effective while also raising the caliber of the finished goods [7]. It has been
claimed that pre-treating EFB by submerging it in a sodium hydroxide solution at a specific
concentration increases the pulp yield of EFB refiner mechanical pulp (RMP) [8].

The process of making pulp from EFB has been investigated by various methods, which are
soda, soda anthraquinone, alkaline peroxide, aerosol, pre-hydrolysis soda-AQ, and chemical
mechanical [6]. However, advanced technology can be a game-changer in the pricing structure as
the pulp and paper making from EFB is cost-efficient compared to other woodfree pulp. The total
of woodfree pulp from EFB generated up to 10 % of pulping capacity in pulp and paper-making
production which keeps increasing faster than wood pulp [9]. Paper is recycled to be utilized as a
mixed material with oil palm bunch waste to become material for art paper products and at the
same time, help reduce the impact of paper waste on the environment. Therefore, research is
needed to determine the effect of cooking temperature and the best pretreatment temperature of
palm empty fruit bunches (EFB) on the quality of paper made from empty bunches and paper
waste.

2. Methods
2.1. Research Location and Timing

Utilizing variables such as variations in the cooking temperatures of empty fruit bunches,
the research was conducted by producing paper from palm empty fruit bunches (EFB) and paper
waste. The following characteristics of the paper were noted: compactness (color and texture),
grammage, thickness, moisture content, and water absorption capability. Based on the
characteristics of paper we have a diagram flow to create an art paper in Figure 1.

2.2 Resources and Tools

The following are some of the resources used in this study: palm empty fruit bunches (EFB),
white HVS paper waste, NaOH 5%, NaOH 2%, Na>S 4%, and water.

The following are some of the resources used in this study: shears, gloves, a plastic bottle, a
blender, analytical equilibrium, a stovetop (heater), a glass beaker, a glass stir stick, a glass watch,

a spoon, ovens, a gauge screw, screen printing, wood board (as a base when printing paper) and
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blanco fabric (as a basis for printing pulp on a wooden board).

2.3 Research Methodology

Waste Paper

A

Cut the waste paper into
irregelularly sized pieces

|

Calculate the paper's weight
using 40 percent of the weight of
empty bunches

v

Oil palm empty
fruit bunch

A

Remove any dirt

A

Reduce the size of the empty
oil palm bunches to about 3
cm.

v

Let the paper strips soak for
an hour in water mixed with

Measure the fruit bunch fiber based
on its composition and method of

2% NaOH solution treatment (60 gr for each treatment)

v v

For 60 minutes at different cooking
temperatures of 80°C, 90°C, and 100°C, cook
empty fruit bunches with the addition of 5%
NaOH and 4% Na2S

Pass the paper through a
filter to remove any leftover
debris and NaOH.

v

Blend the paper until it
resembles mush

Remove any remaining debris,
NaOH, and Na2S from the empty
fiber bundles

|

Pulverize the
cooked

A
Pulp
Of discarded paper

A

Combine pulp of discarded
paper and powder of EFB

A
Use screen printing to create paper
pulp. For each iteration, print the
words three times

Allowing printed paper to
air dry

Art Paper

Figure 1. Flow Diagram of Art Paper Making

2.3.1 Producing Pulp from Paper Waste

Following are the steps for producing pulp from paper waste: Pick raw materials like white
HVS type paper; Using scissors, cut the meat into irregularly sized pieces; Calculate the paper's
weight using 40 percent of the weight of empty bunches [10]; Let the paper strips soak for an hour
in water mixed with 2% NaOH solution; Pass the paper through a filter to remove any leftover

debris and NaOH; Blend the paper until it resembles mush.
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2.3.2 Making pulp from the empty oil palm bunches

The steps for making pulp from empty palm oil bunches are as follows: Remove any dirt
from the empty oil palm bunches; Reduce the size of the empty oil palm bunches to about 3 cm;
Measure the fruit bunch fiber based on its composition and method of treatment (60 gr for each
treatment); For 60 minutes at different cooking temperatures of 80°C, 90°C, and 100°C, cook
empty fruit bunches with the addition of 5% NaOH and 4% Na2S (Rizki, 2019); Remove any
remaining debris, NaOH, and Na2S from the empty fiber bundles; Pulverize the cooked, empty
palm oil bunches into a powder.

2.3.2 Making paper from a combination of paper waste and empty palm oil bunches

Following are the steps for making paper from a combination of used paper and empty palm
oil bunches; Combine the pulp from paper waste and the pulp from empty palm fruit bunches; Use
screen printing to create paper pulp. For each iteration, print the words three times; Allow the
printed paper to air dry; Conduct exams on paper according to the guidelines; and Analyze the
data.

2.4 Research Parameters
2.4.1 Grammage (g/m2)

The weight of paper per unit area is measured in grams. The grammage of a piece of paper
can be used to gauge its physical toughness. The weight of a sheet of paper that covers a one-meter
square area is known as its paper grammage. using SNI 14-0439-1989 for testing. Paper is sold or
acquired by weight, hence determining the paper's grammage is crucial. The price per unit
decreases with decreasing paperweight. The physical, mechanical, chemical, and optical
characteristics of the paper are all impacted by the paper's weight.

2.4.2 Thickness

The paper's thickness or under normal circumstances, thickness is determined by measuring
the angle at which the two surfaces of the paper are perpendicular to one another. Sheet grammage,
fiber properties, filler content, pressing, calendering, moisture content, and other factors all have
an impact on paper thickness. A screw micrometer can be used to gauge the paper's thickness. An
instrument used to gauge an object's diameter or thickness is a screw micrometer.

2.4.3 Moisture Content

The water on the paper is the denser water relative to the paper. The amount of water in the
paper can have an impact on how the paper turns out. In most cases, the material is dried in an
oven set between 100 °C and 105°C for three hours to determine its moisture content. The amount
of water evaporated can be determined by comparing the weights before and after drying.

2.4.4 Water Absorbency

One of the characteristics of paper material that demonstrates the paper's capacity to absorb
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water is its absorption capacity for water. This test was conducted using SNI 080-7070-2005 as a
guide. The paper sample was subjected to this test by being soaked in 100 cc of water and left to
stand for 10 minutes. The amount of water absorbed is determined by the weight difference

between before and after immersion.

3. Results and Discussion
3.1 Paper's Physical (Appearance)

The oil palm EFB is a type of woody biomass with a calorific value of 4,400 kcal/kg-dry
and is considered an anon-toxic and promising biomass resource for industrial and farming
applications including pulp and paper manufacturing [11]. Due to the abundance of fibers that rise
to the surface of the paper, which is made from a blend of empty fruit bunches and paper waste,
the paper has a pleasing appearance. To classify this paper as kraft paper, a specific kind of art
paper that can be used for specific purposes. This paper is designated as art paper and can be
further processed to make other items including paper bags, packing materials, picture frames, and

other things. Figure 2 shows the results from the paper.

Figure 2. Results of Paper Produced from Empty Bunches and Paper Waste

Because it is made of empty bunches that are composed of 60:40 paper waste, the paper from
this study appears pale white in the image above [10]. This paper does not have any pressing or
pressing processes on it, thus it is somewhat waved or wrinkled before ironing. Another look is
that the paper appears to have an empty bunch of fibers that have not yet fully been crushed; these
developing fibers provide this art paper beauty or aesthetic appeal. However, paper cooked
between 80 and 90°C seems stiffer in the fiber texture than paper cooked at 100°C, which may be
related to the sluggish rate of delignification [12].

The purpose of using NaOH in the production of paper is to facilitate the softening and
decomposition of empty fiber bunches. Generally, cellulose fiber typically has two types of
regions: crystalline and amorphous. The outer layer and the amorphous region burst out when

OPEFB fiber is steeped in the NaOH solution, causing the cellulose to inflate. The lignin,
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hemicellulose, and lower molecular fractions dissolve in alkali solutions as a "black liquor," which
increases the yield of the cellulose fiber obtained. NaOH solution breaks down the hydrogen bonds
between the lignocellulosic component [13]. Additionally, the temperature at which something is
cooked also has an impact; raising the temperature will accelerate delignification (removal of
lignin). However, cellulose breakdown occurs at temperatures exceeding 160 °C [12]. Since there
is not already a quality standard for art paper, it is vital to compare the quality of paper waste and
empty fruit bunches to commercial goods. Printing paper A and duplex cardboard are the products
on the market that are utilized for comparison.

About 4.5% of the residual oil in EFB fiber is located at the fiber's tip and surface [14].
Although it doesn't contain oil, the oil gets into the EFB by osmosis via the fiber wall when the
fruit is boiled and separated from its bunches in the CPO mill [15]. EFB's oil concentration has the
potential to pitch issues that result in stains and possibly even pinholes on the paper that is
produced. Therefore, it is necessary to reduce the oil content of EFB as much as feasible. To lessen
this pitch issue, EFB fibers can be pretreated with lipase enzymes before the pulping process [16].
Lipase enzymes can also be used to adjust pitch in the production of paper. Additionally, pulp and
paper mills can use mechanical pitch removal employing a multistage cleaning system [17].

4.2 Grammages

To perform this grammage test, a sample of paper that has been cut into a square with a
length of 10 cm on each side and an area of 10 cm2 is obtained is weighed. According to the study's
findings, the variation in EFB (Empty Fruit Bunch) cooking temperature has an impact on the
weight of the paper. Table 2 shows the findings of the experiment investigating the impact of

variations in EFB cooking temperature on paper grammage for each treatment.

Table 2. Examines the impact of varying cooking temperatures on paper gramage.
grammage  Average
(gr/m2) (gr/m2)

Temperature Treatment mass(g) area(cm2)

A 2,1963 100 219,63

80° B 2,2538 100 225,38 208,83
C 1,8148 100 181,48
A 1,896 100 189,6

90° B 1,6595 100 165,95 181,21
C 1,8808 100 188,08
A 1,8564 100 185,64

100° B 1,8412 100 184,12 180,18
C 1,7078 100 170,78

Table 1 shows that the manufactured paper has a grammage value that ranges from 165 to

225 gr/m2. The cooking treatment at 80°C produced the highest average grammage value of
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208.83 g/m2, while the second treatment (B) produced the highest grammage value of 225.38
g/m2. The 100°C treatment had the lowest gramage average value, 180.18 gr/m2, after that.
However, the second treatment (B) at 90°C had the lowest grammatical value, at 165.95 gr/m2.
The unevenness throughout the paper printing process, which results in some portions of the paper
being thin and some parts being thick, is what causes the inconsistent grammage values on the
paper.

According to [1] obtained grammage readings ranging from 361.59 to 401.28 gr/m2 using a
10% NaOH concentration for two hours at a maximum cooking temperature of 120 °C. This is so
that empty palm oil bunches might be processed into cardboard rather than paper. The addition of
additives (tapioca adhesive, kaolin filler, and retention of alum sulfate) in the pulp suspension
before sheet formation can also contribute to the high grammage. There is also a study from [10]
where one of the treatments had the same material composition as this study, specifically a 60:40
split between paper trash and empty fruit bunches. The final paper grammage from this study was
269.03 gr/m2. However, because a gas stove was employed for the cooking process in this
investigation, the cooking temperature was unclear.

The paper developed for this study has a grammage value above 100 g/m2, therefore when
it is compared to the specifications for printing paper A (19608 SNI-7274-2008), which call for
grammage values between 50 and 100 g/m2, it does not fulfill the standards. The resultant paper
turns into cardboard since it is quite thick when compared to the grammage value of duplex
cardboard (3116 SNI-0123-2008), which has a grammage of 225-500 g/m2. This paper is regarded
as art paper and will be used in the production of other items, including paper bags, packing
materials, picture frames, and others.

The large grammatical value is caused by the use of manual tools, specifically in the form
of screen printing for printing paper. Additionally, the grinding process affects the grammage of
this paper because when the paper is ground (to remove water), the thickness becomes uneven and
there is no pressing or pressing process applied to the paper, resulting in a large grammage [10].
3.3 Paper Thickness

A screw micrometer is used to measure the paper's thickness in order to test its thickness.
Measurements are performed by taking the average of three separate points (sections) of paper. It
has been determined that the screw micrometer will be utilized with zero inaccuracy before the
investigation is started. The screw micrometer utilized in this study had a zero inaccuracy of 0.19
mm. As a result, every measurement will be shrunk by 0.19 mm. Each measurement has been

lowered by 0.19 mm in Table 3 below.
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Table 3. The Impact of Variations in Cooking Temperature on Paper Thickness

Femperature TreAtment ) @) 3) A(Vlflﬁfe
A 0,15 0,20 0,13 0,16
80° B 0,07 0,05 0,09 0,07
C 0,05 0,10 0,04 0,063
A 0,05 0,03 0,07 0,05
90° B 0,06 0,12 0,05 0,077
C 0,07 0,03 0,05 0,05
A 0,05 0,08 0,06 0,063
100° B 0,06 0,04 0,07 0,057
C 0,07 0,04 0,03 0,047

The thickness values of the paper generated range from 0.047 to 0.16 mm, as can be shown
in Table 3. The first treatment (A) at cooking with a temperature of 80°C yielded the maximum
average thickness value of 0.16 mm. The third treatment (C) at 100°C cooking temperature yielded
the lowest average thickness value, which is 0.047 mm. Because of the unequal distribution
throughout the paper printing process, some areas of the paper are thin and some are thick, which
results in inconsistent thickness values on the paper.

According to research by [1], the paper thickness varied between 0.86 and 0.90 mm when
10% NaOH was used for 2 hours at a maximum cooking temperature of 120 °C. This is because
the research was carried out to transform empty palm oil bunches into cardboard rather than paper,
making the difference in thickness very substantial. The resulting grammage has an impact on the
paper's thickness; if the grammage is high, the paper will also be thicker.

3.4 Paper Moisture Content

Weighing a mass of about 2 grams is used to determine the amount of water present. The
sample utilized in this investigation was a piece of paper that was weighed. This test involves
weighing the sample's initial mass before heating it in an oven at 105°C for three hours to lower
its water content. The sample is weighed once more following the oven's completion to compare
the sample's mass before and after the oven. Table 4 displays the findings of the experiment
investigating the impact of variations in EFB cooking temperature on paper moisture content for
each treatment.

The water content value of the paper produced ranges from 3.76 to 4.50%, as can be shown
in Table 4 . The cooking treatment at 80 °C produced the highest average water content value of
4.27%, while the initial treatment (A) produced the maximum water content of 4.50%. The 100
OC treatment had the lowest average water content (3.97%), and the initial treatment (A) had the
lowest water content (3.76%). The proper water content can generate the desired paper quality, but
a high water content can result in a paper that is easily torn, while a low water content can result
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in a paper that is challenging to print and may tear when put through the printer.

Table 4. Moisture Content and Cooking Temperature Differences
Moisture Moisture

Initial After Oven Average
Temperature Treatment Content Content
Mass (g) Mass (g) (%)
(8 (%)
A 2,1963 2,0974 0,0989 4,50
80° B 2,2538 2,162 0,0918 4,07 4,27
C 1,8148 1,7379 0,0769 4,24
A 1,896 1,8179 0,0781 4,12
90° B 1,6595 1,5888 0,0707 4,26 4,19
C 1,8808 1,8022 0,0786 4,18
A 1,8564 1,7866 0,0698 3,76
100° B 1,8412 1,768 0,0732 3,98 3,97
C 1,7078 1,6365 0,0713 4,17

According to research by [1], the water content on paper ranged from 6.16 to 7.29% when
treated with 10% NaOH for two hours at a maximum cooking temperature of 120 °C. The water
content in the paper is different from this research since the research was done to turn empty palm
oil bunches into cardboard rather than paper. The amount of water in the paper will increase with
the thickness and grammage of the product.

3.5 Absorption of Water

Paper measuring 5x5 cm was cut and its mass was measured for this water absorption test.
The paper was then removed and weighed after being soaked in 100 ml of water for 10 minutes.
The findings of the study demonstrate that the EFB's capacity to absorb water is affected by
variations in the cooking temperature. Table 5 displays the findings from experiments examining

the impact of varying EFB cooking temperatures on the paper's ability to absorb water for each

treatment.
Table 5. Differences in cooking temperatures' impact on water absorption
Initial Mass After Moisture - Moisture Average
Temperature Treatment . Content Content
Mass (g) Soaking (g) (%)
(8 (Y0)
A 0,5984 2,4084 1,8100 302,5
80° B 0,4365 1,8316 1,3951 319,6 314,03
C 0,5119 2,1502 1,6383 320,0
A 0,3482 1,6146 1,2664 363,7
90° B 0,3482 1,6408 1,2926 371,2 401,73
C 0,3482 1,9858 1,6376 470,3
A 0,3482 1,8738 1,5256 438,1
100° B 0,3482 1,8886 1,5404 442 .4 398,2
C 0,3482 1,4418 1,0936 314,1
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Table 5 shows that the range of water absorption in the final paper is between 302.5 and

470.3%. The cooking treatment at a temperature of 90°C produced the highest average value of

water absorption, which was 401.73%; the second treatment (B), which produced the highest

average value of water absorption, was 470.3%. The 8 °C treatment had the lowest average water

absorption rate of 314.03%, and the initial treatment (A) had the lowest water absorption capacity
of 302.5.

2]

4. Conclusions

The following findings are based on the research that has been done:

. The quality of the paper produced is impacted by variations in the cooking temperature of

empty palm fruit bunches (EFB). The cooking treatment at 80°C produced the highest
grammage, 208.83 g/m2, and the cooking treatment at 100°C produced the lowest, 180.18
g/m2. The first treatment (A) during cooking at a temperature of 80°C produced the
thickest paper (0.16 mm), while the third treatment (C) at cooking with a temperature of
100°C produced the thinnest (0.047 mm). The cooking treatment at 80°C yielded the
maximum water content (4.27%), whereas the treatment at 100°C yielded the lowest
(3.97%). Additionally, the cooking treatment at 90°C produced the largest water
absorption (401.73%), whereas cooking at 80°C produced the lowest absorption
(314.03%).

. It has the highest grammage value, highest thickness, lowest water absorption, and the

highest water content value according to the A printing paper standard at 80°C cooking

temperature, yet the fiber properties are still stiff.
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