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Abstract
Plastic pollution is jeopardising our health as they are often dumped in landfills or irresponsibly
discarded in waterways (Parker et al., 2019). Paper synthesised from plastic waste reduces
pollution and the strain on the environment. This study aims to synthesize paper from plastic
waste in 2 stages: mixing of the chemicals together and heating the mixture as well as to
compare various properties of synthetic and cellulose-based paper. The results showed that
synthetic paper proved more hydrophobic, has higher tensile strength, has a higher flashpoint
but less fire-resistant compared to normal cellulose paper. It can be concluded that synthetic
paper and cellulose-based paper have their individual relative strengths and usefulness in
various aspects.
Introduction
Plastic is increasingly used in many sectors worldwide due to their inexpensive, lightweight,
strong, durable, corrosion-resistant materials, and high thermal and electrical insulation
properties. The diversity of polymers and the versatility of their properties are used to make a
vast array of products (Thompson et al., 2009), ranging from making food packaging, soda
bottles, building components of our computers, trains and ships to industrial use for
manufacturing. However, such has led to plastic waste becoming a growing concern in the world
especially when disposed of improperly, threatening biodiversity and the environment. The
constituents of plastics can travel into the bodies of animals like marine organisms where they
may, upon consumption, accumulate and climb up the food chain eventually reaching humans.
None of the commonly used plastics are biodegradable. The only way to permanently eliminate
plastic waste is by destructive thermal treatment, such as combustion or pyrolysis (Geyer et al.,
2017). The often used methods of clearing plastic waste are incineration and burial. Incineration
leads to the release of toxic gases like Dioxins, Furans, Mercury and Polychlorinated Biphenyls
into the atmosphere. Incinerating other plastics like Poly Vinyl Chloride (PVC) liberates
hazardous halogens and pollutes the air, the impact of which is climate change (Verma et al.,
2016). Other toxic gases harm both biodiversity and humans’ respiratory systems. Burial of
plastics can cause land and water pollution as water flows into the earth, respectively. This
exacerbates the harm dealt to the marine organisms, hastening the speed at which humans are
directly harmed. When paper is synthesized from plastic, it aims to provide an alternative way of
managing plastic waste without harming the environment or biodiversity.
Rationale:
Plastic waste is one of the most concerning environmental hazards in recent years.
Irresponsible discharge of plastic waste has led to pollution and damage to both the
environment and our biodiversity. The common method of incinerating plastic waste produces
toxic gases that pollutes the air, contributes to global warming and intoxicates humans and
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animals. It takes centuries for plastic to decompose into its elemental harmless components,
causing landfills to take up too much space and harm the earth. This project proposes a new
method to deal with plastic waste: converting it into paper. Plastic can be reused in another form
as paper and the conversion process is environmentally friendly. This project aims to investigate
and research further in this area of plastic recycling to reduce the strain and harm that plastic
has on the environment.
Objectives:
This project aims to synthesize paper-like sheets from plastic waste samples like plastic drink
bottles, plastic gloves and regular plastic bags as well as test the 5 properties of the synthesized
paper-like sheets, namely fire-resistance, tensile strength, wettability and flash point of the
synthetic paper. The tests for the same properties would be carried out with normal paper and
the 2 sets of results would be compared. The surface morphology of the synthetic paper and
cellulose-based paper would also be studied.
Hypotheses:
The hypotheses of this study are that: Paper-like sheets can be synthesized from plastic powder
of different types; The synthesized paper (from all 3 kinds of plastic) would: Be more fire
resistant (additionally and not naturally when synthesized); Have higher tensile strength; Be
more hydrophobic; Have a higher flashpoint when compared with results of the same tests
carried out on normal paper; The fibres between the synthesized paper would be less dense
than that of normal paper; The surface texture of normal paper would be smoother than that of
the synthesized paper.
Methodology:
Plastic spoons made of High Impact Polystyrene (HIPS) and plastic bottles made of High
Density Polyethylene (HDPE) were ground into powder form using a blender separately. The
powder from the plastic spoons formed the HIPS sample, and the powder from the plastic
bottles formed the HDPE sample. To 20g of HDPE sample, 65g of HIPS sample, 4g of maleic
acid compatibilizing agent, 45g of CaCO3, 0.5g of glycerol antistatic agent and 1.5g of TiO2 were
added, and mixed together. The mixture was put in an A4 sized mould, flattened, and then put in
the oven at 170 degrees celsius for 5 mins, followed by 200 degrees celsius for 5 min, and then
at 210 degrees celsius for 5 min until a constant mass was attained.
20g boric acid powder and 20g borax in 150 ml of water were weighed, and mixed in a beaker
until the solids were completely dissolved/saturated. The paper sample was soaked in the
solution thoroughly and hung up to dry over the beaker to drain the excess. Once completely
dried (until a constant mass was obtained), the paper was ready to be tested.
Fire-resistant Test procedures
A 0.9g sample of each type of paper was individually soaked into the fire-resistant solution for
7s and hung up to drip off excess and to dry. With a fire extinguisher at hand, a lighter was used
to burn both pieces of the paper from the bottom until completely burnt. The time taken for each
type of paper to burn completely was recorded with a stopwatch. Any and all flame, excess or
not after the experiment was put out before examining the paper samples. Repeat this
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experiment 4 more times for both paper samples.
Tensile Strength Test procedures
A 1.0cm strip (width) of each sample of paper was tied and held on a retort stand. Small weights
(small scientific weights) were added onto the weight holder that is attached to the paper one at
a time (each at 100g). Record the weight the paper can hold before tearing/ripping/breaking.
Repeat the experiment 4 more times on all other sample papers
Contact Angle Test procedures
Pieces of each type of paper measuring 2 cm by 2 cm were placed on the test surface of a
contact angle goniometer separately. One drop of tap water was dripped onto each paper using
a dropper separately. Using the high-resolution camera found in the goniometer and computer
software, the contact angle of water on the different types of paper could be measured.
Flashpoint Test procedures
A 0.9g sample of each type of paper was placed on a tripod stand above a stack of
newspapers. Using a lighter, the sample paper was burnt from the bottom up. An infrared
thermometer was used to measure the spot at which the flame was burning as it turned brown
to black. The temperature at which the paper turned brown to black was recorded. The same
experiment was repeated 4 more times on each sample of paper.
Results and Discussion
Tests:
1. Flashpoint Test (point where paper burns)
Table 2
Flashpoint Test
Paper

Synthetic Paper

Cellulose-based Paper

Flashpoint/°C

330

121

328

108

317

125

342

110

335

132

Average/°C

330

119

Standard Deviation

±8.26

±9.06
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From the results, it can be concluded that the flashpoint of synthetic paper is higher than
cellulose-based paper, with the synthetic paper burning at an average temperature of 330°C, as
compared to that of cellulose-based paper, which is 119°C.
2. Fire-resistant Test
Table 3
Fire-resistant Test
Synthetic Paper

Cellulose-based
Paper

24.8

15.7

24.6

15.2

25.2

15.9

25.0

15.8

25.1

15.5

Average/g

24.9

15.6

Standard Deviation

±0.215

±0.248

42.1

125.2

41.6

126.1

41.4

125.7

42.3

125.5

41.9

124.9

Average/g

41.9

125.5

Standard Deviation

±0.326

±0.412

Paper

Without
fire-resistant
solution

With
fire-resistant
solution

Time taken to burn 10 cm by 7
cm of paper completely/s

Time taken to burn 10 cm by 7
cm of paper completely/s

Synthetic paper:
Average time taken for complete burning of 10 cm by 7 cm of synthetic paper with fire-resistant
solution, 41.8s, was higher than the average time taken for complete burning of synthetic paper
of the same dimensions without fire-resistant solution, 24.9s. Fig. 2.1 shows the result after
complete burning of the synthetic paper.
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Fig 2.1
Cellulose-based paper:
Average time taken for complete burning of 10 cm by 7 cm of cellulose-based paper with
fire-resistant solution, 125.4s, was higher than the average time taken for complete burning of
synthetic paper of the same dimensions without fire-resistant solution, 15.6s. Fig. 2.2 shows the
result after complete burning of cellulose-based paper.

Fig. 2.2
It can thus be concluded that both the synthetic and cellulose-based papers can be additionally
made more fire-resistant, using the fire-resistant solution as seen in Fig. 2.3. However, fire
resistance for cellulose-based paper was markedly more than synthetic paper, due to the
difference in water absorption.

Fig. 2.3
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3. Tensile Strength Test
Table 4
Tensile Strength Test
Paper

Synthetic Paper

Cellulose-based Paper

Weight at which paper
tears/N

49.3

9.1

52.2

9.3

49.5

9.4

51.6

9.2

48.6

9.3

Average/N

50.2

9.3

Standard Deviation

±1.40

±0.102

From the results, it can be concluded that the tensile strength of synthetic paper is higher than
cellulose-based paper, with synthetic paper being able to withstand up to 50.2N of weight, which
is higher than that of cellulose-based paper which can only withstand 9.3N of weight.
Plastic synthetic paper was able to withstand a greater weight without tearing due to its
molecular structure. The benzene group present in the polystyrene in the plastic synthetic paper
prevents the polymer chain in polystyrene from sliding past each other. However, the cellulose
polymer chains in cellulose-based paper are held by hydrogen bonds and weak intermolecular
Van der Waals’ forces. It takes less weight to pull the polymer chains apart in cellulose-based
paper as the intermolecular forces are easier to overcome.

Structure of single cellulose polymer chain, showing hydrogen bonding

6

Structure of benzene group present in synthetic paper

Structure of polymer with benzene ring, prevents polymer chains from sliding past one another

4. Contact Angle Test
Table 5
Contact Angle Test
Paper

Synthetic Paper

Cellulose-based Paper

Contact Angle of Water/°

48.0

38.6

48.2

39.0

47.8

39.3

48.1

39.2

48.0

38.9

Average/°

48.0

39.0

Standard Deviation

±0.133

±0.245

Cellulose-based paper (Fig. 4.1):
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Synthetic paper (Fig. 4.2):

The above results for the Contact Angle Test suggests that synthetic paper is more hydrophobic
than normal cellulose-based paper, due the higher average contact angle of water with the
synthetic paper than that with the normal paper, which is in line with our hypothesis.
Both polystyrene and poly(ethene) are non-polar, so the synthetic paper produced was
hydrophobic. However, synthetic paper proved to be more hydrophobic than cellulose-based
paper because cellulose contains the hydrophilic hydroxyl group, thus causing a lower contact
angle of the water with the cellulose-based paper than the synthetic paper.

From the left: Structure of cellulose (with hydrophilic hydroxyl group), structure of polyethylene
and lastly structure of polystyrene
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Challenges and Difficulties:
There were failures due to unforeseeable challenges (compromise due to time constraints/covid
measures/unavailability of equipment and chemicals) and relevant modifications were made to
work around this. As these modifications were improvised and largely experimental, the data
gathered stray from the intended results.
Table 1
Failures & Modifications
Failures
Inability to synthesize paper from the plastic
(because chemicals were changed and
different equipments were used)

Modifications
Carried out tests on industrial synthetic paper

Examination of the fibres

-

Elimination of the reusability test

-

Large weight required to break the synthetic
paper for the tensile strength test

Alternative weights like dumbbells (1kg
increments) were sourced and used as
weights

The synthesising of paper from plastic required extrusion using an extruder, which was
unavailable. Therefore, an alternative method which was heating the mixture in an oven had to
be used, but results were not satisfactory, with the synthetic paper forming in small clumps
instead of a uniform sheet. Industrial synthetic paper with the same components had to be
sourced and used instead, as a compromise for the remainder of the tests.
Chemicals like benzene-butadiene (compatibilizing agent) and monoglyceride (anti-static agent)
from the referenced research paper were unavailable for use and substitutes of maleic acid
(replacement compatibilizing agent) and glycerol (replacement anti-static agent) were used.
Since improvised and alternative methods were thought of to overcome the said problems, the
expected outcome changed because the procedures, chemicals and equipment were changed
and so data collected would differ from the original research paper referenced.
Other methods of obtaining plastic powder were used in this study, like shredding, grinding and
sandpapering of HDPE, LDPE and HIPS. However, none of those methods were supposedly as
efficient to the extruder mentioned in the original procedure. The yield of plastic powder from the
alternative methods were meagre and these methods proved to be unsustainable for research.
Due to COVID-19 restrictions and time constraints, there was no chance to examine the fibres
using Fourier-transform infrared spectroscopy (FTIR), thus the 4th objective could not be
achieved. There was also not enough time to study the surface texture of each paper sample
and so those characteristics of the papers could not be determined.
A larger weight was needed to break the synthetic paper for the tensile strength test, so the
small weights in the lab did not suffice. Therefore, heavier weights like dumbbells (1kg) were
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sourced and used as weights along with the small weights in order to break the paper and
obtain results as accurately as possible. (Set-up remained consistent)
Conclusion:
The effectiveness of the given procedures to synthesize plastic paper cannot be determined
clearly due to the modifications made. However, based on tests that were carried out, synthetic
paper was mostly found to have improved properties over cellulose-based paper, largely in line
with the hypothesis. The only exception was the fire-resistance of the synthetic paper being
lower than the cellulose-based paper after fire-resistant solution was added to them which was
due to synthetic paper being more hydrophobic than cellulose-based paper, resulting in lower
absorption of fire-resistance solution by the synthetic paper compared to the cellulose-based
paper. As predicted, synthetic paper had higher tensile strength, larger water contact angle and
higher flashpoint. Future experiments could be done to determine the difference in properties
between cellulose-based paper and synthetic paper, such as the printability of different types of
ink on both papers, and the difference in reusability for both papers.
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