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ABSTRACT

Waste paper has been thrown away and caused environmentally problem. Preparation of cellulose-based hydrogel from waste
paper has been developed to decrease the pollution since waste paper contains more than 60% of cellulose. Cellulose-based
hydrogel is produced from the waste paper solution. To make into hydrogel, the addition of crosslinking agent is needed
since hydrogel is defined as a 3D network structure that is crosslinked either chemically or physically. In this study, the
waste paper will be treated first to remove impurities. Sodium hydroxide/urea (NaOH/Urea) has been used as a solvent for
waste paper dissolution. As hydrogel needed crosslinking to remain the network structure, we used citric acid (CA) as a
chemical crosslinking agent and the heating at 60°C and 70°C before and after swelling was studied. The aim of this study is
to produce halal soilless agricultural medium using cellulose-based hydrogel media from the waste paper by using non-toxic
and environmental friendly solvents and CA as crosslinking agent. Waste paper hydrogel will be characterized via swelling
ratio where the highest swelling is about 19% at 70°C heating temperature. Fourier-transform infrared (FTIR) shows a broad
band of OH at 3339 cm-1 and another band was shown at 3432 cm-1 for 70°C heating temperature represent OH from the
solvent.
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INTRODUCTION

Malaysian produces papers and waste paper
products of about 57,000 tonnes every month which
can occupy 456,000 cubic meter of landfill space.
It also is the largest portion of municipal solid waste
produced every year. Waste papers can form major
environmental problem such as flash floods and
stagnant pools for mosquitoes breed due to ending
up in drains and waterways. Moreover, this will also
lead to other problems such as disease, landslides
and traffic congestions. Paper recovery rate in
Malaysia is still considered low which is about 40%.
Paper recovery is needed to reduce the number of
materials being thrown at the landfill (Anon, 2015).
Waste paper containing cellulose can be starting
material for soilless agricultural production due
to renewable resources and can decrease the
environmental problem. Cellulose, a polysaccharide
consists of a linear chain of numerous of β(1-4)

linked α-glucose monomer units is the most
abundant natural polymer material on earth which
has characteristics of odorless, biocompatible,
biodegradable and insoluble in water and most
organic solvents. Due to its inexhaustible source of
raw material and increase in environmentally
friendly materials, cellulose has become a high
demanding material (Luo & Zhang, 2010; Chang et
al., 2010). The waste paper contains a high amount
of cellulose which is suitable biopolymer in
hydrogel synthesis due to its good mechanical
properties, exhibits high strength, high stiffness and
low density (Choe et al., 2018).

The hydrogel is typically a class of gel that
can be obtained by chemical stabilization and
characterized by the ability to absorb and retain a
large amount of liquid for a longer period time.
Fabrication of hydrogel must undergo crosslinking
method either chemically or physically to maintain
the 3D structure of hydrogel (Koschella et al., 2011;
Montesano et al., 2015). Hydrogel’s ability to
absorb water depends on the hydrophilic working
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group found on the polymer backbone while its
resistance to coordination arises from the existence
of cross-linkage between network chains (Pin et al.,
2016). Hydrogel has found to apply in personal
hygiene products, biomedical, pharmaceutical and
mechanical engineering. This wide application of
hydrogel has become a new development towards
the fabrication of hydrogel (Lim et al., 2017).
Cellulose-based hydrogel has been used widely in
pharmaceutical, medical, agricultural and food
industry due to cellulose characteristics such as
biocompatible, biodegradable, non-toxic and
environmentally friendly. Besides, hydrogel also
has advantages of high hydrophilicity, good
permeability and compatibility and low coefficient
of friction. Combination of these advantages shows
that cellulose-based hydrogel is the most significant
in hydrogel fabrication (Oliveira et al., 2017).

In this study, cellulose-based hydrogel from
waste paper will be pre-treated to remove ink or
other impurities. Then, the waste paper is dissolved
in a solvent and will be transformed to hydrogel
using citric acid (CA) as chemical crosslinking.
CA is naturally an organic acid and generally
classified as safe and halal food additives. CA also
inexpensive, non-toxic chemicals and has been
used to improve the performance properties of
cellulose in most applications (Reddy & Yang,
2010). Thus, the media we produce is halal because
most of the materials we used are safe, non-toxic and
environmental friendly since the agricultural media
will give the foods products. Moreover, the demand
for Halal food has risen due to the increasing level
of awareness of quality and hygienic value (Mujar
& Hasan, 2014). From the production of the
cellulose-based hydrogel, everyone can plant their
own food with limit maintenance.

MATERIALS AND METHODS

Pre-treatment of paper waste
Firstly, 20 g waste paper immersed in the 20%

of NaOH solution and heat at 70°C for 2 hours. After
2 hours, the sample is filtered and washed with
distilled water to remove the excessive NaOH.
Then, the sample is bleached with 1.5% hydrogen
peroxide, H2O2 at pH 10 and heated at 70°C for
1 hour. After that, the sample is neutralized, filtered
and dried in the oven about 50°C. The mixture of
solvent NaOH/Urea/H2O (7:12:81 w/w %) was
frozen at  temperature below -10°C. Then, the
frozen solution is diluted and stirred at ambient
temperature. Then, 3 g waste paper was added in the
solvent solution and stirred until homogenous for
24 hours.

Preparation of hydrogel
In hydrogel preparation, 10 mL of CA was

added in 100 mL prepared paper solution. The
mixture of the solution was heated at 30-70°C and
continuously stirred until the solution becomes a
gel. The excess solution will be removed from
the gel. Effect of heating temperature at 60°C and
70°C before and after swelling on water capacity
absorption of hydrogel will be studied.

Characterization of hydrogel
In this study, the hydrogel will be characterized

via swelling ratio (SR) defined as followed;

     (Ws – Wd)
SR (%) =  × 100

   Wd

where Ws is the weight of the sample after swollen
and Wd is the weight of the sample after drying.
Swelling testing was done with the addition of 10
mL of distilled water onto the hydrogel. Then,
Fourier-transform infrared FTIR is used to determine
the new and presence functional group.

RESULTS AND DISCUSSION

In this project, we have produced a Halal
agricultural medium from waste paper. Especially in
food, the choice of cultivation media and fertilizer
become important factors in producing Halal
products. Thus, we have produced hydrogel media
for agricultural activity which is halal, safe and
environmentally friendly since the Halal issue is
starting to get attention in the marketplace in
particularly Islamic country. Nowadays, Halal is
not only restricted mean to ‘pork free’ especially in
food. Halal will include most of the starting process,
the ingredients and the products (Majid et al.,
2015). In this study, the waste paper has been used
as the source of cellulose. Figure 1 shows the step
in waste paper pre-treatment. In the pre-treatment
process, there is the presence of hemicellulose where
hemicellulose is needed in order to improve the
strength of the paper (Gandini & Pasquini, 2012).
When CA was added, the solution will transform
to hydrogel then dried at 60°C and 70°C to remove
the access solvent. Figure 2 shows the condition of
hydrogels after heating.

Figure 3 shows the FTIR spectrum for 60°C and
70°C dried waste paper hydrogel as a representative
of all the samples. For all four spectrums, there is
the presence of -OH groups at 3300 cm-1. At 2900
cm-1, there is the presence of –OH stretching from
the waste paper before and after swelling for both
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Fig. 2. The representative of the hydrogel at drying temperature (a) 60°C
and (b) 70°C.

Fig. 1. Waste paper is pretreated with NaOH and H2O2.

Fig. 3. FTIR spectrum at a representative drying temperature of 60°C and 70°C.
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drying temperature. At 70°C dry shows a narrow
peak of -OH stretching due to high temperature,
-OH in cellulose become pack to each other and we
can see a little bit shifting of the peak. At 60°C dry
shows the high intensity of C=O at 1699 cm-1

indicates the carboxyl group from CA. Hydrogel
dry at 70°C shows high intensity at 1055 cm-1 due
to carboxylates from CA during the heating process
(Rahman et al., 2014).

The dried samples were then undergoing the
swelling test. Figure 4 shows the swelling ratio of
the hydrogel at different heating temperature (30 –
70°C). The graph shows that, the swelling ratio
decrease for the first heating temperature from 30
to 50°C. This might due to the less crosslinking
attachment to –OH group of cellulose. In the other
hand, cellulose/NaOH/urea aqueous solution might
form irreversible gelation by heating. Thus, physical
crosslinking also play an important role in the
formation of hydrogel (Chang et al., 2010). Fig. 4
also shows that, the swelling ratio increase from
60 to 70°C heating temperature. This indicates that
at high-temperature CA might start to form a strong
hydrogen bond with cellulose and improves water
stability in hydrogel (Reddy & Yang, 2010). Other
than that, high drying temperature might give CA
strong interaction with -OH groups of cellulose.
Thus, the swelling ability increase due to the more
linked chain in cellulose (Chang et al., 2010).

CONCLUSION

In conclusion, the preparation of cellulose-based
hydrogel can be done using environmental friendly,
non-toxic and halal material using NaOH/urea as a
solvent and citric acid (CA) as a crosslinking agent.
FTIR result also shows the addition of CA with high-
temperature heating would affect the properties of

the cellulose-based hydrogel. Based on the swelling
ratio (SR), waste paper treated at 60°C and 70°C
shows the significant condition of the swelling
results to the highest water absorption. Thus, this
hydrogel is suitable for agricultural media since it
has the ability to retain a large amount of water in a
longer time. This cellulose-based also can be safely
used as medical applications and in biopolymers
applications.
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