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SYNTHESIS OF SUSTAINABLE SUPERABSORBENT
BIOPOLYMER: MODIFIED RICE STRAW CELLULOSE
WITH INITIATOR AND CROSSLINK AGENT

Abstract: Superabsorbent biopolymers are polymer-based malstéhat have high absorption capabilities made
from synthetic monomers modified with natural momesnsuch as cellulose. The addition of cellulosa aatural
monomer is to produce a product with superabson@perties biodegradable so as not to have aimedatpact
to the environment. The aim of this research wadetermine the potential of rice straw cellulosééused as
a natural monomer in the manufacture of superabsbrbiopolymers. The preparation of this superdiesur
biopolymer was carried out by varying the concdinaof the initiator and crosslink agent. Initinteariation
potassium persulfate (KPS) namely 0.2 %; 0.4 %;90;6&nd 0.8 %; meanwhile, variation crosslink agerthe
form of citric acid was 0 g, 2 g, 4 g, 6 g, and ®&ith the addition of 20 g acrylamide. Functionebgp analysis
was carried out by testing Fourier Transform Irdca(FTIR) indicating the presence of -OH, C-H, &@wC
functional groups in rice straw cellulose that shdte potential to be the material for producingesabsorbent
polymer. The Scanning Electron Microscope (SEM)lyais showed that the morphology of superabsorkibat,
surface of the superabsorbent biopolymer looks eterthis indicates that there has been a bond tayma
between the monomer and crosslink agéiiite results showed that the superabsorbent biogolpnoduced with
variations in initiator concentrations of 0.6 % amdsslink agent 6 g has a water absorption capaoi swelling
in solution with buffer acetate the best were 13@4.and 10.26 w/w respectively.
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Introduction

A polymer is a molecule composed of hundreds onekeusands of monomers and is
widely used in everyday life. The role of polymées also spread widely in various fields,
and the types of polymers that we often encoumezvieryday life include plastic, cloth,
and rubber. Generally, polymers are made usinghsyiot materials and produce products
that are less environmentally friendly due to thgioperties non-biodegradable which
can cause environmental pollution and are toxic htanans. The development of
modified polymers with the addition of natural méts has begun to be applied in the
manufacture of superabsorbent biopolymers. Natpcdymers with functional groups
enable modification via crosslinking, simple blergli process and grafting [1].
The physicochemical properties of a polymer can fiseher modified by forming
a copolymer with another polymer or by graftingafiing polymers is incredibly important
since it keeps the extended conjugated structurtdénmajor chain while attempting to
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introduce and assimilate the grafted materials gntogs [2]. The chemical structure of
hydrogel polymers influences the swelling charastier of hydrogel, with hydrophilic

functional groups having greater swelling capapilthan hydrophobic functional
groups [3].

The use of superabsorbent has a wide scope, suchates storage media for
agricultural areas, to catalyst urine absorptionbiby diapers or sanitary napkins.
The manufacture of synthetic polymer-based superbbst produces products with
capacity swellingow, so it is necessary to add other substancesgeaits with natural
polymers [4]. One of the natural polymers that hhs potential to be used in the
manufacture of environmentally friendly superabsathis cellulose [5]. Compared to the
using of only synthetic counterparts, the innovatad combine the synthetic and natural
polymers gave its possibility of greater controdefyradation rate [6]. The modifications of
natural-based superabsorbent with chemical magtadfevironmental benefits compared to
the synthetic counterparts, also has the lowerarafbotprint, biodegradable, and could be
promotes the use of renewable resources [7]. Thectgen of materials used in the
manufacture of superabsorbent will affect the dquadf the superabsorbent. Maintaining
consistent quality while increasing production cafya is a significant challenge.
Biopolymers must demonstrate consistent superabsbperformance under a wide range
of environmental conditions, including changesemperature, humidity, and pH.

Superabsorbent polymers (SAPs) are built using latige, which offers the
advantage of excellent salt resistance in termawfmaterial performance [8]. Acrylamide
is a synthetic monomer that has several hydrophilictional groups in the form of -NH
-CH, and -C=0. Rice plants belong to the ge@uga L. and many are used as a source of
staple food in several countries around the wartghecially Asia. Indonesia is one of the
largest rice producers in the world with a totalrdest of 30,634,846 tl/year
(t = tonne = 10 g) [9]. The high amount of rice production will reinly cause the
by-product of the production process in the formicd-straw to increase. Rice straw waste
is estimated to contribute as much as 43 % of aljui@l waste in Indonesia, with
31 % - 32 % used in making fertilizer, 7 % - 8 %edisas raw material for the pulp and
paper industry, while the rest is not utilizediogly [10]. Waste in the form of rice straw
has potential as a raw material in the manufactofesuperabsorbent and offers
environmentally friendly for environmental cleanugdso to emphasize the repurposing
waste. Utilizing rice straw cellulose can potemjidde cost-effective as it takes advantage
of a waste product that would otherwise requirgpalsl. This could result in lower raw
material costs compared to synthetic alternativeet trequire specialized production
processes. With its enormous output and area,hdsea fantastic source of renewable
energy. The cell wall of straw typically containS %6 - 50 % cellulose, 20 % - 35 %
hemicellulose, and 10 % - 25 % lignin as its biosrd4d]. With cellulose from rice straw as
a property of the materials, the resulting polym@n be used as bioplastic, even more the
plastic material could be decomposed through migamisms, became an environmentally
friendly compound [12].

The content of cellulose in rice straw is high eglodhat it can be used as a raw
material in the manufacture of superabsorbent. &tdition of a crosslinking agent
(crosdlink agent) is also required in the process of graftimg the manufacture of
superabsorbent to help improve the thermal pragsertif superabsorbent and produce
polymer networks that can absorb water. Cellulaeadpotential to be used as the material
of hydrogel, because it is forming by the cellulogdcrofibrils and water with
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an interconnected porous structure [13]. Citricdaisi a material that has the potential
as a crosslinking agent because it has a carbaogpgthat can form bonds with the
hydroxyl groups of cellulose. The concentrationimfiators used is another important
parameter in the preparation of superabsorbentwilbaffect the characteristics of the
superabsorbent produced. Optimizing parameters asctemperature, pressure, mixing
speed, and duration can significantly impact thepprties of the biopolymer. Besides that,
techniques like annealing, quenching, drying, aingumay further enhance the properties
of the biopolymer. The initiator has the functioh forming free radicals in cellulose
because the initiator is related to the numberexd fadicals that will be formed. Potassium
persulfate (KPS) is the initiator used in this ms& The composition of the surfactants
obtained from the reaction using the KPS initiaiodenser because the structure of the
potassium cation is smaller than ammonium perox§@ite (APS), so the repulsive force
generated will be smaller. This study aims to aselhe effect of adding cellulose fibre to
rice straw and additives in the form of a crosskglentand the initiator of the quality of
the resulting superabsorbent. The addition of ek fibre and rice straw crosslialgent

in the form of citric acid is expected to produaparabsorbent biopolymers with the ability
to absorb and swell against high water.

Materials and methods

The raw materials and chemicals used in this stwdye rice straw, acrylamide,
potassium persulfate (KPS), citric acid, aqua DEaDCI, NaOH 5 %, k60, 1 N, H,SO,
72 %, nitrogen gas, solution buffecetate pH = 6, 9, and 12. Rice straw was obtdioed
Martapura City, East Ogan Komering Ulu Regency,tS&umatra.

Raw material preparation

Rice straw waste is washed first to remove any neimg dirt. Then the rice straw that
has been washed is cut to a size of 2 cm. Aftengbeut, the rice straw is then mashed
using a blender.

Production of cellulose

Rice straw fibre weighed as much as 50 g with 5 &DN solution and heated for
three hours at 80 °C while continuously stirringhnad magnetistirrer. The delignification
results were filtered, and the residue was waskawjaqua Dest until neutral pH and then
dried at room temperature. The straw fibre was theasted with NaOCI solution for one
hour at a 60 °C with a magnestirrer. The residue is rinsed using aqua Dest thdipH
becomes neutral, then filtered and dried in thenatel00 °C for two hours. The rice straw
cellulose was then sieved through a 50-mesh sieve.

Superabsorbent biopolymer synthesis

Cellulose with a concentration of 10 % dissolvethweiqua Dest 200 mL was then put
into a three-neck flask with a volume of 500 mL atidred at a stirring speed of 250 rpm,
then heated until the temperature reached 70 °€.ifdide of the three-neck flask flowed
with nitrogen gas for the first fifteen minutesethKPS powder was added with a variation
of 0.2 %; 0.4 %; 0.6 %; and 0.8 % which has besnalved in 10 mL agua Dest when the
temperature drops to 60 °C - 65 °C for 15 minutéh & magneticstirrer. Furthermore,
acrylamide which has been dissolved with 40 mL dgest, and citric acid with variations
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of 09,229,449, 69, and 8 g were added to aetheek flask and polymerization was
carried out at 76C with reaction time of three hours. The polymeimaresults are then
washed and dried in an oven to obtain a producthin form of a superabsorbent
biopolymer.

Analysis
Method analysis chesson

A sample of 1 g of rice straw has been carriedpoetreatment by delignification using
NaOH and bleachingsing NaOCI will be analysed using the mett@ubsson Datta to
find out the cellulose content found in rice stifdw].

Fourier Transform InfraRed (FTIR) analysis

The best rice straw cellulose and superabsorbemplea will be analysed using
Fourier Transform Infra-Red technology. The analysias carried out to identify the
functional groups in rice straw cellulose as a malteand superabsorbent polymer as
a product.

Scanning electron microscope (SEM) analysis

SEM testing is carried out to observe the surfatesalid objects directly with
a maghnification of 500x - 5000x. Observation of ptarlogy was carried out to observe the
smoothness, pores, and cracks on the surface bfjthregel. SEM analysis was carried out
using a Tescan VedaSEM tool.

Absorption capacity analysis

The polymerized superabsorbent biopolymer produad weighed at 0.1 g and then
put into a 10 mL measuring cup and added with 6agua Dest at room temperature for
24 hours. The liquid that was not absorbed was theroved from the measuring cup and
left in an inverted position until no more liquidigbed. The superabsorbent is then
weighed as a mass after sorption. The absorptipacity is calculated using equations:

w2 -wi
Absorption capacity = —wi 100 % 1)
where: W1 - initial mass of superabsorbent polymer befobsogption capacity test,

W2 - final mass of superabsorbent polymer after diisg water.

Ratio analysis swelling

The polymerized superabsorbent biopolymer produad weighed as much as 0.1 g
and then put into a 10 mL measuring cup and added. ®f the solution buffer acetate
pH = 6 and soaked at room temperature for 24 hdims.liquid that was not absorbed was
then removed from the measuring cup and left imaarted position until no more liquid
dripped. The superabsorbent is then weighed asftee-mass swelling. Repeat for the
solution bufferacetatewith pH = 9 and 12. Ratio swelling superabsorbéapbdlymer is
calculated using equation:

w2 -w1i

Ratio swelling = i (2)
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Result and discussion
FTIR characterization

Before reacting to the pure rice straw cellulosé d&®coming a superabsorbent,
an FTIR test is carried out first to be able toedmiine the functional groups contained in
the cellulose fibre of rice straw, shown in Figlre
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Fig. 1. FTIR results of: a - acrylamide-cellulogeer straw/citric acid 6 g/KPS 0.6 % biopolymer
superabsorbent and b - cellulose from rice stravefi

Based on Figure 1a, it is known that there are gmiglamide groups that have
hydrophilic properties. In the wave range of 3080’ 3500 cm' there are -OH and -NH
groups which indicate that acrylamide has beernstirkedon the backbone from cellulose.
The -NH,, -CH, and -C=0 groups are formed by acrylamide onogrs. In addition, there
is an -OH group derived from citric acid as a clioking agent. The -OH group from the
results of the FTIR analysis indicates that crasisslin the polymer are formed.

Percent transmittance on FTIR results of variapotassium persulfate 0.6 % and 6 g
superabsorbent citric acid tended to decrease aedee due to the presence of hydroxyl
groups in the form of -OH groups which are reinfiogc groups in the formation of
superabsorbent. The -OH group is a group thatmsléd to each other between monomers,
crosslink agents, and cellulose.

FTIR graph of the occurrence of the superabsorfuentation process, namely in the
early stages of initiation, the initiator will beecbmposed to form free radicals. After that
the propagation reaction occurs, and celluloseliked to form free radicals. Then proceed
to the termination stage will bind to crossliaigents and monomers and -OH groups
bonded together. It can be seen from the FTIR gthphthe more -OH groups, the lower
the transmittance percentage, thus the absorbdrbe @H groups will be greater. It has
been proven that the transmittance percentageeofQH group is getting smaller, meaning
that a termination bond is formed, and it succeéedsrming a good superabsorbent. Based
on Figure 1a, the reading of the infrared spectfitem the results of the FTIR analysis of
superabsorbent biopolymers can be seen in Table 1.
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Table 1
Readout of biopolymer acrylamide-cellulose ricawtanalysis results/citric acid 6 g/KPS 0.6 %
Wavenumber [cn’] Functional groups Information

3447.28 -OH, -NH From citric acid €rosslink) and acrylamide
2284.90 -CH From cellulose

1660.33 -C=0 From acrylamide and citric acid
1455.66 -C-N From acrylamide and cellulose
1040.41 -C-0 From acrylamide and cellulose

Based on Figure 1b, the results of the FTIR angalysre carried out at wave numbers
of 400 cm®- 4000 cm". Then at 2500 cf- 4000 cm' the cellulose consists of three main
groups namely O-H, N-H, and C-H groups. FTIR speutreadings on rice straw fibre
cellulose are shown in Table 2.

Table 2
Cellulose FTIR result reading
Number of waves [crm] Functional group Information
3329.39 O-H The hydroxyl group of cellulose
C-H stretching on CH, from the
2900.50-2127.87 C-H oxidation of the CH grou®H

1639.95 Cc=C From hemicellulose and lignin
1372.55 C-H C-Hbending from lignin
1028.66 C-0-C from lignin

902.35 C-H There is bond absorptj$glycosidic

The result of the reading of the FTIR spectrum gréy cellulose derived from rice
straw is the presence of -OH groups. Table 2 shbesnfrared absorption range of rice
straw fibre. In the alkalization process, hydrogybups are removed through reaction with
sodium hydroxide, thereby reducing hydrogen bondig a result of the alkalization
process, the -OH concentration increases. This @idpgis indicated by the presence of
absorption at wave number 3329.397tnThe reaction that occurs in the alkalization
process is that the NaOH solution dissociates i&band OH and reacts with lignin. OH
ions react with the H groups of lignin to form® This causes the O group to become
a free radical and react with C to form C-O-C. Grdali already has four "arms", hence
many groups separate from group O. This reacti@dlyres two separate benzene rings,
each ring containing a reactive O group. Thesetik&a®© groups react with Naand
dissolve alkaline solutions, resulting in ligninitg lost during the rinsing process.

Additionally, H,O is also produced during this reaction. Becauskulose is
hydrophilic, HO binds to cellulose, and caused the increasingerdration of O-H bonds.
The number of waves 2900.50 €nshowed the presence of cellulose compounds, when
heated with alkali the components of these celul@@mpounds did not disappear.
At the number of 1639.95 crvibration appears with a C=C spectrum, this intisahat
there is a delignified lignin compound. The numbémwaves 1372.55 crh showed the
presence of C-H bending [15]. Next the number 99218 shows absorptiofi-glycosidic
[16]. S-glycosidic is the original absorption connected from glucasedllulose.
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Surface structure morphology of cellulose and supabsorbent in testing scanning
electron microscope (SEM)

The surface structure of rice straw cellulose amgegbsorbent were analysed using
SEM with image magnification 1000x (Fig. 2). Fig@& shows the surface morphology of
rice straw cellulose fibre which visually looks iadfough and irregular.
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Fig. 2. a) SEM results of rice straw cellulose withagnification 1000x, b) SEM results of
superabsorbent polymer with magnification 1000 R®Kcitric acid = 0.6 % : 6 g)

The alkaline treatment during the delignificatiamgess causes the cellulose fibres to
shrink and the outer layer to roughen and crackaertain parts of the inner structure
showing fibril strands. This fibril structure wihen decrease in size due to the process of
bleaching [17]. The appearance of crystalline ¢edle is caused by the formation of
inter- and intramolecular H bonds between hydraygups. The H bonds will hinder the
free movement of the cellulose chains and are bautite network structure [18]. Porosity
in rice straw cellulose ranges from 66.8 %. Figie shows the surface morphology
of the superabsorbent biopolymer with the formolatiof acrylamide-cellulose rice
straw/citric acid 6 g/KPS 0.6 %. Visually, thereeanany concavities with a shell-like
polymer coating. The thickness surface of crosskihkhell allows SAP to have a high
absorption capacity because it prevents the ddfusif dissolved particles in the polymer
[19]. In addition, this morphology also preventeg ttheformation of the swollen particles
under load, demonstrating the extraordinary abgorptability of superabsorbent
biopolymers.

The surface of the superabsorbent biopolymer latksser, this indicates that there
has been a bond formation between the monomer ergslink agent. Meanwhile, the
surface that was visible when it was still in tleeni of cellulose still had many gaps.
In addition, the shape of the superabsorbent nahtad longer looks like fibre but fine
sheets with a tight porosity of 62.8 %. To impreed water retention, SAPs are employed
in agricultural and environmental engineering. hede conditions, the SAP in the soil
swells, the water will be trapped in the pores APSwvhich affects the SAP’s capacity to
absorb water [20]. The characteristic that buidthe main factor of the polymeric material
that is formed to act as a superabsorbent with hlggorption capacity and swelling ratio
[21]. The good structural integrity of the hydrogelshown by the smooth surface of the
hydrogel and the homogeneous hydrogel matrix véiis bores on it surfaces [22].
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Effect of initiator and concentration crosslink aget on water absorption capacity

Superabsorbent polymer is a polymer network that alasorb and absorb or retain
a large amount of liquid that is much heavier thamnitial weight in a short time [23]. This
material can be in the form of polymers dissolvedvater using radiation or a crosslink
agent Cross-linking during reaction polymerization takpkce is important for can
produce a network of polymers that can absorb wdtee ability of hydrogel to absorb
water will be affected by the free functional greup the structural network molecules that
can bind air. Superabsorbent polymer is made usaggstraw cellulose and acrylamide,
both materials will increase the water absorptitilitg of the superabsorbent. This is
because these two materials have hydrophilic m@@eqinding water) and a high affinity
for water. The effect of the addition of citric dcand potassium persulfate on the water
absorption capacity can be seen in Figure 3.

]EBEKPS:O.Z%+KPS:O.4% KPS =0.6 % ——KPS =0.8 %
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Fig. 3. Results of water absorption capacity inesapsorbent products, with the concentration of:
KPS = 0.2 %; 0.4 %; 0.6 %; 0.8 %

At concentrations crosslinis low, the absorption capacity of the resultindypwer
superabsorbent will also be low [24]. This matedue to the number of crossliagents
which is little or low when forming superabsorbgolymers. Super absorbents can absorb
water up to 1500 g/g dry SAP polymer exceeds tligyabf traditional absorbent materials
such as charcoal and clay [25]. Polymer withoutdtesslink will dissolve in water, then
will not be counted in the absorption capacity fegulf the concentration ofrosslink
height, capacity absorption will be high becausesslinks which is formed in large
guantities so that the polymer does not dissolwedter and has a high absorption capacity.
Furthermore, when the concentration crosslinkselatfye absorption capacity will decrease.
The best results are seen in concentration crésslinich depends on concentration of
potassium persulfate inside the polymer. The furttulition of the KPS initiator of 0.8 %
will cause the absorption of the superabsorbedetoease or the polymer chain to become
shorter. This is because the number of polymemshaill not form a polymer network and
crosslink. As the number of initiators increasd® tlegree of superabsorbent swelling
decreases. Increasing the number of initiatorsshidirten the chain, resulting in SAP being
lighter. Also, an excessive increase in the nunalb@ritiators and cross link agents can also
cause swelling and absorption capabilities to dex§26].

This is because too many free radicals will causaircbreaking reactions so the
polymer graft chains become shorter and there dersse network structure that will be
difficult to form [27]. Based on Figure 3, the aptim point is achieved with an initiator
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variation of 0.6 % and an additional crosslink of &vith a capacity of 1304.3 %. At this

point, it shows a relatively higher water absonptiability when compared to initiator

concentrations of 0.2 %, 0.4 % and 0.8 % with e of crosslinking agents0g,2g,4 g
and 8 g. This is due to the addition of the inittaKPS can affect the water absorption
capacity of the superabsorbent.

Effect of initiator and concentration crosslink aget on swelling ability

In this study, a test was carried out to determiree effect of absorption of liquid
solution buffer acetate pH = 6, 9, and 12 by sagkar 24 hours. This test uses a solution
buffer acetate by mixing (CHCOOH) into its salt solution (C£OONa) with pH = 6, 9,
and 12. Test using a solution buffémne since the solution buffaas ionic strength (extra
ionic) and helps stabilize the pH. Figure 4 shole higher the pH of the solution, the
capacity value swelling produced will below.

Increased pH differently influenced the swellinggaee in the case of the hydrogel
series in which the concentrations of the monomeraosslinking agent were varied [28].
Based on Figure 4 the optimum point is achieved wih initiator variation of 0.6 %
(Fig. 4c) and an additional crosslink of 6 g witkeapacity of 10.26 (w/w). At this point, it
shows a relatively higher water absorption abiliyhen compared to initiator
concentrations of 0.2 %, 0.4 % and 0.8 % with veme of crosslinking agents 0 g, 2 g,
4 g, and 8 g. Superabsorbent products with valielisny the highest occurred in a solution
of pH = 6. This is due to the influence of the slivék agent, the carboxylate found in citric
acid can cross-link with the amide group found émylamide so that it can improve the
physical properties of the superabsorbent. Citdidl @s a crosslink can exchange ether
reactions with hydroxyl groups on super absorbengcidic conditions. Crosslinked citric
acid and cellulose in superabsorbent appeared swelling hydrogel [29]. The more
crosslinking agents added to the reaction, theevaluelling will decrease.

The main chain in this polymerization reaction ¢sydamide with a pH range of 6.5.
At a pH value of 6, the amide group of acrylamidwsirolysed into a carboxylic acid
group. Thus, the increase in anionic carboxylicugopromotes electrostatic forces in the
polymer network resulting in increased solubilitysarption of the hydrogel. Acrylamide
has the NH" amide functional group which can releasé Hhis reaction is a weak acid
hydrolysis which will make the superabsorbent, udahg the acid solution, protonated to
form cation bonds and make the capacity value gavgetjood [30].
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Fig. 4. Relation between initiator and crosslinlerstgon the effect of swelling in pH = 6; pH = 9;dan
pH = 12 with initiator amount of: a) 0.2 %; b) O} c) 0.6 %; d) 0.8 %

Conclusion

Rice straw cellulose has the potential to be usedaanatural monomer in the
manufacture of superabsorbent biopolymers becatiseoritains 49.59 % cellulose.
The highest absorption capacity and value sweliag found in the addition of 0.6 %
initiator and crosslinkagent 6 g with an absorption capacity of 1304.3ri a value of
swelling10.26 (w/w). With the addition of initiator conceation and crosslinlgent more
than the optimum point, there will be a decreasahisorption capacity and value swelling
due to the role of the initiator and crossleent no longer functioning, causing damage to
the material properties of the superabsorbent tyoper. The porosity value of rice straw
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cellulose was obtained at 66.8 % and superabsoditeR.8 %. This decrease in the
porosity value indicates the occurrence of bonda/den the monomer and crossliagent
which causes the volume of free space to be reduced
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