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Chitosan-based smart hydrogels with stable mechanics and good flexibility have many desirable qualities
and broad applications. In this study, novel smart hydrogels of chitosan crosslinked with poly(N-
Isopropylacrylamide) (pNIPAAm) and polyvinyl alcohol (PVA) were synthesized through freezing and

Keywords: thawing procedures followed by gamma (y)-radiation at room temperature. The effect of y-irradiation
Chitosan ) dose on the gel fraction and water absorption characteristics of chitosan-pNIPAAm hydrogels was inves-
Dual-responsive tigated. In addition, the structure-property behaviour of the hydrogels was characterized using Fourier
g;’c(lji;c;g;{l Transform Infra-Red (FTIR) spectroscopy and thermogravimetric analysis (TGA). The experimental results

revealed that the hydrogels synthesized with a 15-kGy total dose showed a higher gel content (83.73%)
compared to 5-kGy and 10-kGy total doses, while the appropriate dose of y-radiation to achieve the high-
est absorption in water (484.146%) was 5-kGy. The hydrogel characterization test confirmed that cross-
linking occurred between pNIPAAm, PVA, and chitosan. A higher the radiation dose resulted in more
cross-links in the hydrogel and resulted in better thermal stability. This study confirmed that chitosan/
PVA cross-linked pNIPAAm hydrogel with dual pH/temperature stimuli-responsiveness holds promise

for various applications.
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (https://creativecommons.org/licenses/by-nc-nd/4.0) Selection and peer-review under responsi-
bility of the scientific committee of the 3rd International Conference on Chemical Engineering and
Applied Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Smart material

1. Introduction

Hydrogels are three-dimensional cross-linked polymeric net-
works having the capability to hold a large amount of aqueous sol-
vents and biological fluids within their structures [1]. Hydrogels
have emerged as smart materials and have shown great potential
in many applications because of their features which are respon-
sive to various external stimuli [2]. Hydrogels as stimuli-
responsive polymers display a sharp transition in physicochemical
characteristics under a small change in environmental conditions,
such as pH, temperature, ionic strength, light exposure, magnetic
field, electrical field, ultrasound, etc [3]. With an array of triggering
mechanisms, these stimuli-responsive hydrogels allow precise
control over basic material properties, such as physical structure,
porosity, swelling, and modulus [4]. Their ability to change their
conformation and properties when stimulated at different condi-
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tions causes them to be used prominently in wastewater treatment
[5], sustained release of agrochemicals [6], food science [7], and
biomedical field [8].

Smart hydrogels prepared from polysaccharides have many
advantages because of their attractive characteristics including
biocompatibility, biodegradability [9], self-healing, and respon-
siveness to environmental stimuli [10]. Among them, chitosan is
an excellent excipient because it is an abundant and natural
polysaccharide which has many amazing properties such as low
toxicity, high biocompatibility, desirable biodegradability [11],
and antimicrobial activity [12]. Chitosan which is a derivative of
chitin, a natural polymer extracted from crab and shrimp shells,
exhibits pH sensitivity and polycationic properties. The external
and environmental pH affects the swelling and shrinking beha-
viour of chitosan-based hydrogel derived from the protonation/de-
protonation of the primary amine group (NH,) [13]. Because of its
responsive properties, chitosan is to become an advanced biopoly-
mer in the development of smart polymeric delivery systems [3].
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Chitosan has hydrophilic (—OH) and hydrophobic (—NH,)
groups which can be easily modified with other natural or syn-
thetic polymers through physically or chemically cross-linked
reactions [14] to produce hydrogels with different stimulus
responses. In addition to the pH, the temperature is also one of
the most exploited stimuli in 3-dimensional networks because it
is easy to measure, set and use in testing [13], so the dual respon-
sive chitosan-based hydrogel (pH and temperature) has become a
tremendous development in recent years [15,16,17]. To improve
its performance, chitosan can be modified by crosslinking with
other moieties/monomers to increase its sensitivity to pH and tem-
perature [18]. The group of thermoresponsive polymers includes
poly(N-isopropylacrylamide) [16,17,19], poly(N,N-
diethylacrylamide) [20], and poly (N-vinylcaprolactam) [21].

Poly(N-isopropylacrylamide)(pNIPAAm) is a thermoresponsive
polymer which is applied in a wide range of promising applications
because of its well-defined structure and characteristics especially
its temperature sensitivity which is close to a lower critical solu-
tion temperature (LCST) [22]. Thus, the pH sensitivity of chitosan
and the volume phase transition temperature of pNIPAAm have
attracted the interest of various scientists to develop materials as
carriers and controller the release of active substances [16,23].

A relatively simple and inexpensive technique, that does not
involve the use of toxic chemical agents and allows simultaneous
sterilization of crosslinked polymers, is radiation induction [24].
A previous study used radiation as the crosslinking agent to pro-
duce graft copolymers [25], and another previous study used the
irradiation method to reduce and control polysaccharides’ molecu-
lar weight distribution to adjust their water solubility and gelling
ability [26]. To increase the swelling ability and mechanical
strength of the hydrogel, modification of the radiation method in
combination with other methods such as freeze-thawing has been
successfully carried out by several researchers. y-irradiation com-
bined with freeze-thawing was applied to synthesize pH-
responsive hydrogels from poly(vinyl alcohol) (PVA) and water-
soluble chitosan (ws-chitosan) [27], while PVA/carboxymethyl-
chitosan (CM-chitosan)/honey hydrogels were prepared using
radiation technique and a combinational method (radiation fol-
lowed by freeze-thawing) [28].

In this work, novel dual responsive hydrogels from chitosan and
N-isopropylacrylamide (pNIPAAm) with the addition of polyvinyl
alcohol (PVA) were fabricated by introducing the combination
method of freeze-thawing and v-irradiation to induce cross-
linking. Reports on swelling studies of hydrogels having a dual
response to pH and temperature from a combination of 3 ingredi-
ents namely chitosan, pNIPA and PVA prepared using the freeze-
thawing method followed by gamma radiation have not been
found. The influence of y-radiation dose on the gel content, the
swelling properties, and the hydrogel thermal characteristics was
examined in this study.

2. Materials and methods
2.1. Material

Chitosan (industrial grade, deacetylation degree of 85 %, Biotech
Surindo), poly(N-isopropylacrylamide) (pNIPAAm; Aldrich), poly-
vinyl alcohol (PVA; Merck), acetic acid (glacial, Merck), pH buffer
(3,5,9), and distilled water were used throughout the experiment.

2.2. Preparation of pH- and thermo-responsive hydrogels

A total of 0.5 g of chitosan was added into 50 ml of 1 % (v/v)
acetic acid solution under a stirring condition to form a chitosan
solution. Meanwhile, distilled water as much as 100 ml was added
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into a bottle containing 5 g of PVA, then the bottle was closed and
heated in an autoclave at 120 °C for 30 min. PVA solution was then
brought out from the autoclave and cooled at room temperature.
After that, 10 ml of PVA solution was mixed with 10 ml of chitosan
solution. Then, 0.5 g of pNIPAAm (0.5 g) was added to the mixed
solution and then followed by a stirring process at room tempera-
ture. The final solution as much as 5 ml was taken and kept in 5-ml
tubes and continued with 3 cycles of freezing and thawing proce-
dure, where each cycle was run for 24 h (12 h for freezing and 12 h
for thawing). After the freezing and thawing procedure, the sam-
ples were y-irradiated under a constant rate of irradiation dose
(2.5 kGy/min) at room temperature. The total dose of vy-
irradiation for each sample was varied to 5, 10, and 15 kGy. After
the irradiation process, the physical samples turned into gels. At
this stage, the resulting gels are known as hydrogels. Then, the
hydrogels were cut into small sizes (approximately 20 mm?) and
characterized.

2.3. Testing and characterization

2.3.1. Transform Infra-Red (FTIR)

The samples were characterised using FTIR (Shimadzu IR - Pres-
tige 21) to confirm the presence of functional groups of chitosan,
PNIPAAm, and PVA in the hydrogels.

2.3.2. Thermo gravimetric analysis (TGA)

In this study, the TGA was examined to find the thermal prop-
erties of synthesized hydrogels. During the heating process, there
was decreasing in the hydrogel weight due to thermal degradation.
The thermal characteristics of the hydrogels were measured using
DTG-60 TA WS-60 Shimadzu at a temperature in the range of 20 -
600 °C.

2.3.3. Swelling study

The swelling behaviour of the non-crosslinked and crosslinked
gels was examined by swelling the gels in media at different pHs
and temperatures. Pre-weighed dry hydrogels were immersed in
pH-5 buffer solutions at a temperature of 30 °C for 24 h. The gels
were withdrawn from the solutions at different time intervals
and their wet weights were determined after the withdrawn gels
were absorbed for the first time with filter papers and immediately
weighed. The swelling ratio was determined using the equation (1)
based on the study reported by Erizal [29].

Swelling ratio (%) — % x 100% 1)
d

Where swelling ratio also can be named as the water absorption
(% wt) of the gels, Wd and Ws are the sample weights in the dry
and swollen states, respectively.

2.3.4. Gel content measurement

Hydrogel powder as much as 0.01 g (Wy) was packed in the tea
bag. Then, the tea bag containing the hydrogel powder was
immersed in distilled water for 24 h at room temperature. After
that, the tea bag was dried in an oven for 24 h at 60 °C and weighed
(W1). Gel content was determined using the equation (2).

Gel content (%) = Wi 100% (2)
Wo

where w; is the dried gel weight (g) and wy, is the initial gel weight

(8).

2.3.5. SEM study

The superabsorbent hydrogel samples were soaked for 24 h
until a swelling equilibrium was reached and then frozen for
24 h. The samples were dried using a freeze dryer at —105 °C
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and then coated with a thin layer of gold and analyzed by using a
Scanning Electron Microscope (SEM) EDX Carl Zeiss EVO MA10.

3. Results and discussion
3.1. Structure analysis

Chemical modifications induced by the irradiation process are
analyzed using FTIR. The spectra of nonirradiated and irradiated
hydrogels are showed in Fig. 1 and marked with arrows. The FTIR
shows peak shifts caused by interactions between two or more
polymer mixtures used through hydrogen bonding, formation of
coordinate bonds, or any other complex. The spectra that emerge
from an FTIR image can produce the same characteristic features
as individual polymers or sometimes several of the band shifts
from their original position [30].

In the spectrum of PVA, the peaks are observed at 3402.4 cm™!,
corresponding to the O—H groups. The absorbance at 2960.73 cm™!
can be attributed to the CH stretching, and the absorbance at
1004.96 cm™! corresponds to the C=0 stretching. In the spectrum
of pNIPAAm, the absorption bands at 3280.92 cm™!, 2920.35 cm™ !,
1546.91 cm~', and 1170.24 cm™~"' are attributed to stretching vibra-
tion absorption peaks of -NH, C—H, C=0, and C—N, respectively.
The spectrum of chitosan shows the peak at 3442.94 cm~' which
is attributed to O—H and N—H, the peak at 2920.23 cm~! which
corresponds to C—H, and the absorbances at 1589.34 cm™!,
1255.45 cm?, and 1154.25 cm™! which are attributed to C=0,
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Fig. 1. FTIR spectra.
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C—0, and C—N, respectively. When the mixture of chitosan-
pNIPAAmM-PVA is irradiated, the grafted hydrogel is produced,
and its FTIR spectrum is presented in a curved shape. The irradi-
ated hydrogel spectrum confirms the N—H & O—H groups at a
wavelength of 3471.87 cm™!, C—H groups at a wavelength of
2924.09 cm~!, C=0 groups at a wavelength 1633.71 cm™, the
C—N group at a wavelength of 1267.23 cm™! and the C—O group
at a wavelength of 1045.42 cm™.

It is found that the spectrum of the hydrogel has the same peaks
as the peaks of the spectra of chitosan, pNIPAAm, and PVA, but the
intensity of the peak at 3471.87 cm™! is stronger compared to that
of the same peak in the spectra of chitosan and pNIPAAm. The O—H
and N—H groups in the hydrogel have a long, tapered and broad
spectrum shape with relatively strong intensity, different from
the O—H groups in PVA and chitosan, and the N—H groups in pNI-
PAAm and chitosan which tend to be a short curve shape with
medium intensity. It confirms that chitosan, pNIPAAm, and PVA
are crosslinked to form an interpenetrating network (IPN) which
causes the accumulation of O—H and N—H groups so that the spec-
tral form is longer with stronger intensity [17,31,32].

A material which comprises two or more networks which are
fully or partially interlaced on a molecular scale but not covalently
bonded to each other and cannot be separated unless chemical
bonds are broken is called an IPN. If one polymer is linear and pen-
etrates another cross-linked network without any chemical bonds
between them, the IPN is called a semi-IPN. If both of the polymers
are crosslinked, it is called a full-IPN [31]. Crosslinking reaction
mechanism for hydrogel formation using y-irradiation in solution
has been extensively reported [27,33,34]. The radical polymeriza-
tion reactions that occur in solution include initiation, propagation,
and termination steps. In the initiation stage, the water molecules
decompose to form hydrogen radicals (H + ) and hydroxyl radicals
(OH-). Hydroxyl radicals are predicted to have the most important
role in the hydrogel formation reaction because they are able to
break the bonds in the polymer to form polymer free radicals
[27]. In addition, the formation of polymer radicals can also
directly occur due to y-irradiation [35]. The radicals that are
formed are then cross-linked to each other at the propagation stage
and finally produce a stable product at the termination stage.

The combination of chitosan, pNIPAAm, and PVA as materials
for synthesizing hydrogels suggests the possibility of cross-
linking with IPN. This is based on the results of previous studies,
where a hydrogel production showed a physical cross-linking
between chitosan and PVA. The bond that occurs between chitosan
and PVA was in the form of hydrogen bonds [36]. On the other
hand, the combination of pNIPAAm and PVA produced a semi-
IPN hydrogel in which pNIPAAm was cross-linked in the presence
of the hydrophilic PVA [31]. Semi IPN and full IPN hydrogels were
also successfully prepared by combining chitosan with pNIPAAm
[37]. The FTIR spectra, as can be observed in Fig. 1, confirms the
similarity spectra pattern of all the material used compared to
the hydrogel formed, with a stronger intensity in the hydrogel
product. Thus, the interaction between chitosan, pNIPAAm, and
PVA structures in the hydrogel network are mainly in the form of
hydrogen bonds.

The thermograms (Fig. 2) show changes in the weight of a com-
pound as a function of temperature and time. The Fig. 2 (A) shows
the thermogram of PVA. The PVA as much as 10 mg is heated at the
temperature range of 20 °C to 500 °C for 2 h. In the beginning, the
PVA sample shows small weight loss due to water evaporation
at + 100-200 °C, and then the sample weight is continuously
degraded. Significant weight loss of PVA is performed at a temper-
ature of 260 °C until 500 °C. The melting point of PVA is 200 °C.
Based on TGA (DTG-60) analysis, the biggest value of PVA weight
loss is —3.02 mg min~! which is obtained at a temperature of
370.13 °C. Furthermore, the Fig. 2(B) shows the thermogram of
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Fig. 2. Thermograms of the reactants and the irradiated hydrogel: A) PVA, B) pNIPAAm, C) chitosan, D) irradiated hydrogel.

pNIPAAm. The pNIPAAm as much as 10 mg is heated from 25 °C to
600 °C for 115 min. At the heating temperature range of + 100-2
00 °C, the weight of pNIPAAm decreases. Based on TGA (DTG-60)
analysis, the biggest pNIPAAm weight degradation occurs at a tem-
perature of 189.32 °C with a degradation rate of —4.66 mg min~".
The Fig. 2(C) shows the thermogram of chitosan.The chitosan as
much as 10 mg is heated from 25 °C to 600 °C for 115 min. Water
evaporation occurs in the chitosan sample at a heating tempera-
ture of £ 30-100 °C. The significant decrease in chitosan weight
is performed at 260 °C and the weight starts to be constant at
560 °C. Based on TGA (DTG-60) analysis, the biggest value of chi-
tosan weight loss is —1.56 mg min~' which is obtained at
310.12 °C. Moreover, after the thermal process, the weight of
hydrogel resulting from y-irradiation dose of 5 kGy decreases by
—83.434 %, as shown in Fig. 2 (D). That value represents the num-
ber of hydrogels that are degraded as a result of heat treatment.
The thermal decomposition characteristics of pNIPAAm and chi-
tosan shown in Fig. 2 (B) and Fig. 2 (C) are similar to the results
published in a previous study on pH and thermosensitive hydro-
gels, where the weight of pNIPAAm was reduced at higher temper-
ature treatment [38]. Another previous study also proved that the
introduction of PVA made the thermal decomposition of chitosan
hydrogel change to a higher temperature [39]. The weight loss of
the hydrogel due to heat treatment is smaller than the weight loss
of its raw materials such as chitosan, pNIPAAm, and PVA. The high
value of the hydrogel weight loss is correlated to the impurities
contained in the samples and the crosslinking homogeneity of
the polymer. These results reveal that the radiation causes a rapid

cross-linking and affects the increase in the polymer’s thermal sta-
bility indicating difficult decomposition and a high flame-retardant
effect [40].

3.2. Effect of irradiation dose on the gel contents and swelling
properties

Fig. 3(A) shows the gel contents of the resulting hydrogels at
various total irradiation doses. The gel content data shows that
there are enhancements in gel content with the addition of total
irradiation doses. A higher dose produces in a higher conversion,
and as a result, a higher gel content in the hydrogel can be reached.
The gel content increases with the increase in the total irradiation
dose [41]. It is well-known that gel content and swelling ratio can
also be correlated with the crosslinking density. It means that the
greater the gel content, the higher the crosslinking density. Similar
results with this report were obtained in hydrogel synthesis using
the y-radiation method from poly(acrylic acid) and poly(ethylene
glycol)diacrylate loaded with Ca®* [42] and gelatin/poly (y-
glutamic acid) [43]. A study found that chitosan crosslinked pNI-
PAAm hydrogels exhibited an increase in grafting percentage and
grafting efficiency with the increase in the dose due to the increas-
ing concentration of free radicals formed in the polymer substrate
[44].

At pH 7, the swelling ratio decreases significantly with an
increase in temperature from 30 °C to 37 °C, and then the swelling
ratio is constant from a temperature of 37 °C to 43 °C (Fig. 3(B)). It
means that the hydrogels resulting from this research have the
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Fig. 3. Physical characteristics of the irradiated hydrogels: [A] gel content, [B] swelling study at different temperatures (pH 7), [C] swelling study at different pHs

(temperature 30 °C).

LCST (Lower Critical Solution Temperature) value of 37 °C. The pNI-
PAAm has hydrophilic and hydrophobic groups affecting unique
swelling and deswelling behaviour. The hydrogel swells at a tem-
perature below the LCST and de-swells at a temperature above
the LCST. The amount of hydrophilic groups (—NH) and hydropho-
bic groups (alkyl) in pNIPAAm influences the value of LCST. Hydro-
philic groups are commonly weak, so the bonds are easily broken
and crosslinked with suitable groups from other materials. The
increase in irradiation dose causes a decrease in swelling capacity
at various pH conditions. More crosslinked bonds formed due to
the irradiation process results in some difficulties for water or
aqueous solution to be absorbed into the hydrogel matrix. The
swelling behaviour of the hydrogel at different pHs is shown in
Fig. 3(C). The highest swelling ratio is reached at pH 7, while de-
swelling occurs at pH 9. Unique swelling properties at different
pHs are affected by the hydroxyl group (—OH) and amine group
(—NHa;) in chitosan [45].
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3.3. SEM analysis

In this study, SEM analysis is carried out on hydrogels which
have the highest swelling ratio values at various temperatures
and pH, namely temperature 30 °C and pH 7. SEM test results for
the hydrogels prepared by freeze-thawing followed by irradiation
at various magnifications are shown in Fig. 4.

Fig. 4 shows the hydrogel morphology and pore size during the
swelling test at 30 °C and pH 7. It can be seen from the Fig. 4 that
the hydrogel has relatively uniform pores with an average diame-
ter of 14.6 um. The results of the SEM analysis show the large
hydrogel pore size because at 30 °C and pH 7 the hydrogel experi-
ences swelling with the greatest ratio compared to other tempera-
tures and pHs, and as a consequence, there is a change in the
network structure. Changes in the structure of the hydrogel net-

work will result in changes in the diameter size after swelling
conditions.
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Fig. 4. Irradiated hydrogel SEM image after swelling condition at a temperature of 30 °C and pH 7.
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A previous study [27] stated that the method of hydrogel syn-
thesis by freeze-thawing and freeze-thawing followed by irradia-
tion produced larger pores compared to irradiation and
irradiation followed by freeze-thawing, but resulted in a smaller
swelling value. The pore size is influenced by the hydrogel prepa-
ration method in the initial step, but the large pore size does not
guarantee the large swelling ability of the hydrogel. The fact is that
this current research is carried out using the freeze-thawing stage
followed by irradiation and produces the greatest swelling at a
temperature of 30 °C and a pH of 7 compared to other tempera-
tures and pHs (Fig. 3). The obtained results need to be compared
with previous studies to find a correlation between pore size and
the swelling ability of the hydrogel. Based on the results of the
swelling test, it indicates that the hydrogel has an LCST of 37 °C
at pH 7. At 30 °C, the pore size of the hydrogel will be larger than
at 37 °C and 43 °C. This is because at 30 °C and pH 7 the hydrogel
has not yet been at LCST temperature so the pores and diameter
size of the hydrogel have not undergone a contraction or shrinking
process. This is confirmed by a statement that pNIPAAm-based
polymer excretes its fluids at a temperature close to that of the
human body ~ 37 °C [46].

4. Conclusion

In this work, pH and thermoresponsive hydrogels are success-
fully synthesized from chitosan, pNIPAAm, and PVA using freezing
and thawing methods followed by the y-irradiation method. The
hydrogel with the highest value of gel content (83.73 %) is obtained
by the use of 0.5 g of pNIPAAm with a total radiation dose of
15 kGy. The hydrogel with the highest swelling ratio (484.146 %)
is obtained by the use of 0.5 g of pNIPAAm with a total radiation
dose of 5 kGy at a temperature of 30 °C and a pH of 7. The increase
in total radiation dose increases the gel content, and decreases the
swelling ratio, but does not give a significant effect on the LCST
value. This work confirms that the LCST of the hydrogel is corre-
lated to the pH condition.
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6 7315 | Pineapple Leaf Extract as Corrosion Syelvia Putri Utami, Viona Aulia Rahmi,
Controller for ASTM A36 Steel Ahmad Fadli, Khairat, Desi Heltina,
Evelyn, Komalasari
7 6434 | Experimental Study on Drying Sri Utami Handayani, Eflita Yohana,

Mohammad Tauviqirrahman

Catalysis and Catalytic Reaction Engineering (CRR)
Break Out Room 3, Session 2 (15.30 - 17.00)
Moderator: Idral Amri, S.T., M.T., Ph.D.

ID

No Author Title Author

1 4758 Green Solvent on Microwaved Assisted Vita Paramita, Aisya Rohmatul

Extraction of Star Fruit Ummah, Heny Kusumayanti, Rizka
Amalia, Wahyu Widyati

2 8241 | Catalytic Cracking of Pyrolysis Coconut Shell Oil | Setiadi, Jelita Helianisa
into Benzene Toluene Xylene with CaO/HZSM-5
Catalyst

3 1446 | Pyrolysis of Citronella Oil Residue Impregnated | Vira Annisa Indriani, Angelina
with Metals (Na & Ni) Into Bio-oil and Char Grace, Setiadi
Products and Various Characterization Test

4 3783 | Glycerolysis of stearic acid using green catalyst | Farra Aisha, Ida Zahrina, Sunarno

5 9749 | Utilization of Sugarcane Bagasse into Bio Heny Dewajani, Windi Zamrudy,

Asphalt Through Pyrolysis Process using
Zeolite-Based Catalyst

Zakijah Irfin, Diana Ningtyas, Noufi
Mujibur Ridlo




Biotechnology, Biochemical, Environmental Engineering (BIO)
Break Out Room 4, Session 1 (13.30 - 15.00)
Moderator: Prof. Dr. Ir. Yunardi, MA.Sc.

officinale r.) and banana skin (Musa
paradisiaca) as instant powder drink
that are rich in antioxidants

No Ault]l)lor Title Author

1 464 Efficacy of Natural and Fullwashed Prayoga Bagus Widodo, Mohamad Endy
Post-Harvest Processing Variations on Yulianto, Hermawan Dwi Ariyanto, Vita
Arabica Coffee Characteristics Paramita

2 1025 | Rational Use of Water Resources Maya Abdullayeva and Shams Alizadeh
During the Oil Industry

3 1836 | Increased Performance Warning Maya Abdullayeva and Aysun
Radiation Security Drinking Mineral Baxshaliyeva
the Water of The Territory of The
Republic of Azerbaijan

4 7139 | Different types of starch on the Tindy Rahmadi Putri, Alfiana Adhitasari,
characterization and quality of edible Vita Paramita, Mohamad Endy Yulianto,
film as functional packaging in fresh Hermawan Dwi Ariyanto
meat or meat products: A review

5 9626 Utilization of Lamtoro Fruit Peel Waste | Erman Taer, Inri Br Pasaribu, Novi Yanti,
to Improve the Performance of Apriwandi, Rika Taslim
Supercapacitor Electrodes in Energy
Storage

6 5013 | Evaluation of Biomass Residues Maulana G. Nugraha, Elsava Derangga
Combustion Characteristics in Open Mozasurya, Muslikhin Hidayat, Harwin
Burning Saptoadi

7 554 Combination of red ginger (Zingiber Nur Ramadani Fitri and Anggun

Puspitarini Siswanto

Biotechnology, Biochemical, Environmental Engineering (BIO)
Break Out Room 4, Session 2 (15.30 - 17.00)
Moderator: Sri Rezeki Muria, S.T., M.P., M.Sc.

No AultIl)lor Title Author

1 7379 | Rotary Algae Biofilm Reactor (RABR) Fakhriyah Hanifa Mazaya Nasution, Shinta
Using Microalgae Chlorella sp. for Tofu | Elystia, Aryo Sasmita
Wastewater Treatment

2 208 Gamma Irradiation Study on Rice Straw | Noor Anis Kundari, Panji Pamungkas Jati,
to Obtain Sugar Harum Azizah Darojati, Kartini Megasari

3 1803 | Water quality analysis using WQI Monika Verma, Kuldeep Srivastava,
(Water quality index): A review Joshan Gajurel, Nirdesh Regmi Avinandan,

Mandesh Kumar Yadav, Sonam Lekzin

4 5128 Removal of Total Dissolved Solids from Netty Herawati, Subriyer Nasir,
Oil-Field Produced Water Using Muhammad Hatta Dahlan, Maulana Yusuf,
Ceramic Adsorbents Integrated with Maulid M. Igbal, Kiagus Ahmad Roni
Reverse Osmosis

5 8537 | Physically Activated Patchouli Dregs Fairuza Hysna, Mariana, Farid Mulana,
Carbon as A Biosorbent for Remotion of | Mahidin, Syawaliah Muchtar
Methylene Blue

6 6158 | Hesperidin Production from Lime peel Mohamad Endy Julianto, Alihsan
(Citrus aurantifolia S) using Microwave | Rahmawati, Aisyah Nuraini, Azizah Azhar,
Assisted Extraction (MAE) Fatma Sekar Putri Dewanty




Biotechnology, Biochemical, Environmental Engineering (BIO)

Break Out Room 5, Session 1 (13.30 - 15.00)
Moderator: Prof. Dr. Sri Aprilia, M.T., Ph.D.

No Ault[l)lor Title Author
1 1298 | Hydrophilic Metal-chelated Membrane for Nur Ummi Anisa Muhammad Rasidji,
Biocatalytic Membrane Reactor Application | Fauziah Marpani, Nur Hashimah
Alias, Nur Hidayati Othman,
Muhammad Shafiq Mat Shayuti
2 5106 | Palm Fruit Fiber Hydrolysis Process in Zulfansyah, Adrianto Ahmad, Erika
Fermentation by Saccharomyces cerevisiae Puji Hartanti, Muhammad Shaza
for Bioethanol Production
3 699 Novel Spent Bleaching Earth Industrial Aulia Rahma, Muthia Elmaa,
Waste as Low-Cost Ceramic Membranes Muhammad Roil Bilad, Isnasyaugiah,
Material: Elaboration and Characterization Abdul Rahman Wahid, Muhammad
Sirajul Huda, Dwi Resa Lamandau
4 8069 | Effect of Physical and Biological Siswo Sumardiono, Hashfi Hawali
Pretreatment on Sugarcane Bagasse Waste- | Abdul Matin, Ihdina Sulistianingtias,
Based Biogas Production Tri Yulianto Nugroho, and Budiyono
Budiyono
5 4271 | The Abundace of Microplastics in Siak Gunadi Priyambada, Budhi
Tributary Sediments in The Watershed Area, | Kurniawan, Rillian Gerry, Lita
Pekanbaru City, Riau (Case Study Air Hitam | Darmayanti
River and Sago River)
6 6869 The Utilization of Silica Sand and Clay with Zuqni Meldha, Idral Amri,

The Addition of Sawdust as Raw Material for
Manufacturing Ceramic Membrane to
Reduce TSS and TDS Levels of Peat Water

Muhammad Dandy Tito Angkoso,
Yosia Jumaga

Biotechnology, Biochemical, Environmental Engineering (BIO)

Break Out Room 5, Session 2 (15.30 - 17.00)
Moderator: Assoc. Prof. Ch.M. Dr. Ying Chin Lim

No Ault[l)mr Title Author

1 6899 | Microwave-based Antioxidant Extraction Nurhanis Syafiqah Harith, Norazah

from Pineapple Peel Waste Abd Rahman, Norashikin Ahmad
Zamanhuri, Syafiza Abd Hashib

2 7695 | Effect of Electric Voltage and Number of Idral amri, Zugni meldha, Syamsu
Aluminum Electrodes on Palm Oil Industry Herman, Della Karmila, Mhd. Fadilah
Liquid Waste Treatment with Continuous Ramadani
Electrocoagulation Process

3 2273 | Effect of Addition of Palm Oil Shell Biochar Aryo Sasmita, Ulfa Septianda, Shinta
on Carbon Dioxide Emissions in Topsoil Elystia

4 3903 | Microwave Drying Characteristics and Nurul Asyikin Md Zaki, Habsah Alwi,
Quality of Ananas comosus Peel, Core and Syafiza Abd Hashib, Ummi Kalthum
Pulp Ibrahim, Junaidah Jai, Norashikin Mat

Zain, Nurul Hidayah Samsulrizal

5 3336 | PLA/PVDF Film as An Alcohol Sensor for Suzihaque Magsood-ul-Haque,
Tapai Syarah Syamimi Mazlan, Yang Lu

6 3432 | Isolation and Identification of Lactic Acid Ismawati, Silvera Devi, Nova Wahyu
Bacteria (LAB) from Traditional Food Pratiwi, Nia Lovenia, Nabella Suraya,
Kuantan Singingi Regency, Cangkuok Saryono

7 3757 Characterization of Physical and Chemical Fahmi Arifan, Wisnu Broto, Edy

Properties of Functional Beverages of
Robusta Coffee Leaf Herbal Tea with Red
Ginger-Enriched Green Tea Technique

Supriyo, Mirza Muhammad Faisal,
Oktaviani Kusuma Wardani and
Enrico Fendy Sapatra




Biotechnology, Biochemical, Environmental Engineering (BIO)
Break Out Room 6, Session 1 (13.30 - 15.00)

Moderator: Associated Prof. Dr. Noor Fitrah Abu Bakar

ID

a mask filter material to protect against
bacteria and viruses

No Author Title Author

1 2553 Ultrasound and Ultrasound Combined Evelyn, Chairul, F.H. Ramadhani, R.
Thermal Treatment on Resistance of Khairunnisa
Paecilomyces Variotii Mold Spores in
Orange Juice

2 8230 The Effect of Air Hole Opening on Hafidawati, Elvi Yenie, Alen Agustarizal
Briquette Stove on CO Emissions from
Burning Oil Palm Empty Bunches
Briquettes

3 7526 Comparison of Imputation Methods to Arisman Adnan, Muhammad Rayhan
Handle Missing Values in Southeast Asia | Faturrahman, Anne Mudya Yolanda, Noor
Datasets of Factors That Influence Ell Goldameir, Gustriza Erda
Climate Change

4 9220 Production of Bioactive Compounds Zona Octarya, Titania T. Nugroho, Yuana
from Bacillus paramycoides Nurulita, Nabella Suraya, Saryono
LBKURCC218 Co-cultivation

5 372 Production of Lactic Acid from Food Ameerul Hageem Bin Akmarul Nazli,
Waste by Fermentation: Effect of Norliza Binti Ibrahim
Organic Loading Rate and Type of Food
Waste

6 6575 Distribution of Microplastics in Surface Budhi Primasari, Yommi Dewilda, Puti Sri
Water of Tropical Urban River in West Komala, Reri Afrianita, Herland Triadi
Sumatera, Indonesia

7 3352 Bio-cellulose antibacterial membrane as | Saiful Saiful, Sri Muliyani, Fitti Nasyura,

Muhamad Nasir, Muliadi Ramli and
Febriani Febriani

Polymer, Membrane, Composite Materials and Nanotechnology (PMN)
Break Out Room 6, Session 2 (15.30 - 17.00)
Moderator: Prof. Edy Saputra, S.T., M.T., Ph.D.

No AultIl)lor Title Author

1 2956 | A Mini Review on Polydopamine and Fauziah Othman, Fauziah Marpani, Nur
Silver Functionalized Membrane for Hidayati Othman, Nur Hashimah Alias and
Antibiofouling Muhammad Shafiq Mat Shayuti

2 8444 PVC-based Gravity Driven Ultrafiltration | Putu Teta Prihartini Aryanti, Resa Lestary,
Membrane for River Water Treatment Ismi Badriyah, Ega Ardi Ronaldi, Dimas

Mahayana

3 1181 Development of Chitosan-based Edible Alissa Farina Binti Aidi Zamri,
Biocomposite Film Incorporated with Noorsuhana Binti Mohd Yusof
Starch and Pitaya Extract for Food
Packaging

4 8859 Comparation of methods synthesis on Desi Heltina, Dwi Imamatul Mastura,
Ti02-Graphene composites for Amun Amri, Maria Peratenta Sembiring,
photodegradation of compound waste Komalasari

5 8245 Synthesis of Hydroxyapatite Powder Silvia Reni Yenti, Ahmad Fadli, Amun
using Natural Latex Particles as Pore Amri, Dandi Novandri, Feru Setiawan,
Creating Agent Jumiati Hasibuan, Vallerin Goldia Tiffany

Herjan

6 5725 Effect of Precursor Concentration on Atut Reni Septiana, Rizki Wahyudi, Dian
Crystallite Size of ZnO Nanomaterial Mart Shoodiqin, Agus Rifani, Muhamad
Synthesized by Green Synthesis Method | Doris
using Terminalia catappa Extract




Catalysis and Catalytic Reaction Engineering (CRR)
Break Out Room 7, Session 1 (13.30 - 15.00)
Moderator: Dr. Suffiyana Akhbar, B.Eng., M.Ec.

No Ault[l)lor Title Author
1 8661 | Biosynthesis of Nanoflower Ag-doped | Ari Sulistyo Rini, Adilla Permata Defti,
ZnO and Its Application as Rahmi Dewi, Jasril, Yolanda Rati
Photocatalyst for Methylene Blue
Degradation
2 8151 | Synthesis of The Composite Mn0-0il Riska Anggraini, Siti Saidah Siregar, Amilia
Palm Fly Ash and its Photocatalytic Linggawati, Halida Sophia, Amir Awaluddin
Activity
3 6262 | Effect of Feed Composition in Co- Dijan Supramono, Muthia Hanun, Fathiyah
Pyrolysis of Polypropylene and Inayatirrahmi
Triglyceride Using Ni/Zr02.504
Catalyst on Pyrolysate Composition
4 6537 | The Effect of Variation in Catalyst Kiagus Ahmad Roni, Netty Herawati, Dian
Amount on Glycerol Conversion from | Kharismadewi
Castor 0il (Ricinus Communis L)
5 9354 | Biodiesel Production Using Waste Meriatna, H Husin, M Riza, M Faisal,
Banana Peel as Renewable Base Ahmadji, Sulastri
Catalyst
6 6030 Catalytic Co-Pyrolysis of Palm 0il Sunarno, Ida Zahrina, Silvia Reni Yenti,

Empty Fruit Bunch and Waste Tire
Using Calcium Oxide Catalyst

Rozanna Sri Irianty, Panca Setia Utama

Polymer, Membrane, Composite Materials and Nanotechnology (PMN)
Break Out Room 7, Session 2 (15.30 - 17.00)
Moderator: Panca Setia Utama, S.T., M.T., Ph.D.

No AultIl)lor Title Author
1 958 3D hierarchical porous carbon derived | Erman Taer, Sukmawati, Apriwandi
spruce leaves biomass for high- Apriwandi, Rika Taslim
performance of symmetrical
supercapacitor
2 2986 | Preliminary Study of Melt Flow Index | Suffiyana Akhbar, Nik Siti Nurbaya Nik
of Recycled Polyethylene Omar, Aina Nabila Mohd Yusof, Sakinah
Terephthalate /Empty Fruit Bunch Mohd Alauddin, Nadia Kamarrudin
(rPET/EFB) Composite as a Potential
Biodegradable 3D Printing Filament
3 4143 | Melt Flow Index (MFI) Analysis of Rozanna Dewi, Novi Sylvia, Zulnazri,
Sago Based Thermoplastic Starch Medyan Riza
Blend with Polypropylene and
Polyethylene
4 7090 | Aqueous electrolyte selection of Eva Wahyuni Harahap, Apriwandi
activated carbon derived cassava peel | Apriwandi, Rika Taslim, Erman Taer
electrode material-based for
sustainable symmetrical
supercapacitor
5 9352 | Structural and Magnetic Properties of | Erwin Amiruddin, Salomo Sinuraya, Amir
Cr-Doped Fe203 Nanoparticles of Awaluddin, Martha Rianna, Muhammad
Logas Natural Sand for Environmental | Rizki, Novalia Magdalena Purba, Indah
Application Tamara Sitorus, Amo Malini
6 2299 | Fly Ash/Coconut Fiber Reinforced Farid Mulana, M Prayogie Aulia, Sri Aprilia

Polymer Composites: Effect on
Physical Properties (Density, Water
Absorption, and Thickness Swelling)




Polymer, Membrane, Composite Materials and Nanotechnology (PMN)
Break Out Room 8, Session 1 (13.30 - 15.00)
Moderator: Assc. Prof. Dr Atikah Kadri

No Ault[l)lor Title Author

1 5400 | Plant Mediated Synthesis of Iron Huey Ling Tan, Ying Chin Lim, Law Yong
Nanoparticles for Environmental Ng, Ying Pei Lim
Application: Mini Review

2 4686 | The Influence of Annealing Temperature Rahmi Dewi, T.S. Lugman, Sri Ningsih
on the Microstructure and Energy Band Sitorus, Okvarahireka Vitayaya, Ari
Gap of 0.2BaTios - 0.8BaZrosTios0s3 Sulistyo Rini, Zuhdi
Nanomaterial

3 323 Studies of Exposure UV light, Soil Burial, Fitriani Fitriani, Sri Aprilia, Nasrul
and Storage Ability Effect on Arahman, Muhammad Roil Bilad
Characteristics of Biocomposite Films

4 4107 | Effect of Binder Levels Natural Rubber Ivan Fadhillah, Arya Wiranata, Zuchra
Latex Grafting Styrene and Methyl Helwani, Bahrudddin
Methacrylate / Polyvinyl Acetate on
Emulsion Paint Characteristics

5 4219 | The effect of various electrolyte solutions Aria Yunita, Rakhmawati Farma, Awitdrus
on the electrochemical properties of the Awitdrus, Irma Apriyani
carbon electrodes of supercapacitor cells
based on biomass waste

6 4863 | ZnCl2-Assisted Synthesis of Coffea Beans Rakhmawati Farma, Rizka Indah Julita,
Bagasse-Based Activated Carbon for Stable | Awitdrus Awitdrus, Erman Taer, Irma
Material for High-performances Apriyani
Supercapacitors

7 1141 | Synthesis Of composite adsorbent based Elvi Yenie, Syaiful Bahri, Hapsoh, Edy

on spent Mushroom Substrate (SMSO AND
Spent Bleaching Earth (SBE)

Saputra

Polymer, Membrane, Composite Materials and Nanotechnology (PMN)
Break Out Room 8, Session 2 (15.30 - 17.00)
Moderator: Prof. Muthia Elma, S.T., M.Sc., Ph.D, IPM., ASEAN Eng.

No ID Title Author
Author

1 6690 | Conversion of Hazelnut Seed Shell Biomass | Rakhmawati Farma, Yoan Tania, [rma
into Porous Activated Carbon with CO2 Apriyani
Activation for Supercapacitors

2 9172 A Mini Review on The Methods to Enhance | Fatin Nasreen Ahmad Rizal Lim,
the Interaction of Carbon Dioxide with Fauziah Marpani, Norazah Abd
Polymer Membranes Rahman

3 3153 Flexural and Structural Properties of PCC- Ainis Nidila, Nadia Sukma, Desi Heltina,
Based Mortar Composited by Different Sunarno, Amun Amri
Types of Shear Exfoliation Graphene

4 8079 | The Effect of Nitric Concentration and Heat | Cory Dian Alfarisi, Nurfatihayati, Hari
Treatment Temperature on Stainless Steel | Rionaldo, Ahmad Fadli, Komalasari,
316L Acid Treatment Process on Isnaeny Syafna, Lisa Arianti, Dianti Lita
Hydroxyapatite Coating Lestari, Nurva Asnila

5 5844 | Dynamic Simulation of Rahida Wati Sharudin, Nik Salwani Md
Polyethylene/Organoclay Nanocomposites | Azmi, Zakiah Ahmad, Masahiro

Ohshima
6 6218 Structural and Physico-mechanical Revika Wulandari, Meysara, Emiliana,

Properties of Rice Husk Ash-based
Geopolimer Mortar with The Addition of
Graphene Nanosheets

Sunarno, Desi Heltina, Khairat, Amun
Amri




£ ICChEAS

NOVEMBER 9th

The 3rd International
Conference on Chemical
/ Engineering and Applied Science

PEKANBARU, INDONESIA

SEMARANG

"Towards the green and sustainable process engineering
and applied science technology"



e
S g

ional Conference o
ical Engineering and Applied Sciences

Program Book

Program Book of
The 31 International Conference on

Chemical Engineering and Applied Sciences 2022
(ICChEAS 2022)

Pekanbaru, Riau, Indonesia

November, 9th 2022

Organized by: Supported by:

Chemical Engineering Department Universitas Syiah Kuala, Indonesia
Universitas Riau, Indonesia Vocational School of UNDIP, Indonesia
Universiti Teknologi MARA, Malaysia

Page | i



& |CChEAS
O

:; ‘‘‘‘‘ j e The 3rd international Conference on Program BOOk

chemical Engineering and Applied Sciences

WELCOME MESSAGE FROM
RECTOR OF UNIVERSITAS RIAU

Assalamu’alaikum warahmatullahi wabarakatuh

In the stead of Allah, Most Generous, Most Merciful. May Allah's
mercy, peace, and blessings be upon you. [ would like to sincerely
thank and welcome everyone to the third International Conference
on Chemical Engineering and Applied Sciences on behalf of the
Universitas Riau (ICChEAS 2022). The keynote addresses at
ICChEAS 2022 will be delivered by Prof. Dr. Chun-Chen Yang,
Ming-Chi University of Technology, Taiwan; Prof. Datuk Dr. Ahmad
Fauzi, Universiti Teknologi Malaysia; Prof. Dr. Ing. Ir. Misri Gozan,
M.Tech. Universitas Indonesia, Indonesia; and Prof. Yazid Bindar,
Ph.D., Institut Teknologi Bandung, Indonesia.

The International Conference on Chemical Engineering and Applied Sciences (ICChEAS)
collaboratively organized by the Faculty of Chemical Engineering, Universiti Teknologi MARA
(UiTM), Malaysia, and 3 universities in Indonesia, the Vocational School, Universitas
Diponegoro (UNDIP), Indonesia, the Chemical Engineering Department of Universitas Riau
(UNRI) and the Chemical Engineering Department of Universitas Syiah Kuala (UNSYIAH).

The first ICChEAS was held in Banda Aceh in 2019, the second was in Semarang in 2021, and
this year's third ICCheAS is being held in Pekanbaru, Riau. The 3rd [CChEAS's main goal is to
offer the most sophisticated and extensive international forum for distributing information
about research, development, and applications in the fields of chemical engineering and
applied science. "Towards Green and Sustainable Process Engineering and Applied Science
Technology" is the subject of the third ICChEAS in 2022.

I believe that ICChEAS 2022 will give participants the chance to exchange information, form
partnerships and collaborations, and share research progress between universities,
institutions, governments, and small-to-large industries, also it be able to benefit society and
the country.

I would like to convey my sincere gratitude to the keynote speakers, all of the seminar
participants, and the organizing committee for their tremendous efforts in helping to organize
the third ICChEAS in 2022. Hopefully, we can all significantly contribute more to the nation's
advancement. [ would like to extend a sincere appreciation and a warm welcome to all of our
esteemed guests and participants.

Wassalamu’alaikum wr wb.

Prof. Dr. Ir. Aras Mulyadi, M.Sc., DEA

Page | ii
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WELCOME MESSAGE FROM
DEAN OF FACULTY OF ENGINEERING UNIVERSITAS RIAU

Assalamu'alaikum warahmatullahi wabarakatuh

In the name of Allah, the Most Beneficent and the Most Merciful.
May peace, mercy, and blessings of Allah be upon you. Good
morning, dear colleagues, professors, lecturers, researchers,
ladies and gentlemen, and good morning to our participants
joining us online, from around the world.

On behalf of the Dean of the Faculty of Engineering Universitas
Riauy, [ would like to express my sincere gratitude and welcome
you to the 3rd International Conference on Chemical Engineering
and Applied Sciences (ICChEAS 2022) with the theme “Towards
Green and Sustainable Process Engineering and Applied Science
Technology. This ICChEAS 2022 is organized by the Chemical Engineering Department Faculty
of Engineering, Universitas Riau collaborated with the Faculty of Chemical Engineering,
Universiti Teknologi MARA (UiTM), Malaysia, the Vocational School, Universitas Diponegoro
(UNDIP), and the Chemical Engineering Department of Universitas Syiah Kuala (UNSYIAH).

May I thank the all committees of the 3rd International Conference on Chemical Engineering
and Applied Sciences (ICChEAS 2022). We wish to extend a warm welcome to fellow delegates
from various countries and also online participants joining this conference. We want to extend
warm greetings to all those who support this international conference. Moreover, | honorably
welcome our keynote speakers: Prof. Dr. Chun-Chen Yang, Ming-Chi University of Technology,
Taiwan; Prof. Datuk Dr. Ahmad Fauzi, Universiti Teknologi Malaysia; Prof. Dr. Ing. Ir. Misri
Gozan, M.Tech. Universitas Indonesia, Indonesia; and Prof. Yazid Bindar, Ph.D., Institut
Teknologi Bandung, Indonesia.

Last but not least, my deepest gratitude goes to the Advisory Board, Organizing Committee,
International Scientific Committee, institutions, companies, and volunteers who have directly
and indirectly supported the success of this International Conference. The committee has
organized a vibrant scientific program and is working hard to present highly respected and
internationally notorious speakers to lead it. Although we try our finest to be professional, on
behalf of the Universitas Riau, please accept our sincere apologies should their inconveniences
occur before, during, or after the event. [ wish you a very productive conference with exciting
and encouraging discussions and exchange of knowledge so that together we can anticipate a
future of groundbreaking knowledge, research, and technology for humanities.

May God bless us all with good health to make this event a successful and enjoyable one!
Best Regards,

Prof. Dr. Eng. Ir. Azridjal Aziz, S.T., M.T., IPU

Page | iii



2 ICChEAS

______ @ The 3rd international Conference on PrOg ram BOOk

chemical Engineering and Applied Sciences

WELCOME MESSAGE FROM
THE CONFERENCE CHAIR OF 3r4ICChEAS 2022

Assalamu'alaikum warahmatullahi wabarakatuh
Good morning, ladies and gentlemen.

First of all, I would like to thank Allah subhanallahu wata'ala for
giving us His blessing so that we could hold this activity. Because
of His mercy, we can present in this opening event in good
condition and health.

The honorable Rector Universitas Riau or the representative, the
dean of Engineering faculty, Universitas Riau, the Head of the

FREH. i @8 Chemical Engineering Department Universitas Riau, keynote
speakers reviewers, presenters, committees, and to all of you who are present today.

Here, I am Amun Amri, on behalf of the chairman of this event, I would like to welcome all of
you to the 3rd International Conference on Chemical Engineering and Applied Sciences
(ICChEAS) 2022.

This conference is organized by the Department of Chemical Engineering, Universitas Riau,
Indonesia, in collaboration with the Department of Chemical Engineering, Diponegoro
University, Indonesia, the Department of Chemical Engineering, Syiah Kuala University,
Indonesia, and the Department of Chemical Engineering, University Teknologi MARA Malaysia.

This year, the topic of conference is “Toward the Green and Sustainable Process Engineering
and Applied Science Technology”. With the successful history of the conference series in the
recent five years, we are committed to preparing this conference program for fostering vibrant
exchanges and dynamic collaborations among the academic and research communities in
dealing with a sustainable process engineering and applied science technology around the
world. In this conference, about 95 papers will be presented from around the world namely
Indonesia, Malaysia, India, China, Azerbaijan, Brunei, Japan, Nepal, Turkey and UK.

The organization of ICChEAS 2022 gets a great support from the conference organizing team
members and conference paper reviewers. We would like to sincerely thank all individuals
who have rendered their support in every possible way to make this conference a reality. We
would also like to express our gratitude to all the paper authors and registered participants for
their stimulating academic contributions to the vibrant intellectual exchange at this
conference. With the online setting in the conference program, we hope every participant will
have a unique ICChEAS 2022 experience for creating new friendships, professional
collaborations, and beautiful memories.

Thank you!

Wassalamualaikum warahmatullahi wabarakatuh
Best regard

Prof. Amun Amri, S.T., M.T., Ph.D.
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CONFERENCE INFORMATION

Date : November, 9t (Wednesday) 2022

Time : 07.30-17.00 (UTC +7)

Organizer : Chemical Engineering Department, Universitas Riau
Official Language : English

Secretariat Laboratorium Teknologi Produk Fakultas Teknik

Universitas Riau

Kampus Binawidya, JI. HR. Soebrantas Km.12,5, Simpang Baru,
Panam

Pekanbaru, Riau (28293) Indonesia

Phone : (+62-761) 567446; 566937

Fax :(+62-761) 567446

Email : iccheas2022@eng.unri.ac.id

Web : http://che.ft.unri.ac.id/

Conference Website : http://che.ft.unri.ac.id/iccheas

Conference Link : https://us06web.zoom.us/j/89123241164?pwd=0WVncytWY
OMwNOxzVGNEc3]ieUQ2Zz09

Meeting ID : 89123241164

Passcode : 2022
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Paper ID ICChEAS_2022_paper_9666
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Abstract

Chitosan-based smart hydrogels with stable mechanical and good flexibility have many desirable qualities and broad
applications. In this study, novel smart hydrogels of chitosan crosslinked with poly(N-Isopropylacrylamide) (pNIPAAm)
and polyvinyl alcohol (PVA) were synthesized through freezing and thawing procedures and then subjected to y-radiation at
room temperature. The effect of irradiation dose on the gel fraction and water absorption characteristics of chitosan-pNIPAAm
hydrogels was investigated. In addition, the structure-property behaviour of the hydrogels was characterized using FTIR
spectroscopy and thermogravimetric analysis (TGA). The experimental results revealed that the hydrogels synthesized with
a 15-kGy total dose showed a higher gel content (83.73%) compared to 5-kGy and 10-kGy total doses, while the appropriate
dose of y-radiation to achieve the highest absorption in water (484.146%) was 5 kGy. The hydrogel characterization test
confirmed that cross-linking occurred between pNIPAAm, PVA, and chitosan. Increasing the radiation dose resulted in more
cross-links in the hydrogel and resulted in better thermal stability. this study confirmed that chitosan/PVA cross-linked
pNIPAAm hydrogel with dual pH/temperature stimuli-responsiveness holds the promise to be used in various applications.

Keywords: Chitosan, Dual-Responsive; Hydrogel; Radiation, Smart Material
1. Introduction

Hydrogels are a unique class of three- dimensional cross-linked polymeric networks having the capability
to hold a large fraction of aqueous solvents and biological fluids within their structures [1]. Hydrogels have
emerged as smart materials and have shown great potential in many applications because of their features which
are responsive to various external stimuli [2]. Hydrogels as stimuli-responsive polymers display a sharp
transition in physicochemical characteristics under a small change in environmental conditions, such as pH,
temperature, ionic strength, light exposure, magnetic field, electrical field, ultrasound, etc [3]. With an array of
triggering mechanisms, these stimuli-responsive hydrogels allow precise control over basic material properties,
such as physical structure, porosity, swelling, and modulus [4]. Their ability to change their conformation
and properties when stimulated at different conditions causes them to be used prominently in wastewater
treatment [5], sustained release of agrochemicals [6], food science [7], and biomedical field [8].

Smart hydrogels prepared from polysaccharides have many advantages because of their attractive
characteristics including biocompatibility, biodegradability [9], self-healing, and responsiveness to
environmental stimuli [10]. Among them, chitosan is an excellent excipient because it is an abundant and naturally
occurring polysaccharide which has numerous amazing properties such as low toxicity, high biocompatibility,
desirable biodegradability [11], and antimicrobial activity [12]. Chitosan which is a derivative of chitin, a
natural polymer extracted from crab and shrimp shells, exhibits pH sensitivity and polycationic properties. The
external and environmental pH affects the swelling and shrinking behaviour of chitosan hydrogel derived from
protonation/deprotonation of the primary amine group (NH,) [13]. Because of the responsive properties,
chitosan is to become an advanced biopolymer in the development of smart polymeric delivery systems [3].

Chitosan has hydrophilic (-OH) and hydrophobic (-NH,) groups which can be easily modified with other natural



or synthetic polymers through physically or chemically cross-linked reaction [14] to produce hydrogels with
different stimulus responses. In addition to the pH, the temperature is also one of the most exploited stimuli
in 3-dimensional networks due to its ease of use and regulation in testing [13], so the dual responsive chitosan-
based hydrogel (pH and temperature) has become a tremendous development in recent years [15; 16; 17]. To
improve its performance, chitosan can be modified by crosslinking with other moieties/monomers to increase its
sensitivity to the pH and temperature [18]. The group of thermoresponsive polymers includes poly(N-
isopropylacrylamide) [16; 17; 19), poly(N,N-diethylacrylamide) [20], and poly (N-vinylcaprolactam) [21].

Poly(N-isopropylacrylamide)(pNIPAAm) is a thermoresponsive polymer which is applied in a wide range of
promising applications because of its well-defined structure and characteristics especially its temperature sensitivity
is close to a lower critical solution temperature (LCST) [22]. Thus, the pH sensitivity of chitosan and the
volume phase transition temperature of pPNIPAAm have been the interest of various scientists to develop materials
for carrier and controlling the release of active substances [16; 23].

A relatively simple and inexpensive technique that does not involve the use of toxic chemical agents and allows
simultaneous sterilization of crosslinked polymers is radiation induction [24]. A previous study used radiation as
the crosslinking agent to produce graft copolymers [25], and another previous study used the irradiation method to
reduce and control polysaccharides' molecular weight distribution to adjust their water solubility and gelling ability
[26]. In this work, smart hydrogels were fabricated from chitosan and N-isopropylacrylamide (pNIPAAm) with the
addition of polyvinyl alcohol (PVA) by introducing the combination method of freeze-thawing and y-irradiation to
induce cross-linking. The influence of y-radiation dose on the gel content, the swelling properties, and the hydrogel
thermal characteristics was examined in this study.

2. Materials and methods
2.1. Material

Chitosan (industrial grade, deacetylation degree of 85%, Biotech Surindo), poly(N-isopropylacrylamide)
(pPNIPAAm; Aldrich), polyvinyl alcohol (PVA; Merck), acetic acid (glacial, Merck), pH buffer (3, 5, 9), and
distilled water were used throughout the experiment.

2.2. Preparation of pH- and Thermo-responsive Hydrogels

A total of 0.5 g of chitosan was added into 50 ml of 1 % (v/v) acetic acid solution under a stirring condition to
form a chitosan solution. Meanwhile, distilled water as much as 100 ml was added into a bottle containing 5 g
of PVA, then the bottle was closed and heated in an autoclave at 120°C for 30 min. PVA solution was then brought
out from the autoclave and left at room temperature. After that, 10 ml of PVA solution was mixed with 10 ml of
chitosan solution. Then, 0.5 g of pNIPAAm (0.5 g) was added to the mixed solution and then followed by a stirring
process at room temperature. The final solution as much as 5 ml was taken and kept in 5-ml tubes and continued
with 3 cycles of freezing and thawing procedure, whereas each cycle was run for 24 h (12 h for freezing and 12
h for thawing). After the freezing and thawing procedure, the samples were y-irradiated under a constant rate of
irradiation dose (2.5 kGy/min) at room temperature. The total dose of y-irradiation for each sample was varied to 5,
10, and 15 kGy. After the irradiation process, the physical samples turned into gels. At this stage, the resulting gels
are known as hydrogels. Then, the hydrogels were cut into small sizes (approximately 20 mm?) and
characterized.

2.3. Testing and Characterization
2.3.1. Transform Infra-Red (FTIR)

The samples were characterised using FTIR (Shimadzu IR — Prestige 21) to confirm the presence of functional
groups of chitosan, pPNIPAAm, and PVA in the hydrogels.



2.3.2. Thermo Gravimetric Analysis (TGA)
In this study, the TGA was examined to find the thermal properties of synthesized hydrogels. During the
heating process, there was decreasing in the hydrogel weight due to thermal degradation. The thermal

characteristics of the hydrogels were measured using DTG-60 TA WS-60 Shimadzu at a temperature in the
range of 20 — 600°C.

2.3.3. Swelling study

The swelling behaviour of the non-crosslinked and crosslinked gels was examined by swelling the gels in media
at different pHs and temperatures. Pre-weighed dry hydrogels were immersed in pH-5 buffer solutions at a
temperature of 30°C for 24 h. The gels were withdrawn from the solutions at different time intervals and
their wet weights were determined after the withdrawn gels were absorbed for the first time with filter papers and
immediately weighed. The swelling ratio was determined using the equation (1) based on the study reported by

Erizal [27].

Swelling ratio (%) = :VV—; x 100% (1)

Where swelling ratio also can be named as the water absorption (% wt) of the gels, Wd and Ws are the sample
weights in the dry and swollen states, respectively.

2.3.4. Gel Content Measurement

Hydrogel powder as much as 0.01 g (W,) was packed in the tea bag. Then, the tea bag containing the
hydrogel powder was immersed in distilled water for 24 h at room temperature. After that, the tea bag was dried in
an oven for 24 h at 60°C and weighed (W,). Gel content was determined using the equation (2).

Gel content (%) = % X 100% 2)

0

where w; is the dried gel weight (g) and w, is the initial gel weight (g).

3. Results and discussion

3.1. Structure Analysis

Chemical modifications induced by the irradiation process were analyzed using FTIR. The spectra of
nonirradiated and irradiated hydrogels are shown in Figure 1.
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Figure 1. FTIR spectra



In the spectrum of PVA, the peaks were observed at 3402.4 cm™, corresponding to the O-H groups. The
absorbance at 2960.73 cm™ can be attributed to the CH stretching, and the absorbance at 1004.96 cm’
corresponded to the C=O stretching. In the spectrum of pNIPAAm, the absorption bands at 3280.92 cm™,
2920.35 cm™, 1546.91 cm™, and 1170.24 cm™ were attributed to stretching vibration absorption peaks of -NH, C-H,
C=0, and C-N, respectively. The spectrum of chitosan showed the peak at 3442.94 cm™ which was attributed to O-
H and N-H, the peak at 2920.23 c¢m’ which corresponded to C-H, and the absorbances at 1589.34 cm™', 1255.45
em’, and 1154.25 cm” which were attributed to C=0, C-O, and C-N, respectively. When the mixture of
chitosan-pNIPAAmM-PVA was irradiated, the grafted hydrogel was produced, and its FTIR spectrum was
presented in a curved shape. It was found that the spectrum of the hydrogel had the same peaks as the peaks of the
spectra of chitosan, pNIPAAm, and PVA, but the intensity of the peak at 3471.87 cm™ was lower compared to that
of the same peak in the spectra of chitosan and pNIPAAm. It proved that chitosan, pNIPAAm, and PVA
were crosslinked forming an interpenetrating network.
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Figure 2 Thermograms of the reactants and the irradiated hydrogel: a) PVA, b) pNIPAAm, c) chitosan, d)
irradiated hydrogel

The thermograms presented in Figure 2 show changes in the weight of a compound as a function of
temperature and time. The Figure 2 (A) shows the thermogram of PVA. The PVA as much as 10 mg was heated at
the temperature range of 20°C to 500°C for 2 h. In the beginning, the PVA sample showed small weight loss due to
water evaporation at £100-200°C, and then the sample weight was continuously degraded. Significant weight loss of
PVA was performed at a temperature of 260°C until 500°C. The melting point of PVA was 200°C. Based on TGA
(DTG-60) analysis, the biggest value of PVA weight loss was -3.02 mg/min which was obtained at a temperature of
370.13°C. Furthermore, the Figure 2(B) shows the thermogram of pNIPAAm. The pNIPAAm as much as 10 mg
was heated from 25°C to 600°C for 115 min. At the heating temperature range of +£100-200°C, there was a
decrease in the weight of pNIPAAm. Based on TGA (DTG-60) analysis, the biggest pNIPAAm weight



degradation occurred at 189.32°C with a degradation rate of -4.66 mg/min. The Figure 2(C) shows the thermogram
of chitosan. The chitosan as much as 10 mg was heated from 25°C to 600 °C for 115 min. Water evaporation
occurred in the chitosan sample at a heating temperature of +30-100°C. The significant decrease in chitosan weight
was performed at 260°C and the weight started to be constant at 560°C. Based on TGA (DTG-60) analysis, the
biggest value of chitosan weight loss was -1.56 mg/min which was obtained at 310.12°C. Moreover, after
the thermal process, the weight of hydrogel resulting from y-irradiation dose of 5 kGy decreased by -83.434 %, as
shown in Figure 2 (D). That value represented the amount of hydrogels that were degraded as a result of heat
treatment. The high value of the hydrogel weight loss was correlated to the impurities contained in the samples and
the crosslinking homogeneity of the polymer. The radiation caused a rapid crosslinking and affected the increase in
the polymer thermal stability.

3.2. Effect of irradiation dose on the gel contents and swelling properties

Figure 3 reports the gel contents and swelling capacities of resulting hydrogels at various total doses of
irradiation.
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Figure 3. Gel content [A] and swelling study ([B] and [C]) of the irradiated hydrogels

Figure 3(A) shows the gel contents and swelling capacities of the resulting hydrogels at various total irradiation
doses. The gel content data showed that there were enhancements in gel content with the addition of total
irradiation doses. A higher dose resulted in a higher conversion, and as a result, a higher gel content in the
hydrogel can be reached. T he gel content increased with the increase in the total irradiation dose [28]. At pH 7, the
swelling ratio decreased significantly with an increase in temperature from 30 °C to 37 °C, and then the swelling
ratio was constant from a temperature of 37°C to 43 °C (Figure 3(B)). It means that the hydrogels resulting from this
research had the LCST (Lower Critical Solution Temperature) value of 37°C. The pNIPAAm has hydrophilic and
hydrophobic groups affecting unique swelling and deswelling behaviour. The hydrogel swells at a temperature
below the LCST and de-swells at a temperature above the LCST. The amount of hydrophilic groups (-NH) and
hydrophobic groups (alkyl) in pNIPAAm influenced the value of LCST. Hydrophilic groups were commonly weak,
so the bonds were easily broken and crosslinked with suitable groups from other materials. The increase in
irradiation dose caused a decrease in swelling capacity at various pH conditions. More crosslinked bonds formed
due to the irradiation process resulted in some difficulties for water or aqueous solution to be absorbed into



the hydrogel matrix. The swelling behaviour of the hydrogel at different pHs is shown in Figure 3(C). The
highest swelling ratio was reached at pH 7, while de-swelling occurred at pH 9. Unique swelling properties at
different pHs were affected by the hydroxyl group (-OH) and amine group (-NH,) in chitosan [29]

4. Conclusion

In this work, pH and thermoresponsive hydrogels were successfully synthesized from chitosan, pNIPAAm, and
PVA using freezing and thawing followed by the y-irradiation method. The hydrogel with the highest value of gel
content (83.73 %) was obtained by the use of 0.5 g of pNIPAAm with the total radiation dose of 15 kGy. The
hydrogel with the highest swelling ratio (484.146 %) was obtained by the use of 0.5 g of pPNIPAAm with the total
radiation dose of 5 kGy at a temperature of 30°C and a pH 7. The increase in total radiation dose increased the gel
content, and decreased the swelling ratio, but did not give a significant effect on the LCST value. This work
confirmed that the LCST of the hydrogel was correlated to the pH condition.

Acknowledgements

The financial support from the Ministry of Education, Culture, Research, and Technology of the Republic of
Indonesia through the National Competitive Basic Research Grant (No. B/439/43.9/PT.00.03/2022) is greatly
appreciated.

References

[1] Mahinroosta M, Farsangi ZJ, Allahverdi A, Shakoori Z. Hydrogels as intelligent materials: A brief review of
synthesis, properties and applications. Mater. Today Chem. 2018; 8: 42-55.

[2] Ghosal A, Vashist A, Tiwari S, Kaushik A, Javant RD, Nair M, Bhattacharya J. Hydrogels: Smart
Nanomaterials for Biomedical Applications. In: Bhagyaraj SM, Oluwafemi OS, Kalarikkal N, Thomas S,
editors. Synthesis of Inorganic Nanomaterials: Advances and Key Technologies (Micro and Nano
Technologies), Cambridge: Woodhead Publishing Limited; 2018, p. 283-292.

[3] Hasnain MS and Nayak AK. Chitosan as responsive polymer for drug delivery applications . In: Makhlouf
ASH, Abu-Thabit NY, editors. Stimuli Responsive Polymeric Nanocarriers for Drug Delivery Applications
Types and Triggers, Cambridge: Woodhead Publishing Series in Biomaterials, 2018, p. 581-605.

[4] Koetting MC, Peters JT, Steichen SD, Peppas NA. Stimulus-responsive hydrogels: Theory, modern advances,
and applications. Mater. Sci. Eng. R. 2015; 93: 1-49.

[5] Lim WJ and Ooi BS. Applications of responsive hydrogel to enhance the water recovery via membrane
distillation and forward osmosis: A review. J. Water Process. Eng 2022; 47: 102828.

[6] Zheng L, Seidi F, Liu Y, Wu W, Xiao H. Polymer-based and stimulus-responsive carriers for controlled release
of agrochemicals. Eur. Polym. J. 2022; 177: 111432.

[7] Yang Z, Chen L, McClements DJ, Qiu C, Li C, Zhang Z, Miao M, Tian Y, Zhu K, Jin Z. Stimulus-responsive
hydrogels in food science: A review. Food Hydrocoll. 2022; 124: 107218

[8] El-Husseiny HM, Mady E A, Hamabe L, Abugomaa A, Shimada K, Yoshida T, Tanaka T, Yokoi A, Elbadawy
M, Tanaka R. Smart/stimuli-responsive hydrogels: Cutting-edge platforms for tissue engineering and other
biomedical applications. Mater. Today Bio 2022; 13: 100186.

[9] Fragal EH, Fragal VH, Silva EP, Paulino AT, da Silva Filho EC, Mauricio MR, Silva R, Rubira AF, Muniz
EC. Magnetic-responsive polysaccharide hydrogels as smart biomaterials: Synthesis, properties, and
biomedical applications. Carbohydr. Polym. 2022; 292: 119665.

[10] Chen J, Zhai Z, Edgar KJ. Recent advances in polysaccharide-based in situ forming hydrogels. Curr. Opin.
chem. Bio 2022; 70: 102200.



[11] El-Knidri H, Balaabed R, Addaou A, Laajeb A, Lahsini A. Extraction, chemical modification and
characterization of chitin and chitosan. Int. J. Biol. Macromol. 2018; 120 (A): 1181-1189.

[12] Jalil NA, Baharulrazi N, Mohamad Z, Mustapha M, Man SHC. Pineapple Leaves Fiber (PALF) Crosslinked
with Chitosan for Antimicrobial Properties, Chem. Eng. Trans 2018; 63: 373-378.

[13] Lavanya K, Chandran SV, Balagangadharan K, Selvamurugan R. Temperature- and pH-responsive chitosan-
based injectable hydrogels forbone tissue engineering. Mater. Sci. Eng. C. 2020; 111: 110862.

[14] Ravishankar K and Dhamodharan R. Advances in chitosan-based hydrogels: Evolution from covalently
crosslinked systems to ionotropically crosslinked superabsorbents. React. Funct. Polym. 2020; 149: 104517.

[15] Maturavongsadit P, Paravyan G, Shrivastava R, Benhabbour SR. Thermo-/pH-responsive chitosan-cellulose
nanocrystals based hydrogel with tunable mechanical properties for tissue regeneration applications.
Materialia 2020; 12: 100681.

[16] Plisko TV, Burts KS, Bildyukevich AV. Development of dynamic pH and temperature-responsive smart
membranes via immobilization of chitosan-graft-poly(N-isopropylacrylamide-co-methacrylic acid) hydrogels
on microfiltration membrane-support. Mater. Des. 2021; 208: 109939.

[17] Wiwatsamphan P and Chirachanchai S. Persistently reversible pH-/thermo-responsive chitosan/poly (N-
isopropyl acrylamide) hydrogel through clickable crosslinked interpenetrating network. Polym. Degrad. Stab.
2022; 198: 109874.

[18] Rasib SZM, Ahmad Z, Khan A, Akil HM, Othman MBH, Hamid ZAA, Ullah F. Synthesis and evaluation on
pH- and temperature-responsive chitosan-p(MAA-co-NIPAM) hydrogels. International Journal of Biological
Macromolecules 2018; 108: 367-375.

[19] Luckanagul JA, Pitakchatwong C, Bhuket PRN, Muangnoi C, Rojsitthisak P, Chirachanchai S, Wang Q,
Rojsitthisak P. Chitosan-based polymer hybrids for thermo-responsive nanogel delivery of curcumin.
Carbohydr. Polym. 2018; 181: 1119-1127.

[20] Ida S, Harada H, Sakai K, Atsumi K, Tani Y, Tanimoto S, Hirokawa Y, Shape and size regulation of gold
nanoparticles by poly(N,N-diethylacrylamide) microgels. Chem. Lett 2017; 46 (5): 760-763.

[21] Tran KTM and Nguyen TD. Lithography-based methods to manufacture biomaterials at small scales. J. Sci.:
Adv. Mater. Devices. 2017;2 (1): 1-14.

[22] Tang L, Wang L, Yang X, Feng Y, Li Y, Feng W. Poly(N-isopropylacrylamide)-based smart hydrogels:
Design, properties and applications. Prog. Mater. Sci. 2021;, 115: 100702.

[23] Moradi S, Najjar R, Hamishehkar H, Lotfi A. Triple-responsive drug nanocarrier: Magnetic core-shell
nanoparticles of Fe304@poly(N-isopropylacrylamide)-grafted-chitosan, synthesis and in vitro cytotoxicity
evaluation against human lung and breast cancer cells. J Drug Deliv Sci Technol 2022; 72: 103426.

[24] Ishak WHW, Rosli NA, Ahmad I, Ramli S, Amin MCIM. Drug delivery and in vitro biocompatibility studies
of gelatin-nanocellulose smart hydrogels cross-linked with gamma radiation. J. Mater. Res. Technol 2021; 15:
7145-7157.

[25] Pérez-Calixto MP, Ortega A, Garcia-Uriostegui L, Burillo G. Synthesis andcharacterizationofN-
vinylcaprolactam/N,N-dimethylacrylamide grafted onto chitosan networks by gamma radiation. Radiat. Phys.
Chem. 2016; 119: 228-235.

[26] Todaro S, Sabatino MA, Ajovalasit A, Ditta LA, Castiglia D, Wach RA, Ulanski P, Bulone D, Dispenza C.
Radiation engineering of xyloglucan hydrogels. Chem. Eng. Trans 2016; 49: 289-294.

[27] Erizal, Abbas B., Sukaryo S., G., Barleany D.R., Synthesis and Characterization superabsorbent hydrogels of
partially neutralized acrylic acid prepared using gamma irradiation; swelling and thermal behaviour, /ndones.
J. Chem, 2015; 15: 281-287.



[28] Demeter M., Virgolici M., Vancea C., Scaresorenau A., Kaya M.G.A., and Meltzer V., Network structure
studies on y—irradiated collagen—PVP superabsorbent hydrogels, Radiat. Phys. Chem 2017; 131, 51-59.

[29] Qiu Y. and Park K., Environment-sensitive hydrogels for drug delivery, Adv. Drug Deliv. Rev 2012; 53: 321-
339



