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EDITORIAL NOTES

Welcome to this issue of our engineering journal, where we celebrate the rich diversity of our
field, encompassing chemical, aerospace, mechanical, automotive, computer and communication
engineering, and Engineering Professional Ethics and Education.

With each discipline contributing its progress, in this issue, we explore the latest developments
and achievements across these diverse engineering domains, highlighting the incredible impact
engineers have on our world.

From the precise processes of chemical engineering to the soaring wonders of aerospace, the
practical marvels of mechanical engineering, the sustainable strides in automotive engineering, and
the digital frontiers of computer and communication engineering, we showcase the breadth of
possibilities that engineering offers.

As you dive into the articles within, take a moment to appreciate the collective effort of engineers
across these disciplines, and let's continue to celebrate the diversity that makes engineering such a
vibrant and dynamic field.

Thank you for your unwavering support and engagement with IIUM Engineering Congress
Proceedings (IITUMECP). Together, let us continue to explore the horizons of engineering
excellence while upholding the ethical principles that guide our journey.

Published by

Kulliyyah of Engineering
International Islamic University Malaysia
P.O. Box 10, 50728 Kuala Lumpur, Malaysia

Web: https://kulliyyah.ilum.edu.my/koe/
e ISBN 978-967-25875-1-4

ll789672l587514



[IUM ENGINEERING CONGRESS PROCEEDINGS

Volume 1 Issue 1 2023
e ISBN 978 -967-25875-1-4

Copyright Notice

Consent to publish: The Author(s) agree to publish their articles with Faculty
of Engineering, International Islamic University Malaysia.

Declaration: The Author(s) declare that the article has not been published
before in any form and that it is not concurrently submitted to another
publication, and also that it does not infringe on anyone's copyright. The
Author(s) holds the Faculty of Engineering, International Islamic University
Malaysia and Editors of the journal harmless against all copyright claims.

Transfer of copyright: The Author(s) hereby agree to transfer the copyright
of the article to International Islamic University Malaysia, which shall have the
non-exclusive and unlimited right to publish the article in any form, including in
electronic media. For articles with more than one author, the corresponding
author confirms that he/she is authorized by his/her co-author(s) to grant this
transfer of copyright.

The ITUM Engineering Congress Proceedings follows the open access
policy.

All articles published open access will be immediately and permanently free
for everyone to read, download, copy and distribute even for commercial
purposes.

This work is licensed under a Creative Commons Attribution 4.0 International
License.



http://creativecommons.org/licenses/by/4.0/

Table of Contents

Editorial Notes i
Copyright ii
Message from the President v
Message from the Rector vii
Message from the Congress Chairman ix
Congress Organizing Committees X
Keynote Speakers ICCCE 2023 xi
Keynote Speakers ICCHES 2023 xiil
Keynote Speakers ICMAAE 2023 Xiv
Keynote Speakers ICEPEE 2023 XV
ICCCE 2023

Message from the Chairman of the 2023 9" International Conference on Computer and
Communication Engineering (ICCCE) XXii
Organizing Committees xxiii
ICCHES 2023

Message from the Chairman of the International Conference on Chemical Engineering and
Sustainability (ICCHES 2023) XXV
Organizing Committees XXVi
ICMAAE 2023

Message from the Chairman of the 6 International Conference on Mechanical, Automotive and
Aerospace Engineering (ICMAAE 2023) XxXViii
Organizing Committees XXiX
ICEPEE 2023

Message from the Chairman of the 6th International Conference on Engineering Professional

Ethics and Education (ICEPEE 2023) XXX
Organizing Committees xxxiii
International Islamic University Malaysia XXXV
Kulliyyah of Engineering, [IUM XXXV
Acknowledgment XXXViii

MECHANICAL, AUTOMATIVE AND AEROSPACE ENGINEERING

THE EFFECT OF COEFFICIENT OF FRICTION BETWEEN RAIL VEHICLE WHEELS AND RAIL TRACK
ON OPERATION POWER CONSUMPTION
Nur Shahibrahim Mahamudin, Fadly Jashi Darsivan 1-6

ENHANCING AND ENRICHING AN EXISTING 3-AXIS CNC MACHINE FOR TEACHING AND LEARNING:
A CASE STUDY AT IIUM

Dakhel Abdulrahman, Tanveer Saleh 7-13

ANALYSIS AND MODELLING OF LASER-MICRO EDM-BASED HYBRID MICRO MILLING ON
STAINLESS STEEL (SUS304) USING BOX BEHNKEN DESIGN

Mir Akmam Noor Rashid, Tanveer Saleh, S.B. Abdul Hamid,

Muhammad Mahbubur Rashid 14-18
NUMERICAL STUDY ON STABILITY OF OBLIQUE WING CONFIGURATION
Mohamed Ali Jaffar syed, Muhammad Hafiz M.Shaari 19-26

CHEMICAL ENGINEERING & SUSTAINABILITY

SURFACE RESISTIVITY OF CARBON NANOTUBE FILLED PRESSURE SENSITIVE ADHESIVE AFTER
ANNEALING PROCESS

Mah Hong Yew, Jamarosliza Jamaluddin, Nadia Adrus, Lugman Abdullah Chuah 27 -31
REMOVAL OF CHLORAMPHENICOL COMPOUNDS USING HYDROCHAR FROM DRIED LEAVES
Isswar Senthil Kumeren, Noorashrina A Hamid 32 -41



ROLE OF HYDROXYL IONS IN THE GROWTH OF 1-D ZINC OXIDE ON WIRE USING DIRECT HEATING
METHOD

Anh Thi Le, Thi Duy Hanh Le, Nguyen Anh Tuan Huynh, Kuan-Yew Cheong,
Chee-Meng Koe, Wai-Kian Tan, Binti Sabar Sumiyyah, Swee-Yong Pung 42 - 46

QUALITATIVE METABOLITE PROFILING OF GENETICALLY MODIFIED Escherichia coli DURING
XYLITOL PRODUCTION USING GC-MS

Dayang Nurfaizatulqurain Abg. Zaidel, Zanariah Hashim, Rosli Md. Illias 47 - 51

INFLUENCE OF CONTINUOUS FLOW BEAD-MILLING PROCESS PARAMETERS ON SULFUR CURATIVE
AND ITS PERFORMANCE FOR ELASTOMERIC RUBBER COMPOSITES

Mohamad Firdaus Omar, Fathilah Ali, Mohammed Saedi Jami, AzIlin Suhaida Azmi, Farah
Ahmad, Mohd Zahid Marzuki 52 -56

PROFILING ANAEROBIC DIGESTION STAGES FROM CAFETERIA FOOD WASTE FOR PRODUCTION
OF BIOGAS

Mariatul Fadzilah, Ahmad Iman lkmal Adanan, Husna Ahmad Tajuddin,
Azlin Suhaida Azmi 57 -63

ENHANCED REMOVAL OF MULTI-METAL ION BY GRAPHENE OXIDE POLYETHERSULFONE
NANOCOMPOSITE ADSORPTIVE MEMBRANE

Nik-Rashida Nik-Abdul-Ghani, Mohammed Saedi Jami, Md. Zahangir Alam,
Nurul Sakinah Engliman 64 - 68

EFFECT OF POLYLACTIC ACID (PLA) CONCENTRATIONS ON TENSILE PROPERTIES FOR
TRANSDERMAL PATCH

Asma Kherchi, Fathilah Ali, Farah Ahmad, Azlin Suhaida Azmi 69-73

MODELING OF E. COLI GROWTH, GLUCOSE CONSUMPTION, AND RECOMBINANT COLLAGEN-LIKE
PROTEIN FORMATION KINETICS

Abeir Hussein Mohamed Gameil, Faridah Yusof, Azlin Suhaida Azmi,
Noor 1lli Mohamad Puad 74 - 78

EFFECT OF STABILITY AND BACTERIAL INHIBITION ACTIVITY OF MELASTOMA MALABATHRICUM
LINN LEAVES PLANT EXTRACT IN A WATER-BASED EMULSION

Nur Athirah Abdul Rahman, Norashikin Ahmad Zamanhuri 79 - 87

A REVIEW: ESTABLISHMENT AND APPLICATIONS OF STARCHY CROPS CELL SUSPENSION
CULTURES

Nur Syazwani Nadhirah Mohd sofri, Noor Illi Mohamad Puad, Sarina Sulaiman, Yusilawati
Ahmad Nor, Fazlena Hamzah 88 -93

CO2 SOLUBILIZATION IN ALKALINE SOLVENTS
Soumayat Ali Ibrahim Mze, Azlin Suhaida Azmi, Noor Illi Mohamad Puad, Farah Ahmad,
Firdaus Abd Wahab, Syarifah Nor Faizah Sy Abd Rahman 94 -100

THE IMPACTS OF COVID-19 ON MUNICIPAL AND CLINICAL SOLID WASTE GENERATION IN
SELANGOR THROUGHOUT 2019-2021

Nurul Iman Mohd Daud, Husna Ahmad Tajuddin, Muhammad Syahmi Amra, Mariatul
Fadzillah Mansor, Noor Faizul Hadry Nordin 101 - 105

ADVERSE IMPACT ANALYSIS OF BLOCKCHAIN APPLICATION ON SUSTAINABILITY FOR CHEMICAL
INDUSTRY

Md Rafiqul Islam 106 - 110

THE STRATEGIES FOR IMPROVING PHOTOTHERMAL CONVERSION CAPABILITIES IN HYDROGEL
POLYMER MATERIALS FOR SOLAR VAPOR GENERATION

Flora Serati, Syazwani Mohd Zaki, Ahmad Akid 111 -122



MESSAGE FROM THE PRESIDENT

YBhg. Tan Sri Samsudin Osman
President

International Islamic University Malaysia

Assalamu’alaikum wrt. wbt.
A very warm welcome to all participants of the [IUM Engineering Congress 2023 (IEC’23).

This event marks a significant milestone in our academic journey, as we come together to celebrate
the remarkable achievements and advancements in the field of engineering.

This year the [IUM Engineering congress features four conferences in different fields of Engineering,
namely, the 6 International Conference on Mechanical, Automative and Aerospace Engineering
(ICMAAE °23), the 9" International Conference on Computer and Communication Engineering
(ICCCE 2023), the 6 International Conference on Engineering Professional Ethics and Education
(ICEPEE °23), and the International Conference on Chemical Engineering & Sustainability 2023
(ICCHES 2023).

Today, as we gather under the theme "Engineering for a Sustainable Future", we are reminded of the
critical role engineers play in shaping our world. The challenges we face as a global community are
unprecedented, from climate change and resource scarcity to rapid urbanization and technological
disruption. These challenges demand innovative solutions and a concerted effort to create a
sustainable future for generations to come.

At IIUM, we have always recognized the importance of engineering in driving societal progress and
addressing pressing global issues. Our engineering programs have consistently produced graduates
who possess not only technical competence but also a deep understanding of ethical responsibility
and the need to contribute positively to society.

As we embark on this congress, I urge all participants to embrace the spirit of collaboration, exchange
of ideas, and intellectual curiosity. This platform serves as an opportunity for us to engage in
meaningful dialogue, challenge conventional thinking, and push the boundaries of knowledge. Let
us seize this occasion to cultivate interdisciplinary partnerships, foster innovation, and explore new
frontiers of engineering.



MESSAGE FROM THE PRESIDENT

Together, we can create a better world through our dedication to innovation, sustainability, and
ethical engineering practices. I encourage each and every one of you to embrace the challenges that
lie ahead, to push the boundaries of what is possible, and to remain committed to the pursuit of
knowledge and excellence.

I would like to express my heartfelt gratitude to the organizing committee for their tireless efforts in
putting together this exceptional congress IEC’23. Your dedication and commitment to fostering
academic excellence and intellectual growth are truly commendable. I would also like to extend my
appreciation to the faculty members, industry professionals, and guest speakers for gracing us with
their presence and sharing their expertise.

Thank you once again to the organizing committee, the faculty members, the distinguished guests,
and all the participants for making this congress a resounding success. May Allah bless our efforts,
guide our paths, and grant us success in all our endeavors.

Wassalamualaikum warahmatullahi wabarakatuh.

Tan Sri Samsudin Osman
President of International Islamic University Malaysia

Vi



MESSAGE FROM THE RECTOR

Professor Emeritus Tan Sri Dato’ Dzulkifli Abdul Razak
Rector
International Islamic University Malaysia

Assalamu’alaikum Warahmatullahi Wabarakatuh
A warm welcome to the [IUM Engineering Congress 2023 keynote speakers and participants.

The main objective of organizing this congress is to provide an international technical forum for
engineers, academicians, scientists and researchers to present results of ongoing research in various
engineering areas, through the four conferences, namely, the 6™ International Conference on
Mechanical, Automative and Aerospace Engineering (ICMAAE °23), the 9" International
Conference on Computer and Communication Engineering (ICCCE 2023), the 6™ International
Conference on Engineering Professional Ethics and Education (ICEPEE °23), and the International
Conference on Chemical Engineering & Sustainability 2023 (ICCHES 2023). This event serves as a
testament to our commitment to academic excellence, innovation, and the pursuit of knowledge in
the field of engineering.

The challenges we face as a global society demand innovative solutions, groundbreaking research,
and the ability to adapt to a rapidly evolving technological landscape. At IIUM, we take great pride
in our engineering programs, which have consistently produced graduates who possess not only
technical expertise but also a deep sense of ethical responsibility, social consciousness, and a
commitment to serving humanity. Our graduates are equipped with the skills and knowledge needed
to address the complex challenges of our time and to contribute meaningfully to the sustainable
development of our society.

I would like to express my deepest appreciation to the organizing committee in bringing this congress
to fruition. Your hard work has created an exceptional platform for academic discourse, intellectual
exchange, and the celebration of engineering achievements.

This congress provides an unparalleled opportunity for students, academics, and industry
professionals to come together, collaborate, and share their research findings, innovative ideas, and
practical experiences. It is a platform where minds can meet, where new partnerships can be formed,
and where interdisciplinary collaborations can flourish.

I encourage all participants to make the most of this congress by actively engaging in discussions,
attending the various sessions and workshops, and seizing the chance to learn from the wealth of
knowledge and experience present here. This is an opportunity for us to expand our horizons,
challenge conventional wisdom, and push the boundaries of what is possible in the field of
engineering.
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MESSAGE FROM THE RECTOR

As we navigate the complex challenges of our time, we must remember that our actions have far-
reaching consequences. Our faith teaches us to be mindful of our responsibilities as stewards of the
Earth, to strive for justice and fairness, and to seek solutions that uplift society as a whole. Let us be
guided by these principles in our pursuit of engineering excellence and innovation.

In conclusion, I would like to extend my heartfelt gratitude to the organizing committee, the faculty
members, the distinguished guests, and all the participants for their contributions to this congress 23.
Your presence and active engagement demonstrate the collective commitment we share to advance
the frontiers of knowledge and to create a better future for all.

May this congress serve as a catalyst for groundbreaking research, meaningful collaborations, and
transformative ideas. May it inspire us to strive for excellence, ethical leadership, and responsible
innovation. Together, let us engineer a future that is sustainable, inclusive, and in harmony with the
values we hold dear.

I wish everyone a good deliberation and discussion and pray to Allah SWT for His blessing and
guidance.

Wassalam,

Prof. Emeritus Tan Sri Dato’ Dzulkifli Abdul Razak
Rector of International Islamic University Malaysia
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MESSAGE FROM THE CONGRESS CHAIRMAN

o)
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Assoc. Prof. Dr. Sany Izan Thsan
Dean
Kulliyyah of Engineering

Bismillahirrahmanirrahim
Assalamualaikum warahmatullahi wabarakatuh

It is my utmost pleasure to welcome all participants to the IIUM Engineering Congress 2023
(IEC’23). This year, in conjunction with the IIUM 40th Anniversary celebration, the [TUM
Engineering Congress features four conferences in different fields of Engineering. These are 6t
International Conference on Mechanical, Automotive and Aerospace Engineering (ICMAAE °23),
the 9" International Conference on Computer and Communication Engineering (ICCCE 2023), the
6™ International Conference on Engineering Professional Ethics and Education (ICEPEE °23), and
the International Conference on Chemical Engineering & Sustainability 2023 (ICCHES 2023)

The main objective of organizing this congress is to provide a medium for institutions and industries
to share ideas and knowledge, exchange information, innovations, and problem-solving techniques.
With our tagline “For Sustainable Future”, the Kulliyyah strive to play our role, particularly in
engineering field, for the betterment and sustainability of future mankind, society, and the world at
large. This congress would be a suitable avenue for us to showcase and share our knowledge and
findings, besides providing an opportunity to expand our networking with colleagues for other places.
We are proud to have good expertise in many engineering areas from all around the world and look
forward to establishing meaningful collaborations for mutual benefits.

Since Covid-19 has become more manageable and online conference tools have been well established
due to the pandemic situation, we decided to organize the congress in hybrid mode for the first time
this year. We hope that this approach will provide us with both benefit of giving opportunity for
participant from abroad to share their knowledge as well as providing the opportunity to have face-
to-face discussions and networking opportunities, that has been missing in the past several years. Of
course, we anticipate that conducting hybrid session will find new challenges, but we hope that the
event will run smoothly to meet its objectives and all participants will be able to get full benefit.

I would like to take this opportunity to express my heartfelt appreciation to all parties who have
directly and indirectly contributed towards the success of this auspicious event, especially the
committed and passionate committee members. May Allah SWT reward you greatly for your good
efforts.

Thank you very much for your participation and we welcome you again to IIUM Engineering
Congress 2023.

Assoc. Prof. Dr. Sany Izan Thsan
Chairman
IIUM Engineering Congress 2023
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KEYNOTE SPEAKERS ICCCE 2023

KEYNOTE 1

HARMONIZING COMPUTER TECHNOLOGY, Al, AND ETHICAL ENGINEERING
FOR A SUSTAINABLE FUTURES

Abstract: This keynote speech explores the intersection of computer technology, Al, and ethical
engineering, emphasizing the need to address the ethical considerations that arise alongside
technological advancements. It highlights the potential risks and benefits of these technologies and
emphasizes the importance of ethical decision-making in their design and implementation. The
speech emphasizes key principles of ethical engineering, interdisciplinary collaboration, and the role
of education in nurturing a culture of ethical engineering. By harmonizing computer technology, Al
and ethical engineering, we can shape a sustainable future that aligns with our shared values and
respects fundamental human rights.

Rafeek Ibrahim is a distinguished professional known for his remarkable
& contributions to the fields of engineering and management. With a diverse
educational background and extensive experience in various leadership
roles, he has made a significant impact on the global stage.

Rafeek's journey began with a solid academic foundation. He completed
his undergraduate studies in Engineering, specializing in solid state
physics. Driven by his passion for knowledge, he pursued a master's degree
in the same field, delving deeper into the intricacies of solid state physics.
However, he didn't limit himself to technical expertise alone. Recognizing
the importance of business acumen in today's fast-paced world, Rafeek
enrolled in an executive education program at Harvard Business School,
focusing on data analytics, a crucial skill in the digital age.

Rafeek's professional career commenced in the field of IP Validation Engineering, where he honed his
skills in ensuring the integrity and functionality of intellectual property. His expertise soon expanded
to encompass Power Management, an area vital for optimizing energy usage and efficiency. With his
extensive knowledge and experience in Power and Performance, Rafeek emerged as a subject matter
expert in these domains.

Demonstrating his adaptability and leadership prowess, Rafeek held leadership positions in large
engineering organizations across different countries. His expertise was sought after in the United States,
Singapore, and Malaysia, where he led diverse teams of engineers and researchers. Through his strategic
vision and effective management, Rafeek successfully steered these organizations towards
groundbreaking achievements in research and development, as well as operational excellence.

As a testament to his contributions to the scientific community, Rafeek has published technical papers
in prestigious journals such as IEEE and Springer. His research and findings have been shared and
recognized in international conferences, further solidifying his reputation as an authority in his field.
Moreover, Rafeek's commitment to innovation has resulted in the granting of two patents in the United
States, highlighting his inventiveness and ability to translate ideas into tangible solutions.

Rafeek's dedication to fostering growth and knowledge extends beyond his own accomplishments. He
actively participates as a mentor in the Intel Global Mentor Circle mentorship program, where he
imparts his wisdom and guidance to senior leaders. Recognizing the importance of diversity and
inclusion, Rafeek represents Malaysia in a global forum aimed at advocating for these values. As a
member of the Intel Disability Leadership Council, he strives to create an inclusive environment that
celebrates the unique contributions of individuals with disabilities.
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In addition to his impressive professional achievements, Rafeek also serves as a consultant to the
government, providing expertise on the Nation Robotics Roadmap. His valuable insights contribute to
shaping policies and strategies in the field of robotics, furthering the nation's technological
advancements. Moreover, Rafeek holds an advisory role at the Economic Planning Unit, where he helps
shape R&D policies that drive innovation and economic growth.

Recognized for his expertise and leadership, Rafeek sits on the University Advisory Board for multiple

universities globally. His involvement in these esteemed institutions allows him to contribute to
educational and research initiatives, providing guidance and insight to shape the future workforce in
engineering and technology.

Throughout his career, Rafeek Ibrahim has seamlessly blended his technical expertise with his
management skills, making him a trailblazer who bridges the gap between engineering and business.
His commitment to research and development, combined with his strategic leadership, has paved the
way for innovation and growth in the organizations he has led.

xii



KEYNOTE SPEAKERS ICCCE 2023

KEYNOTE 2

THE TREND AND IMPACT OF COMPUTER TECHNOLOGIES TO
TELECOMMUNICATION

Abstract: With the advancement of computer technologies, we see the increasing capabilities of
telecommunication to connect, serve and impact lives of individuals and businesses. We will take a
quick look on how we got here, and what impact has it made. Also looking forward, what we would
be expecting computer technologies to have impact on how we deliver and use telecommunication.

Tan Cheng Peng, the Acting Chief Technology Strategy Officer, Maxis, is
accountable for our technology strategy roadmap to ensure technology and
network leadership in anticipation of industry trends and direction, with the
right and optimum technologies, network features, capabilities, architecture
to meet our current and future needs. He leads a team of technologists to
develop technology strategy and long range network plan along the vectors of
innovation, service quality, business objectives and customer experience by
ensuring right technology & investment at the right time and right place with
the view to increase network efficiency and performance while minimise cost,
rework and single point of failure.

xiii



KEYNOTE SPEAKERS ICCCE 2023

KEYNOTE 3

MALAYSIA RENEWABLE ENERGY ROADMAP

Abstract: Moving forward, Malaysia aims to achieve a higher RE growth, from the existing 23%
or 8.45 GW RE in its power installed capacity. Malaysia Renewable Energy Roadmap (MyRER)
projected to increase the share of RE to 31% or 12.9 GW in 2025, and 40% or 18.0 GW in 2035.
The RE Initiatives under this roadmap are expected to support Malaysia’s commitment to
greenhouse gas (GHG) emission reduction under the Paris Agreement led by the United Nations
Framework Convention on Climate Change (UNFCCC). Malaysia’s global climate commitment is
to reduce its economy-wide carbon intensity (against GDP) of 45% in 2030 compared to 2005 level.
Realization of the Government’s vision is crucial in supporting the nation to achieve its Nationally
Determined Contributions (NDC) targets. This talk will describe the identified resource potential,
strategies, key actions, opportunities, current and future scenarios.

Mr. Saiful Hakim bin Abdul Rahman, has been in the utility and energy
related business for over 28 years. He started his career with Distribution TNB
scholar and served the distribution division for 17 years which provides him
with vast experience in Distribution Network business. He then moved to
United Kingdom and worked with Scottish and Southern Energy (SSE), one
of the big 6 utilities in the UK based in Glasgow. Whilst in SSE, he was
involved in Business Planning, Regulatory Reporting and Compliance, Asset
Management and supporting the grid connections for Renewable Energy
under the Transmission business. He worked closely with OFGEM, the
Regulator for the UK utilities during that period in developing the Regulatory
Reporting for the RIIO-T1 Regulatory Period. He developed his interest and enthusiasm on Renewable
Energy whilst working there. Later he joined Landis+Gys AG, a Swiss based energy management
company developing business on energy management solution such as smart metering and smart grid.
Mr. Saiful Hakim obtained his Bachelor of Engineering in Electrical & Electronic Engineering from
University of Brighton, United Kingdom in 1993 and MBA (Strategic Management) from Aston
University, United Kingdom in 2011. During his MBA time he also attended Audencia Business
School, Nantes in France for lectures.
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KEYNOTE SPEAKERS ICCHES 2023

DECARBONIZATION TECHNOLOGIES FOR THE NATURAL GAS PROCESSES AS
THE TRANSITION ENERGY SOURCE

Abstract: Gas to Liquid (GTL) conversion of natural gas to synthetic fuels (Syncrude) expands the
value-chain of natural gas utilization where plants like the Bintulu and the Pearl GTL plants are typical
cases. However, the CO emissions from GTL processes, estimated at 314 kgCO,/bbl. Syncrude,
negatively impact the carbon footprint of the ultra-clean fuels produced from the GTL plant. Natural
gas reforming is the first-step in the GTL plant and emits up to 60% of the CO, emission of the entire
process. Therefore, decarbonization of the reforming process is imminent to reduce the CO, footprint
of the GTL products. CARGEN-based reformer unit demonstrated a 40% reduction in CO, footprint
compared to the benchmark reforming processes and is therefore considered an attractive candidate for
decarbonizing the GTL and other chemical process plants. CARGEN-based reformer comprises two
integrated reactors that sequentially convert natural gas and CO; to multi-walled carbon nanotubes
(MWCNTs) and downstream compatible syngas. The co-production of MWCNTs presents significant
economic incentives unmatched by the benchmark reforming processes while bringing CO;
sustainability. In this work, we present a retrofitting case study of state-of-the-art Autothermal Reformer
(ATR)-based GTL plant that produces 50,000 bbl./day of Syncrude using CARGEN-based technology.
We demonstrate that the implementation of the CARGEN technology results in a net CO, emission of
84 kg CO,/bbl. Syncrude, which is a 73% reduction compared to the 314 kg CO,/bbl. emission of the
ATR-based GTL plant. CARGEN implementation also requires a 79% less oxygen than the ATR-based
GTL plant. Also, the additional functionality of CO, abatement results in the co-production of 243 kg
MWCNTs/bbl., however, at a 61% higher methane requirement. Nevertheless, our comprehensive
economics assessment entails the opportunity for 1.2 M USD/day additional revenue generation upon
CARGEN implementation. Ultimately, the outcome of this study encourages CARGEN-based
chemicals and refinery plants that co-produces syngas, hydrogen, and MWCNTs from CO; and natural
gas as an integrated decarbonization solution.

Prof. Nimir Elbashir
Texas A&M University, Qatar

Professor Elbashir holds a joint appointment as a professor in the
Chemical Engineering Program and the Petroleum Engineering Program at
Texas A&M University at Qatar. He is the director of Texas A&M’s
Engineering Experiment Station Gas and Fuels Research Center (GFRC), a
major research center involving 30 faculty members from the College
Station and Qatar campuses of Texas A&M  University
(http://gfrc.tamu.edu/). He has extensive research and teaching experience
from four countries worldwide, including his previous position as a
researcher at BASF R&D Catalysts Center in Iselin, New Jersey. His
research activities focus on designing advanced reactors, catalysts, and
conversion processes for natural gas, coal, and CO; to ultraclean fuels and
value-added chemicals. He has established several unique global research collaboration models between
academia and industry, with research funds exceeding thirteen million dollars during the past eight
years. He holds several U.S. and European patents and many scientific publications in peer-reviewed
journals, conference papers, technical industry reports, and invited talks and conference presentations.
The scholarship of his research activities has been recognized by awards from the Qatar Foundation,
BASF Corp., Texas A&M University Engineering Experiment Station, Texas A&M University Qatar,
the American Institute of Chemical Engineers, Shell, ORYX GTL Co., and others. Professor Elbashir
has been elected as a member of the Sudanese National Academy of Sciences (SNAS) since 2022.
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KEYNOTE SPEAKERS ICMAAE 2023

KEYNOTE 1

INNOVATING IN MALAYSIAN INDUSTRIAL ECOSYSTEMS

Abstract:

Innovating in Malaysian industrial ecosystems involves a combination of government support, industry-
academia collaboration, technology adoption, sustainable practices, industry clustering, startup
ecosystem, and skills development. These elements work together to enhance competitiveness, promote
sustainable growth, and ensure the country's industrial sectors remain at the forefront of innovation.

Mr. Naguib Mohd Nor
BEng. Aerospace Engineering - UMIST, MSc. Aerospace Vehicle
Design — Cranfield.

Naguib is CEO of Strand Aerospace Malaysia and President of
Malaysia Aerospace Industry Association (MAIA). Naguib holds a
BEng. Aerospace Engineering from UMIST and a MSc. Aerospace
Vehicle Design from Cranfield. He began his career growing a UK
aerospace start-up, and then returned to Malaysia to build Strand
Aerospace Malaysia into an organisation leading the design and
analysis engineering services industry in Malaysia. Naguib has been
active as an engineer, technologist and business developer in the global
aerospace supply chain since 2000. He speaks frequently on aerospace
and other technology subjects at global events. His deep understanding
of technology comes through his 20 years’ experience as an aerospace engineer supporting the design
and development of commercial aircraft and aerospace companies.
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KEYNOTE SPEAKERS ICMAAE 2023

KEYNOTE 2

RESEARCH TRENDS IN SUSTAINABLE MOBILITIES

Abstract:

Air pollution and climate change are significantly affected by the increase of greenhouse gases produced
by burning fossil fuels. The transportation or mobility sector is considered the primary source of these
emissions. Policymakers have imposed stricter legislation to reduce greenhouse gas emissions and
implement new energy mobilities such as battery electric vehicles, fuel cell vehicles, and hydrogen
internal combustion engine vehicles. For example, the European Parliament has agreed to ban new fossil
fuel sales beyond 2030. The demand for cleaner and sustainable mobility has driven a drastic change in
the way how mobilities are functioning today. However, the new energy mobilities pose several
challenges such as range anxiety, lack of charging infrastructure, vehicle costs, and charging time, that
are interrelated to each other. Many automotive manufacturers and researchers have developed more
innovative system designs and solutions. In this topic, the trends in future mobilities will be covered to
understand the research opportunities that can help to achieve the net zero emissions target.

Dr. Raja Mazuir Shah
Associate Dean, College of Engineering, University of Doha for Science
and Technology, Qatar.

Dr. Raja Mazuir Shah is an Associate Dean at the College of Engineering,
University of Doha for Science and Technology, Qatar. Dr. Mazuir has been
working in academia and industry research settings in Automotive
Engineering for more than 27 years, for example, Warwick University UK,
Coventry University UK, Sakarya University Turkiye, Lotus Engineering
UK, Arrival Limited UK. Dr. Mazuir has also collaborated with external
stakeholders such as Jaguar Land Rover UK, Aston Martin Lagonda UK,
and Bladon Jets UK to develop innovative solutions for propulsions and
energy management systems. Dr. Mazuir is currently working on several
research clean mobility projects to develop a sustainable and renewable green hydrogen EV charging
infrastructure, a novel lithium-ion battery thermal management system for energy and thermal
optimisation, a sustainable mobility system, and advanced sustainable mobility design and testing
facilities. Dr. Mazuir was a visiting academic at Cranfield University, UK and Universiti Teknologi
Petronas, Malaysia. Dr. Mazuir has published his works in high-impact journals and conferences.
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KEYNOTE SPEAKERS ICEPEE 2023

KEYNOTE 1

ENGINEERING EDUCATION AND ETHICS TOWARDS
SUSTAINABLE SOCIETY

Prof. Emeritus Tan Sri Dato’ Dzulkifli Abdul Razak
Rector, International Islamic University Malaysia, Malaysia

Abstract: Education for Sustainable Development has been adopted globally
as the overarching framework to transform education holistically in shaping the
society of the future. It integrates the 3Ps of People, Planet and Prosperity in a
balanced and harmonious way. In short, the same applies to the discipline of
engineering. Taking into account transdisciplinary, inclusive as well as
indigenous approaches to realise a sustainable society. The presentation will
explain on how this could be systematically achieved.
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KEYNOTE SPEAKERS ICEPEE 2023

KEYNOTE 2

PREPARING STUDENTS FOR INDUSTRY: BRIDGING THE GAP
BETWEEN ACADEMIA AND THE REAL WORLD

Prof. Dr. Abdel Magid Hamouda

Professor, College of Engineering, Qatar University

Abstract: In an ever-evolving technological landscape, the dynamic role of
g engineering education in preparing industry-ready graduates has gained
i a & paramount importance. The journey to bridge the gap between academia and the

i

real world, aligning graduate attributes and skills with industrial needs, is
influenced by various challenges and barriers. The involvement of industry
professionals in curriculum design infuses programs with pertinent skills,
technologies, and practices. Experiential learning, internships, and collaborative
activities reveal profound insights to student about industries.

&

Industries are undergoing rapid transformations driven by technological breakthroughs and market
dynamics. Automation, artificial intelligence, renewable energy, sustainable practices, and
digitalization are reshaping the landscape of various sectors. By aligning with industry needs,
universities ensure their engineering programs reflect these changes, enabling students to acquire the
latest technical skills and knowledge. Graduates with up-to-date expertise become more relevant and
valuable to employers, positioning themselves for career success.

Introducing the concept of innovation in engineering education as a bridge between academia and
industry is crucial. The presentation will highlight methodologies such as project-based learning,
problem-based learning, flipped classrooms, and experiential learning. Examples showcasing how these
approaches engage students in practical, real-world scenarios, fostering critical thinking, collaboration,
and problem-solving will be presented and discussed. The design of innovative classrooms that include
space design (hubs) for experiential and hands-on learning mirroring industry landscapes is essential
for foster critical thinking.

The presentation is also delves into the pivotal role of soft skills in graduate employability, such as
communication, adaptability, and leadership. Integrating these skills into the curriculum empowers
graduates to manage not just the details of their technical subjects, but also the complexities of different
work environments. It will also illustrate the benefits of incorporating real-world projects within the
curriculum, showcasing a successful projects that effectively embed and nurture the skills and attributes
needed for students to excel in the real world.

The presentation will explore how fostering an entrepreneurial mindset can encourage innovation and
adaptability among engineering graduates, and how to foster an entrepreneurial and innovative
ecosystems within universities.

The presentation delves into the significant influence that accreditation holds on the employment

prospects of university engineering graduates. The presentation will present and discuss how university
ranking often hold a reputation for offering quality education and producing skilled graduates.
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Employers may prioritize graduates from top-ranked universities due to their perceived higher
competence.

Finally, looking toward the future, universities act as navigators. Their curricula must serve as a map,
equipping graduates with the skills required to navigate this Al-driven job market.
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KEYNOTE 3

RESEARCH IN ENGINEERING EDUCATION FOR TEACHING
EXCELLENCE CAREER PATHWAY

Prof. Dr. Fatin Aliah Phang Abdullah
Professor, Universiti Teknologi Malaysia, Malaysia

Abstract: When the Ministry of Higher Education launched the Malaysia
Education Blueprint 2015-2025 (Higher Education), one of the shifts is to achieve
Talent Excellence. To support this shift, MOHE published the Orange Playbook
to introduce the Differentiated Career Pathways for the promotion of academics.
This opens up a few niches for academics to focus in developing their academic
careers such as Teaching & Learning, Research, Professional Services and
Leadership. Engineering educators at higher education institutes are given the
opportunities to venture further into teaching, curriculum development, research
in engineering education and engineering education related conferences and
awards as a new pathway towards career promotion. This keynote will introduce
the teaching excellence framework by the Royal Academy of Engineering as a foundation for
engineering educators in planning their career towards the teaching & learning pathway. The keynote
will also cover various levels of engineering educators ranging from good practices in teaching to
conduct rigorous research in engineering education.
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MESSAGE FROM THE CHAIRMAN OF ICCCE 2023

Prof. Dr. Md Rafiqul Islam
Assalamualaikum warahmatullahi wabarakatuh,

I would like to extend my warmest welcome to the participants of the 9™ International Conference on
Computer and Communication Engineering 2023 (ICCCE 2023) organized by the Department of
Electrical and Computer Engineering (ECE), Faculty of Engineering, International Islamic University
Malaysia (ITUM). The Department and the Faculty have been encouraged to organize bi-yearly ICCCE
conferences by the enthusiasm and participation in the previous conferences which drawn from around
the world. Our aim in establishing ICCCE series of IEEE supported and Scopus indexed conferences is
to make it a landmark in the field of Computer and Communication Engineering, which provides a
healthy atmosphere for intellectual exchange of thoughts and sharing of research findings among fellow
colleagues, researchers, policy makers and students. The theme of the present conference is
"Engineering Research for a Sustainable World".

The past ICCCE conferences, as well as the current one, has followed a strict regime of IEEE guidelines
of blind-review process seconded by the experienced technical committee scrutiny to update the papers
based on reviewers’ comments and to comply with the template guidelines. The ICCCE2023 conference
has achieved acceptance rates of around 71% out of 110 full paper submissions through EDAS from
around 20 countries.

I would like to express my sincere gratitude to the organizing committee and everybody who has worked
very hard to make this conference a reality and a success. I would like to express my deepest gratitude
to the distinguished keynote speakers, International Advisory Board members and sponsors. I am also
grateful to all the reviewers, as without their effort the high-quality standard for the conference could
not have been maintained.

I wish all of you a pleasant hybrid experience and we hope that ICCCE 2023 will be a successful and
enjoyable event for all participants. I would like to express my gratitude to the participants, members
of the organizing committee, secretarial staff, and everyone who have worked hard to make this
conference into reality. Finally, I hope that ICCCE 2023 will be successful and enjoyable to all
participants.

Wassalam,

Prof. Dr. Md Rafiqul Islam

Electrical and Computer Engineering Department
Kulliyyah of Engineering

Chairman of ICCCE 2023
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MESSAGE FROM THE CHAIRMAN OF ICCHES 2023

Prof. Ir. Dr. Mohammed Saedi Jami

Chairman

International Conference on Chemical Engineering & Sustainability 2023
(ICCHES 2023)

Assalamualaikum warahmatullahi wabarakatuh,

The International Conference on Chemical Engineering & Sustainability 2023 (ICCHES 2023)
(Previously known as ICBioE) is being organized by the Department of Chemical Engineering and
Sustainability at the Faculty of Engineering, International Islamic University Malaysia. The
conference will take place on August 15® — 16™, 2023, and its theme is "Nurturing Innovation for
Sustainable and Green Future". The conference will serve as an international platform for researchers
to share their ideas, experiences, and latest research findings and innovations in various fields of
chemical engineering, including bioenergy, materials, bio-chemical engineering, environmental
engineering, and bioprocess engineering. The submissions will undergo a rigorous review process by
at least two experts, including members and non-members of the organizing committee. The
organizer eagerly looks forward to see you there as the members of the organizing committee,
participants, members of the advisory committee, keynote speakers, and sponsors and be a part of
this impactful pool of ideas and knowledge sharing.

To summarize, we would like to extend a warm invitation to you to join us at our upcoming
conference. We have an exciting line-up of speakers and topics that we believe will be of great
interest to you and your colleagues. We hope you will take advantage of this opportunity to network,
learn, and engage with other professionals in your specific field. We look forward to seeing you at
the conference and hope that you will find it to be a valuable and enlightening experience. Thank you
for the impactful work that you do and we hope to see you soon.

Wassalam,

Prof. Ir. Dr. Mohammed Saedi Jami
Chairman, ICCHES 2023
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MESSAGE FROM THE CHAIRMAN OF ICMAAE 23

Fadly Jashi Darsivan

Chairman

6th International Conference on Mechanical, Automotive and Aerospace Engineering 2023
(ICMAAE €23)

Assalamualaikum warahmatullahi wabarakatuh,

Welcome to the International Conference on Mechanical, Automotive, and Aerospace 2023, ICMAAE “23. We
gather here to celebrate the brilliance of engineering and technology, uniting researchers, professionals, and
experts from across the globe.

Within these pages of the program book, a realm of knowledge awaits you—a testament to human ingenuity,
innovation, and collaboration. From mechanics to automotive engineering, and aerospace exploration, we
showcase the incredible achievements that have shaped our world.

As we delve into plenary sessions and technical presentations let us remember the power of collective wisdom.
Together, we can overcome challenges and unlock opportunities that lie ahead. This conference not only
heralds progress but also reminds us of our responsibility. Sustainable development and ethical practices must
underpin every advancement we make. Let us steer our innovations toward a brighter and more inclusive future.

ICMAAE €23 is more than just an academic event; it embodies the spirit of community. Let us cherish the
bonds formed here and leverage mentorship to nurture the next generation of visionaries. In conclusion, my
gratitude goes to all whose dedication made ICMAAE ¢“23 a reality. This program book serves as a beacon,
inspiring us to explore new frontiers, guided by the principles of responsible innovation.

Thank you and enjoy the enriching experience of ICMAAE ¢23. Together, we shape a world of endless
possibilities.

Wassalam,

Assoc. Prof. Dr. Fadly Jashi Darsivan
Chairman of ICMAAE 23
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MESSAGE FROM THE CHAIRMAN OF ICEPPE 2023

_
Vi

Assoc Prof. Dr. Ani Liza Asnawi

Chairman of 6" International Conference on Engineering Professional Ethics
and Education 2023 (ICEPEE’ 23)

Assalamualaikum waramatullahi wabarakuh

A warm welcome to the 6" International Conference on Engineering Professional Ethics and Education
(ICEPEE’23), organized by the INTEGRATES (Integrative Engineering Education and Ethics for
Sustainability) research group, Kulliyyah of Engineering, International Islamic University Malaysia
(ITUM). We proudly present our conference theme this year, which focus on the “Engineering
Education and Ethics towards Sustainable Society”.

Globalization has led the whole world to be closely connected and interdependent economically,
socially, and politically. This has led to increasing apprehension globally that many engineering
advancements and scientific research lead to contentious breakthroughs and outcomes that are ethically
unacceptable. In the era marked by rapid technological advancements and global challenges, the
intersections of sustainability, ethics and engineering education have never been significant. Today, as
engineers and educators, we carry profound responsibility not only to develop innovative solutions but
also to perform it with a conscious understanding of their impact on our society, generations, and our
ecosystem as well.

The ICEPEE’23 with its significant theme serves as a platform to bring the gaps between theory and
practice, to share insights that inspired ethical considerations in engineering, and to foster a commitment
to sustainability that echoes through our institutions, curriculum, and research. As we embark on this
transformative journey over the coming days, it is important for us to take every opportunity to engage,
learn and collaborate. The objective of this conference is to gather all related parties to exchange
relevant ideas and findings to enrich their knowledge and views on the significance of the engineering
education, and ethics in shaping our future generation.

I would like to take this opportunity to extend my heartfelt gratitude to our keynote speakers, authors,
and presenters, who have dedicated their commitment to the accomplishment of this conference. Surely
the insights and all the sharing will undoubtedly serve as beacons of inspiration for us to continue the
journey in shaping our engineers and society. This conference also will not be possible without the
tireless effort of our organizing committee particularly. For the organizing committee, thank you for
your hard work and support that have turned this conference into a reality and success. May Allah grant
the efforts tremendously.
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Finally, on behalf of the organizing committee, I welcome all participants to the ICEPEE’23, may this
platform bring a meaningful change and inspire us for shaping our engineering education and ethics
towards a sustainable society. Thank you and let us embrace the challenges and opportunities that lie
ahead.

Best Regard,

Assoc Prof. Dr. Ani Liza Asnawi
Chairman, ICEPEE’23
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INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA (ITUM)

e I

[IUM was established in 1983 to fulfill one of the major aspirations of the contemporary global Muslim
community. This yearning of the Ummabh is a key element in IIUM’s vision statement: "To become a
leading international center of educational excellence which seeks to restore the dynamic and
progressive role of the Muslim Ummabh in all branches of knowledge and intellectual discourse."

IIUM operates under the direction of a Board of Governors with representatives from the eight
sponsoring governments and the Organization of Islamic Conference (OIC). Currently, [IUM is home
to over 24,000 students (18,000 undergraduates and 6,000 Postgraduates) students including students
from more than 117 countries and 3,000 teaching and administrative staff members.

The university's current physical facilities are located at five sprawling campuses in Gombak, Kuala
Lumpur, Kuantan, Gambang and Pagoh. This was a far cry from its humble beginnings in 1983 when
it operated from temporary quarters with 153 students and a handful of lecturers and administrators.

IIUM offers a wide range of academic programs through its faculties of Science, Laws, Medicine,
Engineering, Islamic Revealed Knowledge and Human Sciences, Economics and Management, Nursing
and Allied Health Sciences and Architecture and Environmental Design. These are geared towards both
skill-building and scholastic attainments and designed by [ITUM*s philosophy, which is built upon the
belief that knowledge must be pursued and propagated in the spirit of tawhid, as an act of worship, in
full recognition that it is a trust which Allah has placed upon mankind. Malaysian graduates of [IUM
have performed well in both the public and private sectors. Since 1987 IIUM has been producing about
3,000 graduates annually.
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KULLIYYAH OF ENGINEERING, ITUM

e

—

The mission of the Faculty of Engineering is to provide quality engineering education, with sufficient
scope to include fundamental and specialized knowledge and practice in engineering and a broad base
in management, ethics, and humanities. This will enable our graduates to be ready to serve the current
and emerging needs of the society.

Besides being professionally qualified and competent, the graduates will acquire spiritual, intellectual,
moral and ethical characteristics towards the development of an integral and harmonious relationship
with Allah (the Creator), fellow human beings and with the natural environment. The interdisciplinary
approach to engineering education not only allows the graduates to solve industrial and human
problems; it will also enable them to bring about and manage changes in conformity with the worldview
based on the principles of Islam.

Currently, there are nine programs being offered: Aerospace Engineering, Chemical Engineering, Civil
Engineering, Electrical and Electronics Engineering, Manufacturing Engineering, Materials
Engineering, Mechanical Engineering and Mechatronics Engineering. The faculty is also offering
postgraduate engineering programs leading to MSc. and Ph.D. degrees. At the moment the student
population at the undergraduate level stands around 2200 and more than 200 at the postgraduate level.

Research and development are one of the primary activities in the Kulliyyah of Engineering which is
harnessed by excellent facilities, qualified and competent academic staff, and holistic ‘Garden of
Knowledge and Virtue’ ecosystem that elevate active participations in research activities in multi-
disciplinary engineering areas. To foster research collaboration amongst faculty members, research
units and research groups have been established towards broader Quintuple-Helix interactions for
problem solving and solutions. Presently, there are three research units and fifteen research groups
spanning over various areas of engineering, encompassing both conventional and emerging fields.
There are also well equipped Advanced Laboratories to support research and development activities
and postgraduate studies.

The Faculty of Engineering offers a wide range opportunity of postgraduate studies with Ph.D. and

Masters degree programmes. With the Kulliyyah’s philosophy that is based on systems approach, the

engineering programmes offer an integrated and comprehensive education that transcends the

boundaries of various disciplines. The Ph.D. programme is by research whereas the Master degree.
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KULLIYYAH OF ENGINEERING, ITUM

program is conducted in three different modes, namely, research only, mixed mode (equal number of
credits for both taught courses and research element), and coursework mode.

The Mixed-mode and Coursework mode programmes are offered in the following nine (9) programmes
respectively: Automotive Engineering, Biotechnology Engineering, Communication Engineering,
Computer and Information Engineering, Electronic Engineering, Manufacturing Engineering, Material
Engineering, Mechanical Engineering and Mechatronics Engineering.

In addition to its teaching role, the Kulliyyah has the responsibility to conduct strong research
programmes that contribute to the advancement of knowledge. Fourteen (14) cutting edge
specialisations are offered under the MSc in Engineering (Full Research) programme, that are
Automotive Engineering, Biochemical Engineering, Biotechnology Engineering, Communication
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ABSTRACT: The daily cost of rail operation is increasing due to increased rail network size.
Therefore, reducing operation power consumption is important for rail operators to optimize
daily operation costs. Operation power consumption in rail operation can be divided into 80%
traction power, such as vehicle propulsion system, and 20% non-traction power, such as
station electrical consumption. Much research has already been conducted on advanced
traction systems, such as regenerative braking storage systems, hybrid batteries, and others,
which aim to reduce operation power consumption. However, very few address the concern
about track condition and maintenance. This research focuses on the interaction between the
rail vehicle wheels and the rail track and how the coefficient of friction affects the rail
operation power consumption. As rail grinding is an essential rail preventive maintenance to
improve track surface, the indirect coefficient of friction has shown an improvement that
reduces rail operation power consumption. Train resistance can be expressed in the Davis
equation, which is the mathematical model used in rail industries to find train performance.
Our findings indicate that the application of the rail grinding method had successfully reduced
the track kinetic coefficient of friction, reducing 9% in operation power consumption.

KEYWORDS: Rail operation, Power consumption, Coefficient of friction, Rail grinding,
Davis equation.

1. INTRODUCTION

The daily cost of rail operation is increasing due to the expanding size of the rail network
nationwide [1]. Therefore, reducing energy consumption has played an important role in the
urban rail industry, as electric energy is the main source of traction power systems [2]. Good
track surface coefficient of friction and profile may improve vehicle wheel and rail track
interaction and reduce running resistance, therefore reducing operation energy consumption.
One of the methods and strategy is to control the coefficient of friction of the rail track surface
by applying good track maintenance plan such as rail grinding. Train resistance compromises
a major percentage of the overall traction power losses. In rail industry, the equation of train
resistance is commonly known as the Davis equation [3], as the coefficients of the Davis
equation are related to different resistance contributions, as train resistance can be expressed
in following form,

R = A+ Bv + Cv? (1)




IIUM Engineering Congress Proceedings, Vol. 1, No. 1, 2023 Mahamudin and Darsivan
https://doi.org/10.31436/iiumecp.v1il.2982

Where R is the train resistance in N, v is the train velocity, 4 is the resistance component
independent to train speed such as rolling resistance in N, contacts between the wheel and track
surface. B is the coefficient used to define train resistance dependent on train speed such as
flange friction, wave action and oscillation and C is the streamlining and aerodynamic
coefficient. Davis equation can be generalized into the following equation [4],

R=(c]+ %3 + 10i + c3v)G + chav? (2)

Where the value of ¢ is the coefficient of resistance on track surface or also can be represent
as the track coefficient of friction, u and G is the train weight. Values of ¢} and ¢} are the
coefficient of resistance due to track alignment, p is the train axile loading in N and i is the
track gradient percentage. The value of ¢ is the coefficient of train body smoothness and the
value a is the cross-sectional profile of the train frontal. Therefore, by summarizing the above
equation (1) to equation (2) the value 4 can be represented in terms of the following equation.

A= mgu 3)

Where m is the rail vehicle dry mass in kg. The value of g is the gravitational constant which
is 9.81 m/s?. The value u is the kinematics coefficient of friction of the running track. Value B
can be represented in term of the following.

B = (‘;75 +10i + civ) G @)

Where coefficient ¢ is 130 and coefficient ¢} is 0.009 for rapid transit type of rail vehicle. The
value i is the percentage of track gradient and the study took place in low gradient track, the
value is 1. Meanwhile, the value Ccan be represented in the following term,

C=clav? (5)

Where ¢/ is the rail vehicle body smoothness coefficient in term of 0.013 for rapid transit. The
value a is the cross-sectional profile of the rail vehicle frontal area.

2. RAIL OPERATION POWER CONSUMPTION WITH THE
APPLICATION OF RAIL GRINDING

2.1. Test Methodology

Two sets reading of pn and v is taken for before rail grinding and after rail grinding being
applied. The track coefficient of friction is taken and recorded using the weight balance method
and train velocity profile is recorded from the train speedometer. Figure 1 is the schematic
diagram,

3| ineticp: Weight | M, | Train Velocity profite: | ¥+ ¥ ) PV | Resolttabulation &
. Mathematical model (1)
‘balance method Train speedometer graph

Fig. 1. Schematic diagram of the testing.

The variable for the analysis is the track coefficient of friction before the application of rail
grinding and the track coefficient of friction after the application of rail grinding. Therefore,
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the testing can be divided into two which are before the application of rail grinding (normal
track coefficient of friction) and after the application of rail grinding (improved track
coefficient of friction). Power consumption graph is constructed using the data from train
tractive force, resistance, and velocity profile.

2.2 Test Result

Based on the application weight balance method to measure track coefficient of friction,
the following is the measurement of track coefficient of friction before and after rail grinding
is being applied for 15 measurement locations along the track,

Weight balance testing
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Fig. 2. Graph of weight balance testing for before and after the application of rail grinding to
find p.

Based on the finding, the track coefficient of friction before rail grinding is being applied is
approximately p=0.5 and after rail grinding being applied is approximately p=0.3. Meanwhile,
the following Figure 3 and Table 1 are the test result.

Table 1: Summary of experimental analysis of different of .

Coefficient of Resistance (kN) Tractive force (kN) Power consumption (kW)  Travel time
Friction, p (s)
Stage 1 Stage 2 Stage 1 Stage 2 Stage 1 Stage 2
0.5 3021 3021 3403 3021 116 104 194
0.3 2749 2749 3157 2749 108 94 190
140% 19% 19% 16% 19% 16% 19% 12%

Where the value of resistance, tractive force, and power consumption is based on the maximum
value and compromise two stages of station-to-station operation; Stage 1: acceleration, and
Stage 2: constant speed. The difference in the result is shown in terms of percentage.
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Fig. 3. Graph of velocity profile, resistance, tractive force, and power consumption before
and after rail grinding.

2.3 Result discussion

During the first stage of the rail operation, the train moves with positive acceleration and
the vehicle speed increases. During this stage of the operation, the train accelerates initially at
its maximum rate; the acceleration rate increases for some period and decreases as it approaches
its maximum velocity; acceleration starts to decrease as the train approaches its constant speed
region. In the first stage of rail operation, p=0.5 train operation increases its velocity at a rate
of 0.21 km/h?, and u=0.3 increase its velocity at 0.24 km/h*. Lower track friction coefficient
produces a higher acceleration rate in the first stage of the train operation; therefore, the train
operation enters the constant speed region faster. The differences in the p affect the running
resistance; a train with a lower p achieved its constant speed region faster as its running
resistance is lower, producing a higher acceleration rate on the first stage of operation.
Therefore, the trip time in the acceleration region is reduced, producing lower operation power
consumption as trip time always exerts influence on operation power consumption [4][5].

As the rail vehicle reaches its maximum velocity, it enters its second stage of the
operation, which is constant speed operation, the net force is zero, and the tractive force is
equal to resistance; the train reaches its constant speed regime, and acceleration is zero. The
train operates with the lowest operation power consumption in this region, lower p producing
lower operation power consumption due to lower running resistance value and longer trip time.

In the third stage of operation, the braking operation start (deceleration stage) and the
train start to decelerate until it stops momentarily at the station platform. According to the
above experimental result, the train propulsion system is not exerting any tractive force due to
braking operation. The fastest train operation that reaches the breaking point will produce lower
station-to-station travel time. Meanwhile, according to the above finding, the reduction of p
from 0.5 to 0.3 reduced approximately 4 seconds of station-to-station trip due to higher
acceleration rate to attain constant speed region; u=0.3 achieved the breaking point faster
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compared to u=0.5. According to research in a metro, an average reduction of 5 seconds is
recorded in their research in a decrease of 40% of friction coefficient [5].

The experimental result shows that operation power consumption during acceleration
and constant speed stage decresed approximately linear with the decrease of p from 0.5 to 0.3
from the effect of rail grinding procedure. According to the power consumption profile before
and after rail grinding, reduction of p = 0.5 before rail grinding being applied to p = 0.3 after
rail grinding being applied producing 9% lower operation power consumption rate in 40%
reduction in track coefficient of friction. Meanwhile, according to research in Yizhuang Line
China metro, that use tasimilar track gauge, type of rolling stock and maximum operation
speed, on influnce of running resistance on operation power consumption rate, average of 3%
of operation power consumption rate is reduced in every 20% reduction of track coefficient of
friction [5]. Therefore, the results refect the finding of Shuai et ai., 2016 in China metro system
as average reduction of 9% is recorded for 40% (u =0.5 to u=0.3) reduction of u. In addition,
according to research on top of rail friction modifier using rail lubrication, an average of 5.3%
and 7.8% reduction of operation power consumption rate is recorded in the research for curve
and tangent rail track [6].

3. CONCLUSION

According to the finding in the above section on operation power consumption before and
after rail grinding being applied, it can be concluded that rail grinding had successfully lower
the p, therefore lower the resistance value in the Davis equation. The operation power
consumption after rail grinding is about 9% lower compared to before rail grinding. The train
station-to station trip time is also reduced due to the increase in acceleration rate during the
first stage of the rail operation (acceleration region), therefore the rail operation enters the
breaking point faster. The changes in p from higher value to much lower value had successfully
lower the operation power consumption by the decreasing of the traction force due to the
reduction in resistance. In addition, changes in the A value of Davis equation using rail grinding
method successfully lower the power consumption value in the study and it can be concluded
that the A value of Davis Equation bring significant effect to operation power consumption by
reduction of 4% of operation power consumption in u=0.1 reduction in p.
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ABSTRACT: CNC machines are widely used in manufacturing, but their controllers are
vulnerable to damage, which can render the entire machine inoperable. Repairing or replacing
a damaged controller can be expensive and time-consuming, leading to significant downtime
and lost productivity. This project aims to address these issues by developing a replacement
controller for stepper motor-based CNC machines. The objective is to create a controller that
can be easily installed and used to quickly restore machine operation in the event of controller
damage, minimizing waste and lost productivity. The project utilizes a systematic approach,
incorporating various key elements. An Arduino-based GRBL controller, known for its open-
source firmware, is chosen for seamless integration with the CNC machine's stepper motor
drivers, enabling precise control over axis movement. To provide users with a user-friendly
interface for machine control, g-code file loading, and status monitoring, a graphical user
interface (GUI) is developed using C# Windows Forms. A Raspberry Pi serves as the
machine's computer due to its affordability and powerful capabilities. Running the GUI and
necessary software, the Raspberry Pi enhances user interaction through a connected touch
screen. Additionally, a protective case is constructed to house all components, ensuring their
safety and facilitating device transportation and setup. To enable remote monitoring and
receive alerts, the device incorporates loT monitoring using AWS. This feature adds
convenience and functionality for users. Rigorous testing is conducted to ensure the
replacement controller performs reliably as expected. The developed replacement controller
achieves a high level of precision for most CNC machines, with repeatability within +/- 0.01
mm for the X and Y axes and +/- 0.02 mm for the Z axis.

KEYWORDS: CNC machine, Value addition, Retrofitting

1. INTRODUCTION

In recent years, there has been a growing recognition of the environmental impact of our
lifestyle, leading to an increased awareness of the need to shift from consumerism to
minimalism. In light of these considerations, it is worth exploring the retrofitting of existing
machines using off-the-shelf components and simple control strategies. This project focuses on
developing a controller implemented on the Arduino platform to repurpose an existing CNC
machine for milling operations. By utilizing available hardware components and open-source
GRBL software, non-functional machines can be revitalized. Numerous CNC machines are left
idle due to major component failures like the controller or motors. As a result, these machines
occupy valuable space and become wasted resources. However, the structural integrity of these
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machines remains intact. This project aims to offer a sustainable solution by reducing electronic
and industrial waste through straightforward retrofitting operations.

The discussion in [1] revolves around the use of GRBL (pronounced as gerbil), an open-
source high-performance software designed for controlling CNC machine motion. The
software runs on ATmega328-based microcontrollers, and it effectively converts G-code
instructions into corresponding motions. GRBL has been successfully employed in various
CNC machines, allowing researchers to build advanced axis motion-based machines with
motor control in a practical and seamless manner, resulting in high-performance CNC motions.

Recent developments, such as an Arduino-based GRBL-powered CNC laser cutting
machine [2] and low-cost CNC routers [3], further demonstrate the potential of GRBL in
creating CNC machines. Several other researchers have also utilized GRBL in the development
of CNC machines [4]-[7] . Kolla et al. [8] proposed a methodology for retrofitting legacy
machines by incorporating Industrial Internet of Things (IIoT) capabilities. Aebersold et al. [9]
integrated IloT systems into an existing industrial CNC machine, enabling control via mobile
devices. Also GRBL based CNC system has also been utilized for mechanized rehabilitation
system as well [10].

Building upon the current research trends, this study aims to provide a cost-effective
solution for CNC machines with damaged controllers. To the best of the authors’ knowledge
no research has been carried out on the upgradation of the broken CNC system with the
capability of IIoT based monitoring system. The objective is to develop a replacement
controller that can be easily installed, thereby restoring the machine's functionality and
promoting the reuse of otherwise discarded systems. Additionally, IToT monitoring has been
incorporated to enable remote monitoring of the machine's performance, enhancing overall
efficiency.

2. MATERIALS AND METHODS

In this project, a replacement controller for stepper motor-based CNC machines was
developed. The methodology employed several key elements to ensure the device's ease of
installation, use, and upgrade. The first step involved utilizing an Arduino-based Grbl
controller as the machine's control system. Subsequently, a Graphical User Interface (GUI) was
developed using C# Windows Forms, simplifying machine control, g-code file loading, and
status monitoring for users. A Raspberry Pi was employed as the machine's computer,
providing a cost-effective and powerful platform for running the GUI and other software. To
enhance user interaction and usability, a touch screen was connected to the Raspberry Pi,
making the GUI more user-friendly. Additionally, a protective case was constructed to house
all components, offering protection and facilitating device transportation and setup. The device
was equipped with IoT monitoring using Amazon Web Service (AWS), enabling remote
monitoring and receiving alerts in case of issues. Finally, comprehensive testing was conducted
to ensure the device's expected functionality and reliability before its market release.

The CNC machine in this project offers two distinct operating modes. The first mode,
known as "Computer Connection Mode" (shown in Fig. 1), involves directly connecting the
device to a computer. By establishing this connection, the computer becomes the primary
control interface for the CNC machine. It enables the user to send G-code commands to the
machine, controlling its movements with precision. Additionally, the computer provides the
ability to make adjustments to the machine's settings and parameters, granting greater
flexibility in customization. Operating the CNC machine in Computer Connection Mode offers
several advantages. Firstly, the computer's processing power allows for the execution of
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complex programs and the performance of advanced operations. This means that intricate
designs and intricate machining tasks can be achieved with ease. Furthermore, the user can
benefit from the comprehensive control and monitoring capabilities offered by the computer,
enabling real-time adjustments and ensuring optimal performance. In summary, Computer
Connection Mode provides a versatile and powerful approach to operating the CNC machine.
By connecting the device to a computer, users gain enhanced control, flexibility, and the ability
to perform intricate machining tasks and advanced operations.
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Fig. 1. Computer Connection Mode

The CNC machine in this project offers an alternative operating mode called "Onboard
Interface Mode" (shown in Fig. 2). This mode allows users to operate the machine directly
using the onboard computer and touch screen, eliminating the requirement for an external
computer. Fig. 3 shows the developed onboard Raspberry PI based CNC controller. In Onboard
Interface Mode, the machine's onboard computer and touch screen serve as a user-friendly
interface for controlling the CNC machine and performing basic operations. This mode caters
to users who prefer a streamlined and simplified approach to machine control. By utilizing the
onboard computer and touch screen, users can conveniently navigate through menus, input
commands, and adjust machine settings with ease. This approach offers several advantages.
Firstly, it eliminates the need for an additional computer, reducing complexity and setup
requirements. Users can simply power on the machine, access the onboard interface, and begin
operating the CNC machine without any external dependencies. The touch screen provides an
intuitive and user-friendly interaction, making it easy for both experienced and novice users to
control the machine. Onboard Interface Mode is particularly well-suited for users who
prioritize simplicity and efficiency. It offers a straightforward and accessible method of
machine operation, allowing users to quickly perform basic operations and achieve their
desired results without the need for advanced programming or complex setups. In summary,
the Onboard Interface Mode provides a convenient and user-friendly alternative for operating
the CNC machine. By utilizing the onboard computer and touch screen, users can enjoy a
streamlined and intuitive experience, eliminating the need for an external computer and
simplifying the control process.
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Fig. 2. Onboard Interface Mode
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v

Fig. 3. Raspberry PI based onboard controller for the CNC system

Both of the aforementioned modes involved integrating the CNC system with the AWS
system through the HTTP protocol, enabling remote monitoring of the machine's status via
the Industrial Internet of Things (IloT).

3. RESULTS AND DISCUSSIONS

The primary goal of this project was to create a replacement controller with a user-friendly
graphical user interface (GUI) specifically designed for stepper motor-based CNC machines.
The intended purpose of the controller is to effectively replace any malfunctioning controllers
and restore the functionality of the machines. By offering a cost-effective solution, the project
aims to cater to numerous users who possess older machines and wish to sustain their
operations without the need to purchase new ones.

3.1. Functionality test of the machine using onboard controller

In order to evaluate the functionality of the modular controller, the CNC machine was
connected to it, and all the necessary wiring was meticulously inspected to ensure proper
connections, as illustrated in Fig.4.

Fig. 4. Modular controller hosting the GUI to operate the CNC machine
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The modular controller was found to be fully operational, effectively executing
commands specified by the G-Code program. Additionally, the performance of the
modular controller was assessed while integrating it with [oT monitoring through AWS.
Data including machine status, run time, estimated time, percentage of completion, as
well as machine and work positions, were diligently recorded and transmitted via the
internet to the AWS DynamoDB database for real-time monitoring. The IloT monitoring
system utilizing AWS performed as expected and was also tested with a mobile phone,
as depicted in Fig.5, allowing for remote monitoring and prompt alerts in case of any
machine-related issues. During the testing phase, the controller exhibited overall
performance that aligned with the anticipated outcomes, without any encountered issues
or errors. These findings affirm the controller's ability to function as intended and fulfill
the requirements of the CNC machine.

Fig. 5. AWS IIOT Monitoring of the machine status via mobile device.

3.2. Functionality test of the machine using windows based graphical user interface (GUI)

The CNC machine established a connection with the laptop's hosted GUI using a USB
interface. The machine exhibited complete functionality comparable to that of the onboard
controller. Furthermore, the IIoT system based on AWS performed according to expectations.
Fig. 6 illustrates the laptop hosting the GUI responsible for controlling the machine, while Fig.
7 presents a snapshot of the AWS database capturing real-time machine status through the
utilization of standard I1oT protocols.

T
-
|

Fig. 6. Laptop hosting the GUI to operate the CNC machine
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Status FY A_Status_Motification v B_Run_Ti... ¥ C_Estimated_Time w D_Percentage_Done w
17701 /2023 10:05:26 AM Alarm 00:00:00:000 00.00.00 NA

17/01/2023 10:05:28 AM Alarm 00:00:00:000 00.00.00 NA

17/01/2023 10:05:30 AM Alarm 00:00:00:000 00.00,00 MA

17701 /2023 10:05:32 AM IDLE 00:00:00:000 00.00.00 NA

17/01/2023 10:05:34 AM 10G 00:00:00:000 00.00.00 MNA

Fig. 7. Snapshot of the AWS database storing various machine related information in
realtime

4. CONCLUSIONS

In summary, this project has successfully achieved the development of a user-friendly
replacement controller that efficiently restores the functionality of old CNC machines. The
integration of a dual approach to operating the CNC machine enhances flexibility and
convenience for operators, enabling them to select the method that aligns with their needs and
skill level. Additionally, the device incorporates an innovative IoT monitoring feature utilizing
AWS, enabling remote monitoring and real-time alerts in the event of any issues, thus
enhancing safety and security. Thorough functionality tests were conducted for both the GUI
from the laptop and the modular controller, yielding positive results as everything performed
according to expectations.
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ABSTRACT: Hybrid micro milling is drawing the attention of researchers and engineers to
generate micro products with intense dimensional precision to use in discrete applications like
aerospace, electronics, and optics. Laser milling is a faster machining process with a high
material removal rate. It raises some problems like insufficient cutting depth, burrs, uneven
edges, charred corners, and many more. On the other hand, the pEDM milling process is
slower but produces a better surface finish with perfect alignment without compromising
inaccuracy. This study aims to incorporate both machining advantages also to investigate the
most substantial laser parameter that influences the output responses of pEDM milling time.
In this hybrid micro-milling process, the stainless-steel (304) workpiece (0.5 mm thickness)
was used to conduct laser micro-milling varying the laser input parameters such as scanning
speed, power, pulse repetition rate, and loop. Sequentially the workpiece was shifted to the
LEDM machine to continue pEDM milling with constant EDM parameters (Voltage 80 V,
capacitance 1 nF, EDM milling speed 5 pum/sec) using a tungsten tool (0.5 mm thickness) and
the total set of experiments (25) was run according to Box Behnken design (BBD). It was
found that an increase in scanning speed (ss) factors (A) increases the uEDM milling time
slightly. The laser power effect shows that a higher laser power machined slot channel
consumes less uEDM milling time, which is quite significant compared to the scanning speed
effect. A mathematical model was developed to correlate the laser input parameters and out
responses of pEDM milling time. The optimization results reveal that power is the most
significant factor affecting the pEDM milling time. Based on the Response Surface
Methodology (RSM), the predicted optimized input laser parameter was scanning speed
1577.085 mm/sec, power 15.179 W, pulse repetition rate 8.42 KHz rate, and loop 5.959 nos
in where the pEDM milling time would be lower 37.390 min.

KEYWORDS: EDM, Laser, Milling

1. INTRODUCTION

Recent advancements in micro-manufacturing enable the assembly of micro- and
mesoscale structures in various engineering objects. Mechanical micro-milling, extensively
researched recently, offers advantages over photolithography-based techniques [1, 2]. This
process crafts small, precise components [3], used in biomedical devices, microsensors, etc.,
from polymer through microinjection molding [2]. Micromachining produces accurate, finely
finished molds for this purpose [4]. While EDM and micro laser milling are alternatives, micro
milling offers superior material removal rates and surface quality [5]. It's versatile, cost-
effective, and user-friendly, making it a preferred choice [6].
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Laser milling (LM) is advancing rapidly in micromanufacturing due to its ability to
produce fine, precise 3D objects in various materials. In LM, a laser beam removes material
layer by layer through ablation, heating it to vaporization [7]. The synergy between the laser
ablation mechanism and the CNC program, derived from CAD data, is pivotal to its success.
LM's advantages include machining tough materials like ceramics and graphite, no tool wear,
superior surface finish, accuracy, and minute feature size [8, 9]. It excels in crafting detailed
cavities or microfluidic channels. While LM offers faster material removal, its edge quality and
surface roughness are inferior to micro EDM.

Micro-electrical discharge milling (micro-EDM) is a non-contact method that removes
material from conductive substances through a thermal technique. This process uses electrical
discharges in an insulated area between a tool electrode and a workpiece. During the
discharges, a high-temperature plasma channel forms, causing localized melting and
evaporation of both the workpiece and the electrode [10]. Micro EDM capability has been
discussed thoroughly in [11]. Micro-EDM forces are minimal compared to mechanical
methods. The process has various configurations, including micro-EDM drilling, sinking, and
milling. Specifically, micro-EDM milling employs microelectrodes, which are like thin
cylindrical rods, to move in set paths while rotating. Depending on the electrode diameter and
discharge energy, the material is removed layer by layer, with layers as thin as 0.1 m. While
micro-EDM offers superior surface finish and accuracy, its machining time is longer than laser
machining.

A hybrid process has been introduced to address the shortcomings of laser and micro EDM
machining. This method mitigates environmental impacts, enhances manufacturing efficiency,
and benefits components with intricate geometry. While uEDM milling is inherently slower,
following laser milling, it proves faster than standalone EDM milling. The performance of
LEDM is influenced by laser parameters, especially in 1-D drilling [12]. A dual-stage artificial
neural network model was developed to refine the parameters of this hybrid micromachining
[13]. Several optimization techniques, like the Taguchi method, ANOVA, RSM, and GRA, are
utilized to fine-tune the process. The objective is to pinpoint the optimal parameters that
influence outcomes, such as tool wear and surface roughness [14]. Rajesh [14] employed RSM
for multi-response optimization in turning, focusing on parameters like spindle speed and feed
rate. Similarly, Bhuvnesh Bhardwaj et al. [15] utilized RSM for carbide insert end milling of
AISI1019 steel, deriving empirical models for surface roughness. Emel Kuram and Babur
Ozcelik [16] used the Taguchi method to study micro-milling effects on AISI 304 steel,
considering factors like spindle speed and feed rate. In multi-response optimization via RSM,
each outcome receives equal weightage.

Laser-assisted milling is well-researched, with some studies exploring macro-scale laser-
assisted machining of ceramics [1]. However, research on laser-EDM based hybrid micro
milling remains sparse. This paper offers an experimental study and an RSM-based model
analysis, focusing on the interplay between laser parameters and pEDM milling time outputs.
The optimization and contributions of the model are detailed.

2. MATERIALS AND METHODS

This study was done based on the experimental investigation to determine the outcome of
laser parameters and how they affect the output execution of hEDM milling operation and a
mathematical model was developed. In this research, the workpiece material used was stainless
steel (SUS 304) with dimensions of 22.5 mm x 22.5 mm x 0.5 mm. Stainless steel is widely
used in various applications due to its corrosion resistance. As part of the laser-uEDM based
micro milling process at first the laser milling was carried out on a fiber laser system as shown
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in Fig. 1. Then, the workpiece was transferred to the (Fig. 2) to carry out the uEDM process
for fine finishing. The machined slots were characterized using optical instrumentation.

Fig. 2. uEDM setup.

3. RESULTS AND DISCUSSIONS

In this research, a prepatterned laser slot was machined using a variety of laser parameters
and then finally, the slot was fine finished with constant total depth by the EDM process. Here
we monitored the EDM time to see how laser parameters affected the EDM finishing time.

3.1 Dimensional Surface plot for pEDM milling time.

Here, experimental data were used to develop an empirical model (response surface
method) of the EDM finishing time as a function of laser parameters. Fig. 3 shows the effect
of laser power and scanning speed on the time required by the EDM process to carry out the
fine finishing process. It can be seen from Fig. 3 that if higher power with lower scanning speed
is used for the pilot machining process by laser, then the finishing time by the EDM process
becomes shorter as most of the material is removed by the laser process due to the use of higher
laser power with slower scanning speed.
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Fig. 3. Shows how EDM finishing time varies with laser machining parameters (laser power

and laser scanning speed).

Fig.4, on the other hand, shows that pulse repetition rate does not have any significant
effect on the final finishing time by the EDM process and loop count has an inverse effect on
the machining time by the EDM process.

HEDM milling time (min)

3D Surface

D: Loap (nos) 5

Fig.4. Shows how EDM finishing time is varied with laser machining parameters (loop count

4. CONCLUSIONS

and pulse frequency).

In this study, the experimental table was designed using the Box-Behnken method, and
ANOVA was employed for analysis. The tEDM milling time served as the response, with laser
input parameters being the scanning speed, power, pulse repetition rate, and loops. It was
observed that the laser power had the most significant impact on the utEDM milling time output

responses.

The predicted optimal laser input parameters were a scanning speed of 1577.085 mm/sec,
power of 15.179 W, pulse repetition rate of 8.42 kHz, and 5.959 loops, reducing tEDM milling

time of 37.390 minutes.
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ABSTRACT: Oblique wing is one of the morphing wing configurations that offer a superior
high speed aerodynamic performance. The mechanism in which a straight wing is being
rotated by a pivot at the centre resulting swept back wing on one side and swept forward on
the other side. It was proven that this configuration was able to reduce drag for a given lift at
both supersonic cruise and subsonic; however, there are serious control issues. CFD analysis
using SolidWorks software was performed to study and visualize the aerodynamic
performance of an oblique wing for a high sweep angle. The results obtained were later used
to compare with other swept configurations on its stability and control.

KEYWORDS: Aerodynamics; Oblique wing; Asymmetric sweep; CFD; Stability

1. INTRODUCTION

Modern-day high-speed aircraft are made of morphing wings to achieve high aerodynamic
efficiency in all phases of flight. A morphing geometry wing is an aeroplane wing that can be
adjusted during flight or on the ground. This configuration can provide aerodynamic
advantages to an aircraft under low-speed and high speed conditions through the straight wing
and swept wing respectively. During subsonic flight, a high aspect ratio wing is desired due to
the fact that induced drag is inversely proportional to aspect ratio; however, during supersonic,
drag is dominated by wave drag. Variable sweep and Oblique Wing aircraft are classes of
aircraft that adopt such morphing wing concepts to achieve high aerodynamic efficiency.

The first oblique wing design was the Blohm and Voss P-202, designed in Germany by
Richard Vogt in 1942 Hirschberg et al. [1]. Jones, the father of delta and swept wing proposed
oblique wing as an alternative in his research papers during 1950s [2-3]. He proved analytically
that at any flight Mach number, the minimum drag for a given lift could be achieved by an
oblique swept wing with an elliptical planform. Jones proved that oblique wing configuration
can minimize wave drag and induced drag with an elliptical lift distribution. For equivalent
span, sweep and volume they distribute lift twice the length of conventional swept wing
configuration during supersonic. This reduces wave drag by factor of 4 and volume dependent
wave drag by a factor of 16. Jones also proved that the induced drag of an oblique wing at
optimal sweep angle is half that of the delta wing with same span.

Kroo [4] later proved through wind tunnel experiment, oblique wings are very effective at
reducing wave drag at supersonic flight. whereas years later, oblique wing configuration was
rejected due to their control issue and flight complexity [1].
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The desired feature of variable geometry wing aircraft is to maximize aerodynamics
performances over wide range of Mach Numbers [5]. Comparing to the present Grumman F-
14 Tomcat, additional masses are added for secondary system for variable wings of the aircraft,
it emphasizes that, single pivot oblique wing is structurally advantageous compared to
conventional swept wing and variable swept wing. For symmetric swept wing, the presence of
bending moment results in additional mass of materials for the design. A straight through
structure of oblique wing however does not experience bending moments, at the same time it
is able to avoid torques by fuselage structure and it is easy to manufacture [5]. It was concluded
that the majority of the wave drag advantages of the oblique wing are handicapped by the
dominant volume wave drag of the fuselage, which lead to the idea of Flying Oblique Wing

[5].

Stability and control of an oblique wing is complex and often discussed as its disadvantage.
Bruce Larrimer [6] reported that, the NASA AD-1 pilots concluded that at or below sweep of
30°, the handling quality is satisfactory. Between 30° to 45°, the grade of handling quality
decrease and worst control is at 45° to 60°. The evaluation is categorized in directional stability
(yaw stability), unusual trim requirements, roll-pitch couplings, dynamic by aeroelastics and
stall.

Kempel et al. [7] performed F-8 oblique research aircraft and they noted in general, as
dynamic pressure and sweep angle increase, pilot ratings degraded. They noticed that in open-
loop configuration (control system) there was significant pitch-to-roll coupling and an
unacceptable amount of pitch-to-banking force coupling. At high dynamic pressure, a pilot
described the pitching responses as “scary’.

At low sweep angles, an oblique wing aircraft can be controlled as conventional swept wing
aircraft. Campbell et al. [8] noted that at sweep angles above 60°, ailerons become
unsatisfactorily weak, and he theorized that aileron rolling effectiveness wasn’t reduced by
skewing wing from 0° to 40° because damping in roll decreased approximately the same
amount as aileron rolling moments.

Mushfiqul and Kashyapa [9] as well as Asif Shahriar et al [10] performed a numerical
analysis of aerodynamic forces on an oblique wing, Wang et al [11] performed the dynamic
characteristics analysis and flight control design for oblique wing aircraft. Recently Josuha [12]
studied the effects of a bell shaped lift distribution on an Oblique flying wing and its impact on
aerodynamic performance.

It can be noted that oblique wing has many advantages whereas it is found out that
sweeping more than 45° causes instability and rolling control issue for the light aircraft. Most
of the work carried out is on experimental, with the availability of modern CFD tools, it is
easier and more cost effective to perform parametric analysis and to study the aerodynamic
characteristics. In this work, the aerodynamic characteristics and hence the stability of an
oblique wing is studied using SolidWorks CFD software and compared with the other swept
wing configurations.

2. MODELLING AND SIMULATION

SolidWorks software was selected for CFD analysis to study the stability of the oblique
wing. In this work, wing-only geometry stability was analysed by checking the six degree of
freedom force/moment components (L, D, Z, My, M,,, M) of the wing at certain incoming air
speed. As the objective of the work is to compare the stability of oblique wing with the other
available wing configurations, SolidWorks modelling tool was used to model three different
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wing configurations viz. Swept forward, swept back and oblique wing-only geometry as shown
in Fig. 1. NACA 64(2)-415 was chosen as the wing section for all three configurations.

Ideal wall assumption was applied in the CFD analysis since the surface roughness and
material are not defined and this assumption can be advantageous to save computational time.
Errors are expected in the CFD analysis especially due to the geometry difference (scaling
error), ideal wall assumptions, meshing and scheme (second order).

Fig. 1.1. 60° Oblique Wing

Fig.1.2. 60° Swept Back Wing

Fig.1.3. 60° Swept Forward Wing

Fig. 1. Geometry of three different swept wing configuration

Flow characteristics for the CFD analysis are listed below in Table 1.

Table 1: Inputs used for CFD analysis.

Parameter Value

Fluid Ideal Air

Mach number, M 0.5

Density 1.225 kg/m3
Pressure 101325 Pa
Temperature 2932K

Wall Ideal wall
Turbulence intensity 0.02%
Turbulence model k- SST model
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For meshing, a uniform structured mesh in SolidWorks was used. Although some accuracy
penalty is known due to the inclination of incoming flow, it is inferred that it is reliable, and
the expected error would be around 20% at most with low order scheme factor included. In
SolidWorks, mesh refinement can be done simply by setting up the meshing space and
increasing the meshing level of the domain. The figure below illustrates the meshing with that
the Dark blue, Aqua and Green coloured region defines the meshing refinement as coarse,
medium, and fine mesh region respectively. The medium mesh shown in Fig 2.was selected
for analysis so that to balance the accuracy and the computational time.
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Fig. 2. Structured Medium Mesh

3. RESULTS AND DISCUSSION

Swept forward, swept back and oblique wing-only geometry stability are to be analyzed
for stability by checking six degrees of freedom of force/moment components (L, D, Z,
Mx,My,M) of the wing at a given incoming air speed. In this analysis, three wing configurations
of equivalent span and sweep angle (60°) are analyzed with the geometric parameters as
defined in Table 1. The objective of the analysis is to monitor, observe and compare forces and
moments generated by three different wing configurations. As stated earlier, NACA 64(2)-415
is chosen as the wing section for all configurations.

Table 2: Geometric parameters for different wing configurations

Geometric Parameter Value
Wing span, b 1.5m
Root chord, C, Im
Taper Ratio, A 0.7
Aspect Ratio, AR 1.7647
Angle of attack, a 0°
Sweep angle, A | g 60°
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Based on the CFD analysis, Fig. 3 and Fig. 4 shows the velocity contour and the pressure
contour plot respectively for all the three wing configurations considered.

CFD results for stability observation is as follows. To simplify the analysis, all six
components are equivalent to:-

e X force = Drag

o Y force = Lift

e 7 force = Sideslip force

e  Moment about x-axis, M,, = Rolling moment

e  Moment about y-axis, M,, = Yawing moment

e  Moment about z-axis, M,= Pitching moment

Table 3: Forces and Moments on Different Wing Configurations

Force/Moment Unit 60° Oblique 60° Swept Back 60° Swept Forward
D N 83.609 88.041 67.275
L N 1587.834 1692.756 1005.036
VA N -135.722 1.233 -1.526
M, N.m -147.155 2.263 1.56
M, N.m -304.626 -2.282 -1.045
M. N.m 1215.06 2164.471 143.634

All six components of forces and moments shown in Table 3 above were all subjected to
origin (which is about the root leading edge). The Table 3 shows all six components of forces
and moments for all 3 wing configurations considered in this analysis. Firstly, to observe

whether the data is qualitatively reliable, the % ratio of each of the wing configuration is
checked as follows. From the Table 3 we can note that
¢ Oblique Wing, % =18.9911

e Swept Back, == 19.2269
« Swept Forward, = = 14.9392

which is acceptable and within the range of expectation at Mach number = 0.5 for subsonic
wing profile and it can be noted that aerodynamic performance of swept forward wing
configuration is lower than sweptback wing as reported by Xue et al [13]. Moreover, it can be

noted that oblique wing configuration has almost same % value as compared to swept back wing

which may not be true, it is expected to perform better than sweptback wing, this error may be
due to quality of meshing.

It can be seen that for swept forward and swept back configuration sideslip force, Z,
moment of x-axis, M,, and moment of y-axis, M,, have low values of force and moments which
can be neglected comparing to oblique wing which has significant value that obviously cannot
be neglected. Thus, the oblique wing has a side slip and rotates about both x and y axis at the
same time, thus causing serious stability problem making oblique wings highly unstable. The
CFD analysis results obtained for high sweep angle of 60° confirms the flight experience
reported by the experimental oblique wing aircraft pilots [6], that the flight performance
dropped as sweep angle increased and also encountered serious lateral and directional
instability. Thus, for high sweep angle at 60°, it can be noted that swept back and forward swept
wings are better than oblique wings from the point of view of stability.
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All wing configurations pitches as it is expected and known that wing is longitudinally
unstable (pitching) which is countered by horizontal tail in complete aircraft. Surprisingly, it
can be noted that swept forward wing has the lowest amount of all, followed by oblique wing
and swept back respectively.

4. CONCLUSION

The aerodynamic performance and hence stability analysis was carried out for swept
forward, swept back and oblique wing-only using SolidWorks software. Aerodynamic
efficiency of Oblique wing is compared with other sweptwing configurations. From the present
CFD analysis, it can be concluded that the flight performance of oblique wing drops at high
sweep angle of 60° coupled with high lateral and directional instability. Thus, for high sweep
angle of 60°, it can be noted that the sweptback and forward swept wings are better than oblique
wing, as oblique wings are highly unstable. It is one of the prime reasons why oblique wing
configuration could not be employed until recently, but the present day modern automatic
control system may be able to control such unstable aircraft.
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ABSTRACT: Pressure-sensitive adhesives (PSAs) exhibit adhesive properties upon applying light
pressure. The light pressure adhesion of PSAs makes them suitable for potential applications in
electronic packaging. However, to apply PSAs in electronic packaging, it is essential for them to
possess electrostatic discharge (ESD) properties and high clarity. The attainment of ESD properties in
PSAs can be achieved by either mechanically incorporating conductive fillers or chemically
functionalizing the PSA compound. In this study, we aimed to achieve electrostatic discharge (ESD)
properties in PSA using CNT as a conducting filler. CNT was selected for its strong conductivity
compared to carbon black (CB). To accomplish this, CNT was mixed into the PSA formulation, which
contained Chivacure 300 as a photoinitiator, silicone-urethane acrylate as an oligomer, and 2-ethyl-
hexylacrylate and methyl methacrylate as monomers. The resulting PSAs were then coated onto
polyethylene terephthalate (PET) film and cured with Ultraviolet light-emitting diode (UV-LED) light.
However, the effect of CNT content on achieving a balance between ESD properties was insignificant.
Therefore, an annealing process was introduced further to enhance the electrostatic discharge
properties of the PSA. After the annealing process, it was found that PSAs with 0.75 phr of CNT
achieved the desired electrostatic discharge (ESD) properties. Therefore, we examined the impact of
the annealing process on the electrostatic properties and found that the inclusion of the annealing
process significantly improved the electrostatic properties of pressure sensitive adhesives.

KEYWORDS: Pressure Sensitive Adhesive, Multiwall Carbon Nanotube, Electrostatic Discharge,
Ultra-Violet Light Emitting Diode, Annealing

1. INTRODUCTION

Electrostatic Discharge (ESD) properties are one of the most important characteristics of pressure
sensitive adhesive (PSAs) cover tape in order to prevent damage to electronic devices. In the context
of the EOS/ESD Association (2008), material with different conductivity has been grouped according
to their surface resistance. The requirement pertaining to ESD properties is very specific for
packaging material, where it is mandated to achieve less than or equal to10° ohms to less than 10"
ohms by the International Electrotechnical Commission. To achieve surface resistance properties,
various methods have been developed such as surface coating of static dissipative solutions, direct
functionalization of filler onto matrix and compounding with filler. To our knowledge, compounding
with filler is the most common technique, with several advantages over other methods, including
stable surface conductivity, no environmental humidity effect, a more mature process, and lower cost.
Conventionally, it is known that carbon black is the most common antistatic filler to use on PSA.
Nonetheless, carbon black has several drawbacks, such aside requiring a higher amount of carbon
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black to achieve the threshold level at which it exhibits the ESD properties(Antosik ef al., 2021). An
studies has shown with inclusion of CB onto PSA tape would deteriorate the clarity and adhesion
strength of the PSA (Park et al., 2014). Threshold levels are often defined as the minimum content of
the filler required to convert an insulative polymer to an antistatic polymer. Carbon nanotubes (CNT)
discovered by Lijima in 1991 have emerged as one of the potential antistatic fillers. CNTs offer
advantages such as higher conductivity, a higher surface ratio, better mechanical properties, and
thermal resistance. However, the high surface ratio of CNTs often poses challenges when dispersing
them into polymers. As a result, various techniques have been implemented to overcome the strong
pi-bond between CNTs. These techniques can be broadly categorized into mechanical dispersion and
functionalization dispersion methods. Mechanical dispersion involves physical mixing techniques
such as sonification, calendaring, high-speed stirring, and extrusion, without altering the chemical
properties of CNTs (Ma et al., 2010). On the other hand, functionalization dispersion requires
aggressive chemical reactions to change the surface properties of CNTs for better dispersion in
polymers. However, even with physical mixing or chemical alteration, achieving a low percolation
threshold (<1wt%) for effective dispersion of CNTs onto polymers, especially in PSA cover tape
applications, is challenging due to the high percolation threshold (>2-3wt%) required. High
percolation levels can result in deterioration of the host material's characteristics, such as
transparency and peeling force, as reported in the literature (Czech et al., 2011). Therefore, post-
processing techniques, such as thermal annealing, have been introduced to further enhance the
conductivity of CNTs in pressure-sensitive adhesive cover tape applications. Thermal annealing is
associated with dynamic percolation, which refers to the network formation attribute through
temperature changes resulting in self-assembly in quiescent melt. The focus of this paper is to
understand and identify the impact of thermal annealing on carbon nanotube compounded on
pressure-sensitive adhesive properties.

2. MATERIALS AND METHODS
2.1.Chemicals And Materials

Silicone urethance acrylate oligomer was obtained from Dymax Corporation, while 2-
ethylhexylacrylate(2-EHA), methyl methacrylate(MMA),trimethlylopropane triacrylate (TMPTA),
multiwall carbon nanotube, Sulphuric acid, and Nitric acid were purchased from Sigma Aldrich
(Malaysia). The photoinitiator oligo[2-hydroxyl-2-methyl-1-[4-1(methylvinyl)phenyl]propanone]
(Chivacure 300) was received from Chitec Sdn Bhd. Other chemicals were used without further
purification.

2.2.Preparation of Pressure Sensitive Adhesive Filled Pristine CNT

The curable coating formulation was prepared by dissolving photoinitiator in the reactive monomers
(2-EHA, MMA and TMPTA) for 1 hour at room temperature. Then, the oligomer and CNT of various
compositions were added to the mixture and mixed mechanically for 1 hour, followed by ultrasound
treatment for another hour. The prepared samples were then coated on PET film using a bar applicator
with a coated thickness of 0.1mm and size of 130mm length X 80mm width. The samples prepared in
such length and width are due to the minimal sizes required by the standard STM 11.11-2021. Lastly,
the formulation was irradiated under UV LED radiation for 15 minutes.

2.3.Surface Resistance Analysis

In accordance with the standard STM 11.11 — 2021, the surface resistance of the static discharge
pressure sensitive adhesive was measured by surface resistance meter (Prostat - 801). The coated
adhesive sample was prepared with size of 130mm length X 80mm width. Then the electrode was
placed on the middle of the coated surface and measured, for which this is a standard measurement
that has been adopted by EOS/ESD Association for packaging material.
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3. RESULTS AND DISCUSSION

To apply PSA to ESD products, it is necessary for the adhesive to possess a certain degree of surface
resistance. The EOS/ESD Association specification mandates that the pressure-sensitive adhesive must
have a minimum surface resistance of less than 10'' ohms. Hence, to meet this requirement, it is
critical to incorporate a specific concentration of carbon nanotubes into the adhesive formula. The
crucial concentration of carbon nanotubes required to meet the specification is commonly referred to
as the percolation threshold. To achieve this threshold, various studies have explored the thermal
effects of composite materials, which have shown a positive impact on the percolation threshold.
Figure 1 shows the surface resistance of an annealing sample and non-annealing sample.

Without Annealing

ance, ohm

Annealing
CNT, phe

Figurel.0 Surface Resistance of Annealing Sample Vs Non Annealing Sample

Based on the result, it is observed that the sample without annealing treatment it unable to achieved
static dissipative PSA on sample with annealing treatment it only required 0.75phr to achieve static
dissipative (8.1X10' ohm). Based on the observations from the annealed sample, it can be concluded
that the inclusion of conductive filler in an insulative material can lead to a transition in the material's
behavior from being insulative to becoming static dissipative. This phenomenon is commonly referred
to as the percolation threshold. In our study, it was observed that annealing the sample at 100°C
resulted in a self-assembly process of carbon nanotubes, leading to their reorganization and closer
proximity to each other, thereby forming a conductive network. In contrast, samples that did not
undergo annealing showed carbon nanotubes remaining separated from each other, resulting in
insulative behavior, despite the addition of conductive additives to the matrix. The similar conclusion
has been made by Mclntyre ef al. (2020), annealing would cause reorganization of the CNT. Price et
al. (2018) cited that CNT possess a high Van Der Waals forces; such forces are the barrier for which
to disperse CNT evenly on the matrix. Hence, in this research, ultrasonification is applied to disperse
CNT onto PSA material followed by annealing treatment to the sample. According to Fremyr et al.
(2012), ultrasonification able create a high shear force to disperse CNT evenly onto the polymer
matrix. Nonetheless, ultrasonification would cause the CNT farther apart from each other forming a
random conductive network that causes an increase in electrical resistance (Pang et al., 2014). Figure 2
below illustrates the ultrasonification dispersing CNT on PSA. As shown on Figure 2, the high Van
der Waals forces cause the CNT to be lumped together, whereas dispersion via ultrasonification causes
the CNT to be randomly dispersed, forming a random conductive network.

Y ultrasonic | /J /\//\j\ (_(7\7\
/7 ~ RN

Random conductive
Figure 2.0 Ultrasonic Dispersing CNT on PSA

Upon annealing the sample, ultrasonification caused the CNTs to be dispersed further apart from each
other. However, the thermal influence resulted in the re-aggregation of CNTs, forming a segregated
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conductive network that led to a reduction in electrical resistance. This re-aggregation of CNT under
100°C, is known as dynamic percolation, for which the factor causes the same concentration of CNT
but behaves differently. In our study, the annealed sample containing 0.75 phr of CNT exhibited an
electrical resistance of 8.1x10' ohm, while the non-annealed sample had a higher resistance of
1.1x10"" ohm. Figure 3 shows a pictorial explanation of the random conductive network and
segregated conductive network. It explained a schematic diagram where dispersion of CNT via
ultrasonification followed by re-aggregation of CNT forming a conductive network.

/‘/’%ﬂ ultrasonic /J/\/_J\:« Yf/‘j‘k | Annealing :////\\:/;/\:////\:/:
77 NN 3 Q////\\;/\//\//\/

Random conductive Segregated conductive

Figure 3.0 Schematic diagram of random conductive network and segregated conductive network.

According to Badard er al. (2017), the critical exponent (t) in the scaling law represents the
dimensional structure of the carbon nanotubes within the pressure-sensitive adhesive. Based on our
result shown that the critical exponent (t) value for the annealed sample was 2.26 with reference to the
scaling law. Salaeh et al. (2020) have classified a universal critical value in which critical exponent
less than or equal to two are represent a two dimensional structure and critical value greater than two
are represents a three dimensional structure. According to this classification, it can be concluded that
the annealed sample has a three-dimensional structure, which is likely to improve the conductivity of
the PSA. Conversely, the non-annealed sample remained an insulating material as the concentration
increased. Such a major dispute between the samples is due to two factors, where annealed samples
undergo thermal expansion and dynamic percolation, whereas non-annealed samples depend on
mechanical mixing to disperse CNT on the PSA. According to Zhang ef al. (2015), thermal expansion
increases the gap between CNTs, thereby reducing conductivity. This study observed thermal
expansion in the annealed sample with 0.25 and 0.5 phr of CNTs, which resulted in higher electrical
resistance compared to the non-annealed sample. As reference to Ansari et al. (2019) an thermal
expansion of CNT reinforce material would happened within an material, hence in our studies it is
proven that thermal expansion had occurred within the CNT and PSA. The second factor is the
dynamic percolation event occurred within the PSA matrix which causes an increase in conductivity of
0.75 phr (8.1X10'° ohm) in which with the application of the annealing the isolated carbon nanotube
has been restructuring themselves into an infinite path because of the formation of the conductive
network.

4. CONCLUSION

In conclusion, we have introduced annealing process to prepare pressure sensitive adhesive, whereby
such methodology enables us to prepare a static dissipative pressure sensitive adhesive with a lower
amount of CNT. The surface resistance reduction has been significantly reduced to 0.75 phr exhibiting
static dissipative pressure sensitive adhesive after undergoing thermal annealing process at 100°C for
which it led to a reaggregation of CNT on the PSA.
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ABSTRACT: Pharmaceutical industries’ wastewater contains numerous contaminants
including chloramphenicol (CAP) that harm human and aquatic lives which require the
wastewater to be treated via adsorption. Hydrothermal carbonization (HTC) aids in producing
hydrochar that can be converted into activated carbon at lower operating conditions to
increase carbon porosity and decrease production costs. In this study, dry leaves were
hydrothermally carbonized to produce hydrochar which was then activated into activated
carbon prior to the removal of CAP. For CAP batch adsorption on resultant hydrochar, various
operating parameters, including initial CAP concentration (10 mg/L to 50 mg/L) and solution
pH (2 to 10) were utilized. Due to the high driving force for efficient mass transfer, the
adsorption capacity of the initial CAP concentration increased as an increase in the adsorption
capacity with a maximum value of 35.70 mg/g. The presence of the OH™ group enables the
positive charge of CAP to attach easily to the adsorbent, thus making the basic conditions
more favorable as opposed to the acidic conditions with maximum adsorption of 35.82 mg/g
at pH 10. It was found that the Freundlich isotherm and pseudo-second order kinetic models
suit well with the experimental data. Also, the rate-controlling step in this adsorption is
chemical adsorption. According to the results, activated dried leaves derived hydrochar is a
promising and cheap adsorbent for the removal of CAP from effluent wastewater.

KEYWORDS: Adsorption, Characterization, Dried leaves, Hydrochar, Hydrothermal
carbonization

1. INTRODUCTION

In recent years, the potential threat of pharmaceuticals and personal care products to the
environment has become a popular issue. Chloramphenicol (CAP), a broad-spectrum antibiotic
discovered in 1947 in Streptomyces Venezuela is amongst the widely used in medical treatment
of human and animals [1-2]. One way to treat the large amount of these compounds in
pharmaceutical wastewater is by adopting adsorption techniques as these chemical compounds
have high biological activity making biological treatment unsuitable to remove it. There are
many sources of adsorbent including hydrochar derived activated carbon. Hydrochar derived
from biomass waste via hydrothermal carbonization is an effective adsorbent for pollutant
removal because of the abundance of surface oxygen-containing functional groups such as
chloramphenicol (CAP) [3]. These functional groups play a crucial role in contaminant
adsorption through electrostatic attraction, surface complexes, and ion exchange. Introducing
new oxygen-containing functional groups, particularly carboxylate functional groups such as
maleate and acetate, into hydrochar's structure and function can considerably increase its
performance. As a result, the availability of surface functional groups in hydrochar can improve
its adsorption effectiveness and expand the range of applications for which it can be used in
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environmental clean-up [2-3]. Dried leaves are one of the potential biomass wastes that can be
utilized as raw material for hydrochar as it’s available abundantly with no cost. Utilizing dried
leaves as source for hydrochar simultaneously solved the environmental issue related to waste
management especially in urban area. Previously, Zahari and Hamid recorded 98.25% removal
of methylene blue using 2.0 g of absorbent from dried leaves [4]. Meanwhile, Hamid and
Thineswaren found that dried leaves that have been hydrothermally carbonized possessed
unique characteristics ideally suitable to tuned into adsorbent [5]. Assessing this information
earlier, dried leaves hydrochar has been proposed to solve the pharmaceutical wastewater
containing chloramphenicol by activating it with phosphoric acid to enhance its surface area
and porosity.

2. MATERIALS AND METHODS

Hydrochar was prepared by the hydrothermal carbonization of dried leaves using a
stainless-steel reactor. About 25 g of dry leaves and 150 ml of distilled water are placed in the
200 ml reactor, and the treatment was carried out for 2 hours at fixed hydrothermal
carbonization temperatures of 200°C. The reactor was then allowed to cool to ambient
temperature before the solid char was removed and filtered using filter paper. The char was
then cleaned twice with distilled water and dried at 105 °C for 12 hours before being chemically
impregnated with phosphoric acid. The dried hydrochar was recovered and dried for 5 hours in
an oven at 105°C. The sample is then loaded onto crucible, which are subsequently placed into
a quartz tube and placed inside a microwave. The sample was carbonised first in the presence
of carbon dioxide (COz) using microwave at 511-Watt power for 6 minutes. The activated
carbon was cooled to room temperature in the presence of CO,. The resultant activated carbon
(AC) was neutralised with hydrochloric acid (HCl) and sodium hydroxide (NaOH) before
being thoroughly rinsed with distilled water until a pH of 7 is attained. Finally, the AC was
dried in an oven at 120°C for 24 hours before being characterised and utilized in the adsorption
experiment.

2.1. Characterization of Hydrochar

The surface characteristics of samples can be determined by BET surface area analyzer
(determine the BET surface area), scanning electron microscopy (image the surface
morphology and properties), and FTIR analyzer (determine the functional groups). Two
samples of hydrochar were compared in this characterization study which are hydrochar before
and after activating with carbon in microwave. Both hydrochar samples were chemically
impregnated with phosphoric acid with a 5:1 ratio.

2.1.1. Batch adsorption of Chloramphenicol

A UV-Vis spectrometer is used to determine the concentration of CAP for each interval.
Wavelength of 278 nm is used to determine the concentration against time. Eq. (1) and (2) are
used to calculate the adsorption capacity and removal efficiency of CAP:

— (Co_ce)v

Adsorption capacity, q, = ” (D)
Removal ef ficiency (%) = % x 100 (2)

Where;
Q. = adsorption capacity (mg/g),
Co = initial concentration of CAP solution (mg/L),

C. = equilibrium concentration of CAP solution (mg/L),
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V = volume of solution (L)

W = mass of adsorbent (g)
3. RESULTS AND DISCUSSION

3.1 Surface Electron Microscopy (SEM)

SEM images in Fig. 1(a-d) show that for both precursors, the H;PO4 chemical activation
leads to a morphological change, developing a porous structure. Based on the SEM images, the
pores in hydrochar after activation are more visible and denser compared to before. Moreover,
the size of pores can also be seen bigger in after sample due to the char undergoing activation
process which increases the porous structure. These pores increase the efficiency of adsorption
of CAP solution. Therefore, the larger the number or size of pores will result in better
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Fig. 1. SEM images before (a) and after (b) at a magnification of 3000x while (b) and
(d) are before and after activation at 5000x magnification.
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3.2 Fourier-Transform Infrared Spectroscopy (FTIR)

Fig. 2 shows the results of the functional group of hydrochar before and after the activation
of carbon. For hydrochar prior to activation, the peaks (3795.91 cm™ and 3402.43 cm™)
indicated the presence of hydrate (H20), hydroxyl (-OH), ammonium, or amino, as well as
oxygen-related groups such as alcohol and phenol in the plant extract. The broad peak at
2943.37 cm™ was caused by aliphatic compound (C-H) stretching vibration. The peak at
2409.09 cm! indicated the presence of the triple bond (CC) in the sample. The broad peak at
1649.14 cm™ was caused by the vibration of the double bond carbon (C=C), an olefinic
compound, or an aromatic ring, whereas the peak at 1433.11 cm™! and below was caused by
(C-H) vibrations on an aromatic compound. In contrast, the peaks (3992.65 cm™,  3803.63
cm!, and 3414 cm™) observed after activation are due to (-OH) bond stretching vibration. The
broad peak at 1583.56 cm’! indicated the stretching of the double bond (C=C), whereas the
peaks at 1409.96 cm™! and below were caused by the vibrations of the (C-H) bond in the
aromatic compound.
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Fig. 2. FTIR result of hydrochar before and after activation.

3.3 Brunauer—-Emmett-Teller (BET)

Dried leaves hydrochar derived activated carbon possessed a relatively well-developed pore
structure with BET surface area of 647.88 m*/g, Langmuir surface area of 913.14 m?/g and
total micropore volume of 0.07 cm®/g as illustrated in Table 1. It is obvious that activation
using phosphoric acid under carbon dioxide flow has altered the hydrochar significantly. The
BET surface area of hydrochar after activation was higher compared to before activation as
hydrochar derived activated carbon exerted the larger surface which then allowing for better
removal of CAP in degradation studies.

Table 1. The properties of hydrochar before and after activation

Properties Before After (Activated
P (Hydrochar) hydrochar)
BET Surface Area 5 3964 647.8754
(m*/g)
Langmuir Surface
Area (m¥/g) 18.2134 913.1442
t-Plot micropore -0.0024 0.0676

volume (cm*/g)
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3.4 Effect of initial concentration of CAP

Removal of CAP using dried leaves hydrochar derived activated carbon was investigated
by exposing 0.2 g of adsorbent to CAP solutions with initial concentrations ranging from 10
mg/L to 50 mg/L at neutral pH and 30 °C. Manipulation of initial concentrations aids in
determining the suitability of hydrochar applications in different conditions and developing
cost-effective processes. At the initial stage of adsorption, the availability of more active sites
on the surface of hydrochar promotes a rapid uptake of adsorbates. As shown in Fig. 3, the
scenario is well represented by steeper curves observed during the first 5 minutes for each
studied initial concentration. The sites are gradually occupied over time due to the competitive
adsorption of CAP molecules, and only a few vacant sites are retained. At this stage, the active
sites for adsorption have been saturated and difficult to be occupied because of the repulsion
between the solute molecules of the solid and bulk phase [5]. The possibility of CAP desorbing
from adsorbent exists if the amount of CAP absorbed on the adsorbent is in a state of dynamic
equilibrium. It is worth noting that three zones were involved in the adsorption of CAP. The
first zone represented fast CAP adsorption, implying rapid external diffusion and surface
adsorption, while the second zone signified gradual equilibrium and the third zone denoted the
equilibrium plateau. As a result, until equilibrium is reached, CAP adsorption becomes slower.
Furthermore, the maximum adsorption capacity of hydrochar increased from 6.83 mg/g to
35.70 mg/g as the initial concentration of CAP solution increased from 10 mg/L to 50 mg/L.
As shown in Fig. 3, the percentage of adsorption efficiency of hydrochar decreased from
96.41% to 94.89%, as the initial CAP concentration solution increased. At lower
concentrations, the initial number of CAP molecules to available surface area ratio is low, and
fractional adsorption becomes independent of initial concentration [6]. This could be clarified
by the theory that, during the adsorption process, CAP molecules must first encounter the
boundary layer effect, then diffuse from the boundary layer film onto the adsorbent surface,
and finally diffuse into the porous structure of the adsorbent [7].
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Fig. 3. CAP adsorption uptake versus adsorption time of hydrochar at different initial
concentrations.

36



IITUM Engineering Congress Proceedings, Vol. 1, No. 1, 2023 Kumeren and Hamid
https://doi.org/10.31436/iiumecp.v1il1.2991

Furthermore, a longer equilibrium time was required for high initial concentrations.
Adsorption equilibrium was reached after 180™ minute for the highest initial concentration (50
mg/L), and at the 90" minute for the lowest initial concentration (10 mg/L). This is because, as
the adsorbent surface becomes saturated, most of the sorbate molecules diffuse into the porous
structure of hydrochar. Because the diffusion mechanism increases the mass transfer resistance
to adsorption, higher initial concentrations require a longer contact time to achieve equilibrium
with the adsorbent.
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Fig. 4. CAP percentage removal versus adsorption time of hydrochar at different initial
concentrations

3.5 Effect of pH of solution

To investigate the effect of solution pH on CAP adsorption, 0.2 g of hydrochar was exposed
to 50 mg/L CAP solution at 30 °C at various initial pH levels ranging from pH 2 to pH 10. The
pH value was adjusted accordingly by adding hydrochloric acid or sodium hydroxide solution,
and the time-dependent adsorption profile is shown in Fig. 3. The adsorption performance
improved with contact time until the equilibrium state was reached. Under extremely acidic
conditions, CAP molecule uptake was relatively low because hydrochar had the lowest
adsorption capacity at equilibrium with a value of 32.74 mg/g. This is because the cationic
CAP molecules generate a strong electrostatic repulsion on the surface of hydrochar with a
high concentration of H" ions in an acidic environment. Furthermore, according to Islam et al.
[4] the presence of OH groups on the surface of hydrochar causes protonation of the OH group
and creates a competition between H' ions and CAP molecules to bind with the active sites,
resulting in a low affinity. Adsorption capacity-time curves demonstrated that adsorption
increased from acidic to basic conditions, with a maximum equilibrium adsorption capacity of
35.82 mg/g at pH 10. Furthermore, the removal efficiency of CAP increases as the pH
increases. The removal efficiency at most acidic condition (pH = 2) is 87.29% while at basic
condition (pH =10) is 91.90%. In contrast to acidic solutions, increasing the pH of the solution
enhanced the negatively charged active sites on the adsorbent surface in the presence of OH
groups and improved adsorption performance. Due to the dissociation of the hydroxyl group,
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CAP has a positive charge when dissolved in water. In alkaline solutions, it is more strongly
attracted to the negatively charged surface of activated carbon. However, a slight increase in
adsorption capacity was observed for solutions ranging from pH 2 to pH 8. It is easily explained
that the H" and OH" ions are nearly balanced within these three pH values, resulting in no
noticeable competition.
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Fig. 5. CAP adsorption uptake (a) and percentage removal (b) versus adsorption time of
hydrochar at different pH

3.6 Adsorption Isotherm and Kinetics

Adsorption isotherms describe the relationship between the concentration of CAP
(adsorbate) molecules in the aqueous phase and the degree of adsorbed molecules on the
adsorbent surface at equilibrium at constant temperature. Langmuir, Freundlich and Temkin
isotherms were used as the mathematical model on the experimental data to determine the
interaction of adsorbed molecules on the adsorbent surface.
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Table 2. Adsorption isotherm parameters for CAP adsorption

Isotherm Parameters Values

Jm (mg/g) 76.92

Langmuir Kt (L/mg) 0.83
R? 0.9975

Kr (mg/g) 16.32

Freundlich nr 1.23
R? 0.9996
B 13.689

TemKin AT (L/mg) 4.12
R? 0.9368

From Table 2, it can be summarized that the models showed a good fitting to the
experimental data for value R? in order of Freundlich > Langmuir > Temkin. The Freundlich
isotherm model yielded the best fit with the highest correlation coefficient (R?) at 0.9996 since
they are closer to unity. These results showed that multilayer sorption took place at the
heterogenous adsorbent’s surface. In addition, the Freundlich constant, nr is found to be greater
than 1, indicating the favourable condition for adsorption. From the tabulated result, it can be
noticed that the maximum adsorption capacity, qm, computed from Freundlich isotherm is close
to the experimentally determined value (35.70 mg/g). Hence, the maximum adsorption capacity
of CAP by dry leaves hydrochar is estimated to be 16.32 mg/g.

To investigate the adsorption mechanism and the characteristics of CAP adsorption
behaviour, pseudo-first order and pseudo-second order kinetic models were fitted to the
adsorption kinetics of hydrochar on CAP solution.

Table 3. Kinetic parameters

Co (mg/L)
Parameters 10 20 30 40 50
Qexp (ME/g) 6.83 15.12 22.49 29.39 35.70
Pseudo First
Order
(cal (Mg/g) 1.30 5.61 13.14 13.97 18.61
ki (min™) 0.02 0.03 0.03 0.03 0.03
R? 0.7222 0.9273 0.9736 0.9573 0.9634
Pseudo Second
Order
qcar (Mg/g) 6.84 15.36 23.31 30.12 36.76
ki (g/mg.min) 0.08 0.02 0.01 0.01 0.00
R? 0.9998 0.9996 0.9979 0.9991 0.9987

Based on the summary of kinetic models in Table 3, pseudo second order kinetic models fit
the experimental data better than pseudo first order models, as this model produced higher R?
values and was closer to unity. For the pseudo-second-order kinetic model, the R? values are
between 0.9979 and 0.9998, whereas for the pseudo-first-order kinetic model, R? values are
between 0.7222 and 0.9736 were obtained. Thus, it was determined that the removal of CAP
by hydrochar followed pseudo-second order kinetic models. Moreover, the qe value of the
pseudo-second order for both adsorbents was considerably closer to the experimental ge values
than the ge value of the pseudo-first-order kinetic model. The adsorption of CAP on hydrochar,
as described by a pseudo second-order kinetic model, implied a chemical controlling step,
indicating that the reactions involved valency forces through the sharing or exchanging of
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electrons between the surface functional groups on hydrochar and CAP molecules [8]. Because
the kinetic data fitted a pseudo-second-order kinetic model, Qin et al. hypothesised that
chemical adsorption was the rate-controlling step of CAP adsorption on porous carbon [9].
Mohd Din et al. reported that CAP adsorption on mesoporous carbons followed a pseudo-
second-order kinetic model, with a m-w interaction as a possible CAP adsorption mechanism
[10]. Therefore, chemisorption explains the adsorption of CAP on hydrochar prepared in this
study.

According to the results presented above, the physical adsorption of CAP by hydrochar was
the primary adsorption mechanism. This was because the hydrochar had well-developed
porosity and a large surface area that the CAP could occupy. Additionally, chemical interaction
existed during the adsorption process. The CAP ketone, nitro, and benzene groups contained -
electron-acceptors with a potent electron-withdrawing capacity. Consequently, CAP had a
strong interaction with hydrochar, which possessed graphite surfaces with a high concentration
of polarised -electron via - electro-donor acceptor (EDA) interaction during the adsorption
process. In addition, hydrogen-bond interactions are possible between the N-H,—OH groups in
CAP and the O-containing groups (COOH,-CO, etc.) on the AC surface [11]. It was proposed
that the ionic/polar groups (such as phenol, amine, and alcohol) present in antibiotic molecules
could interact strongly with the corresponding structural components of carbonaceous
adsorbents via H-bonding. The functional groups -OH, -CH3, -NH>, and N-H in the two
antibiotics can act as H acceptors by hydrogen bonding with the O-containing groups -COOH
and C=0 on the AC surface.

4. CONCLUSION

The CAP removal efficiency of 91.90% was recorded at pH 10 due to the enhancement of
the negatively charged active sites on the adsorbent surface in the presence of OH groups and
improved adsorption performance. The hydrochar was best characterised by the Freundlich
isotherm model, indicating that multilayer CAP sorption occurred on the hydrochar's
heterogeneous surfaces. In the meantime, kinetic studies revealed that the adsorbent was best
described by a pseudo-second order kinetic model as opposed to a pseudo-first order kinetic
model based on the correlation coefficient, R?, which was close to unity. This indicates that the
rate-controlling step of CAP adsorption on porous carbon was chemical adsorption. Thus, it is
implied that dried leaves can be converted into adsorbent to remove CAP from pharmaceutical
effluent wastewater.
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ROLE OF HYDROXYL IONS IN THE GROWTH OF 1-D ZINC
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ABSTRACT: One dimensional zinc oxide (1-D ZnO) array has been utilized for various
application such as photocatalytic, solar cells, and light emitting diode. Low-temperature
solution-based methods including hydrothermal, chemical bath deposition, and precipitation
methods have been frequently employed for the growth of 1-D ZnO nanostructures. These
methods are easy to handle, less expensive, and environmental friendly. However, the main
drawback of solution-based methods is the long growth duration of ZnO nanostructures
varying from 2 to 12 hours. Direct heating method enables ZnO nanostructures to grow
rapidly (less than 1 hour) on a metal substrate by employing the Joule heating effect. Under
direct heating condition, the effect of hydroxyl ion (OH") on the formation of 1-D ZnO is
crucial to investigate. In this work, ZnO submicron-rods were grown on kanthal wire with
different OH" concentrations. The formation of ZnO submicron-rods was verified by FESEM,
TEM and XRD analyses. At low OH™ ion concentration, Zn(OH); precipitates were formed in
the bulk solution. With the increase of OH" ion concentration, [Zn(OH)4]* complexes were
formed, which initiated the nucleation of ZnO on the kanthal wire surface. After direct heating
for 10 minutes using 1.2M of OH™ ion, ZnO submicron-rods were fully grown on the wire
with an average diameter of 304 + 78.6 nm. In conclusion, tailoring the OH" ion concentration
eliminated the formation of Zn(OH), precipitates and increased the [Zn(OH)4]* complexes
which was favorable for the growth of 1-D ZnO in a controlled manner using direct heating
method.

KEYWORDS: ZnO, Direct heating; Hydroxyl ion; Kanthal wire

1. INTRODUCTION

One dimensional zinc oxide (1-D ZnO) array has been attracted much attention in advanced
applications including light-emitting devices [1], solar cells [2], gas sensors [3], and
photocatalysis [4]. It is known that the optical and electrical properties of ZnO nanostructure
are highly dependent on shape, size, and orientation [5]. ZnO arrays has been commonly
synthesized by two-steps hydrothermal with long growth duration (3h to 12h) [6]. Developing
a rapid and simple method has been attracted much attention for synthesizing 1-D ZnO arrays
on supportive substrate.
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Low-temperature (65 — 95°C) solution-based methods including hydrothermal [6], chemical
bath deposition [7], or precipitation [8] methods were frequently employed for the growth of
ZnO nanostructures. These methods are easy to handle, low temperature (60-100°C), less
expensive, and environmental friendly. However, long growth duration and randomly
orientation of ZnO crystal are the main drawback of solution-based methods. Direct heating
method had been adapted for growing 1-D ZnO nanorods/nanowires on printed circuit board
[9], and stainless steel mesh [10]. By employing the Joule heating effect, the substrate is
directly heated when the current is passing through. Under direct heating condition, the effect
of hydroxyl ions (OH") on formation of 1-D ZnO nanostructures on the heated substrate is
crucial to investigate. Thus, in this study, the structure and morphology of ZnO was examined
to evaluate the role of hydroxyl ions on the growth of ZnO on kanthal wire.

2. MATERIALS AND METHODS

The materials used to synthesize ZnO were sourced from Merck including zinc acetate
dehydrate (CAS-383058) and sodium hydroxide (CAS-1064981000). Kanthal wire (Vapour
Tech, 20Ga, coil 30 feet) was used as a supportive substrate for the growth of ZnO.

Direct heating method was used to synthesize ZnO on kanthal wire as reported in previous
study [11]. Firstly, kantal wire was cut, coiled into a string and ultrasonic cleaned using ethanol
and dried at 80°C. Secondly, solutions of 0.1M zinc acetate dehydrate and sodium hydroxide
with various concentrations of 0.8M, 1M and 1.2M were prepared separately using distilled
water. Zinc acetate dehydrate solution was added dropwise into sodium hydroxide under
vigorous stirring for 15 min at room temperature. Both ends of the kanthal coil were connected
with electrical power supply of 30W. The kanthal coil was dipped into the as-prepared
precursor mixture. The coil was heated up when applying the power of 30W for 10min. The
temperature of the wire was measured by a digital thermometer. After 10 min of direct heating,
the coil was washed with distilled water and dried at 80°C. The as-synthesized samples were
designated as ZnO/wire-0.8M, ZnO/wire-1M, and ZnO/wire-1.2M corresponding to the OH"
concentration of 0.8M, 1M, and 1.2M, respectively.

The structure and morphology of as-synthesized samples were analyzed using X-ray
Diffraction (XRD, Bruker D8, accelerating voltage of 40kV, Cu K, radiation k = 1.5406 A)
and Field Emission Scanning Electron Microscope (FESEM, Zeiss Supra 35VP, WD = Smm,
accelerating voltage of 10kV, and InLens detector), Transmission Electron Microscope (TEM,
Tecnai G220 S-Twin, 200kV field emission gun) analyses, respectively. The average length
and diameter of ZnO rods were measured from FESEM images using ImagelJ software with the
sample size of 10.

3. RESULTS AND DISCUSSION

Figure 1 shows XRD spectra of bare kanthal wire and as-synthesized ZnO/wire grown at
various OH™ concentration of 0.8M, 1M, and 1.2M. The bare kanthal wire had diffraction peaks
of Aluminum Chromium (AlgCrs, Hexagonal, ICDD. no. 98-000-0411) and Aluminum
Chromium Iron (AlosCrosFe, Cubic, ICDD. no. 98-006-5697). After growing ZnO with OH"
concentration of 0.8M and IM (sample ZnO/wire-0.8M and ZnO/wire-1M) most of the
diffraction peaks of bare kanthal wire were suppressed. Only main diffraction peaks of AlsCrs
(at 29.29° and 47.33°) and AlosCro.sFe (at 44.85°, 65.02°, and 82.34°) were found at ZnO/wire-
IM sample. When OH™ concentration was increased to 1.2M (sample ZnO/wire-1.2M)
additional diffraction peaks at 34.4°, 36.6°, and 63.1° matched the crystallographic (002), (011)
and (013) planes of ZnO hexagonal Wurtzite structure (ICDD no.: 98-010-5281), respectively.
Similar diffraction patterns of ZnO was reported by Amin et al. [12], where ZnO nanorods
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were grown on silicon substrate at 90°C for 5h wusing hydrothermal method. The
crystallographic (002) plane had the strongest diffraction peak of ZnO/wire-1.2 sample,
indicating that ZnO was preferably grown in [001] direction [13].
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Figure 1. XRD spectra of bare kanthal wire and as-synthesized ZnO/wire grown at
various OH- concentration of 0.8M, 1M, and 1.2M.

The role of OH™ ions on the growth of ZnO on kanthal wire was further investigated via
morphology evolution using FESEM analysis as shown in Figure 2. After direct heating the
wire at 30W for 10min the solution temperature was 73 + 5°C. Figure 2a shows the morphology
of ZnO/wire-0.8M sample, containing wo kinds of distinct products i.e., flower-like ZnO and
octahedral Zn(OH). The average diameter and length of flower-like ZnO were 67.2 + 4.8um
and 619.4 £ 180.9nm, respectively. The average size of octahedral Zn(OH)> particles was 2.7
+ 0.6um which were aggregated from smaller microcrystals. Similar observation was found at
the study of phase transformation of Zn(OH)> to ZnO particles at 80°C for 2h using
hydrothermal method [14]. When the OH- concentration increased to 1M (Figure 2b), more
ZnO nucleus was started growing on kanthal wire. At OH™ concentration of 1.2M, ZnO rod-
shaped was fully grown on the wire surface with average diameter of 304 + 78.6nm as depicted
in Figure 2c. The FESEM images ZnO/wire-1.2M are consistent with the XRD spectra in
Figure 1, showing that ZnO sub-micron rods grew on kanthal wire along [001] (c-axis)
direction. Figure 2d & 2e shows TEM images of ZnO/wire-1.2M. The lattice fringes of the
ZnO rods were 0.26 nm which corresponds to the (002) plane of the wurtzite ZnO. Similar
lattice fringes spacing of ZnO was observed in the study of Hsu et al., in which ZnO nanorods
were grown on stainless steel mesh by hydrothermal method [15].

Based on the XRD spectra, FESEM and TEM images, it can be concluded that the OH- ions
play a major role for the growth of 1-D ZnO structure on kanthal wire. The OH" ions created
the super-saturation of aqueous solution of zinc acetate and sodium hydroxide, which was the
key driving force for the growth of ZnO during direct heating. At relatively low OH-
concentration (0.8M), Zn(OH), precipitates were mainly formed in the solution rather than
growing on the kanthal wire surface. With the increase of OH- concentration to 1.2M, Zn(OH),
precipitates were dissolved forming soluble [Zn(OH)4]*> complexes which were favorable for
the nucleation of ZnO during direct heating the wire [14]. It is well known that that the
hexagonal wurtzite ZnO was the polar crystal; and polar face (002) with surface dipoles were
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thermodynamically less stable [4]. Thus, [Zn(OH)4]* ions could be adsorbed on the positively
charged (002) plane of ZnO, promoting the crystal growth on [001] direction for forming 1-D
Zn0O submicron rod shape.

Figure 2. Morphology of ZnO/wires. a) — ¢) FESEM images of ZnO/wire samples
synthesized at OH- concentrations of a) 0.8M, b) 1M, and c¢) 1.2M; and d) — e)
TEM/HRTEM of ZnO/wire-1.2M

4. CONCLUSION

ZnO sub-micron rods with average diameter of 304 £ 78.6nm were fully grown on the
kanthal wire by direct heating method with the control of OH™ ions concentration. At low OH-
concentration, Zn(OH)» precipitates were formed in the solution rather than growing onto
kanthal wire surface. With the increase of OH concentration, the nucleation of ZnO nuclei
from [Zn(OH)4]* complex was initiated on the kanthal wire surface under direct heating.
Tailoring the OH™ ion concentration eliminated the formation of Zn(OH). precipitates and
increased the [Zn(OH)4]** complexes which was favorable for the growth of 1-D ZnO in a
controlled manner using direct heating method.
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ABSTRACT: Many studies have been done by metabolically modifying Escherichia coli to
produce elevated levels of xylitol. While there have been some positive results, the xylitol
yield is still not at par with that produced via the chemical route. This study employed GC-
MS, combined with multivariate analysis to qualitatively profile the metabolites found in
genetically modified E. coli (Apgi+xpdh) for xylitol production with glucose as substrate. It
was found that over time, xylitol level increased, with the peak intensity at 24h being the
highest. This was parallel with the optical density (OD) value, which also increased over time,
indicating that as the cell grew, more xylitol was generated. Top contributing metabolites
were identified and subjected to pathway analysis, revealing that amino acids may have a
significant role in xylitol production. The findings from this study provide initial
metabolomics input for enhancing recombinant E. coli strains in the biotechnological
production of xylitol, whereby glucose is employed as primary substrate.

KEYWORDS: Metabolomics, GC-MS, Escherichia Coli, Xylitol, Amino Acid.

1. INTRODUCTION

Xylitol is a naturally occurring 5-carbon polyol mainly used in the food industry as sugar
substitute due to its similar sweetening power to sucrose but with lower caloric content among
other benefits [1]. Current commercial production of xylitol via the chemical route is an
extensive and unsustainable process requiring refining treatment for xylose which also makes
it costly [2]. As such, continuous research has been done to produce xylitol biotechnologically
by genetic modification of microorganisms, including Escherichia coli, which is a model
microorganism for producing target compounds in laboratory settings [3] and resulted in
positive outcomes [4, 5]. In terms of substrate, both xylose and glucose had been studied for
xylitol production with the latter being much preferable due its price and availability [6].
Nonetheless, despite various approaches taken to increase xylitol yield including improvisation
of immobilisation strategy and process parameters optimisation [7, 8], the amount of xylitol
yielded is still incomparable to that of the chemical route. The metabolomics approach has
proven to be successful in improving target compound production, specifically 1-butanol [9,
10, 11]. So far, none of the studies on recombinant E. coli producing xylitol has taken the
metabolomics approach to increase xylitol yield. Therefore, this study seeks to qualitatively
profile the metabolites present in recombinant E. coli (Apgi+xpdh) during xylitol production
using glucose as a substrate by using GC-MS and multivariate analysis, as the first step in the
metabolomics approach to improve xylitol production.
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2. MATERIALS AND METHODS

2.1. Bacterial Strain

E. coli BL21 strain from Novagen was deleted for phosphoglucose isomerase (Apgi) gene
to redirect the glucose catabolism from glycolysis to pentose phosphate pathway (PPP), and
xylitol phosphate dehydrogenase (xpdh) gene from Clostridium difficile was cloned into the
strain by using plasmid pET21 as vector. Insertion of xpdh gene was to enable the conversion
of D-xylulose-5-phopshate to xylitol in PPP.

2.2. Bacterial Culture

Xylitol production took place for 24 h in a 250 mL shake flask with 50 mL LB medium (5
g/L yeast extract, 10 g/L NaCl, 10 g/L tryptone) added with 34 ug/mL chloramphenicol,
induced by adding 0.1 mM isopropyl B-d-1-thiogalactopyranoside (IPTG) and 10 g/L glucose
and incubated in an orbital shaker at 200 rpm and 37 °C.

2.3. Cell Sampling and Metabolites Extraction

Cell sampling and metabolites extraction was done according to Hashim and Fukusaki [12]
with slight modification. 5 mL of culture media was transferred to a fresh tube at 0, 2, 5, and
24 h. The sample was centrifuged at 4 °C, 5000 rpm for 5 min to separate the cell pellet from
the media. The media which contained extracellular metabolites was transferred to a new tube
and kept at -20°C for further analysis. Meanwhile, the cell pellet was immediately added with
2 mL of pre-cooled (-20°C) single-phase extraction solvent (methanol/chloroform/water = 5/2/2
vIviv%) with 60 pL ribitol (0.2 mg/mL) as internal standards [12, 13]. The mixture was then
left for 30 min in an incubator shaker at 200 rpm, 4 °C. Afterwards, 1 mL of distilled water was
added into the mixture, vortexed and centrifuged at 4 °C, 16100 rcf for 3 min. Next, the upper
polar phase was transferred to a new tube via syringe filtration (0.2 um PTFE hydrophilic
membrane, Hawach Scientific, Shaanxi, China) and freeze dried. Derivatisation was done by
adding 75 uL of methoxyamine hydrochloride (Sigma-Aldrich, MO, USA) dissolved in
pyridine (Merck, Darmstadt, Germany) to the lyophilised extracts and left in thermomixer to
react at 30 °C, 1200 rpm for 90 min in a process called oximation, followed by silylation by
adding 50 uL of N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) (Sigma-Aldrich,
MO, USA) and the reaction was performed at 37 °C, 1200 rpm for 30 min [13]. The derivatised
samples were transferred to glass vials and analysed with GC-MS within 24 h.

2.4. Analytical Methods

2.4.1. Cell Growth

The cell growth was observed by measuring the optical density at 600 nm (ODsoo) using a
UV-1601 spectrophotometer (Shimadzu, Kyoto, Japan) at 0, 1, 2, 3, 4, 5, and 24 h. Measured
values of ODsoo were plotted on the growth curve.

2.4.2.  GC-MS Analysis

GC-MS analysis was performed using GCMS-QP2010 Ultra (Shimadzu, Kyoto, Japan). The
samples were separated using a BP5MS capillary column coated with 5%
phenylpolysilphenylene-siloxane (30 m x 0.25 mm i.d. x 0.25 um film thickness). One uL of
sample was injected in split mode with a split ratio of 1:25. The injector, transfer line, and ion
source temperature were set at 230, 250, and 200 °C, respectively. The column flow rate was
1.12 mL/min (linear velocity 39 cm/s). The column temperature was held at 80 °C for 2 min,
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raised by 15 °C/min to 330 °C for 12 min. Electron ionisation (EI) was performed at 70 eV. The
mass range of the detector was set to m/z 35 to 800 and the detector voltage (set by auto-tuning)
was at 0.80 kV.

2.5. Multivariate Analysis and Statistical Analysis

The amount of each metabolite (peak intensity) was normalised to the internal standard
(ribitol), mean centred and scaled to unit variance. Multivariate data analysis, such as principal
component analysis (PCA), and pathway analysis was performed using MetaboAnalyst 5.0
[14].

3. RESULTS AND DISCUSSION

3.1. Bacterial Cell Growth

To determine bacterial cell growth, ODesoo was measured using a UV-1601
spectrophotometer (Shimadzu, Kyoto, Japan). Fig. 1(a) shows the plotted growth curve for E.
coli (Apgi+xpdh). It was observed that the exponential growth phase of the cell was between 1
to 4 h, with the maximum specific growth rate (umax) of 0.0.0459 ht. The cell continued to
grow until the 24th hour albeit slower, indicating that the cell was starting to enter the stationary
phase past 24 h.
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Fig. 1. (a) Growth curve of modified E. coli during 24 h xylitol production, and PCA
score plot showing metabolite profile in (b) intracellular extracts, (c) extracellular
extracts collected at 0, 2, 5, and 24 h.

3.2. Time-course Metabolite Profiling

Fig. 1(b) and 1(c) show time-course metabolite profiles of E. coli (Apgi+xpdh) at 0, 2, 5,
and 24 h post-induction for intracellular and extracellular extracts respectively. It can be seen
that the metabolites at 24 h are distinctly separated from the rest especially in the intracellular
samples. This pattern corresponds to xylitol production which reach its peak at 24 h post-
induction as can be observed in Fig. 2(a) and 2(b). The increase of xylitol is parallel with the
decrease of glucose in the extracellular extracts in Figure 2(c), which tallies with the
information in Fig. 1(a). It can be concluded that the genetically modified E. coli consumed
glucose for growth and generated more xylitol as it grew.
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Fig. 3. Pathway analysis for top 20 most contributing metabolites in (a) intracellular
samples, (b) extracellular samples

3.3. Metabolome Analysis Reveals Impacted Amino Acids Metabolisms

The most contributing metabolites in the separation of the samples were determined from
the list of metabolites identified using GC-MS library and subjected to pathway analysis. The
results show that in both intracellular and extracellular samples, amino acid metabolisms are
mainly affected (Figure 3). This result suggested that amino acids may play a prominent role
in xylitol production. This outcome is supported by a study done by Fuzi et al. [15] which
demonstrated that individual supplementation of certain amino acids was able to increase the
xylitol titer by nearly 50% in genetically modified E. coli (Axy1AB+P21XR) whereby xylose
was the main substrate and glycerol was used as carbon source. The study also concluded that

amino acids may play a critical role in the production of xylitol.

4. RESULTS AND DISCUSSION

From this study, it was found that amino acid metabolisms were mainly affected in xylitol
production. Further research should be done to understand the relationship between amino
acids and xylitol production by comparing the metabolic profile of E. coli (Apgi+xpdh) when
different amino acids were to be added to the fermentation media to learn how the amino acids

affect xylitol production.
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ABSTRACT: Bead-milling is an eco-friendly and feasible method for physical modification
of materials that has been extensively used in many industrial applications impacting on
particle size and overall products’ performance. While previous studies explored various
bead-milling parameters in different applications, limited research conducted on sulfur
curative dispersion, necessitating a thorough investigation of its performance after bead-
milling is applied. The primary objectives of the present study were to explore the influence
of bead-milling process parameters, particularly rotational speed and flow rate on the sulfur
curative dispersion characteristics and to analyze its behavior within the rubber elastomer
matrix. Taguchi’s L9 orthogonal array experimental design was employed to identify the
optimal rotational speed and flow rate of a 60-L bead-milling machine on the sulfur curative
dispersion. It was found that higher rotational speed (800 rpm) and lower flow rate (350 L/h)
of the bead-milling process resulted in smaller sulfur particle sizes, leading to slight
improvement on tensile strength of the rubber elastomer and hindered the formation of severe
sulfur crystals on the casted rubber elastomer — and vice versa. This research provides
valuable insights to determine the ideal bead-milling process for sulfur curative, enhancing
the mechanical properties and overall performance of elastomeric rubber composites.

KEYWORDS: bead-milling, sulfur, rubber.

1. INTRODUCTION

Bead-milling is an eco-friendly method known for modifying materials via friction,
collision, impact, and shear from milling beads and the chamber wall — altering particle size,
surface properties, morphology, and functional characteristics including solubility, water
absorption, swelling, pasting, and gelation of materials [1-3].

Numerous researchers have employed the bead-milling process to alter their products or
materials and achieve desired attributes — such as investigations on multi-wall carbon
nanotubes (MWCNTs) and bead-milling process parameters for aluminium-magnesium (Al—
Mg) alloy powder which reported increasing milling time and speed yields smaller crystallite
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sizes by 83%, enhancing MWCNT distribution and diffusion into the AI-Mg matrix [4]. A
study on wheat gluten protein using bead-mill process proved significant improvements such
as breakage of disulfide bonds, increased sulthydryl groups, heightened hydrophobicity,
improved foaming capacity, reduced particle size, and enhanced whiteness that diversifies the
applications of wheat gluten [5]. In the context of drug nanocrystal suspensions, utilizing finer
milling beads (0.1 mm yttrium stabilized zirconia) was found optimal to stabilize ultrafine drug
suspensions that remain homogeneous even after refrigeration [6]. Furthermore, bead-milling
enhances the stability and performance of 1.5% cesium lead bromide (CsPbBr3) perovskite
quantum dots/polymethyl methacrylate composite with significant performance in terms of
luminous efficiency in a white light-emitting diode [7]. These studies reflected bead-milling’s
wide application scope across industries like chemicals, nanomaterials, food processing, and
pharmaceuticals, impacting particle size, surface morphology, stability, and overall product
performance.

A curing agent or “curative” is a chemical used to initiate reactions, particularly for cross-
linking elastomer molecules such as rubber. Colloidal or dispersed sulfur yields fine particles
that suspend well and “insoluble sulfur” is preferred over soluble to prevent “sulfur blooms”
which can hinder rubber adhesion and product performance [8,9]. Extensive research explored
various methods on sulfur characteristics enhancement — involving ball-milling for dispersion
[10], modified sulfur for compatibility [11], and nano-additives for mechanical properties [12].
that aim to enhance sulfur’s properties and dispersion within rubber which may lead to the
development of high-performance elastomeric materials.

While various milling parameters’ effects on products are studied, there is a relative lack
of studies or exploration on sulfur dispersion, particularly on its dispersion performance after
bead-milling. This research investigates how flow rate and rotational speed affect its
performance in the rubber matrix — optimizing bead-milling for sulfur to yield elastomeric
items with superior properties via characterizations on visual and tensile properties by using
Light Emitting Diode (LED) magnifier lens and universal testing machine respectively.

2. MATERIALS AND METHODS

2.1. Sulfur Curative Preparation and Rubber Elastomer Casting

Dispersion of sulfur curative raw materials inclusive of sulfur powder, sodium salt of
naphthalene-sulfonic acid (surfactant), and deionized water at weight percentage of 60%, 6%
and 34% respectively was done in a 4-tonne mixing tank at 800 rpm for 30 minutes before the
dispersion was pumped to the 60-Litre bead-milling machine with various rotational speed and
flow rate using Taguchi’s L9 orthogonal array from control factors and levels in Table 1.
Yttrium-stabilized zirconia beads of 140 kg and 0.9 mm diameter were used in the milling
chamber. Four sulfur samples after the bead-milling based on their particle size, Dgo (90% of
the particles in the sulfur curative having a size smaller than or equal to the reflected value)
were then chosen for latex compounding where the compounding materials were obtained
commercially. The compounded latices were left to mature for 48 hours and the rubber films
were then casted with a pre-determined parameters setting for rubber vulcanization.

Table 1: Control factors with their respective levels for sulfur curative bead-milling

Levels
Factors Unit
1 2 3
A Rotational Speed rpm 800 700
B Flow Rate L/h 750 550
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2.2. Characterizations

The Doo value of sulfur curative dispersion’s particle size was determined using a Particle
Size Analyzer of LA-960V2 model. Total Solids Content (TSC) was calculated with the aid of
oven at 100 °C to observe water input/output to the dispersion. The dispersion’s pH was
measured by using pH meter while the dispersion viscosity was measured with a Brookfield
viscometer. The casted elastomeric rubber samples’ properties were analyzed mechanically
using a universal testing machine supplied by GT Instruments Sdn. Bhd. (Model: Al-3000) to
measure tensile strength with verified thickness (0.06 + 0.005 mm), and LED magnifier lens
for visual characterization.

3. RESULTS AND DISCUSSION
3.1. Sulfur Curative Properties

Table 2 shows the specifications of sulfur curatives achieved through varying bead-milling
process parameters. Triplicate samples of sulfur curatives were taken and recorded their
properties for each run and averaged out.

Table 2: Sulfur curative specifications results

Run  Rotational Speed Flow TSC Viscosity Particle Size, Do
Rate pH

No. (rpm) (L/h) (%) (cP) (um)
1 800 750 9.5 61.31 472 7.750
2 800 550 9.5 62.99 610 6.718
3 800 350 9.6 61.63 598 6.154
4 700 750 9.7 62.05 470 8.650
5 700 550 9.9 61.84 646 7.760
6 700 350 9.5 62.31 616 6.820
7 600 750 9.7 62.43 370 9.998
8 600 550 9.7 62.69 432 8.444
9 600 350 9.5 61.89 518 7.214

It can be roughly observed that particle size and viscosity demonstrated variations across
the different runs, while pH and TSC were observed to constant to less variations. This
variation in particle sizes may be able to influence the resulting dispersion’s stability and
performance within rubber matrix.

3.2. Influence on the Resulting Rubber Elastomer

From the observations of rubber elastomer film surfaces through an LED magnifier lens,
a significant presence of sulfur crystals/blooms on the rubber film surface at a lower rotational
speed of 600 rpm and a higher flow rate of 750 L/h. Comparatively, sulfur produced with a
higher rotational speed and lower flow rate in bead-milling, showed considerably fewer sulfur
blooms on the surface.

Figure 1 illustrates the tensile strength mechanical properties of the casted rubber
elastomer films across the four different sulfur curative sets, comparing their respective particle
sizes. The mechanical properties underwent testing to assess the mechanical behavior of the
rubber elastomer samples according to ASTM D3578 standard and remarkably passed the
minimum requirement of the standard (> 18 MPa) [13], and the values for each set remained
closely aligned, with slight improvements in tensile strength evident for Set A which featured
the smallest particle size, showing the highest tensile strength value, which apparently
contributed to this positive impact.
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Fig. 1. Tensile strength of casted rubber elastomer films with different bead-milled
sulfur curative.

4. CONCLUSION

In this study, it is proved that at the highest rotational speed (800 rpm) and lowest flow
rate chosen (350 L/h) resulted in sulfur with the smallest or reduced particle size. Observations
of sulfur crystals surfaced on rubber films highlighted various effects of bead-milling settings
— particularly Set A with fewer blooms due to higher rotational speed and lower flow rate
resulting in smaller particle size. All rubber films met the ASTM D3578 standard for strength,
and the smallest sulfur particles showed the highest tensile strength and vice versa.
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ABSTRACT: Population growth in Malaysia has led to a rise in waste production. Soon, the
capacity of the sanitary landfill will not be sufficient to accommodate the daily garbage
production. Therefore, biogas plants are one of the finest answers to this issue. There has been
numerous research on the use of food waste (FW) to make biogas, which can then be
transformed into renewable energy. Food waste constitutes the largest percentage of
municipal solid waste in Malaysia (MSW). In this study, the acclimatization process was
conducted to profile the stages in this process for 27 days using cafeteria food waste (CFW)
as a substrate. During the process, the pH sample and biogas production was recorded. The
results showed that the hydrolysis stage occurred during day 0-1, indicated by a drop in pH
from 7 to 2. This was followed by the acidogenesis stage from day 2-14, with the pH
remaining within the acidic range of 3.5-6.5. The acetogenesis stage took place from day 15-
18, maintaining a similar acidic pH range. Lastly, the methanogenesis stage occurred during
day 19-27, characterized by a significant increase in biogas production. Methanogenic archaea
converted the produced acetate, hydrogen, and carbon dioxide into methane gas. Different
total solid (TS) contents of CFW: 10%, 15%, and 20%, were investigated. The highest biogas
production was observed with a TS content of 20%, resulting in an accumulated biogas
volume of 360 ml over seven days of fermentation. Conversely, the lowest biogas production
was observed with a TS content of 10%, yielding a biogas volume of 170 ml. This study
demonstrates that biogas production increases with higher total solids (TS) content. Finally,
this study proves that food waste is a potential feedstock for biogas production that can help
to reduce the current issues of waste disposal.

KEYWORDS: Profiling, Anaerobic Digestion, Cafeteria Food Waste, Biogas.

1. INTRODUCTION

World populations are rising up to 64 million in 2022 [1]. The massive growth in
population has a tremendous effect on natural resources. As the global population increases,
the management of solid waste has become a burden for global economies and the need for
more energy consumption increases. Renewable and non-renewable energy are the two types
of energy that can be classified. Non-renewable energy refers to a natural resource that does
not regenerate while renewable energy is obtained from ongoing replenishment through natural
processes [2]. Renewable energy obtains all its different forms directly from the sun, wind,
rain, ocean tides and biomass. Due to its vast access and capacity to be produced as a byproduct
of numerous industrial and agricultural activities, biomass is a renewable energy source that is
expanding and has a high development potential [3].
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Biomass can be derived from forestry crops and leftovers, industrial residues, animal
residues, municipal solid waste, and sewage. As of 2013, the largest share of municipal solid
waste (MSW) produced in Malaysia is food waste (FW) [4]. Many nations are becoming
worried about the amount of food that is wasted globally. The challenges are the annual
production of FW and the quantity of food consumed. As food consumption increases, so will
FW. Landfill is the primary waste disposal method in Malaysia with up to 80% utilization [5].
In addition to depleting valuable land, landfilling pollutes the air, water, and soil by releasing
chemicals, pesticides, and methane into the soil, groundwater, and atmosphere. Biogenic
matter, which includes all sorts of biomasses, decomposes into biogas under anaerobic
circumstances.

Biogas typically refers to a gas generated by the biological breakdown of organic matter
in lacking oxygen [6]. The major component of this naturally occurring biogas, methane,
escapes into the atmosphere and significantly contributes to global warming. Due to the
enormous environmental and financial advantages it provides, anaerobic digestion (AD) of
food waste has drawn attention from all over the world. Digestion is indeed based on a
reduction process consisting of a few biochemical events occurring in anoxic settings, which
is why anaerobic digestion is frequently thought of as a complex process [7].

Anaerobic digestion produces methane through four distinct processes: hydrolysis,
acidogenesis, acetogenesis, and methanogenesis. By profiling each stage of acclimatization
process for AD, we can understand the dynamics of microbial populations and their role in the
degradation of FW. Production of biogas requires anaerobic digestion to be limited to one of
the crucial factors such as total solid (TS) content of the food waste. The TS content of a sample
is the mass of solids remaining after a sample has been dried divided by the original mass of
the sample. Previous studies showed that the high-solids system was found to produce more
methane production rate but there is also a study that found out the total methane production
decreased with total solid (TS) content increasing from 10% to 25% [8]. Thus, this study was
concentrated on profiling anaerobic digestion stages of cafeteria food waste for production of
biogas. Furthermore, the TS content was also optimized to increase biogas production.

2. MATERIALS AND METHODS

Cafeteria food waste (CFW) used as a substrate was collected from Mahallah Faruq
Cafeteria in [IUM Gombak campus. It consisted of leftover foods such as vegetables, meats,
fish, rice, fruits, and sauces. The source of mixed culture sludge (MCS) used as inoculum in
this experiment was Palm Oil Effluent (POME) collected from Biogas Plant in Pahang.

2.1. Sample Preparation

A food blender was used to homogenize the cafeteria food waste (CFW) into particles that
are smaller than 2 mm in diameter. The CFW was blended with distilled water with the ratio
of (4 g:1 ml) (CFW: distilled water). Prior to usage, the blended CFW was stored in a
refrigerator at 4°C. The CFW was further diluted again with the same proportion of (4 g:1 ml)
(CFW: distilled water) before being used in the experiment.

Three different samples were prepared in this project. The three samples differ in terms
of total solid (TS) content of the cafeteria food waste (CFW). The sample preparation for each
content is shown in Table 1.
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Table 1: Sample preparation of each total solid (TS) content
Ratio (CFW: Distilled

TS content (%)

Water)
20 20 g:100 ml
15 15 g:100 ml
10 10 g: 100 ml

2.2 Acclimatization of Mixed Culture Sludge

The modified Schott bottle with a working volume of 1000 ml was used as a reactor. In
this study, the total volume in the reactor was at proportion (50:50) (CFW: MCS). The initial
pH of the mixture was adjusted to pH 7. The daily production of biogas and the pH of the
mixture was recorded for twenty-seven days. Besides, this seed was used as an inoculum for
anaerobic digestion (AD) process.

2.3 Optimization Total Solid Content

For this experiment, 100 ml of acclimatization sample was added into 100 ml of the
sample with TS content of 20%. The biogas production and pH were recorded for 7 days.
Total carbohydrates of the samples were also analyzed. This step was repeated for TS content
of 15% and 10%. Previous studies [8] and practical experiences have shown that anaerobic
digestion tends to exhibit favorable performance within the 10-20% TS content range.

3. RESULTS AND DISCUSSION
3.1 Acclimatization of Mixed Culture Sludge

The cumulative biogas collected and pH value throughout the acclimatization process was
plotted in Figure 1. From biogas produced, it can be indicated that from day 0-1 is considered
as hydrolysis stage (S1) where the initial pH observed dropped from pH 7 to pH 2. The pH
drop signifies the start of the acidogenesis stage in the acclimatization process. During
hydrolysis stage, complex organic molecules in the substrate such as proteins, carbohydrates,
and lipids are converted into smaller compounds such as sugars, amino acids, and fatty acids
by hydrolysis bacteria.

Once hydrolysis occurs, the acidogenesis stage (S2) took place from day 2-14 where the
pH of the substrate remains within the acidic pH range. The acidogenic bacteria take over and
convert the simpler organic compounds produced in the hydrolysis stage into organic acids,
alcohols, and other volatile fatty acids. During acidogenesis, pH decreases due to acidification,
and VFAs accumulate. The production of VFAs is accompanied by the release of carbon
dioxide and hydrogen gas, contributing to initial biogas production. However, biogas
production during acidogenesis is relatively low compared to the later stages of acetogenesis
and methanogenesis.

From day 15-18, with pH within the acidic range of 3.5-6.5, biogas production increases
and further metabolizes the organic acids and volatile fatty acids produced in the acidogenesis
stage (S3) into acetic acid, hydrogen and carbon dioxide. This stage is crucial for generating
acetate, which is a key precursor for methane production in the next stage.

The final stage of the acclimatization process, which is methanogenesis (S4), occurred
between day 19-27 where methanogenic archea converts the acetate, hydrogen and carbon
dioxide into methane gas or biogas. This stage is marked by a significant increase in biogas
production and low concentrations of VFAs can also be observed.
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Figure 1: Biogas production and pH value for each stage in the acclimatization process

3.2 Optimization Total Solid Content

The accumulation of biogas in mL for different TS content of CFW was recorded as in
Figure 2. The cumulative biogas produced by TS content of 20%, 15%, and 10% accounted
to 360 ml, 250 ml, and 170 ml. Hence, biogas production showed an increasing trend with
increasing TS content of CFW.

The acclimatization process aims to enhance biogas production in the anaerobic digester
by ensuring efficient conversion of organic matter. This leads to higher biogas yields, stability,
and sustainability. As a result, the cafeteria food waste (CFW) with 20% total solids (TS)
content produced the highest biogas volume, as predicted by the initial total carbohydrates
(TC) analysis. The results obtained were similar to previous study [8] in which substrates with
higher TS content showed higher biogas production in the batch anaerobic digestion of CFW.
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Figure 2: The cumulative biogas production for different (TS) content of CFW
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It is well known that FW is a high degradable substrate for anaerobic digestion. For TS
content of 5%, 10% and 20% at a fixed 7 days of solid retention time (SRT), increased TS
content of CFW meant higher applied organic loading rate (OLR) and larger proportion of
easily degradable substrate of microorganism, which results in higher volumetric biogas [10].
OLR indicates the quantity of organic material that is being fed into an anaerobic digester.
High OLR can improve the processing efficiency of AD, while it might inhibit biogas
production [11]. In this study, it is difficult to determine if the high OLR inhibited the biogas
production, but the biogas produced showed an increasing trend with increasing TS content of
CFW. So, it can conclude that high OLR in CFW improved the efficiency of AD process.

It is also clear that in Figure 2, the highest biogas production for all TS content was on
day 5. It is difficult to point out a single factor affecting this, but one of the main factors is the
peak concentration of carbohydrates just before day 5 of biogas production as shown in Figure
3. During anerobic digestion (AD), carbohydrates are significant components of organic
matter that can be degraded by microorganisms. As the concentration of carbohydrates
increases, there is typically more substrate available for microbial fermentation, leading to
enhanced biogas production.

In the initial stages of anaerobic digestion, the total carbohydrates analysis value of food
waste increases over time [12]. This rise occurs during hydrolysis and acidogenesis, where
complex carbohydrates are broken down into sugars and fermented into volatile fatty acids
(VFAs) like acetic acid, propionic acid, and butyric acid. These processes release soluble
carbohydrates and VFAs into the digester, elevating the total carbohydrates analysis value. As
digestion progresses, acetogenesis and methanogenesis take place. Acetogenic bacteria
convert VFAs into acetic acid, hydrogen gas, and carbon dioxide, while methanogenic archaea
utilize these compounds to produce methane gas. During acetogenesis and methanogenesis,
some carbohydrates and VFAs are further broken down, resulting in a decrease in the total
carbohydrates analysis value of the remaining digestate and higher biogas production.
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Figure 3: Total carbohydrate content during biogas production

Table 2 shows the pH values of substrates during AD. The average pH value for TS
content of 20%, 15%, and 10% are 5.32, 5.31 and 5.30, respectively. These pH values were
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not within the optimal range for AD which is between pH 6.8- pH 7.4. This may be due to
organic acid accumulation. During the AD process, organic acids are produced as intermediate
products. If the digestion process is not well-balanced, the accumulation of organic acids can
cause a drop in pH. This can occur if the SRT is too short. At low SRT, conversion of feedstock
is limited, and organic acids are the main fermentation products [13].

Table 3: pH values of substrates for each TS during AD

pH Value
Day
TS =20% TS =15% TS =10%
0 7.00 7.00 7.00
1 4.85 4.93 4.88
2 4.90 4.95 4.98
5 5.07 5.06 5.03
6 5.05 4.99 4.96
7 5.04 4.95 4.95

4. CONCLUSION

The AD of CFW was studied by profiling the stages in the acclimatization process
between the CFW and MCS and investigating the feasibility of biogas production using
different TS content of CFW. The profiles of anaerobic digestion were shown in this study;
however, it is suggested to prolong the fermentation time for a better profiling stage. While
biogas production showed an increasing trend with increasing TS content. This proved that
the biogas production is highly dependent on the TS content of CFW undergoing the process
of AD.
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ABSTRACT: Water pollution due to natural and human activities is a critical issue of global
concern. Moreover, rapid population growth that led to urbanization, industrialization and
intensification of agricultural activities has rendered to the accumulation of pollutants in water
and wastewater. Heavy metals were identified as one of the inorganic pollutants found in
significant amounts in industrial effluent discharges. Therefore, this study aims to evaluate
the efficiency of graphene oxide polyethersulfone nanocomposite (GPN) adsorptive
membrane in a synthetic multi-metal ion system using dead-end filtration process. GO powder
was incorporated with a polymer solution to fabricate the GPN membrane. After that,
simulated industrial wastewater was prepared based on the real waste content including lead
(Pb), iron (Fe), copper (Cu) and aluminum (Al) at pH 3.4+0.2. Then, the dead-end filtration
was conducted using the prepared simulated wastewater at 3 bar of transmembrane pressure.
The final concentration of the metals in the permeate demonstrated that the removal of multi-
metal ions was in the descending order of Al > Pb >Cu > Fe and Pb > Al > Cu > Fe for Type
1 and 2, respectively. For Type 1 simulated wastewater (mining industry), the removal
percentages were about 62, 40, 61 and 81% for Pb, Fe, Cu and Al, respectively. Meanwhile,
for Type 2 simulated wastewater (semiconductor industry), the removal percentages were 93,
43, 63 and 67% for Pb, Fe, Cu and Al, respectively. The results exhibited that metal ions
compete for these interactions and behave differently when they come into contact with the
GPN membrane. The final concentration of the metals in the permeate demonstrated an
enhanced removal of multi-metal ions. Therefore, it is suggested that this GPN membrane is
suitable for industrial use and could be verified with real wastewater effluent in the future.

KEYWORDS: Modified graphene oxide, Adsorptive membrane and Multi-metal ion
removal.

1. INTRODUCTION

Heavy metal contamination in water is a significant environmental issue that poses serious
threats to human health and the ecosystem. While these metals have various industrial and
commercial applications, their improper disposal and release into the environment can lead to
water pollution. Once heavy metals enter water systems, they can persist for extended periods
and accumulate in the environment. As a result, they are often found in elevated concentrations
in rivers, lakes, and groundwater. These elevated levels can have harmful effects on aquatic
life, plants, and humans [1,2]. To date, the incorporation of nanomaterials in membrane
fabrication has been proven to improve membrane performance and fouling resistance as well
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as provide innovative systems for novel adsorptive/filtration membranes for improving
wastewater treatment [3]. Graphene oxide (GO), a highly oxidized form of the graphene sheet,
has been investigated due to easy dispersion in an aqueous solution as these oxygen moieties
make GO hydrophilic [4-8]. This study explores the application of an effective membrane
utilizing GO as the main nanomaterial of a nanocomposite adsorptive membrane for heavy
metals removal known as graphene oxide polyethersulfone nanocomposite (GPN) membrane.
In general, industrial effluent contains a variety of pollutants which is more than one of heavy
metals. As a result, incorporating other heavy metals would serve as simulated real-world
wastewater, allowing the hindrance of other metal ions to be determined utilizing the GPN
membrane. However, only a few studies of the GPN have been tested on multi-metal ion
rejection and no study has evaluated the simulated wastewater based on the wastewater effluent
from mining/semiconductor industries. Therefore, the aim of this study was to investigate and
validate the applicability of GPN for enhanced removal of multi metal ions and elucidation of
its mechanism. This research envisages that heavy metals containing wastewater effluents that
are currently discharged into the water environment could be efficiently treated and
subsequently control the water pollution issues by integrating nanomaterials and adsorptive
membrane systems. an attempt to make formatting easy, you can use the style menu just under
the standard menu.

2. MATERIALS AND METHOD

All reagents used for the experiment were analytical grade. Lead nitrate (PbNO3: 99%),
and iron sulfate (FeSO4: 98%) were purchased from R&M Chemicals. Copper sulfate (CuSO4:
98%) was supplied from Ajax Finechem and aluminum sulfate (AI2(SO4)3: 98%) was
purchased from HmbG Chemicals. The synthesized graphene oxide according to Hummers’
method and the fabricated GPN membrane as described elsewhere [9], were used throughout
the experiment utilizing graphite powder (particle size < 50 um) which was supplied by R&M
Chemicals, Canada.

2.1. Simulated wastewater

In this study, the simulated industrial wastewater was prepared based on the real waste
content as reported previously [10,11] and tested for the applicability of the GPN. The lead
(Pb) ion concentration was mixed with other metals including iron (Fe), copper (Cu) and
aluminum (Al) and the pH was 3.440.2, where the pH of the solution remains similar to that of
the acidic real wastewater. The components of simulated wastewater from industrial
wastewater were prepared according to previous findings from mining (Pb-100; Fe-30; Cu-70;
Al-200 mg/L) and semiconductor (Pb-1.5; Fe-3.5; Cu-2; Al-3 mg/L) industries pertaining to
the multi-metal ions system. Finally, the final concentration of the multi-metal elements was
determined using ICPMS and the removal efficiency was observed.

2.2 Dead-end filtration

The dead-end filtration experiments were conducted on GPN membrane using simulated
wastewater containing multi-metal ions as inlet feed. The filtration experiment was conducted
according to [9] with slight modification using a hand-made dead-end membrane filtration set-
up with constant transmembrane pressure (TMP) and a variation of filtration time. The
compaction step was carried out for 15 min at a pressure of 3 bars to obtain a steadier solution
flux and to remove residual chemicals. The permeate flux was calculated using the Equation(1).
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AV
J=" (1)

where J is the measured permeate flux (L/m? h), A4V is the permeate cumulative volume (L),
A is the effective membrane surface area (m?), and At is the filtration duration (h).

3. RESULTS AND DISCUSSION

3.1 Multi-metal ions rejection

The dead-end filtration experiments were conducted on GPN membrane using multi metal
ions as inlet feed. The removal percentage of multi metal ions were obtained using ICPMS
and analyzed. Type 1 simulated wastewater is based on the mining industry with high
concentration of heavy metals content, while the Type 2 of simulated wastewater is based on
the semiconductor industry which contains low concentration of heavy metals. The
permeation flux of both sets is shown in Fig. 1 below. The fluxes values are 412 L/m*h and
240 L/m?h for low and high concentration of simulated wastewater, respectively. From the
results, the flux is decreased with increasing concentration. This is suggested that membrane
resistance increases linearly with increasing initial feed concentration [12]. However, it can
be clearly seen that both attained steady flux in 30 minutes.

Simulated wastewater

450

350

Flux [L/mh)

200 —@— High conc WW

150 —8— Low conc WW

i} 0.2 0.4 0.6 0.8 1 12
time (hr)

Fig. 1. Flux vs time plot for simulated wastewaters at 3 bar of TMP and acidic conditions
(pH 3.2+0.2).

The percentages removal for heavy metals were shown in Figure 2. The multi metals
ion rejection was determined using ICPMS analysis. The final concentration of the metals in
the permeate demonstrated that the removal of multi-metal ions was in the descending order
of Al > Pb >Cu > Fe and Pb > Al > Cu > Fe for Type 1 and 2, respectively. For Type 1
simulated wastewater (mining industry), the removal percentages were about 62, 40, 61 and
81% for Pb, Fe, Cu and Al, respectively. Meanwhile, for Type 2 simulated wastewater
(semiconductor industry), the removal percentages were 93, 43, 63 and 67% for Pb, Fe, Cu
and Al, correspondingly. From the results, it is revealed the rejection percentage for heavy
metals did not follow an orderly trend, but it appeared to follow these manners which
removal of Pb and Al was higher than the others for semiconductor and mining industry,
respectively.
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Fig. 2. Removal percentage of multi metal ions component through GPN membrane at
3 bar of TMP and acidic condition (pH 3.2+0.2)

The removal of metal ions from aqueous solutions is attributed to two types of
interactions: electrostatic and Van der Waals interactions [5]. Metal ions compete for these
interactions and behave differently when they come into contact with the GPN membrane. It
is suggested that the metal ions can be coordinated due to the presence of OH and COOH
groups in GO and the electrostatic interaction between the functional group in GPN
membrane and metal ions are responsible for this selective permeation [5,13]. In addition,
metal ions are removed with a three-step mechanism involving the external diffusion of metal
ions, diffusion into the nanocomposite and adsorption in the nanocomposite as well as a
synergetic effect [5,14].

4. CONCLUSION

The validation of the GPN applicability towards the simulated wastewater containing
multi-metal ions is well achieved where the GPN membrane can be utilized to remove multi-
metal ions from the wastewater. The final concentration of the metals in the permeate
demonstrated an enhanced removal of multi-metal ions. Therefore, it is suggested that this GPN
membrane is suitable for industrial use and could be verified with real wastewater effluent in
the future.
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ABSTRACT: The usage of petrochemical-based polymers is tremendous, and this is
partially due to excellent mechanical properties and durability. However, with the
continuous usage and development of materials, the after-use of these materials is causing
huge problems for the environment. As it is non-degradable and lasts long for hundreds of
years, it remains in the environment surrounding us. Conventional patches used in
transdermal patches are made from non-degradable polymeric materials, thus, research on
biodegradable polymers such as polylactic acid (PLA) is crucial for the usage as a patch. To
achieve the requisite flexible properties for transdermal patches, the selection of appropriate
materials should be considered. In this study, a fabricated semi-automated patch machine
was utilized for the preparation of PLA film. Thus, it is crucial to optimize the PLA
concentrations using this device. The tensile properties were examined with various
polylactic acid (PLA) concentrations. The goal is to identify the ideal concentration that
balances the flexibility and strength of the PLA film. Tensile testing was conducted on PLA
films at five different concentrations (7%, 10%, 13%, and 15% ) (w/v %). Key factors such
as Young’s Modulus, ultimate tensile strength (UTS), and strain at break were assessed on
these PLA films. According to preliminary findings, the concentration of PLA has a
significant impact on the mechanical behavior of PLA films. For transdermal and
cosmeceutical patches to have the right flexibility and strength, choosing the best PLA
concentration is essential. A sustainable and environmentally responsible alternative to
traditional non-degradable polymers can be provided by incorporating these mechanical
behavior discoveries into the creation of biodegradable patches. Our research advances
environmentally friendly approaches to medicine delivery and material science.

KEYWORDS: Polylactic Acid (PLA), Flexibility, Ultimate Tensile Strength, Transdermal
Patch.

1. INTRODUCTION

The scope of research on immunology kits, biosensors, and drug delivery devices has
greatly expanded over the past three decades. With the development of new pharmacological
dosage forms, it is now possible to duplicate the adverse effects of conventional dosage forms
by introducing chemicals into the body through the skin [1]. Transdermal drug delivery
system (TDDS) or, more commonly, transdermal patches refer to a method of administering
medications topically in the form of patches that, when applied to the skin, release the
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medication at a controlled and predetermined rate throughout the skin to improve therapeutic
efficacy and reduce side effects. For an effective transdermal drug delivery system, the drug
must be able to easily enter the skin and reach the target site [2].

The main supporting structure (matrix) of a transdermal patch is the polymer. It regulates
how the drug diffuses from the patch [3]. The polymer utilized as a matrix must be
guaranteed to be secure for skin contact and approved by the US Food and Drug
Administration (USFDA) [4,5]. However, the main cause of pollution in the land, air, soil,
and water is from non-biodegradable trash [6]. So, degradable polymers have since gained
popularity in drug delivery applications. Due to their biocompatibility and degradability
qualities [7].

The most widely researched and promising biopolymer is Polylactic acid (PLA), used in
transdermal patch development, which has drawn a lot of interest because of its
biocompatibility, fully biodegradable, nontoxic, and adaptable mechanical properties.[5]

The purpose of this study is to determine how varying PLA concentrations affect patches'
flexibility.

2. MATERIALS AND METHODS

Polylactic acid (Ingeo biopolymer 3251 D) was purchased from Nature Works LLC,
Minnetonka, MN, USA with an average molecular weight (Mw) of 148000 g/mol.
Chloroform was purchased from HmbG chemicals (analytical grades, Germany) and used as
it is.

2.1. Preparation of polylactic acid (PLA) film in various concentrations

PLA beads were oven-dried for 24 hours at 40 °C before using it. Then, PLA beads were
dissolved in chloroform to create a solution that had a different concentration, the selected
range was (7% to 15% (w/v) as it is shown in Table 1. The solution of PLA and chloroform
was left on the stirring plate for four (4) hours. Following the dissolution of the PLA, the
solution of the polymer was poured into a clean glass plate, and then cast using the semi-
automated patch fabricator and allowed to dry all night. Glass plates are suitable since they
have a smooth, clean surface that will make it simpler to peel the patch once the produced
film has entirely dried.

Table 1: Selected Range of PLA Concentration

Sample Code Volume of Chloroform  Concentration of PLA Mass of PLA
(ml) wiv) % beads (g)
PLA 7 60 7% PLA 7
PLA 10 60 10% PLA 10
PLA 13 60 13% PLA 13
PLA 15 60 15% PLA 15

2.2. Universal Tensile Test

Elongation at break, Yield strength, and Young's modulus were determined using a
Universal Testing Machine (Shimadzu, AGS-X, Japan). Samples were prepared in the
laboratory, cut into 1 cm x 5 cm according to the America Society for Testing and Materials
(ASTM D-882 type -V) with a crosshead speed of 5 mm/min. The results were taken as an
average of five tests.
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3. RESULTS AND DISCUSSION

2.1. Mechanical properties

properties in terms of mechanical strength. The test shows how a material reacts to the
force applied in strain. As observed from Figure 1, PLA10 film is more flexible and less
likely to fail during application and usage because it has a higher elongation at break, which
means it can withstand greater deformation without breaking.

The tension at which a material switches from elastic to plastic deformation is known as
the yield point. The yield point for the PLA10 concentration is at X = 3.344% and Y = 20.31
MPa, indicating a balanced behavior. The PLA10 film has a moderate yield point, which
shows that it can withstand tension before deforming plastically. This makes it resilient and
less likely to experience substantial deformation under normal conditions.

The 15% PLA concentration (PLA15) demonstrates the largest elongation at break
(27.81%), showing good flexibility, but it also displays a higher Ultimate Tensile Strength
(UTS) value (28 MPa). The material may be somewhat hard and less flexible under stress at
high UTS. The film's excessive stiffness may result in decreased conformability and a higher
chance of patch separation. The 7% (w/v%) PLA concentration (PLA7), on the other hand,
shows lower elongation at break (7.4%) and UST (7.4 MPa), which indicates decreased
flexibility and probable brittleness.
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Fig. 1. Effect of PLA concentration on mechanical performance: strain-stress
behavior study.
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The ability of a material to stretch and deform before breaking is determined by a
mechanical feature called the elongation at break [9]. The elongation at break of polylactic
acid (PLA) films made at different concentrations (7%, 10%, 13%, and 15%) (w/v %) for the
creation of flexible transdermal patches was examined in this study. Stress-strain curves
generated from tensile testing of the PLA films were used to calculate the elongation at break
values [5,9].

Figure 2 represents the elongation at break data for each PLA concentration. Based on the
data it can be deducted from this figure that elongation at break increases up to 10% (w/v%)
PLA concentration and decreases at 7% (w/v). Chain alignment, entanglement, and
amorphous morphology are likely best balanced around 10% PLA concentration, allowing for
improved chain mobility and deformability. The astounding elongation shown for the 10%
(W/v%) concentration is the outcome of this.

Due to the lower concentration of PLA chains, the 7% (w/v%) PLA concentration's
restricted elongation at break may be caused by insufficient chain alignment and tangling.
With an intermediate elongation value and a 15% (w/v%) PLA content, there may be a
balance between some flexibility and growing stiffness, maybe because of increased
crystallinity [10].

Elongation at Break for PLA Concentration (Tensile Test)
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Fig. 2. Elongation at break of films prepared at different PLA concentrations.

4. CONCLUSION

The maximum elongation at break (1719.8%) was seen at the 10% (w/v%) PLA
concentration, demonstrating remarkable stretchability and flexibility. The 10% (w/v%) PLA
concentration was the most flexible of the investigated concentrations due to decreased
Young's modulus and yield stress. Lower elongation at break was observed at the 7% (w/v%)
and 15% (w/v %) concentrations, indicating reduced stretchability because of inadequate
chain alignment and increased crystallinity, respectively. Overall, flexible PLA films with a
10% (w/v %) PLA concentration showed the best tensile properties to be used as a patch.
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ABSTRACT: Mathematical modeling of the kinetics of fermentation processes is crucial to
understand complex microorganism behavior and identify problems. To investigate growth
kinetics, as well as glucose utilization and recombinant collagen-like protein formation
kinetics, E. coli BL21 (DE3) harboring a collagen-like protein from Rhodopseudomonas
palustris (RPCLP) was cultivated in M9-casamino acids medium containing glucose (10 g/L).
ODsoo and a glucose assay kit were used to monitor the biomass concentration and glucose
depletion, respectively. The RPCLP concentration was measured via a fluorometric assay.
Results show that the maximum biomass achieved was 8.25 g/L, whereas the maximum
RPCLP vyield was 2 mg/L. Growth data was then fitted into unstructured models- Monod
model and logistic model. The Luedeking-Piret model was used for the substrate utilization
and product formation data. Kinetic parameters were determined by nonlinear regression and
ANOVA analyses were done to determine the significance of each fit. While the growth data
fitted both the Monod and the logistic model well, with significant coefficients of
determination (R? values 0.96 and 0.99, respectively), the Luedeking-Piret models did not
represent the substrate utilization and product formation well (correlation coefficients < 0.7).
The study suggests that the production is mixed-growth associated and modification of the
model is required.

KEYWORDS: Fermentation Kinetics, Kinetic Modelling, Escherichia coli, Recombinant
Protein, Collagen.

1. INTRODUCTION

Interest in alternative sources of collagen has risen over the past several decades, primarily
due to the demand for collagen in various sectors and in part due to disadvantages with the
current sources, namely bovine and porcine sources. Collagens are a family of proteins that are
ubiquitous in the mammalian body and are indispensable due to their numerous uses in the
body. Many species of bacteria have been discovered to produce collagen-like protein
sequences, and the production of recombinant collagen-like proteins from a few selected
species has been studied at the shake flask culture level, using recombinant E. coli. The current
literature has supported the viability of recombinant bacterial collagen-like protein production
as a sustainable source of Halal, vegan, and non-immunogenic collagen-like peptides. To our
best of knowledge, none of these studies have considered fermentation kinetics. Prior to any
scale-up attempts, the laboratory scale production must first be characterized via a kinetic study
to investigate and mathematically model E. coli growth Kinetics, as well as substrate utilization
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and recombinant collagen-like protein formation kinetics. Mathematical modeling of the
kinetics of fermentation processes sheds light on the metabolic regulation of the microbe and
in process control. Furthermore, it has techno-economic and physiological implications in the
reactor design and optimization of operation conditions. By understanding the growth kinetics
of the microbe of interest, the fermentation process can be designed to achieve optimum
product concentration. In this study, a collagen-like protein from R. palustris (RPCLP) has
been successfully expressed in recombinant E. coli. This recombinant collagen-like protein
production aims to yield Halal, high purity, non-immunogenic, collagen-like proteins that
could be modified to suit various applications and cater to the ever-growing collagen demands
of the pharmaceutical, biomedical, and food industries in a sustainable manner. To facilitate its
scaleup, insight into the fermentation kinetics is necessary. Therefore, the objective of this
work was to evaluate the data using unstructured models and estimate the values of relevant
Kinetic parameters.

2. MATERIALS AND METHODS
Strains, Medium and Batch fermentation

Genetically engineered E. coli BL21 (DE3) carrying pColdll (Takara Bio) containing a
collagen like protein-coding gene from R. palustris, an ampicillin-resistance gene, and
temperature-sensitive promoter. The E. coli was cultivated in a complex M9-casamino acid
medium that had been optimized for R. palustris collagen-like protein (RPCLP) expression
using E. coli BL21 (DE3). This medium consists of D-glucose (10 g/I), 1X M9 salts, casamino
acids, trace elements, magnesium sulfate, thiamine, calcium chloride, and ampicillin (50

pg/ml).

Inoculum (2.5 ml, ODegoo ~ 3-5) was transferred into 250 ml unbaffled Erlenmeyer flasks
containing 50 ml M9-casamino acid medium, supplemented with ampicillin (50 pg/ml). The
flasks were cultured at 37 °C temperature and 250 rpm agitation speed. Sampling was done
every 30 minutes until induction, and then hourly until the end of the fermentation (24 hours).
Induction was carried out at the mid-log phase by lowering the temperature to 20 °C, increasing
the agitation speed to 300 rpm, and adding IPTG solution to attain a final concentration of 1
mM [1]. The cells were harvested via centrifugation at 4696 x g, at 4°C, for 30 minutes
(Heraeus Multifuge X1R, Thermo Scientific, USA), and cell pellets were stored at -20 °C. Cell
pellets were resuspended with ice-chilled lysis buffer (20 mM sodium phosphate pH 7.4, 0.5
M sodium chloride) and lysed by sonication using 5-minute burst cycle, with 0.5 second pulse,
at 40% amplitude (Labsonic M, Sartorius, Germany) [1]. The resultant lysed cells were
clarified via centrifugation at 12, 000 rpm, 4°C, for 30 minutes (Heraeus Multifuge X1R,
Thermo Scientific, USA).

Analysis Methods

Cell density was analyzed turbidometrically at 600 nm optical density (ODeoo) using a
spectrophotometer (Biophotometer, Eppendorf, Germany). Cell wet weight (CWW) and dry
cell weight (DCW), in g/l, were also determined using established calibration curves. A
colorimetric glucose assay kit (Cell Biolabs Inc, USA) was used to determine the glucose
concentration during fermentation. A glycine-based, fluorometric collagen assay was used to
determine collagen-like protein concentration as described by Yasmin and colleagues,
measured at A excitation/emission = 375/465 nm [2]
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Modeling and Statistical Analysis

Unstructured batch kinetic models, based on either Monod model of growth and the logistic
model of growth, combined with Luedeking-Piret equations for substrate utilization and
product formation were employed in this study [3, 4]. These models are hereafter referred to
as the Monod-Luedeking Piret (MLP) and the Logistic-Luedeking Piret (LLP), respectively.
Unsegregated and unstructured models based on the Monod equation are often used to describe
the overall substrate-dependent cell growth and fermentation kinetics in batch, fed-batch, or
continuous microbial processes [5]. As such, the simple Monod model was selected.
Sometimes, information on the limiting carbon substrate is not available, due to use of complex
media, and in such cases, substrate-independent growth kinetics can be determined by applying
models like the Logistic model or modifications to the Monod model such as the Contois
equation [6]. To consider the effect of substrate consumption, the logistic model of cell growth
was chosen for comparison. The Monod model for specific growth rate, L, is expressed as
follows:

s
H= Hnax kses (1)

where umax is the maximum specific growth rate, S is substrate (glucose) concentration (g/L),
and Ks is the half-saturation constant for glucose.

The logistic model equation is:
X

u=k1-(=0) 2
= pux @3)

The Luedeking-Piret model equations for rates of substrate consumption (i—f) and product
formation (3) are:

as ax

E = —m E — Nn. X (4)
das 1 dX 1 dP

%= “vxsac vesac keX (%)
dP ax

E = E + IBX (6)

where X represents biomass concentration (g/L), P is collagen-like protein concentration
(g/L), a is the growth associated collagen-like protein production constant, f is the non-growth
associated collagen-like protein production constant, m is growth associated glucose
consumption constant (g g%), and n is the non-growth associated glucose consumption constant
(g g g?), ke is the maintenance coefficient for cells (g/g.h), Yxsis the yield of cell mass from
substrate , Yps is the yield coefficient of product from substrate, k is initial specific growth rate
(h}), and Xmax is the maximum cell concentration (g/L).

Initial estimation of Kinetic parameters and yield constants was accomplished using
Microsoft Excel software, wherein experimental data was keyed in and the ODgoo values were
plotted against time. The slope of the resulting linear regression line was taken as pmax [5].
These values were then used as initial guesses for solving the ordinary differential equations.
MATLAB software (R2022a, MathWorks, USA) was used to generate plots of experimental
data and pass initial values of kinetics parameters into sets of ordinary differential equations
which were solved by using the ode45 function and the Levenberg-Marquardt method of the
Isqcurvefit function. The coefficient of determination (R?) was then estimated to evaluate the
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accuracy of the estimated parameters achieved by fitting the experimental data to the kinetic
models [6].

3. RESULTS AND DISCUSSION

The pattern of growth of the recombinant E. coli follows typical bacterial growth curve
composed of a short lag phase, a log phase of exponential increase in biomass, and a stationary
phase. Similar growth patterns were observed in protein-producing fermentations employing
recombinant E. coli [3]. The profile of substrate concentration over time shows a sharp decrease
in substrate concentration after inoculation. The product concentration profile with time shows
accumulation of product, but the increase is inconsistent with expected results. Induction of the
protein expression with IPTG starts at the mid-log phase, after hours of inoculation, which
means that product accumulation should gradually increase after the induction. However, this
is not reflected well in the product concentration curve (refer to Fig. 1-2). The kinetic
parameters were approximated by the respective models as in Table 1.

o MLP Blomass Farmation: Exparimantal Data and Fittad Modals o MLP Glucose Utilization: Experimental Data and Fitted Models MLP Product formation Data and Fitted Models
0 35

‘ ¥ Data dxdt ‘ Daiadsat | | [ 7 Dasdra
——— Monad Modsl dXdl ) fodel d5 MLP Luedoking-Pirot Model dPdt

- ———— MLP Luedeking-Pirat Model dSdt
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Fig. 1 Monod-Luedeking Piret (MLP) model experimental data and fitted models.
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Fig. 2 Logistic-Luedeking Piret (LLP) model experimental data and fitted models.

Table 1 Estimated Kinetic Parameters of Respective Models

Model | pmax Ks Yxs Yes a p ke Xmax k
[/h] | [g/L] | [9X/gS] | [gP/gS] | [gP/gX] | [gP/gXh] | [gS/gXh] | [g/L] [h7]

MLP | 1.75 | 4.82 2.69 0.02 0.0004 | -0.000009 | -0.00483 - -
LLP - - 1.80 0.02 0.00037 | -0.000008 | -0.01224 | 8.18311 | 0.507

Of the two models studied, it can be observed from Figure 1 that biomass concentration is
best described by the Monod model. Even though the Monod-Luedeking Piret and Logistic-
Luedeking Piret substrate utilization and product formation models studied did not fit the
experimental data well, the Monod model for biomass accumulation fitted the data very well
(Figure 1). This is further supported by the Monod kinetic parameter values of pmax = 1.75 and
Ks = 4.82 g/l, which were acceptable, compared to those reported in the literature for E. coli [7]. As for
the logistic model (Figure 2), it can be observed that it fits the experimental data for growth
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but was unable to attain a good fit for substrate utilization and product formation. Factors such
as hydrodynamics, oxygen partial pressure, agitation speed, pH, and temperature can affect the
fermentation process by a large margin. While the growth data fitted both the Monod and the
logistic model well, with significant coefficients of determination (R? values 0.96 and 0.99,
respectively), the Luedeking-Piret models did not represent the substrate utilization and product
formation well (correlation coefficient <0.7).

4. CONCLUSION

Both the Monod model and logistic model provided a good fit of the growth experimental
data. The growth-associated and non-growth associated constants, o and 3, suggest that the
production is mixed growth associated, and as the Luedeking-Piret model was not a good fit
for the product formation and substrate consumption, further modification of the model is
required. As there is limitation to the control of parameters such as pH and oxygen partial
pressure, in the shake flask culture, it is recommended that the kinetics are evaluated at the 2 L
bioreactor culture for comparison. Overall, the Kinetic parameters obtained provide useful
indicators for the fermentation process optimization and its scale-up.
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ABSTRACT: Melastoma malabathricum Linn. (MB) is a herbal plant that has benefits in
treating scars from smallpox, pimples and black spots on the skin. The active ingredient in
MB leaves can produce a quality and effective product which can inhibit bacterial
development. Therefore, this study was to identify the effect of stability and bacterial
inhibition activity in based-water emulsion after it had been added with the extraction of MB
leaves. The water-based emulsion containing 1% of MB extraction in different storage
conditions showed its stability when viscosity and pH at 4 °C, 25 °C, and 58 °C slightly
changed much from the initial after 21 days. The colour of emulsion MB extract at 58 °C
changes from yellowish to brown due to the degradation of chlorophyll in extract when it
exposes to high temperature. Viscosity from different pH showed that pH 6 was the most
stable viscosity during the storage period which this pH was in the range of skin pH. This
study shows that the emulsion MB extract was most stable at lower temperature, 4 °C and pH
around 6. Thus, this emulsion MB extract suitable to use on the skin. Besides that, the
emulsion MB extraction did not show antibacterial activity against Escherichia coli.

KEYWORDS: emulsion MB extract, stability, viscosity, pH, bacterial

1. INTRODUCTION

Melastoma malabathricum Linn. is a widespread herb or shrub that originates primarily
in the moist tropics, specifically India, Thailand, and Malaysia, where it grows as a small
tree between 12 and 13 feet in height, occasionally reaching 20 feet. The leaves of this plant
have been used for a variety of medicinal purposes, including the treatment of dysentery and
diarrhea, the reduction of the appearance of scars, and as an anti-infection [1]. Additionally,
herbs can be utilised to treat dehydration and skin irritation. Therefore, we will use the active
ingredient of Melastoma malabathricum Linn. leaves because this plant is well known in
Malaysia for its advantages in the treatment of different diseases and ailments as the leaves
of this plant can treat scars, pimples, and black spots on the skin [2].

Plant extracts from herbs are widely used in cosmetics products as people seek a more
holistic, natural approach to health and wellness. Water-based emulsions like emollients and
moisturisers are used to treat and prevent dry skin because they help seal moisture deep
inside the skin, which can keep it soft and supple. Moisturizing creams with natural
ingredients are currently popular since they are likely to be effective, harmless, and skin-
friendly. According to a study by Leelapornpisid et al. [3], the extraction of the freshwater
macroalgae in a cream base proved safe and showed the same moisturising properties as
hyaluronic acid via humectants, followed by an occlusive effect that can keep skin hydration
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for a longer period of time. Aside from that, a cream containing Moringa oleifera leaves
extract demonstrated efficiency in enhancing skin hydration by avoiding UV radiation due
to ascorbic acid in Moringa oleifera leaves, which provides photoprotection and inhibits
inflammation, and UVB-induced immune suppression when applied topically [4].

The warm humid conditions of a tropical environment are ideal for the development of
microorganisms, which are the causes of several infectious diseases and the spoilage of
cosmetics and medicines. There is a possibility that if there are too many bacteria at any
point during the product's shelf life, they could cause the product's physical state to get worse.
The risk of this occurring is higher with many present-day moisturizing creams and lotions,
which contain special additives (including plant extracts, fatty acids and vitamins) that could
increase the growth of bacteria [3]. In order to obtain a stable extract cream, a physical
stability test must be conducted so that the cream is safe to use and does not cause skin
damage such as irritation, allergies, dark spots, and discolouration. A stable cream is one
whose physical qualities and characterization remain within acceptable limits during the
storage and use period. Several factors influence the stability of cream, including the stability
of the active ingredient, the interaction of the active ingredient with additives, and the
temperature at which additives and raw materials are heated during production. For bacterial
inhibition activity, tannins and other phytochemicals have been shown to have antibacterial
activity, suggesting they can greatly reduce the risk of wound infections. Tannins, an
astringent and antibacterial compound found in the plant, may help accelerate the wound-
healing process by reducing inflammation and promoting the formation of new skin cells
(epithelium) [5]. Active compounds like flavonoids, alkaloids, tannins and saponins have
antibacterial activity against various bacteria, one of which is Staphylococcus aureus. This
Gram-positive bacterium can cause skin infection, resulting in a variety of skin diseases,
including acne [6].

From previous studies, the active ingredient the Melastoma malabathricum Linn. plant
can be used for a variety of beneficial purposes. Che Omar et al. [1] conducted a study on
the growth of pathogenic bacteria from flower and fruit extract of Melastoma malabathricum
Linn. Whereas a study on leaves of Melastoma malabathricum Linn. to evaluate the
antioxidant, antihyperlipidemic and antidiabetic activity has been conducted by Kumar et al.
[7]. Therefore, this study was done to identify the effect of leaves extraction of Melastoma
malabathricum Linn. (MB) in the water-based emulsion on stability and bacterial inhibition
activity.

2. MATERIALS AND METHODS
2.1. Materials

Leaves of Melastoma malabathricum Linn. as Fig. 1 were collected from Kampung Balok,
Kuantan, Pahang, Malaysia. The leaves were cleaned with tap water and a portion was dried in
a hot oven at 100 C for 1h 30 minutes. The dried samples are ground and passed through a
sieve (30 mesh). The powders were kept in sealed containers and protected from light until
used. The water-based emulsion was purchased from a local vendor for use in this research
project (Fig. 2).

2.2 Soxhlet extraction of dried leaves

The dried powdered leaves were separately placed into a thimble and extracted with 60%
ethanol (1:20, w/v) in a Soxhlet apparatus [8]. Extraction is carried out for 7 to 8 h. The
combined extract from the extraction method is separately filtered through a Whatman No. 1
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filter paper. The filtrate was dried under reduced pressure at 50 °C using a rotary vacuum
evaporator. The crude extract is weighed and kept in a tight container protected from light [9].

Fig. 2. Water-bwz;ed emulsion

2.3. Phytochemical screening

In a test of tannin, 0.5 g of the extract is heated in 10 mL of distilled water and filtered. The
filtrate was diluted with distilled water until it was colourless and adds 1-2 drops of FeClz 1%
to form a blue/dark blue or blackish-green colour [10].

2.4. Stability test at different temperatures and pH

10g of an emulsion 1% MB extract mixture of was stored for 21 days for rapid stability
tests. For this purpose, the samples were kept at different temperatures: 4 °C, 25 °C (at room
temperature) and 58 °C. At the same time, 10g of an emulsion 1% MB extract was stored at
room temperature, 25 °C. The pH of the sample was adjusted to pH 5, 6, 7, and 8, respectively
by using 0.3M HCI and 0.1M NaOH solution [3]. These tests were to observe the change of
colour by using a chromameter (Konica Minolta Chroma meter), pH by using a pH meter and
viscosity by using a rheometer (HAAKE RheoStress 6000) during the storage period.

2.5. Antibacterial activity

The agar diffusion method was used to determine bacterial inhibition activity. Petri dishes
containing nutrient agar (Tryptone Soya Broth) were inoculated with bacteria (Escherichia
coli). Then, filter paper disks with a diameter of 6mm, containing MB extract and mixture of
water-based extract were placed on the agar surface. The petri dishes were then incubated at
37°C for 24 h and observed for growth or inhibition. The diameter of zone inhibition presented
in discs is recorded [1].
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3. RESULT AND DISCUSSION

3.1. Phytochemical screening

The colour change of MB extract solution from yellow to blackish-green colour (Fig. 3b).
The colour change of MB extract solution from yellow to deep yellow colour then gradually
becomes colourless showed the presence of flavonoids (Fig. 4c). Melastoma Malabathricum
Linn leaves extract was found to contain tannins and flavonoids. Tannins can help protect the
skin from damage caused by free radicals [5]. Free radicals are unstable molecules that can
damage cells and contribute to the ageing process. According to Shamsudin et al. [6],
pyrogallol structure in the flavonoids is an important structural feature for the manifestation of
good antibacterial activity. Pyrogallol work by disrupting the cell membrane of bacteria which
cause them to die [11].

Before After

Fig. 4. Melastoma extract before add NaOH (a), after add NaOH (b) and the presence
of flavonoids after gradually add HCI (c)

3.2. Stability test at different temperatures

The stability test for water-based emulsions MB extract was examined and it was found that
the emulsion MB extract was stable at storage conditions (4 °C, 25 °C and 58 °C) for 21 days.
Table 1 showed the value pH of emulsion MB extract for these three conditions was between
6.47-6.65. According to Muhammad et al. (2014) pH of human skin typically ranges from 4.5
to 6 but for skin care product like moisturizer, the common pH range between 5-7 [12].
Therefore, the emulsion MB extract must be in moisturizer pH range because this range is
preferable for dry and sensitive skin [13].
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The viscosity of emulsion MB extract at these different storage conditions is represented in
Fig. 5. Viscosity is a useful process to indicate the quality and check the stability of the
emulsion [14]. The viscosity of emulsion MB extract maintained stable conditions for 21 days
without liquefaction. However, the emulsion MB extract at 4 °C showed an increase in
viscosity while the emulsion MB extract for 58°C had the lowest viscosity after 21 days.
Increasing the temperature would decrease the viscosity of the emulsion MB extract. Baily and
Davey [15] stated that high temperatures can cause an increased frequency of droplet collisions
due to an increase in kinetic or thermal energy. Therefore, when the attractive binding energy
in the emulsion decreases, the viscosity decreases. Meanwhile, the viscosity increases due to
the less mobile of molecules in the oil droplets at lower temperatures, so they are more likely
to stick together.

Table 1: Stability test of water-based emulsion 1% MB extract and without extract at
4°C, 25°C and 58 °C for 21 days.

Temperature 0 Day 7 Day 14 Day 21 Day
4°C pH WOE 6.58 6.35 6.41 6.62
WE 6.47 6.31 6.38 6.65
Viscosity WOE  4.804 4.073 5.073 5.8
WE 4.615 4.758 5.327 5.334
Colour WOE  white white white white
WE yellowish yellowish yellowish yellowish
25°C pH WOE  6.58 6.55 6.61 6.49
WE 6.47 6.53 6.43 6.53
Viscosity WOE  4.804 4.740 4.72 4.729
WE 4.615 4.453 4.886 4.668
Colour WOE  white white white white
WE yellowish yellowish yellowish yellowish
58°C pH WOE 6.58 6.44 6.6 6.45
WE 6.47 6.36 6.5 6.6
Viscosity WOE  4.804 4.5 5.381 5.514
WE 4.615 3.817 4.527 4.159
Colour WOE  white white white white
WE yellowish Olive-brown Olive-brown Brown

* WOE = without extract, WE = with extract
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Fig. 5.Viscosity of emulsion MB extract at 4 °C, 25 °C and 58 °C
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The colour of the emulsion MB extract after 21 days showed yellowish colour for samples
that store at 4 °C and 25 °C. Meanwhile, the sample at 58 °C became brown colour after 21
days. The colour of the sample changes at high temperature due to the degradation of
chlorophyll in the MB extract. When chlorophyll is exposed to high temperatures, it can be
degraded [16]. The loss of the green colour in the degradation process of chlorophyll results in
the formation of other pigments, such as pheophytin. Pheophytin is a brown pigment that is
responsible for the brown colour [17]. The colour change has been shown in Fig. 6a, 6b, 6¢ and
6d.

(d)

Fig. 6. (a) Colour of emulsion at initial. (b) Colour of emulsion after 7 days. (c) Colour
of emulsion after 14 days. (d) Colour of emulsion after 21 days.

3.3. Stability test at different pH

At different values of pH 8,7,6 and 5, the viscosity was vary (Fig. 7). At pH 8 and 7, the
viscosity was higher compared to acidic samples, pH 6 and 5. Viscosity at pH 6 and pH 5
become lower due to the presence of water when the sample mix with the HCI. Ingredients in
emulsion like polyoxyethylene make the hydroxyl groups (-OH) react with the hydrogen ions
(H+) of HCI to form ester which then loses a water molecule [18]. pH 8 and 7 had higher
viscosity because the interaction between NaOH and surfactant in the emulsion can cause the
surfactant molecule to clump together [19]. All samples of emulsion MB extract at pH 8,7 and
6 stable during storing period because still in range of standard lotion which is 2000-50000
mPa.s except sample at pH 5 [20].

The sample of emulsion MB extraction for pH 8,7,6 and 5 was stored at 25 °C (room
temperature). The colour of the sample at pH 8,7,6 and 5 on day 21 slightly changed from the
initial (Fig. 8a and 8b).

3.4. Antibacterial test

On the antibacterial activity test, the MB extract, and emulsion MB extract showed no
inhibition zone against E. coli. This illustrated that Melastoma malabathricum Linn leaves were
not effective in inhibiting the growth of E. coli bacteria (Fig. 9). The concentration of the
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extract in the water-based emulsion is 1%. The result studied by Fares et al. [21] showed that
no inhibition zones were found for the lower concentrations (25% or 50%) of the extract.
Therefore, the concentration must be more than 50% of the extract or higher. Other than that,
E. coli is gram-negative bacteria. According to Biswas et al. [10], the Gram-negative bacteria's
resistance can be attributed to its unique cell wall structure, which includes an effective
permeability barrier. This barrier comprised a thin lipopolysaccharide exterior membrane,
which could restrict the penetration of the extruding plant extract. The study from Cortis
Maigoda & Nisak, [22] stated that the antibacterial action of Melastoma malabathricum Linn
leaves extract was more effective against Gram-positive bacteria than Gram-negative bacteria.
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Fig. 7.Viscosity of emulsion MB extract at pH 8,7,6,5

(a) (b)

Fig. 8. (a) Colour emulsion at different pH at initial. (b) Colour emulsion at different
pH after 21 days

Fig. 9. Emulsion MB extract against E. coli.
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4. CONCLUSION

This study showed that an emulsion containing 1% Melatoma Malabathricum (MB) extract
maintained its viscosity, pH, and colour stability at various storage conditions for 21 days. No
significant change in pH indicates that it is safe to use on the skin. The colour of emulsion MB
extract at 4 °C after 21 days did not change from its initial colour. The suitable pH for the
emulsion MB extract that maintained its viscosity for 21 days was pH 6. The antibacterial test
showed no inhibition zone in MB extract and emulsion MB extract against Escherichia coli.
From the above study, the most stable emulsion MB extract was the emulsion at pH around 6
and to keep its effectiveness of emulsion must be stored at 4 °C.
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ABSTRACT: Starchy crops are crops that contain starch which is the main source of
dietary energy for the world’s population. Starchy crops include rice, sweet potato,
cassava, soybean, corn, wheat and more. Plant tissue culture offers many advantages
including the regeneration of whole plants from plant cells that have been genetically
modified, the production of medicinal compounds and a convenient tool for molecular
levels studies. The purpose of this paper is to review the latest progress in cell suspension
culture for starchy crops. Different types of starchy crops require different parameters for
the optimum growth rate which depends on the purpose of establishing them. The main
parameters that affect the growth of cell suspension culture are the type of media used and
growth conditions such as inoculum size and agitation rate. The procedures for
establishing cell suspension culture are generally similar for all types of plants. As of now,
reports on cell suspension cultures for starchy crops focus more on the regeneration of
plants and the transformation of plant cells for enhancing plant traits. In conclusion, the
culture parameters for starchy crop cell suspension growth differed based on its application
and purpose.

KEYWORDS: starchy crops, cell suspension culture, culture parameters

1. INTRODUCTION

Starch, which is found in starchy plants, provides most of the world's population with
dietary energy. Starch is the biggest compound of carbohydrate-rich food and carbohydrate
is known as an important food component. Starchy crops include rice, sweet potato, cassava,
soybean, corn, wheat and more [1]. Food and industrial economies are mostly based on
starch, but due to the rising population and a lack of fertile land, the food situation in the
majority of tropical developing nations is deteriorating faster [2]. This resulted in high
demand for starch in the food, medicinal, and industrial sectors.

Alternatively, biotechnological studies have been carried out to understand the
fundamental processes in starchy plants such as in vitro experimental studies by using callus
and cell suspension culture [3]. Plant cell cultures offer a promising option that is less
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expensive, more scalable, needs less infrastructure investment upfront, permits post-
translational modification, and is stable in storage [2]. It also can regenerate complete plants
from plant cells that have undergone genetic modification, manufacture medicinal
compounds, and be an effective tool for molecular-level study.

Cell suspension cultures (CSC) are helpful experimental methods in the study of plant
sub-proteome composition, including both intracellular and extracellular sub-proteomes, as
well as differential gene expression in response to both biotic and abiotic stress factors [3].
CSC is defined as a multiplication or division of single cells or cell aggregates when the
liquid medium is agitated. This CSC starts from the subculture of friable callus. A successful
callus formation will be used to generate the CSC by adding the callus into the liquid
medium. It is required to optimize the growth, maintenance and production of liquid media
to produce a higher number of natural products [4]. Optimized conditions of culture medium
environment can give the integrity and stability of the specific production of natural
products. This review aims to evaluate the most recent developments related to the cell
suspension cultures of starchy crops.

2. APPLICATIONS OF STARCHY CROPS

Starchy crops have many applications in food, industrial and pharmaceutical
productions [5]. Table 1 shows the applications of starch from different starchy crops.

Table 1: Applications of starch in various industries

Starchy crops Applications References
Rice starch Orodispersible (ODF) film former [6]
Cassava starch e  Thickening agent
e  Textiles
e Paper 7l
e  Sweeteners

Purple sweet e  Food like noodles, breads, jams

potato e Cosmetics like lipstick, rouge and 8]
shampoo

e Pharmaceutical-coloured tablets

Sorghum e Beverages like grain tea
e  Snacks like cookies [9]
e  Animal feed

3. ESTABLISHMENT OF CELL SUSPENSION CULTURE

Growth of cells in starchy crop suspension cultures required different parameters
according to their variation and purpose of establishment. A successful CSC depends on the
optimization of growth media and growth conditions. The most common parameters that
affect the growth of CSC are the type of media used and growth conditions such as inoculum
size and agitation rate. Table 2 summarizes the establishment of CSC from different starchy
crops such as rice (Oryza sativa L.), sweet potato and sorghum. Different starchy crops have
different requirements of growth conditions and carbon sources, PGRs, inoculum size and
agitation rate are significant parameters in the growth of CSC.

Carbon source is important for the in vitro cultures to provide energy and control the
osmotic potential of the medium [13]. Sucrose and glucose are normally used for the CSC
[13]. Fructose may be used but it can result in a slower growth of cells. This is due to the
nature of plants that commonly absorb glucose faster including hydrolysis of sucrose
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compared to fructose [13]. Generally, the optimal concentration of sucrose for the growth
of callus or cell suspension culture is between 20 — 40 g/L as shown in Table 2. However,
for morphogenesis and plantlet development, this optimal concentration may not be suitable
[14]. This is due to a large number of interaction elements in plants like mechanical stimuli,
biochemical signalling or genetic prerequisites. Thus, experiments based on a statistical
approach are recommended to study the optimal type and concentration of carbon sources
[13]. As stated in Table 2, the most frequently supplied carbon source is sucrose with a
concentration of 30 g/L.

Table 2: Establishment of cell suspension culture from different starchy crops

Starchy  Applications Type of Carbon PGRs Inoculum Agitation Refer
crops of CSC medium  source size rate ence
Oryza Genetic N6 30 g/lL e 2.0mg/L24- 10% 100 rpm,
sativa L. engineering medium  sucrose D dark, 28
e 0.02mg/L °C [2]
Kinetin
Oryza Genetic N6 30 g/lL e 2.0mg/L24- 10% 100 rpm,
sativa L. engineering medium  sucrose D dark, 28
e 0.02mg/L °C [10]
Kinetin
Sweet Molecular MS 20 g/L e 0.5mg/L24- 50% 120 rpm,
potato biology medium  sucrose D dark, 25
(Ipomoea e 0.3mg/L °C [11]
batatas Kinetin
L)
Sorghum  In vitro plant  MSMO 30 g/L e 3 mg/L24-D 40% 130 rpm,
bicolor L.  regeneration sucrose e 2.5 mg/L orbital
NAA shaker, 3]
dark, 27
°C
Oryza Molecular MS 60 g/L e 60mM2,4-D 50% 100 rpm,
sativa L. biology medium  sucrose e 2.5 mM 2-(N- dark, 23
morpholino) °C [12]
ethanesulfonic
acid (MES).

PGRs are usually needed in the growth or production media since they affect the
management of vegetative and reproduction growth of plants [13] [15]. Concentrations of
PGRs during cell division, expansion, and differentiation have an impact on how quickly
and fully plants grow and develop. The end products can also be affected by the presence
of PGRs, the development stage of the target cells or tissues, the concentration of other
PGRs, the target plant's health, nutrition, and water status, as well as the physical
environment. The most used PGRs for the growth and development of plants are auxin and
cytokinin. The auxin is used for the stimulation of root formation while cytokinin is used to
stimulate the shoot formation [15]. The PGRs can either be used separately or combined for
the cell’s growth. Examples of auxins are indole-3-acetic acid (IAA, a natural auxin) and
the synthetic auxins, 1-naphthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid
(2,4-D) while cytokinins are kinetin, zeatin and benzylaminopurine. The concentration
range can be between 10 — 7 and 10 — 5 M [5]. From Table 2, 2,4-D is the most used for
different types of starchy crops and their applications in combination with another PGR.
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This is due to the important roles of 2,4-D in stimulating the cell dedifferentiation process,
organogenesis, and callus culture maintenance [16].

For any plant species, the initial inoculum density is crucial for generating a cell
suspension culture. This is due to interactions that take place both between individual cells
and the culture media, which have an impact on the cultures' biological environment [13].
To maintain active cell development after subculture, the inoculum density must stay above
the minimal cell density. It is a fact that cell growth does not take place when the minimum
cell density is reached or when there is a growth lag phase. The minimal cell density can be
influenced by the cell line, components of the culture medium, and cell growth rate, whereas
the optimal inoculum density depends on the species. Generally, a high cell density is
created by a large inoculum size to establish the growing cell suspension culture. However,
a low inoculum density also can initiate cell suspension culture when a conditioned medium
is used. A conditioned medium is a medium that contains the cells’ secreted components
that are required for another set of cells [17]. The inoculum size of cells can be either 0.1 g
(low) or 2.0 g (high) per 33—50 mL of medium [13]. Table 2 shows the difference in
inoculum size which was between 10 — 50 %. The difference in the inoculum size may be
due to the number of cells needed to be subcultured into a new media [18]. A suitable size
of inoculum can prevent a “staling” that affects the growth of cells and increases nutrient
depletion in media. Thus, the minimum inoculum size needed for the cell suspension culture
are depending on the species and its culturing conditions.

The final parameter is agitation speed which functions to increase the multiplication
rate of cell growth by increasing the gaseous exchange. This agitation is used to supply
oxygen for the proliferation of cells as well as promote homogeneity in terms of nutrient
supply and cell biomass due to cell dispersion [13]. High shaker speeds may be detrimental
to the viability of plant cells because they may be susceptible to shear [15]. The size of cell
aggregates produced as well as the amount of oxygen supplied can be affected by the
agitation frequency. The most optimal shaker speed used for tissues in suspension culture
is around 30 — 150 rpm while for CSC, the optimal agitation speed required is around 90 —
125 rpm [13]. From Table 2, the most used agitation speed is 100 rpm under room
temperature with different purposes of study. This can be due to the physical characteristics
of the studied cells like the size, thick cellulose—based cell wall or the presence of a large
vacuole leading to the hydrodynamic stress on the cells caused by the agitation of cells [19].

4. CONCLUSION

In conclusion, culture parameters play an important role in starchy crops’ cell suspension
culture based on their application and purpose. Different plants require different
establishment cell suspension culture protocols that help in the growth of cells and achieving
the objectives of establishment. Understanding the culture parameter’s role can help in
generating an optimized condition for initiation of cell suspension culture.
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ABSTRACT: CO;removal by chemical reaction of sodium carbonate (Na,CO3), and aqueous
ammonia (NH3) shows promising absorption quality for CO, removal and sequestration.
Nevertheless, the solubility of CO; by those alkaline solutions has been reported to be highly
dependent on the temperature and the pH drop. This study focuses on screening the different
solvents used for maximum CO; solubility using pure CO, based on 2 sets of experiments:
First identifying the optimum temperature for distilled water which is considered as control
under 3 different temperatures (20, 30 and 40°C). The Second was to identify the maximum
CO; capture from the solvents under two factors: the type of solvent used (Na,COs, NH3), and
their concentration (1-5%). The solubility behaviours of the CO, in the solvents will be
analysed according to pH change, CO; capture rate, and CO, capture efficiency using the
water displacement method. The experimental results show that the control condition
provided higher solubility than the proposed solvents; the CO> removal using water value at
99.49% at 30°C while at the same condition, the highest removal efficiency for Na>CO; value
at a concentration of 3% 99.12% and NHj3 at a concentration of 5%, 98.54% respectively.

KEYWORDS: carbon dioxide (CO>) capture, sodium carbonate, aqueous ammonia

1. INTRODUCTION

Reducing the emission of greenhouse gases, particularly carbon dioxide (CO3), is crucial in
addressing global warming and achieving carbon neutrality by 2050[1]. Much research has
been performed on CO: capture from various industrial gas streams in order to reduce the
contribution of CO> to global warming. Among those methods, chemical absorption through
amine reaction has proven to be the most employed method nowadays. Nonetheless, the
chemical absorption process based on amines such as monoethanolamine (MEA) is still too
expensive to apply for large CO: sources like power plants [2,3]. The amine process is
commonly associated with drawbacks such as absorbent degradation due to acidic compounds
and oxygen in the gas stream, high energy usage, and equipment corrosion[1]. Alternatively,
an alkaline solution such as aqueous ammonia (NH3) and sodium carbonate (Na>CO3) seems
to provide good CO; removal efficiency and less toxicity[1-3]. Recent research has proven that
the aqueous NH3 and Na>xCO3 have a larger capacity of CO> compared to the amine solution,
low regeneration energy required, low material cost, and potential ability to capture acidic
gases in flue gas[1-3].
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Yeh and Bai[4]'s experiments using ammonia and MEA to capture CO; in a bubble reactor
proved that NH3 is a superior absorbent to MEA in removing CO> from flue gas systems. With
a CO2 removal efficiency of up to 99% under optimal conditions and an absorption capacity of
over 1.0 kg CO2 kg NH3, NH3 outperformed MEA, which had a maximum CO; removal
efficiency of 94% and an absorption capacity of 0.4 kg CO; kg. These findings indicate that
NHs is more efficient option for CO: capture in industrial settings[1,5,6]. Similar results were
obtained with Na,COs. Barzagli et al.[3] studied the removal efficiency of CO> by Na,COs at
different concentrations (5.43% to 13.81%), and it was found that 8.12% could provide a CO>
removal of 80%. Additionally, due to their low toxicity, and capability to react at moderate
conditions, both solvents can be used to turn CO; into chemicals with an economic value and
a commercial scale utilization such as calcium carbonate, and ammonium carbonate as sources
for fertilisers[7,8]. It is also allowed to be coupled with biological absorption to provide
sustainable CO; fixation and valorisation of biomass[7,9].

In view of all those advantages this paper studied the removal of CO2 by aqueous ammonia
and Na,CO;j solutions were carried out in a laboratory-scale reactor by comparing them to the
CO; absorption profile of water (control solution). The effects of several operating parameters
such as absorbent temperature, and absorbent concentration, on the CO; removal efficiency
were studied as it seems that the solubility of CO; by those alkaline solutions has been reported
to be highly dependent on the temperature and the pH drop.

2. MATERIALS AND METHODS
2.1. Materials

The chemical reagents used in this project are ammonia solution (25%) A.R from R&M
chemicals and sodium carbonate anhydrous (Na,CO3) from HmBG chemicals. The compressed
gas was measured using the GM CO2 flow meter Regulator.

2.2. COz capture experimental set-up.

An airlift photobioreactor with a 2L working volume was used as the absorption reactor of
this project. All inlets of the bioreactor were covered except for the gas inlet and vented gas
outlet. To adjust the reaction temperatures, a circulating water bath was connected to the
jacketed reactor. Both solvents, aqueous NH3 and Na,COs, were introduced to the reactor at
three different concentrations (1%, 3%, and 5%). CO; gas was injected at a flow rate of
Iml/min from the pure CO> cylinder for 2 min at room temperature and pressure.

A simple water displacement method was used to measure the vented CO: from the process
as illustrated in Figure 1. The method consists of measuring the displacement of water inside
an inverted graduated measuring cylinder inside a water bath every 30 seconds in order to
identify the flow rate of the outlet gas.

2.2. Experimental design

The study consisted of two sets of experiments. The first set consisted of determining the
optimum temperature for CO> dissolution in distilled water (control solution) based on 3
different temperatures (20°C-40°C) using pure CO> at a flow rate of 1 Lpm. The second set
was based on two factors which are the solvent used (Na2COs3; and NH3) and the concentration
of the solution (1%-5%) at the optimum temperature found previously. Table 1 presents the
design summary of the experiments. The effect of those variables was tested through the
records of the change in pH, and CO; removal efficiency.
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Fig. 1. Experimental set up of the experiment

The pH, which is considered an indication of the dissolution of CO> gas, was measured at
the beginning and end of the experiment, after 60 min of run. The percentage of absorption was
calculated according to the capture efficiency, as it varies with temperature, solvent
concentration and reaction time, by the relation indicated in Equation 1.

= Zn=out 5 100 (1)
Vin

Where 7 is the dissolution efficiency V;, is the inlet gas flow rate (1 Lpm), and V,,; is the
outlet gas flow rate.V;,, which was obtained from the standard curve of the water displacement
method.

Table 1. The design of the experiments

No Fixed variables Manupilated variables Responses
1 Solvent: Water Temperature: 20, 30 and pH change
Flow rate: 1L/min or 16.67mL/s 40 °C CO2 out (mL/s)
Duration of CO; supply: 2min Solubility efficiency
Duration of the experiment: 60 min (%)
2 Solvent: Sodium carbonate (Na>CO3) pH change
Temperature: 30°C Solvents CO2 out (mL/s)
Flow rate: 1L/min or 16.67mL/s concentrations: Solubility efficiency
Duration of CO; supply: 2min 1%, 3% and 5% (%)
Duration of the experiment: 60 min
3 Solvent: aqueous ammonia (NH3) pH change
Temperature: 30 °C Solvents CO2 out (mL/s)
Flow rate: 1L/min or 16.67mL/s concentrations: Solubility efficiency
Duration of CO; supply: 2min 1%, 3% and 5% (%)

Duration of the experiment: 60 min

3. RESULTS AND DISCUSSION

3.1. Effect of temperature on the CO: dissolution by water

Table 2 shows the CO2 dissolution efficiency profile of water under different temperatures
(20°C,30°C,40 °C) of the experiment. The temperature of the solution affects the reaction rate
of CO» and water ultimately reducing the removal efficiency of CO; in water at 30°C provided
higher removal efficiency with 99.49 % compared to 20°C and 40°C with 90.22% and 97.98
% respectively. These findings opposed the results obtained previously as they concluded that
higher temperatures decrease the reaction of CO> [8,10,11]. Research conducted by Duan and
Sun[10] shows that as temperature increases from 0°C to 90°C, the solubility of CO> in water
decreases from 0.0693 mol/kg to 0.036 mol/kg. Woltbeis[11] conducted a separate study using
pure CO; and found that at temperatures ranging from 5°C to 35°C, the solubility decreased
from 2982 to 1173 ppm. While our findings differ from other studies, it is important to note
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that CO; solubility can increase under high pressure and with increasing temperature.
Additional research by Erfan Muhammadian et al, [12] indicates that at higher pressures (1-
400 atm), COz solubility increases with temperature (0-2.25 mol/kg). Nevertheless, all research
shows a very low solubility of CO; in water, (CO2< 30%), opposing the results obtained in this
research. This could be due to the use of the water displacement method to measure the CO»
leaving the system. The water used for the water displacement method was from regular tap
water which pH was towards alkaline value[13]. Thus, when passing through the measuring
cylinder, more CO, was absorbed leading to the low volume of CO gas released in the
measuring cylinder.

Related to the pH change in the system, it showed that all solutions turned to acidic
validating the CO; capture data obtained. Water becomes acidic since a part of the water will
react to become carbonic acid (H2CO3). Its hydrogen ions make the water acidic. Equation (2)
presents  the  reaction taking place between water and CO, [14].

C0,(g) + H,0(l) & H,C03(aq) (2)

The difference observed between the trend of the pH value and CO; capture is due to in the
initial pH of the water in the experiment. Indeed, all solutions have different initial pH values.
When the initial pH of water is higher, the CO2 solubility is more favourable due to the forward
reaction (2) is faster. However, after reaching equilibrium, the reverse equation will take place,
and more CO: will be released instead of absorbed. Thus, by having a high initial pH (pH>7,8),
CO; was easily absorbed and reached equilibrium faster. It became highly acidic and started
releasing CO2 which in turn increase the pH of the solution. Nonetheless, because of the
highest removal efficiency at 30°C temperature, the comparison of the aqueous NH3 and
NaCO> was performed at 30°C.

Table 2. Comparison of the CO; capture efficiency based on the temperature in water.

Temperature pH pH pH CO: CO: Dissolve Efficiency
(°O) initial final change in (mL/s) out(mL/s) CO:z(mL/s) (%)
20 7.82 5.78 2.04 16.67 1.63 15.04 90.22
30 7.23 5 223 16.67 0.0845 16.58 99.49
40 7.84 4.62 3.22 16.67 0.3357 16.33 97.98

3.2. Effect of the concentration of the solvent on the CO: dissolution by Na2:CO3 and NH3

The influence of the concentration of the absorbent solution on the removal efficiency of
CO; was investigated. Figure 2 and Table 3 show that Na,COj has the highest CO: capture at
a concentration of 3% (99.12% capture efficiency) followed by aqueous ammonia at 5%
(98.54% efficiency). The ammonia results followed the results obtained by other studies since
its removal profile increases as the concentration increases| 1,4-6]. Nonetheless, Table 3 clearly
indicates that both solvents have a lower CO; capture rate than water (99.49%). However, this
directly contradicts previous research. Barzagli et al[3] studied the effect of concentration of
the solvent (5.43 wt%-13.81 wt%) on the CO; capture by Na>COs. It was found that with 15%
COz, the higher the sodium carbonate concentration, the higher the CO; capture (with a capture
rate > 80%), however, to reduce the excess use of solvent 8.12 wt% of Na,CO3 was considered
as the optimum concentration. Similar results were observed with CO; dissolution by aqueous
ammonia (5% to 15%) at room temperature. Liu et al,[14] reported that the higher the ammonia
concentration, the higher the CO, capture (with a capture rate > 90%)., However, to avoid
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volatilization of the ammonia, a concentration below 10% should be able to achieve similar
results. It is possible that the variance observed in our results could be attributed to the
analytical approach chosen for scrutinizing the CO; emitted from the system. The experiment
employed a displacement method that did not differentiate between the various gases collected,
which may have impacted the obtained measurement. Additionally, the water used for the
displacement method was ordinary tap water that was not degassed and potentially contained
unidentified gases, resulting in an overestimation of the gas emitted from the system. Besides
that, the temperature was monitored from the circulating water instead of the direct
measurement of the temperature of the solution. However, Barzagli [3] reported that the
reaction between CO» and aqueous NH3 and Na>COs is exothermic. This could have resulted
in the release of NH3 gases if the temperature increased above 35°C leading to an increase in
the volume of gas vented to the measuring cylinder for the 3% NH3,

Wolume (mlL)
=

w NH3[1%)

= NH3{3%)
NH3(5%)

Volume {mL)
an
[=]
=

0 500 1000 1500 2000 2500 3000 3500 4000

Time(s)

Fig. 2. Release CO» based on Na,COj3; and NH3 concentration.

Table 3. Comparison of the CO; capture efficiency based on the solvents used.

Experimental pH pH pH CO2in CO: Efficiency
condition initial final change (mL/s) out (mL/s) (%)
water (30°C) 7.23 5 223 16.67 0.08 99.49
Na:COs3 (1%) 10.3 9.28 1.02 16.67 0.28 98.32
Na:COs3 (3%) 10.21 9.73 0.48 16.67 0.15 99.12
Na:COs3 (5%) 10.19 9.81 0.38 16.67 0.49 97.07
NH3(1%) 10.93 9.24 1.69 16.67 0.25 98.49
NH3(3%) 11.28 10 1.28 16.67 0.54 96.75
NH3(5%) 11.44 9.68 1.76 16.67 0.24 98.54
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4. CONCLUSION

The results of the experiment at current setup and condition revealed that a temperature of
30°C and distilled water to be the best conditions for CO dissolution. Distilled water provided
higher CO; dissolution than chemical absorption by alkaline solvent, with almost 99.94% of
CO: being removed. For the alkaline solvent, NaxCO3 had the highest CO, capture at a
concentration of 3%, amounting to 99.12% removal efficiency, followed by aqueous ammonia
at concentration of 5%, with 98.54% removal efficiency. These findings do not align with
previous research in this field, which could be due to differences in CO, gas outlet
measurement. Further research is necessary to provide conclusive reasons for the high CO>
dissolution in water when using pure CO» gas. To enhance the study of CO> capture, it is highly
recommended to select a fast and effective CO; capture analysis that specifically targets CO>
gases.
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ABSTRACT: Selangor, like many other Malaysian states, experienced various disruptions
due to the COVID-19 pandemic. In addition to health and economic challenges, the populous
state also faced notable issues regarding waste production. The pandemic has led to a dramatic
rise in solid waste generation especially in its two largest sources, municipal solid waste
(MSW) and clinical solid waste (CSW). Though, it is unclear which waste source is more
affected by the pandemic. In the present study, the trend of solid waste generation in Selangor
during the pandemic was investigated. A comparative statistical analysis was also made
between the annual generation rates of both MSW and CSW, particularly spanning the period
from 2019 to 2021. After collecting relevant numeric data from respective resources, the data
is recorded into Microsoft Excel to generate graphs. The analysis uncovered that MSW
exhibited an average annual generation rate of 4.52%, whereas CSW demonstrated a higher
average generation rate of 33.03%. An upward trend was seen in both MSW and CSW
generation in Selangor from 2019 to 2021, with CSW demonstrating a significantly higher
generation rate. The increased generation of CSW during the COVID-19 pandemic
emphasises the need for adhering to appropriate waste management practices. Failure to do
so can result in serious consequences, including environmental harm.

KEYWORDS: COVID-19, Pandemic, Municipal Solid Waste and Clinical Solid Waste.

1. INTRODUCTION

The COVID-19 pandemic refers to the global spread of the coronavirus disease [1]. In an
effort to end the pandemic, the Malaysian government executed strict measures such as
movement control orders (MCOs) and a national recovery plan (NRP) [2]. At this point,
Malaysians were forced to adapt their lifestyles to the new normal. Goods were delivered as
people remained at homes [3], increasing municipal solid waste (MSW) production.
Additionally, medical staff worked extended hours to care for infected patients [4], escalating
clinical solid waste (CSW) generation. This spike in Malaysia's waste production is particularly
pronounced in Selangor, the most populous state of the country [5].

Solid waste is defined as any discarded solid items from human activities [6]. MSW
comprises everyday materials produced by the public [7]; its management is under the control
of KDEB Waste Management Sdn. Bhd. (KDEBWM). Conversely, CSW is infectious waste
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generated by medical centres [8]; its handling is directed by private companies, namely
Radicare (M) Sdn. Bhd. and Cenviro Sdn. Bhd., which is monitored by the Department of
Environment (DoE). The surge in Selangor’s waste production during the COVID-19
pandemic calls for the need of proper waste management practices to avoid threatening issues
to the public and the environment.

The COVID-19 widespread has led the country to implement various measures, namely
MCO and NRP. These measures resulted in a rise in Selangor’s waste generation, specifically
MSW and CSW. During the period of the COVID-19 pandemic, MSW management in the
state is overseen by KDEBWM. As for CSW management, it is controlled by Radicare (M)
Sdn. Bhd. and Cenviro Sdn. Bhd.. However, it remains uncertain which waste source has been
more impacted by the pandemic. The aim of this study is to investigate the trends of both MSW
and CSW generation in Selangor during the COVID-19 period, from 2019 until 2021.
Additionally, it aims to conduct a comparative statistical analysis on their generation rates to
identify which waste source is more affected by the COVID-19 pandemic.

2. MATERIALS AND METHODS

In this study, Microsoft Excel is utilised. To construct graphs using this software, five steps
are involved: data preparation, data selection, graph insertion, graph subtype choosing and final

checking [9].
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Fig. 1. Steps in generating a graph (Soni, 2022).
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3. RESULTS AND DISCUSSION

This chapter discusses the study’s outcomes. Sections 3.1 and 3.2 investigated the trends
in MSW and CSW production in Selangor amid the COVID-19 pandemic. Section 3.3 then
highlights which waste source is more notably impacted by the pandemic.

3.1. Municipal Solid Waste (MSW)

This section elaborates on the yearly MSW generation in Selangor, from 2019 to 2021
[10]. In 2019, the production of MSW was relatively low. However, with the onset of the
pandemic in 2020, there was a 4.99% increase in the state's MSW production from 2019. This
escalation was attributed to the pandemic-related circumstances. The wide use of single-use
items in 2020 to curb the spreading of the disease led to an upsurge in waste production. In
2021, a further rise of 4.05% from 2020 was seen. This increase can be attributed to the
reopening of businesses and the implementation of delivery services. The disposal of packaging
materials, in particular, played a role in contributing to the overall generation of MSW.

3.2. Clinical Solid Waste (CSW)

Section 3.2 examines the annual CSW generation within the state, covering the timeframe
from 2019 to 2021 [11]. In the absence of the virus in 2019, there was a comparatively low
production of CSW. With the start of the pandemic in 2020, there was a 32% rise in CSW
generation from 2019. This increase was driven by the increasing number of patients in
healthcare facilities. Consequently, high volumes of COVID-19-related CSW were generated.
Transitioning to 2021, a growth of 33.91% from 2020 was observed. This surge can be linked
to the introduction of COVID-19 vaccinations, which led to an increase in the use of single-
use medical instruments, further heightening the CSW generation.

3.3. Comparison Of Generation Rates

This section compares the generation rates of MSW and CSW of Selangor from 2019 to
2021. To facilitate this comparison, a graph is created to illustrate the rates over the three-year
period (Figure 2).

MSW and CSW Generation Rates 2019-2021
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Fig. 2. Comparison of MSW and CSW annual generation rates 2019-2021.

It is evident that the MSW generation rate remained relatively low within the range of 4-
5% from 2019 to 2021; its average generation rate is 4.52%. On the other hand, the rate of
CSW generation exhibited a sharper incline of 32-34% in the same timeframe; its average
generation rate is 33.03%. Comparing the average generation rates, it is evident that CSW
exhibits a 28.51% greater variance when compared to MSW. The heightened rate of CSW
generation is linked to the exceptional conditions happening during the COVID-19 pandemic.
Medical practitioners were disposing of clinical disposables around the clock as they attended
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patients. Furthermore, numerous doses and boosters of COVID-19 vaccinations were
administered. This constant disposal led to a significant increase in CSW generation,
surpassing the growth of MSW.

4. CONCLUSION

From 2019 until 2021, a spike in generation was seen in both MSW and CSW. The average
annual growth rate of MSW production is 4.52%, while CSW production is 33.03%. Though
production of both waste sources was affected, CSW generation clearly had a more significant
impact from the pandemic. This may be attributed to the fact that CSW such as used protective
personal equipment (PPE), swab kits and COVID-19 vaccination wastes were only generated
during the pandemic crisis, with no production prior to that. This proves that identifying
effective CSW management practices is of higher importance. It is recommended that
Selangor’s CSW management companies take definite measures such as transport route
optimisation, employee training and equipment investing. Transport route optimisation will not
only reduce time, but it will minimise greenhouse gas emissions as well. Besides, employee
training will raise awareness on the impacts of poor waste management, ultimately reducing
environmental pollution. Lastly, investing in environmentally friendly equipment will greatly
decrease harmful emissions towards the environment during waste disposal processes.
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ABSTRACT: Due to security, transparency, traceability, and efficiency, blockchain
technology has become more popular in the financial, healthcare, education, and industrial
sectors as well. However, before the commercial use of this technology for the chemical
industry, the adverse impact of the same should be considered carefully. A study of detailed
adverse impact analysis of blockchain applications on the sustainability of the chemical
industry has been highlighted in this paper. This research complies with accepted publication
standards, in particular, the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations. A variety of primary and supplemental databases are
used in our research. Scopus and Science Direct are two well-known databases that we have
accessed, along with Emerald Insight, [EE Explore, and Google Scholar as other sources.
After comprehensive adverse impact analysis on sustainability from chemical production to
blockchain application has been considered such as 1) Environmental: Higher energy use and
CO; emissions linked to the blockchain, 2) Social: The adoption of blockchain technology
that may extend the digital divination in society who have less technological privilege, and 3)
Economical: Resource-constrained businesses entities may face difficulties due to the costs
of developing and integrating blockchain technology in business. This paper will help the
stakeholders in the chemical production business to make wise decisions on the adoption of
blockchain applications to maximize the benefits by identifying potential risks, developing
mitigation strategies, and ensuring that blockchain applications align with sustainable
development goals and practices.

KEYWORDS: Blockchain, Chemical Industry, Proof-of-Work, sustainability.

1. INTRODUCTION

The chemical industry, which is a pillar of contemporary civilization, plays a crucial role
in supplying the materials and compounds required for a vast array of activities in our everyday
lives. Numerous industries have undergone substantial change because of the quick
development of technology where blockchain technology has an emerging potential to be used
for increasing transparency, and real-time monitoring systems that may ultimately help to
produce quality goods in fertilizers, pharmaceuticals, polymers, and numerous industrial
chemicals in chemical industries [1]. However, the advantages this business offers frequently
come at a price, with unfavorable environmental effects that pose serious problems for
sustainability. Innovative technologies have arisen as possible change agents as the world
struggles with the urgent need for more ethical and environmentally conscientious behavior.
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Though there are several benefits of blockchain application, a mentionable number of
negative influences on sustainability due to environmental pollution, climate change,
ecosystem, CO; emission, excessive electricity consumption, etc. cannot be ignored [2, 3]. The
main objective of this study is to identify the adverse impacts of blockchain applications on
sustainability in the chemical industry. Besides the adverse impact analysis, this paper also
maps the relationship between environmental pollution, social, and economic impacts, and
Sustainable Development Goals (SDGs) by answering the following research questions and
hence presents the research gap analysis.

* RQ1: What are the negative effects of blockchain applications on the chemical industry's
sustainability owing to CO; emissions?

*+ RQ2: What connection exists between SDG and the negative effects of blockchain
applications in the chemical industry?

1.1 Present Work and Research Gap

In the review article [4], the authors clearly explained the negative impacts of blockchain
technology on the environment, society, and economy. They also explained the impact of CO>
on the environment as well as inequality in social life and they mapped the impacts with SDGs.
In the research papers [5], [6], [7], and [8], the authors briefly highlighted the negative impacts
on sustainability due to using PoW protocol and excessive use of electricity which generated
extensive amounts of CO> in the environment. The authors in articles [9], [10], and [11]
highlight how the environment can be affected by emitting CO> where they mentioned
electricity consumption, air pollution, and climate changes. In this paper, the impact of using
blockchain applications in chemical industries has been discussed in detail with related
properties of environment, social, and economic as well as mapping of these effects with SDGs.

2. METHODOLOGY

The main objective of this study is to find out the adverse ecological effects of blockchain
implementations on the chemical industry’s sustainability, particularly concerning carbon
dioxide (CO2) emissions. Additionally, this research also finds out how the Sustainable
Development Goals (SDGs) relate to the negative effects of the chemical industry's
implementation of blockchain technology. Systematic studies and literature reviews have been
conducted based on the following criteria: 1) Relevant research work and articles related to
blockchain applications in the chemical industry, 2) Sustainability and environmental impacts,
3) Related peer-reviewed journals, and 4) The information searched from 2018 to 2023. This
systematic literature review was conducted based on the searching data from academic
databases which included Scopus journals, Web of Science, newspapers, and online related
articles. The peer-reviewed articles published in the journals, conferences, books, or
symposiums that have been selected to search the databases. The Search strings such as
“blockchain” and (“‘chemical industry*” or “SDGs*” or “environmental effects™” or “social*”
or “economical*”) have been used to collect the articles. It also analyzed several factors,
including the effects on the environment (air, water, soil, climate, ecosystem), the effects on
society (health, inequality, migration trends), and the effects on the economy (healthcare
expenses, costs related to climate change, industrial costs).

2.1. Paper Screening Process

The databases were searched for articles with titles that were almost equivalent to this
research report. Titles were taken into consideration, and publications that did not match the
reviews were discarded. Retrieved papers were discarded if their titles made it very evident
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that they were not pertinent to this paper. The search protocol produced some papers, some of
which were eliminated since they had nothing to do with the use of blockchain in the chemical
industry. When a paper's relevance could not be quickly inferred from its title, it was moved
on to the following stage for additional screening. Reading the abstracts of the papers that made
it past the first step of screening made up the second phase of the screening process. Sometimes
it was required to study a paper's opening and conclusion as well to see if it met our exclusion
standards.

According to our exclusion criteria, we have to ignore the following: (1) Non-peer-
reviewed papers, such as press releases and interviews, (2) Papers without full access, (3)
Papers whose primary focus is unrelated to the use of blockchain technology in the chemical
industry, (4) Duplicate papers, (5) Non-English papers, and (6) Retracted papers. The
systematic literature review as per PRISMA [12] has been used to screen and select the records
which is shown in Fig. 1.

Lg Records identified through Additional records identified
:IT '@s database search (n=415%) through other sources [n=8)
i ! ]

= Records after duplicates remowed (n=403)

B

£ 3 +

{5; Records screened n=4023) e Records excluded (n=312)
e 4

r-u

= Full-text artiches assessiod lor Full-text articles excluded,
-3 eligibility (n=91) with reasons (n=30)
-

’? T l

5 studies Included in Fimal records considened
{_‘R. qualitative synthesls (n=61) (=13}

Fig. 1. Process flow diagram of screening and selection records.

3. ADVERSE IMPACT ANALYSIS ON SUSTAINABILITY

The adoption of blockchain applications in the chemical sector has major negative
implications on sustainability, in contrast to the positive effects of blockchain technology on
the Sustainable Development Goals (SDGs). These consist of areas: 1) Impact on the
environment: The use of blockchain networks may result in higher energy use and resultant
CO» emissions. This increased energy requirement for blockchain operations presents a
problem for the environment because it could increase carbon emissions. 2) Social
implications: The adoption of blockchain technology may make digital inequality worse.
People with restricted access to technology can find it harder to participate in society, which
could widen the digital divide. 3) Economic considerations: The expenditures involved with
the development and integration of new blockchain technology into operations may provide
challenges for companies operating on a limited budget. Smaller companies in the business can
be financially burdened even more because of these costs.

3.1 Respone of RQ1 and RQ2

Table 1 provides an adverse impact analysis of the negative effects of blockchain
applications on Sustainable Development Goals (SDGs). This research has highlighted the
detrimental effects in this table based on the three main goals of the environmental, social, and
economic sectors. This comprehensive analysis not only captures pertinent features but also
offers mappings to SDG targets. We learn that blockchain applications may have an impact on
SDGs spanning several fields, which has broad consequences. SDGs 3 (Good health and well-
being), 6 (Clean water and sanitation), 9 (Industry, innovation, and infrastructure), 10 (Reduced
inequalities), 11 (Sustainable cities and communities),13 (Climate action), 14 (Life below
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water), and 15 (Life on land) are at risk from these negative effects. Further investigation
reveals that these effects also apply to several specific SDG targets, such as SDGs 3.1(Reduce
Maternal Mortality), 3.8 (Achieve universal health coverage), 3.9 (Reduce illnesses and deaths
from hazardous chemicals and pollution), 6.3 (Improve water quality, wastewater treatment,
and safe reuse), 9.1(Develop sustainable, resilient and inclusive infrastructures), 10.2 (promote
universal social, economic and political inclusion), 10.4 (Adopt fiscal and social policies that
promote quality), 10.7 (Responsible and well-managed migration policies), 11.6 (Reduce the
environmental impacts of cities), 13.1 (Strengthen resilience and adaptive capacity to climate-
related disasters), 13.2 (Integrate climate change measures into policy and planning), 14.3
(Reduce ocean acidification), and 15.4 (Ensure conservation of mountain ecosystems) [13].

Table 1: Adverse impact analysis of blockchain applications on SDGs

‘g Effect on SDG
g g Adverse impact on sustainability and its Targets
= [13]
The planets become worm-like as the amount of CO, in the atmosphere rises,
= . . . .. 3(3.9),11
Z changing the temperature and ultimately harming people and other living (11.6)
things. ’
g &  The concentration of CO; in the atmosphere increases the temperature and
= $ acidification of the ocean surface, rising sea levels, and melting glaciers which 6(6.3), 14
E (})‘3 affect the safety and drinking water, ecosystem system, and aquatic life. (14.3).
® = Increasing CO; in the air influences to increase in the soil pH level which
= o . . . . 339
5 “2  qltimately influences the rate of weathering and plant nutrients.
E 2 g, COyis one of the main concerns of global warming and climate change where 13(13.1
© E § it functions as a greenhouse gas by heating the earth and increasing the 13 2)' ’
E TS temperature. :
= g The emission of CO, adverse impact on biodiversity and ecosystems. Increasing
§ temperature disrupts and changes the distribution and behavior of species and 15(15.4)
§ the ecosystem like in polar regions as well as coral Islands.
0
=  Once CO2 levels are high enough in the atmosphere, it affects temperature rise, 3(3.13.8
'S which can cause climate change, heat waves, floods, storms, and fatalities. 3 9’) ’
2 .
2 CO; emissions are not only affected by the atmosphere, but they also enhance
= § to differentiation of low-income people, indigenous communities, and 10 (10.2,
S g developing nations. It also leads to an increase in the poverty level and food 10.4)
@ = scarcity in daily social life.
= . The increase in CO; leads the changes in climate, sea levels, natural disasters,
2 9 . .. . . . .
% £ and weather which may insist on forced migration from different geographical 10 (10.7
52 locations to comparatively better geographical locations, and the overall result (10.7)
= & may be harmful to society.
° Climate change may have an impact on diseases like malaria, cancer, dengue
§ . fever, and mental illness, among others, due to CO, emissions. On the other
% § hand, breathing contaminated air can cause a variety of respiratory and 3 (3.1, 3.8)
ﬁ cardiovascular conditions, which can increase the cost of medical care,
insurance, and other related expenses.
E 2 Emissions of CO; lead to climate change which also exacerbates the extreme
g g © weather impacts such as floods, hurricanes, and draughts that may losses extra 13 (13.1
S E Y costs to recovery as well as resiliency costs. The extra budget needs to be 13 2' ’
S O § allocated for th 2)
2 & allocated for these unseen events.
Q

Emissions of CO; and climate change may interrupt the chemical industries

directly. Due to climate changes, forestry, marine life, tourism, and other

sectors. The production, maintenance, and employee health and safety costs will 9.1
be increased significantly.

Industry cost
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It depicts the connections between negative effects and several SDGs because of the Proof-
of-Work (PoW) blockchain protocol and excessive CO> emissions. Blockchain has many
benefits for SDGs. It is critical to recognize and solve these unfavorable effects within the
chemical business. Understanding and minimizing these negative effects are crucial for
ensuring the ethical and long-lasting use of blockchain technology.

4. CONCLUSION

The analysis of the negative effects of blockchain applications on SDGs for the chemical
production industry highlights the importance of taking a thorough and cautious approach.
While blockchain technology may provide advantages like security and transparency, its
implementation must consider the adverse impacts on sustainability such as environmental,
social, and economic including their properties with continuous monitoring and adaptation of
essential technology for maximizing its benefit.
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ABSTRACT: Solar evaporation is a promising technology that has garnered attention due to
the renewable nature of the sun as an energy source, which can facilitate the sustainable
advancement of human society. This technology relies on easily obtainable water sources and
uncomplicated structures, while also benefiting from significant enhancements in conversion
efficiency through the utilization of advanced photothermal materials and effective thermal
management techniques. This review provides a brief summary of recent research conducted
on hydrogel polymers utilized in solar vapor generation. The primary goal of this review is to
explore multiple strategies aimed at optimizing light absorption, hence enhancing the overall
efficiency of the design. We present the photothermal management in hydrogel polymer with
proper solar absorber selection, tuning the thermal conductivity via porosity of hydrogel and
the incorporation of a layered structural design that leads to a greater photothermal conversion
efficiency.

KEYWORDS: Hydrogels, polymer,solar vapor generation

1. INTRODUCTION

Water is a fundamental component necessary for the sustenance of life and crucial for the
existence of all living beings. Water resources are considered valuable assets due to their
significance in sustaining various aspects of human life and the environment. Consequently,
the practice of water conservation is imperative, given the prevalent occurrence of water crises
on a global scale. According to the United Nation Development Programme, a significant
proportion of the global population, exceeding 40%, currently experiences the adverse effects
of water shortages. This figure is of great concern and is projected to escalate further in tandem
with the anticipated rise in temperatures. It is predicted a minimum of 25% of the global
population is predicted to encounter recurring water scarcity by the year 2050. The escalation
in population pressure, shifting water consumption patterns, and the impact of climate change
are expected to heighten the challenge of sustaining appropriate levels of water use.[1] The
predominant proportion of water present on the Earth's surface, amounting to more than 96%,
is composed of saline water found in the oceans. Freshwater resources, encompassing
precipitation and subsequent flow into various hydrological systems, including streams, rivers,
lakes, and groundwater, play a vital role in meeting the daily water requirements for human
sustenance.[2] Therefore, desalination has become the predominant way to overcome the water
crisis, and is the main source of drinkable water. Desalination is a procedure that involves the
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division of saline water into two distinct components: freshwater, characterized by a reduced
concentration of dissolved salts, and brine concentrate, which exhibits a significantly higher
concentration of dissolved salts compared to the original feed water.[3] However, the process
of water desalination is characterized by high costs, complex technology and a significant
demand for energy.[4] Due to this complexity researcher has been came up with a simple
preparation, low-cost, non-toxic, and mechanically strong approached which is through the
process of desalination by utilizing a three-dimensional network of hydrogel polymer
materials. Hydrogel is a three-dimensional cross-linked hydrophilic polymer network, that may
expand and deflate reversibly in water and retain huge amounts of liquid. [5] Polymeric
networks with strong water absorption and pollutant immobilization capacities are the most
promising hydrogels for water purification. Hydrogels polymer possess a remarkable capacity
to effectively sequester and retain various pollutants present in water through the process of
adsorption. Because of that hydrogel has been studied based on its available functional groups,
which expected to remove the contaminant via adsorption for water purification [6] In order to
further enhance the efficacy of hydrogel polymer for the purpose of generating clean water,
researchers have introduced an innovative and economically viable technology for desalinating
seawater. This technology incorporates a solar vapor generation (SVG) system, which
combines the utilization of solar energy and water, both of which are abundant resources. SVG
can directly transfer heat to facilitate evaporation is an effective method of collecting solar
energy and purifying water.[7] The SVG system utilizes hydrogel networks to convert seawater
into potable water. The device successfully harnesses solar energy and enhances the efficiency
of freshwater conversion and overall device performance. In essence, SVG and hydrogel
function similarly to the natural convection of water bodies, such as seas or rivers. Natural
convection is a process of heat and mass transport in which a water body absorbs heat from
solar radiation. The primary focus of SVG design revolves around two key aspects, namely the
system structure and the evaporation surface. The system'’s architecture relies on the presence
of an insulating layer positioned at the bottom of the hydrogel, as well as the photothermal
material's capacity to effectively absorb incident light. The evaporation efficiency of the
merged SVG with hydrogel polymers ranges from 60 to 94%, which is equivalent to 1-3 kg
m~2 h~! under 1 sun irradiation.[8] As solar radiation is the only source of power for vapour
generation, a variety of materials, such as ultra-black absorbers, plasmonic nanoparticles, and
thermal-concentrating ceramics, have been employed to improve the conversion efficiency.[9-
11] Nonetheless, inefficient utilization of converted heat presents an additional obstacle from
these materials such as water heating, parasitic thermal loss, and water evaporation. Also, poor
solar absorption and large heat losses due to the placement of the light absorber at the bottom
of the water source severely limit the practical application of traditional solar evaporation
approaches, which typically deliver a low photothermal conversion efficiency of 30%-
45%.[12] Additionally, black inorganic semiconductors like Cu, S, nanocrystals, TiOXx
nanoparticles, etc., have been studied as a potential new class of solar-thermal absorbers
because of their low cost and low toxicity.[13-14] However, their practicality is limited by the
difficulties of producing large-scale samples. Efforts have been made to improve photothermal
efficiency by increasing light absorption and minimizing heat loss by combining materials to
create a microporous structure with dispersed pores. The recent development of interfacial solar
evaporation systems that position the light absorber at the water-air interface has made it
possible to heat only the air-liquid interface as opposed to the bulk water, resulting in a
significant increase in photothermal efficiency.[15] Typical components of a double-layered
interfacial solar evaporation system include a light absorber, substrate, bulk water reservoir,
incident light, and condensate. The light absorber absorbs incident light and converts it to heat.
In parallel, water is absorbed by the substrate and transported to the evaporative surface via
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capillary forces and interconnected water pathways. The generated heat raises the water's
temperature on the evaporative surface, which powers the continuous evaporation process with
an unlimited water supply. Nonetheless, a portion of the generated heat is always lost to the
surrounding environment via conduction to bulk water and air, radiation to air, and convection
to bulk water, resulting in a less-than-perfect evaporation efficiency. The ratio of the thermal
energy contained in the generated vapor to the incoming solar flux can be used to calculate the
evaporation efficiency.[16]

mh

=T @

where, m is denotes as the mass flux, h; is the total enthalpy of liquid vapor transformation,
and P;, is the rate of solar energy incident. The marking point as an ideal number to achieve
highly efficient SVG is 1kWm™2 (typically ~50% to higher than 80%) under 1 sun or even
weaker natural daylight.

In this short review, we provide insights to a few strategies for tuning the light absorption
in particular emphasis on hydrogel polymer materials with solar absorbers in enhancing the
thermal efficiency of SVG design for high water transport.

2. MECHANISM OF PHOTOTHERMAL EFFECT FOR POLYMER
BASED MATERIALS IN SOLAR VAPOR GENERATION

In solar evaporation devices, photothermal materials and thermal-insulating and water-
transporting materials are essential components. These materials' properties largely determine
the efficacy of solar evaporation. For solar absorber design, strong light absorption across the
entire solar spectrum range of 0.3 to 2.5 um, as well as high light-to-heat conversion efficiency,
are of equal importance, whereas for substrate material design, thermal insulation and water
transport properties are desired. There are three types of photothermal mechanisms involved in
SVG plasmonic localized heating, electron-hole generation and relaxation, and thermal
vibration of molecules as illustrated in Fig.1. In general, one type of photothermal material uses
a single mechanism to convert light to heat. In some instances, however in a specific
photothermal material, one or more of these photothermal mechanisms can convert light into
heat. Here, the emphasis is on polymeric materials with a photothermal mechanism based on
the thermal vibration of molecules. Under irradiation, the photothermal effect has been
observed in organic materials (such as polymers) [17] that convert incident light into thermal
energy. A photothermal process is a direct conversion of solar light that can achieve the highest
possible energy conversion efficiency in comparison to other solar energy utilization
technologies.

Lattice
relaxation
LuUpAO T

HOMO § T T

Thermal vibrations
of molecules

Fig.1. Thermal vibration of molecules of the photothermal effect [18]

When incident light energy matches the electronic transition energies in molecules, loosely
held electrons can be excited from the ground state to higher-energy orbitals. Under irradiation,
for instance, the electron can transition from the highest occupied molecular orbital (HOMO)
to the lowest unoccupied molecular orbital (LUMO). The photoexcited electrons then return to
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their ground state via electron-vibration coupling, causing molecules to generate heat. Due to
their abundant conjugated m bonds, which can facilitate electron excitation from & to m* orbitals
even with low irradiation energy, carbonaceous and certain polymeric materials (typically
black polymers) [18] with strong light absorption can convert solar energy into thermal energy
through the thermal vibration mechanism. In addition, the energy disparity between the LUMO
and HOMO can become lower as the number of © bonds rises. Polymers have utility in solar
evaporation applications due to their high light absorption across a broad spectrum of
wavelengths, relatively low cost, and stability as solar absorbers for high-efficiency solar
evaporation, such as polypyrrole (PPy) [8], PEGDA-polyaniline (PANi) [19], polyvinyl
alcohol (PVA), and chitosan/PPy[20] have recently been utilized. However, their selection is
more limited if compared to carbon materials. Polymers, particularly polymer hydrogels,
possess a number of advantageous properties, such as the ability to bind with water to facilitate
evaporation.

3. STRATEGIES TO INFLUENCE THE THERMAL BEHAVIOR IN
HYDROGELS POLYMER FOR HIGH EFFICIENCY IN SOLAR
VAPOR GENERATION

Water evaporation and thermal insulation are commonly regarded as two fundamental
roles that the substrate must accomplish. Efficient water transport and evaporation need the
presence of both excellent wetting qualities and continuous routes. Enhanced thermal insulation
can be achieved through the utilization of materials with low heat conductivity and porous
architectures. The pore structure has a significant role in facilitating water transport and thermal
insulation. It is important to find a balance between effective water transport, which necessitates
water-filled holes, and thermal insulation, which requires air-filled pores. Hydrogel materials,
characterized by their hydrophilic nature, porous structure, and thermal insulation properties,
have been extensively studied in accordance with established criteria. The objective of these
investigations is to enhance water transport capabilities and optimize heat management, hence
rendering hydrogels suitable as substrates for solar evaporation. PVA and chitosan hydrogels
demonstrate remarkable hydrophilicity, low thermal conductivity, and ample hierarchical
porosity, hence ensuring adequate water transport/evaporation and appropriate heat
management capabilities for solar evaporation. [20] For the occurrence of evaporation at the
interface between liquid and vapor, the material must possess certain properties based on the
principle of heat localization. These properties include a high capacity for absorbing solar
radiation in the volumetric range, low thermal conductivity, the ability to float on the liquid
surface, and the capability for continuous or rapid fluid transport to the liquid-vapor interface.
A considerable body of research has been dedicated to the advancement of hydrogel materials
in conjunction with photothermal materials, mostly from a theoretical perspective. In the context
of thermal structure design, the fundamental ideas revolve around the minimization of heat loss
and the optimization of heat concentration on the evaporative surface. This section will examine
a few main strategies employed in material and structural engineering to enhance the
evaporation performance.

3.1. Photothermal materials

Materials employed as light absorbers must have the crucial attribute of strong absorption
in the solar spectrum for solar heat localization, allowing the hydrogel to be integrated with the
SVG system. The chosen material must be efficient in absorbing light across the full range of
the solar spectrum, which is roughly 300 nm to 2500 nm, as illustrated in Fig. 2 [21] When
photothermal material incorporated to other polymer material it may resulted with
improvement across solar spectral irradiation wavelength due to the chemical interaction

114



ITUM Engineering Congress Proceedings, Vol. 1, No. 1, 2023 Serati et al.

https://doi.org/10.31436/iiumecp.v1il.3012

between two materials. In an investigation examining the influence of polyaniline (PANI) on
chitosan, the study successfully observed the structural, conductivity, and dielectric properties
of chitosan [22]. The protonation of chitosan material was achieved through the acid-induced
protonic doping effect of PANi within the chitosan structure, as depicted in Fig. 3. Fig 4
illustrates the depiction of the protonation process involving two forms of polyaniline (PANI),
respectively emeraldine base (EB) and emeraldine salt (ES). Basically, emeraldine is
considered to be a comparatively more stable form of PANi, which may occur in two distinct
forms: emeraldine base (neutral), characterized by its insulating properties, and emeraldine salt,
which exhibits conductivity due to the protonation of its imine nitrogen through the process of
doping with acids.[23] When acid is introduced to the PANI, protons (H+) from the acid start
to attached to the nitrogen-hydrogen (NH bonds) in the polymer chains. This protonation makes
the nitrogen atom to become positively charge, which is known as polaronic sites. It acts as a
carrier in the polymer, it can accept and donate electrons which allowing the movement of
electric charge within the materials, i.e., the movement of proton along the NH bonds or called
electron hopping. Through this additional charge carrier via protonic doping, it furthered
increase the electrical conductivity of chitosan with incorporation of PANi. The result of the
PANI doping in chitosan can be seen in Fig. 5 where the incorporation resulted with 551 nm
peak in visible range of solar spectral due to the polaron formation. This optical energy is due
to the Pi-to-Pi star transition from the valence band to the conduction band at 389 nm due to
the common doped state of PANI.

Table 1: Proposed hydrogel polymer with photothermal materials for SVG applications

Hydrogel type Evapo
and Structure Desian Evaporation ration Advantages for SVG Reference
Photothermal g Rate Efficie applications
Material ncy, %
Cellulose-wrapped 11 . .
Pegda hydrogel EPE foam with 2D 140kgm™"h Strong light absorptlgn, Yin et al.
. . under 1 sun 91.5 | layered structures design,
and Polyaniline water supply via . L (2018)
. illumination 2D water transport
capillary force
Buoyancy by tuning 39 ko m-1h-1 Direct contact with
PVA hydrogel density and porosity =g water, improving water | Zhao et al.
under 1 sun 94 L .
and Polypyrrole by the molecular . I diffusion without (2018)
illumination . .
mesh layered, facile synthesis
Chitosan : 14 kgm tht : .
hydrogel Carbon Buoyancy via porous under 1 sun 89 Broadk_)and ak_)sorptlon, Singh et
network . —— lightweight al. (2019)
dots illumination
Buovancy by tunin Water transport rate
PVA, Chitosan yancy by ning -5 o kgm th™1 efficiency via porosity,
- density and porosity . . X. Zhao et
hydrogel with under 1 sun 92 facile synthesis,
by the molecular . o al. (2019)
Polypyrrole mesh illumination temperature management
via porosity
Chitosan Buoyancy by tuning
P -1p-1
hydrogel with density and porosity 219 kgm="h Broadband absorption, Yuetal.
Molybdenum by the molecular under 1 sun 96.15 facile synthesis (2020)
Carbide/Carbon- y illumination Y
mesh
Based
. -13-1 i
PVA, ch|t0§an PV/C foam and 2.28kgm™th Broadband absorption, Zhu etal.
hydrogel with cotton Wine under 1 sun 66.7 layered structure, 2D (2022)
CNP P illumination water transport
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Fig.2. Solar spectral irradiation across a wavelength range of 300 nm to 2.5 mm [21]

Fig.3. Schematic for PANi-chitosan interaction [22]
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Fig.4. Protonation of emeraldine base to emeraldine salt upon acid introduction [22]
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Fig.5. UV-VIS absorbance spectra of chitosan and PANi-chitosan sample with acid
dopant [22]

Furthermore, when photothermal materials are added to the other material, it will produce a
significant difference in physical observation. The observation of Fig.6 reveals the
investigation of the integration of PANI into a hydrogel composed of poly (ethylene glycol)
diacrylate (PEGDA). The hydrogel exhibits a noticeable visual transformation, transitioning
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from a transparent state with invisible porous to a darkened appearance with rich in porosity
upon the inclusion of PANI. This change of color is due to the absorption of molecular or
delocalization Pi electron in conductive PANI.[19] Based on this discovery, it can be inferred
that the integration of a solar absorber into a hydrogel polymer enhances the mechanical
stability of the hydrogel. This is evident from the presence of a well-developed macroporous
structure in the hydrogel containing PANi. The hydrogel's porous structure is recognized for
its robustness, resembling that of a sponge. Also, this characteristic allows for efficient water
absorption, hence potentially enhancing the water transport rate in SVG.[24] The combination
of these materials also showing a high light absorption in visible range as shown in Table 2, as
hydrogel with rough and porous surface naturally traps light, which cuts down on repeated
scattering and reflection. PEGDA-PANI hydrogel also recorded a high SVG efficiency of
91.5% with 1.40 kg m~1h~! water transport, under 1 sun illumination making it a suitable
candidate for SVG design.

Y

s-PEGDA ] P-PEGDA-PANI

Fig. 6. Representative of hydrogel with and without the incorporation of solar absorber
[19]

Table 2: Proportion of light absorption in different spectral regions of solid-PEGDA and
PEGDA-PAN:I [19]

Visible (400-700  NIR (700-2500

Sample Total absorption UV (< 400 nm) nm) nm)
Solar Spectrum 100% 5.40% 54.7% 39.90%
s-PEGDA 32.61% 4.25% 17.29% 11.07%
PEGDA-PANI 98.48% 5.22% 54.02% 39.24%

3.2. Tuning density of hydrophilic polymer

Tuning density refers to quantifying chemical connections that connect polymer chains,
subsequently influencing thermal vibration. Typically, an increase in density results in a
hydrogel that exhibits greater stiffness due to a decrease in chain mobility, leading to a
reduction in thermal vibration. The work conducted by Zhao et al. [8] demonstrates that
altering the ratio of polymer density has a discernible impact on the structural characteristics
of hydrogels as shown in Fig.7, where the hydrogel porosity changes with different amount of
ratio. The efficiency of localized heating on the hydrogel surface is dependent upon the size
and shape of the hydrogel. When the hydrogel polymer porosity does not have homogenous
porosity, it will interfere with the temperature distribution on the hydrogel surface. The
ineffective localization of the hydrogel surface has the potential to decrease the thermal
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conductivity of the material, resulting in reduced heat loss to the bulk water and its surrounding
environment. X.Zhao et al. [20] improved their hydrogel by changing the ratio of their
hydrophilic polymer of PVA and chitosan with water content, which resulted with altered
internal gaps within the hydrogel as depicted in Fig.8. The internal gaps within hydrogel may
efficiently transport water to the hydrogel surface in timely manner.[24] However, the
hydrophilic polymer of PVA/chitosan with highest concentration resulted in the highest
saturated water content, as depicted in Fig.9. This highest amount of water saturation with the
highest concentration of hydrophilic polymer results in a higher demand for energy during the
process of water heating, thereby diminishing the part of usable energy that can be utilized for
water vaporization. Although the enthalpy of vaporization is relatively low, the presence of a
high level of saturated water content hinders energy utilization and restricts the rate of SVG.
In essence, the reason the hydrogel with the highest concentration does not have the highest
evaporation rate is due to the continual presence of highly saturated water within the polymer
networks, which keeps the internal gaps moistened and heats the water instead. Therefore, from
this observation it can be inferred that achieving a balance between the volume and
concentration of hydrophilic polymer is essential for increasing the rate of water evaporation.
It can be seen in Fig. 10 by tuning the density of hydrophilic polymer, resulted with localize
heating in the middle of hydrogel surface, and the bulk water temperature remain low and
stabilize within 1 hour period, as an indicator of efficient temperature distribution within the
hydrogel network.

Fig. 8. Internal gaps within hydrogel after tuning the density of hydrophilic polymer
[20]

118



ITUM Engineering Congress Proceedings, Vol. 1, No. 1, 2023 Serati et al.
https://doi.org/10.31436/iiumecp.v1il.3012

w
(=]
i

Saturated water
content (g g
N
o

.f—f*/

s by by by Ay
{4,,,7 {4#2 {4&9 ("q’iq {4&5_

=
(=]
i

Fig. 9. Saturated water content with different concentration of hydrophilic polymer [20]
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Fig.10. Low temperature to the bulk water and effective localize heating at the hydrogel
surface [20]

3.3 Thermal conduction via structural design

Hydrogel is known to have higher density than water, therefore, in new SVG design it is
necessary for the hydrogel to be able to float in water surface as opposed to traditional
evaporation design where the absorber is immersed in the water.[8] Hence, in order to enable
the hydrogel's buoyancy, researchers proposed the integration of an insulator material to
regulate the heat conductivity of the SVG design. This approach also serves to provide
structural support for the hydrogel, which functions as a light absorber and is positioned atop
the structural design. As demonstrate in Fig. 11, Yin et al. [19] proposed a design that consist
of the cellulose-wrapped expanded polyethylene (EPE) foam, which serves as thermal
insulation and also as water supply between the hydrogel and the bulk water. By placing EPE
foam around the hydrogel material, it acts as a thermal barrier, minimizing heat transfer to the
surroundings and maintaining a higher temperature within the system. This insulation helps
improve the overall energy efficiency of the system by reducing heat losses during the vapor
generation process that resulted with 91.5% solar thermal efficiency. Another simple design
proposed by Zhu et al. [15] as illustrated in Fig. 12, where the design is composed of polyvinyl
chloride (PVC) foam as heat insulation in the bottom layer and then a cotton wipe is act as
water pipe between hydrogel and bulk water, which the water will be transfer from PVC
surrounded to the cotton and then absorbed by the hydrogel, this design resulted with 66.7%
solar thermal efficiency.
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Fig. 12. Structural design using PVC foam and cotton wipe with hydrogel [15]
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4. CONCLUSION

This review article has provided a brief summary of a few strategies in hydrogel polymer
with SVG. It discusses three primary strategies that have significantly enhanced the efficiency
of SVGs through the utilization of hydrogel polymers. These strategies include the careful
selection of solar absorber materials, the optimization of hydrophilic polymer properties to
improve temperature management, and the incorporation of hydrogel into the SVG design.
Hydrogel polymer possess a significant benefit in terms of water purification and water
transport. The optimization of light absorption strategies to enhance the compatibility between
SVG and hydrogel materials, resulting in improved water delivery and solar energy utilization
efficiency, holds significant promise for future societal benefits. These approaches are
characterized by their simplicity, cost-effectiveness, and ability to achieve higher water rates.
As a result, the integration of these two technologies facilitates the effective utilization of solar
energy, presenting a feasible and enduring solution to mitigate the challenge of limited energy
resources. Furthermore, the intricate nature of hydrogel polymers allows them to serve as a
medium for harnessing solar energy. Additionally, they can function as an external control
mechanism for manipulating temperature, particularly when combined with various
unexplored materials. Notably, the morphology of hydrogel polymers exhibits promising
characteristics that undergo changes when impregnated with others emerging polymer
materials, photothermal materials, and different methods of producing the hydrogels. Through
the process of further integration with diverse other materials and new structural designs, the
functionalized hydrogel polymer that exhibits synergistic properties demonstrates the potential
to perform many functions tailored to water transport and water purification applications.
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