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Asian Polymer Association (APA) is a professional platform and has achieved the 
distinction of being a dynamic association of polymer scientists. It is a multinational 
society involving members from different countries across the world. The vision of APA is 
to bring together polymer scientists and technologists from different countries on a 
single platform for a dynamic interaction among them and has organized several 
conferences in and outside India in the past. 

APA is now organizing International Conference on Polymers for Advanced 
Technology in Goa during February 23-25, 2023. This conference would felicitate a 
close interaction of polymer fraternity from various domains at the international level 
and would be the focal point of discussion among delegates. The conference has very 
inspiring programmes for the young generation where they would complete for 
different categories of the awards under various contests. The special sessions under 
APA Bioforum, APA Nano Forum and APA Sustainability Forum are the key attraction of 
the event. On behalf of APA, I welcome the participants in Goa and wish this 
conference to be high profile and visionary event.

Bhuvanesh Gupta

Bhuvanesh Gupta
President (APA)

Message from the President, Asian Polymer Association
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APA Distinguished Award

Frédéric Guittard
University Côte d’Azur, France

Dr. Guittard received his PhD in organic chemistry in 1994 from University of Nice (France) 

working in the research laboratory of Professor A. Cambon. Then, Dr. Guittard went as 

postdoctoral fellow in the University of Padova (Italy) in the research Group of Professor 

Gambaretto for the development of bisammoniums as alternative of conventional biocides, 

then in University of Preston (UK) in the research group of Professor M. Holmes and then in the 

Physic institute of Prague (Czech Rep.) in the research group of Professor M. Glogarova and  in 

the Theramex pharmaceutical group (Monaco), named now Merck inc., on various projects. He 

joined University of Nice (France) as associated professor, in 2020 as full professor. In 2012 and 

created a new team on advanced materials, entitled “surfaces & interfaces”. His main research 

concerns the conception and development of new active surface materials inspired by 

biomimetic approaches and biobased chemistry. NanoTech, BioTech and SmartTech are the 

three axes of his research Group. The research has also opened up the field of novel surface 

materials, being both superhydrophobic and superoleophobic. In 2017, he was ranked first in 

Europe, in USA and second in the world for superoleophobic properties. Another theme is to 

find alternatives to fluorinated low energy surface materials using hydrocarbon biomimetic 

surfaces. In 2017, a new Lab has been created for the research activities of his team on 

Bioinspiration and Biobased Chemistry and Materials. 

He was Director of the chemistry department from 2004 to 2010 at Nice University. He is 

authored or co-authored of 280 articles, 74 invited conferences and leader on adhesion (or 

anti- wetting) and surface properties. Between 2010 and 2022, he was visiting researcher at 

Bristol University (UK), at the Institute of physics (Czech Rep.) in Porto Alegre (Brazil) & at 

University California Riverside, CA (USA) for 5 years. Since 2012, he is the founder & the 

chairperson of the international conferences on Biobased and Biomimetic, Materials & 

Chemistry a biannual (Summer-Winter) conference in Nice. He is director, 2020-2024, of the 

CNRS national network initiative group for Biomimetic named “GDR-2088-biomim”, 98 

Laboratories, 700 researchers/members. APA is pleased to confer APA Distinguished Award to 

such an excellent scientist at the international level.
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APA Icon Award

Pranee Phinyocheep
Mahidol Univ. Thailand

Associate Professor Dr. Pranee Phinyocheep is a polymer chemist working on polymer synthesis 

and also structural modification of polymeric materials, and an expert on the modification of 

natural rubber. She has been working on chemical modifications of natural rubber for about 

three decades investigating various types of chemical modification of natural rubber in both 

latex and organic phases. She has applied the prepared functionalized natural rubbers for 

making the PU film for bacterial detection, antibacterial composites, being a toughening agent 

for compostable plastic of poly(lactic acid), thermoplastic vulcanizates and recently a 

mechanical modifier applied in ultraviolet-curable resin for the light-based 3D printing 

technology.  She also works on natural fibers obtained from waste biomass and the use of 

supercritical fluid CO2 for producing natural rubber foam in view of environmental awareness. 

Dr Phinyocheep did her Ph.D. in Polymer Chemistry at Le Mans University, France. She has been 

working at Mahidol University since 1988 up to now.  As an administrative, she dedicated herself 

as the Head of the Department of Chemistry, Faculty of Science, Mahidol University, Bangkok, 

Thailand, for two terms (Jan. 2008-Jan. 2012, and Jan. 2016- Jan 2020) and also the President of 

the Polymer Society of Thailand (November 2016-Jan 2022). 

For her contribution to chemistry and polymer science and technology internationally, she was 

the Chairman of the Organising Committee; The Pure and Applied Chemistry International 

Conference (PACCON) 2019, Bangkok, Thailand, and the Chairman of the Organising 

Committee; The International Polymer Conference of Thailand (PCT) from PCT-7 (2017) to PCT-

11 (2021). She has been advising more than 30 students (M.Sc and Ph.D) and published about 70 

publications in peer review international journals. She has also collaborated in multidisciplinary 

research with physicists, technologists, and microbiologists in different departments at Mahidol 

University and also other universities in Thailand, Japan, France, Korea, and Australia, including 

the industries in Thailand and Japan. She is an active member of the Chemical Society of 

Thailand, the Polymer Society of Thailand (PST), and the Asian Polymer Association (APA). She 

has been very impactful in spreading APA activities at the Asian level. APA is proud of her 

support to the society and confers APA ICON Award on her.
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APA Icon Award

Anup K Ghosh
IIT Delhi, India

Prof. Ghosh is the professor at Department of Materials Science and Engineering at Indian 

Institute of Technology Delhi. Prof. Ghosh did his PhD in Chemical Engineering from Buffalo, 

New York and joined IIT Delhi as faculty in 1993. Professor Ghosh is a well-recognised faculty in 

the field of polymer processing and has been very well connected with polymer industries in 

India and abroad. Prof. Ghosh has been an excellent force in developing Institute-Industry 

interaction platform in the country. His pioneering work in the field of bio-based polymers and 

sustainable polymeric materials is one of the most attractive outcome in the recent days. 

Prof. Ghosh has several patents to his credit and has been on several administrative positions in 

IIT Delhi. Prof. Ghosh has several awards to his credit and the vice president of APA. He has also 

been on several boards in government organisations and industries. Prof. Ghosh has been 

associated with Asian Polymer Association since its birth in 2007 and has been an active pillar of 

the APA as the international society in bringing it as a vibrant platform for the dynamic 

interaction of the polymer fraternity. It has been his dedicated efforts that has created a very 

special place for APA at the international level. Very keen on creating newer option for 

encouraging our young students from polymer domain makes him very supportive of the 

newer dimensions in this interesting domain. APA is glad that he is around us and deserves to be 

conferred with the APA ICON award.
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APA Social Award

Deepak Pathania
Central Univ. Jammu, India

Deepak Pathania is Professor and Dean Research Studies at Central University of Jammu, 

Jammu & Kashmir. He is also serving as President of Him Science Congress Association, 

Himachal Pradesh, a Scientific society working for promotion of sciences in state. He also served 

as Dean Students’ welfare and Dean Life Sciences at central University of Jammu. He also served 

for 2 years on deputation as Academic Affairs, and Dean Planning and Development at Sardar 

Patel University, Mandi, Himachal Pradesh. He is member of University Court, Executive council, 

Academic Council and Board of Studies of different Universities. He is awarded with D.Sc Degree 

from Jaunpur University in 2021. He has about 23 years of teaching and research experience. He 

has been figured among 2% Scientists of the world continuously for 3rd years (2020, 2021 and 

2022) as per survey Stanford University USA. He is Member of Technical committee of Ministry 

of Environment Govt. of India. He has received distinguished alumni award from National 

Institute of Technology, Jalandhar, Punjab for dedications, contribution and achievements in the 

field of teaching, Innovations and Research on 4th October, 2021.   

He has completed many research projects funded by AICTE and UGC. He had guided 16 Ph.D 

and 14 M.Phil and 42 M.Sc research projects for their respective degrees. He had about 180 

publications in reputed Journals and 148 publications in conferences to his credit. He has been 

awarded 3 International and 3 National patents. His research h-index is 50 and i10-index is 105. 

He has authorized 15 books in different areas of interest from believed publishers. He has 

published 24 book chapters in reputed national and international books. He is reviewers of 

different international journals. He is life members of different scientific societies. 

Dr Pathania has been very active and instrumental in social development in Himachal Pradesh. 

Under his presidentship, the association has conducted many inspiration lecturers for school 

children in the remote part of the State. Association has adoptded one school and planned to 

two more school in the month of April 2023. Association has Children Science Congress 

organized by Department of Science & Technology, Shimla has also supported many national 

and international seminar organized by other department or institutions in different parts of 

state. Prof Pathania has made a big impact on the spread of polymer education and its  

technological innovations among students and farmers. APA is pleased to offer APA Social 

Award to Prof. Pathania and wish that his contribution to the society would be more intensive in 

the future. 
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APA Young Scientist Award

Bimlesh Lochab
SNU, India

Bimlesh Lochab obtained M.Sc. Chemistry (1997–1999), M. Tech. in Polymer Science and 

Technology (1999–2000) from IIT Delhi, India and D. Phil. (2002–2005) from the University of 

Oxford and PDF at the University of Oxford and University of Nottingham, UK. She is the 

recipient of the Young Scientist Award in 2009. She joined, Shiv Nadar University/ Institution of 

Eminence (SNU/Shiv Nadar IoE), UP, in 2012/2022 and working in the Department of Chemistry 

(Professor & Head). She is a recipient of several research grants, awarded as the first Most 

Creative Research Award International Symposium, Luxembourg, Research Excellence Award, 

Shiv Nadar University, 2021, selected by Chemical research Society of India for CRSI Bronze 

award 2021 for outstanding achievements in the field of ‘Materials Science’. Her pioneering 

work on Green Chemistry more specifically inverse vulcanization copolymers for Li-S battery 

application cited in several newspapers (PTI, 24th Aug 2020). 

She has been invited as an expert for a recording programme on “लीिथयम ऑयन बैटरी" for Panel 

discussion, Vigyan Prasar, Department of Science and Technology, Govt. of India, 24 Oct, 2019. 

Her several videos are available on YouTube. Media outreach on invitation including DD News 

Tejaswini 11 June, 2022, Newspapers Indian Express, Hindustan Times etc. She is recently 

awarded for outstanding achievements “Distinguished alumna award 2020”, Maitreyi College, 

University of Delhi, 16th June 2020. She is a scholarship holder throughout her career, received 

many honors such as Fellow of Royal Science of Chemistry (FRSC), BIRAC-SRISTI GYTI 2019, 

Young Scientist Award (DST), Fellowship from C. R. Barber Trust Fund (IoP, UK,), Felix Scholarship 

(UK) and Radha Sai Ram Memorial prize (1995). Membership of ACS, APA (Lifetime), CRSI 

(Lifetime) and the Society for Polymer Science (India) SPS (Lifetime). She is Chief Executive 

member of Sustainability Forum and Her research interests include green and sustainable 

chemistry: Synthesis of polymers sourced from agricultural wastes, nanocomposites, energy 

storage devices, drug delivery applications, & antibacterial applications. She has published 57 

articles, 7 patents, 1 book and 4 book chapters. APA confers Young Scientist Award to such an 

excellent scientist at the international level.
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APA Young Scientist Award

Suryasarathi Bose
IISC Bangalore India

Dr. Suryasarathi Bose is a Professor in the Department of Materials Engineering at the Indian 

Institute of Science (IISc) Bangalore. Prior to joining IISC Bangalore as a faculty member in 2011, 

he was a postdoctoral researcher (2008-2011) at Katholieke University of Leuven (Belgium), 

where he was hosted by Prof. Paula Moldenaers. He received his PhD in Materials Engineering 

from the Indian Institute of Technology (IIT) Bombay. Prof. Bose’s research interests include the 

design of membranes for water remediation and desalination, hybrid nanostructured material 

for heavy metal adsorption, structure-property correlation in polymer blends and 

nanocomposites, concentration fluctuation and segmental dynamics in multiphase systems, 

directed self-assembly using demixing in polymer blends as a tool, and materials for EMI 

shielding and microwave absorption.

Prof. Bose has published numerous highly cited research articles in reputed international 

conferences and journals. He is the recipient of many awards and accolades, including the 

prestigious NASI Scopus Young Scientist, Swarnajayanti Fellowship from the Department of 

Science and Technology (DST), Government of India, Prof. Kaushal Kishore Award of the SPSI, 

the Young Engineer Award from the Indian National Academy of Engineering (INAE), the Indian 

National Science Academy (INSA) Medal for Young Scientist, the Polymer Processing Society 

Young Scientist Award, the DAE-BRNS Young Scientist Research Award, and the Distinguished 

Young Rheologist Award from TA Instruments, USA.

His research has been recognized by several esteemed bodies of national importance, 

including a Young Associate position with the INAE, and memberships of the Indian National 

Young Academy of Science (INYAS) and National Academy of Sciences India (NASI). He has 

served on the editorial boards of many high-impact national and international journals. APA 

confers Young Scientist Award to such an excellent scientist at the international level.
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APA Young Scientist Award

Asish Pal
INST Mohali, India

Prof. Asish Pal, is presently working as Scientist-F (Professor) at Institute of Nano Science & 

Technology, Mohali, Punjab. He completed his BSc from University of Calcutta prior to joining as 

Integrated PhD from Indian Institute of Science, Bangalore. He has obtained his PhD in Soft 

nanomaterials and hydrogels under the supervision of Prof. Santanu Bhattacharya from Dept. 

of Organic Chemistry, IISc in 2009. He did his postdoctoral work at Eindhoven University of 

Technology with Prof. Rint P. Sijbesma and at University of Groningen with Prof. Sijbren Otto in 

the Netherlands during the period 2009-2015. During his abroad stint, he worked mainly in the 

field of supramolecular polymer for tissue regeneration, and dynamic combinatorial library of 

self-replicating peptides. 

He started his independent research career with INST in 2015 and started working on 

biomimetic materials based on his keen interest to learn from nature. His research interests 

include Self-assembled Peptide and Polymeric Biomaterials, Functional Amyloids and 

Supramolecular Chemistry, Self-healing and Functional Nanomaterials, Bio-nanocomposite, 

Strain-stiffening hydrogels for Tissue Engineering, Mechano-responsive polymers and 

Chiroptical Polymeric Material, Polymeric hydrogels for Drug and Agrochemical Delivery. 

He has secured several research grants from multiples funding agencies such as DST-SERB, 

DBT-BIRAC and UGC-DAE apart from an international travel grant from ICMS to spend 1 month 

at UC, Santa Barbara. He has published more than 40 high impact journals in the relevant fields 

and applied for a number of patents. He has delivered more than 60 invited lectures in different 

conferences and institutes. Moreover, in a bid to popularize science among the students he 

delivered more than 30 outreach lectures in different schools and colleges across the country. 

APA confers Young Scientist Award to such an excellent scientist at the international level.



APA 
Goa

2023 

APA Young Researcher Award

Surabhi Singh
Indianapolis, US

Surabhi Singh is a National Institute of Health (NIH) postdoctoral fellow at Indiana center for 

regenerative medicine and engineering (ICRME), Indiana university-Purdue University, United 

States. Working on patterned electroceutical wound dressings, biofilm gene expression studies 

and clinical trials on diabetic patients in collaboration with U.S Dept. of Defense and U.S 

Methodist Hospital. She is leading a team working on introducing very recent CODEX 

technology for multiplexed tissue imaging at ICRME, Indiana, US.

Surabhi Singh did her integrated Master’ in Nanotechnology at Amity University (2006-2012) 

and received  best poster award 2009 at international conference at Gurgaon, was selected for 

master’s dissertation at Cornell University, New York, USA (2011), was awarded fellowship for a 

research project at Tamil Nadu Agricultural University in 2011-2012, and was awarded Stanford-

India Biodesign (SIB) fellowship in 2013 for project at IIT Delhi. Subsequently, she joined PhD in 

IIT Delhi (2013-2017) and received best poster award, young scientist award by Minister of 

Health and Family Welfare of India, received IIT Delhi Alumini Association award for best PG 

project 2017 and received fellowship for industry project with Gujarat Fluorochemical Limited 

(GFL) and IIT Delhi in 2017. She was project associate at Institute of Nuclear medicine and allied 

sciences, DRDO, New Delhi (2018-2019) and received  DRDO research associate fellowship in 

2019-2021 to work at INMAS, DRDO, first prize ‘Springer Oral Award’ at STERMI 2019, received 

first prize in Individual category (hemostatic agents) under Kalam Vision: Dare to Dream 

Innovation contest. Awarded by Defence Minister of India, 2019. She has 13 conferences 

(national and international), 13 papers in international journals (some published in impact factor 

8), 1 patent, 4 book chapters. APA confers Young Researcher Award to such an excellent scientist 

at the international level.
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APA Young Researcher Award

Wasan Tessanan 
Bangkok, Thailand

Dr. Wasan Tessanan has received a Bachelor's degree in Chemistry from Mahasarakham 

University (Thailand), then a Master of Science degree in Polymer Science and Technology from 

Mahidol University (Thailand). He then furthered his study to a Ph.D. level and completed a Ph.D. 

degree under a joint degree program (Cotutelle program) in Polymer Science and Technology 

from Mahidol University (Thailand) and in Physical Chemistry and Theoretical Chemistry from 

Le Mans University (France). He has experience in several areas including modification of 

polymeric materials such as chemical modifications of natural rubber and utilization of natural 

rubber derivatives to improve the physical and mechanical properties of polymer materials such 

as poly(lactic acid). Moreover, he has also worked in the rheological and dynamic mechanical 

studies of polymer blends and composites. He has also dedicated himself to exploring the 

supercritical fluid CO2 for producing natural rubber foam and, more recently, to studying 

photo-sensitive material derived from natural rubber for utilization in stereolithography 3D 

printing technology. He is the author of 9 publications in peer-reviewed journals.

Dr. Wasan is an active member of the Polymer Society of Thailand. He did not only participate as 

a presenter in the International Polymer Conference of Thailand (PCT) organized by the Polymer 

Society of Thailand but he has been on a supporting staff team of the organizing committee of 

the International Polymer Conference of Thailand (PCT) from 2019 to the present. APA is proud 

of his contributions and confers APA Young Researcher Award on him.
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Archana Kumari Indian Institute of Technology Bombay, India

Diksha Sharma Indian Institute of Technology Ropar, India

Kalpana Rathore Indian Institute of Technology Kanpur, India

Doli Hazarika KTH University, Sweden

Manoj Kumar Dhal Indian Institute of Technology Guwahati, India

Saksham Handa Dr. B. R. Ambedkar National Institute of Technology, Jalandhar, India
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Chairs:
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Deepak Pathania CU Jammu, India

Jyoti Chaudhary MSU, Udaipur, India
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Wisdom Contest

24th Feb. 2023

Time: 03:20-04:20

On the spot Registration of participants
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nd22  Feb 2023

 17:00-19:00 | Registration 

 Registration 

Time: 08:00

Inauguration  | Venue: Mandovi & Abolim Hall

Welcome Address

Manohar Badiger (Organising Chair)

Time: 09:00-09:05

APA Address

Bhuvanesh Gupta (APA, President)

Time: 09:05-09:10

Conference Address

Sanjay K Nayak, (Conference Chair)

Time: 09:10-09:15

Theme Address

Frédéric Guittard, University Côte d’Azur, France (Guest of Honor)

Time: 09:15- 09:25

Special Address

Puneet Kumar Goel, Chief Secretary, Govt. of Goa (Guest of Honor)

Time: 09:25-09:45

Inaugural Address

Arun Baroka, Secretary, DCPC, GOI, New Delhi (Chief Guest) 

Time: 09:45-10:10

Vote of Thanks

Sunita Rattan (APA Secretary)

Time: 10:10-10:20

rdDay-1 | 23  Feb, 2023 | Programme

10:20-10:45 | Inaugural Tea Break

www.apaconference.org

Session 1 | Venue: Mandovi & Abolim Hall

Plenary Session

Chairs: Anup Ghosh, IITD, India & Günther G Scherer, PSI, Switzerland

Plenary Talk-1

Frédéric Guittard, University Côte d’Azur, France (APA Distinguished Award Talk)

Biomimitic surfaces

Time: 10:45-11:20

Plenary Talk-2

Pedro Fardim, KU, Belgium

Topochemical Engineering of Polysaccharide-based Gels and Surfaces: Opening New Frontiers for 
Future Sustainable Materials

Time: 11:20-11:55
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Session 2 Polymer Synthesis & Modification

Chairs: Pranee Phinyocheep, MU, Thailand & Anupama Sharma, PU, India         Venue: Mandovi Hall

Time Lecture Title/Author

14:00-14:20 KN Radiation Grafting: A Versatile Technique for Development of Advanced Materials

Sunita Rattan

Amity University, Noida, India

14:20-14:35 IL Gamma Radiation & Plasma Engineered Advanced Functional Materials for Water 
Purification

Virendra Kumar

Bhabha Atomic Research Centre, Mumbai, India

14:35-14:45 OL Tailoring surface functionalized polymeric templates for healthcare applications 
using Plasma and Gamma irradiation techniques

Nilanjal Misra

Bhabha Atomic Research Centre, Mumbai, India

14:45-14:55 OL Subtle Features in Lactide Polymerization: Effect of Metal, Ligand(s) and 
Geometry of Catalyst in PLA Synthesis

Debashis Chakraborty

Indian Institute of Technology Madras, India

14:55-15:05 OL Preparation of Ultra-High Molecular Weight Poly-Î±-olefins using Ziegler-Natta 
Catalyst

Monikangkana Talukdar

HPCL-R&D Devanagonthi, Bengaluru, India

15:05-15:15 OL Radiation Grafted Functional Adsorbent for Remediation of Toxic Metal Ions

Swarnima Rawat

Bhabha Atomic Research Centre, Mumbai, India

Session 3 Polymers for Packaging 

Chairs: S Chattopadhyay, MoC&F, Govt of India, India &                                            Venue: Zuari Hall
Satyendra Mishra, NMU, India

Time Lecture Title/Author

14:00-14:20 KN Sustainable flexible packaging solutions 

Mohammed Nadeem 

Paharpur 3P Pvt. Ltd., India

14:20-14:40 KN Advancement in Polyolefin – to meet packaging need

Alkesh Ghosh

HPCL- Mittal Energy Limited, India 

14:40-15:00 KN Biodegradeable plastic packaging mitigate single use plastic packaging

Vimal Katiyar

Indian Institute of Technology Guwahati, India

Symposium on Packaging
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Plenary Talk-3

Daniel Grande, CNRS, France 

Functional Polymers with Controlled Pore Morphology: From Design to Application

Time: 11:55-12:30

13:00 -14:00 -Lunch Break
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Session 4 Functional Biopolymers 

Chairs: BS Kaith, NITJ, India & M S Alam, JH, India                                                       Venue: Sal Hall

Time Lecture Title/Author

14:00-14:20 KN Are Biomaterials Responsible for Global Warming ? Why Have We Been So Slow 
To Act !

Thomas Webster

Hebei University of Technology, USA

14:20-14:35 IL Supramolecular Polymers towards Spatio-temporal, Precision Structure-Function 
Control for mimicking ECM

Asish Pal

Institute of Nano Science & Technology, Mohali, India

14:35-14:50 IL Biopolymers as versatile templates for directed synthesis of metal oxide 
nanostructures with regulated morphological and tuneable properties

Dhiraj Sud

Sant Longowal Institute of Engineering & Technology, Longowal, India

14:50-15:00 OL Modification of Wheat Gluten with Itaconic acid and its potential application as 
Superabsorbent in Female Sanitary Napkins

Tapaswini Jena

CIPET, Bhubaneswar, India

15:00-15:10 OL Modification of polysaccharides through the Grafting of vinyl monomers with 
Potassium Bromate/ Thiourea Redox System

Arpit Sand

Manav Rachna University, Faridabad, India

15:10-15:20 OL Exploration of supercritical CO2 as an eco-friendly blowing agent for preparation of 
microcellular natural rubber foam

Wasan Tessanan

Mahidol University, Bangkok, Thailand

APA Bio Forum Symposium

www.apaconference.org

International Conference on

February 23-25, 2023 | Goa, India

Polymers for Advanced TechnologyAPA 2023 
Goa

Session 5 Biomaterials & Bioengineering

Chairs: Daniel Grande, CNRS, France & Biman B Mandal, IITG, India                     Venue: Abolim Hall

Time Lecture Title/Author

14:00-14:20 KN Mice model of wound healing for polymeric material

Amlan Gupta

Sikkim Manipal Institute of Medical Sciences, Sikkim, India

14:20-14:35 IL Functionalized β-Cyclodextrin for Various Biomedical Applications

Sagar Pal 

Indian Institute of Technology (ISM) Dhanbad, India

14:35-14:45 OL Biobased Superabsorbent Foam for hygiene Application

Sukanya Pradhan

CIPET, Bhubaneswar, India

14:45-14:55 OL Development of Surface Functiontionalised Carfilzomib Containing Protein 
Nanoarticles as Biotherapeutics for The Treatment of Ovarian Cancer

Ashaben Mehulkumar Patel 

Parul Institute of Pharmacy, Vadodara, India

14:55-15:05 OL Biogenic Synthesis of Sulphur Nanoparticles Using Ocmum canum leaves for 
Antimicrobial Application towards Gram positive and Gram negative Pathogens

Giriraj Tailor

Mewar University Chittorgarh, India
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Session 6 Polymers for Advanced Technology

Chairs: MM Nasef, UKM, Malaysia & Dhiraj Sud, SLIET, India                             Venue: Mandovi Hall

Time Lecture Title/Author

15:20-15:40 KN Two-step chemical modification of natural rubber for property improvement and 
its application 

Pranee Phinyocheep

Mahidol University, Bangkok, Thailand

15:40-15:55 IL Conducting Polymer Nanocomposites as Highly Active Visible Light 
Photocatalysts

Prem Felix Siril

Indian Institute of Technology Mandi, India

15:55-16:05 OL Pervaporation of acetic acid water solution using ABPBI-based membranes

Saroj Shivram Gawas

CSIR-NCL, Pune, India

16:05-16:15 OL Morphology and Structural-Property Correlations of a Model Ionomeric Elastomer: 
Effect of Curing Systems

Prakash Vislavath

Naval Materials Research Laboratory, Maharashtra, India

16:15-16:25 OL Multifunctional Properties of PVDF/GO Nanocomposites film for Defence 
Application

Shikha Chouhan

Indian Institute of Technology Delhi, India

16:25-16:35 OL Ion-exchange membranes and a vanadium redox flow battery

Rajaram Nagarale

CSIR-Central Salt and Marine Chemicals Research Institute Bhavnagar, India

Session 7 Polymers for Packaging

Chairs: Tanweer Alam, IIP, India & Vimal Katiyar, IITG, India                                    Venue: Zuari Hall

Time Lecture Title/Author

15:20-15:40 KN Prospects of PET packaging 

Abdul Jebbar P B 

Hot Pack, UAE

15:40-16:00 KN Concerns regarding proliferation of additive based Bio-degradable plastics for 
sustainable Packaging

Nidhi R

Sealed Air Pvt.Ltd., India

16:00-16:20 KN Equipment Innovations – Insights on New Machines and Manufacturing 
Capabilities in Packaging Machine

Sharayu Sawant

IPMMAI, India

International Conference on
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Symposium on Packaging
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16:30-17:00 | Tea Break

19:00 - Onwards | Conference Cruise Dinner & APA Award Ceremony 

18:00 - 18:15 | Assembling at ICG Porch area for Cruise Dinner Departure

Session 9 Tissue engineering 

Chairs: Amlan Gupta, SMIMS, India & MV Badiger, NCL, India                              Venue: Abolim Hall

Time Lecture Title/Author

15:20-15:40 KN Bioengineered Human Tissues & Organs: The way forward

Biman B. Mandal 

Indian Institute of Technology Guwahati, India

15:40-15:55 IL Injectable, Self-healing Hydrogels for Cartilage Tissue Engineering

Deepa Ghosh

Institute of Nano Science and Technology, Mohali, India

15:55-16:05 OL Development of Plasticizer Free Acrylic Denture Softliners using Nanogel Additives

Manju Saraswathy

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum,  
India

16:05-16:15 OL Platelet rich plasma-based tissue engineered construct for articular cartilage 
defect reconstruction: An in-vitro & in-vivo study to evaluate clinical potential for 
chondral tissue construct for osteoarthritic knee repair

Bhisham Narayan Singh

Manipal Academy of Higher Education, Manipal, India

16:15-16:25 OL Novel treatment strategy utilizing bi-layered scaffold design incorporating 
bioactive factors for wound healing

Mamatha M Pillai

Indian Institute of Technology Bombay, India

Session 8 Functional Biopolymers

Chairs: MS Alam, JH, India & Ishak Ahmed, UKM, Malaysia                                         Venue: Sal Hall

Time Lecture Title/Author

15:20-15:40 KN Ecofriendly Materials – Fabrication and Prospective Applications

Balbir Singh Kaith

Dr. B R Ambedkar National Institute of Technology Jalandhar, India

15:40-15:55 IL Revolutionary Role of polymers in Water and Waste Water Treatment and 
Recycling

Sujit Kumar

Grannus Water  India Pvt.Ltd.,

15:55-16:05 OL Synthesis, characterization and swelling properties of Guggul gum based moisture 
retaining hydrogels for agricultural applications

Shabnum Saleem

CT University, Punjab, India

16:05-16:15 OL Molecularly imprinted adsorbents (MIA) for selective recovery of Ellagic acid from 
Pomegranate peels

Anupama Kumar

Visvesvaraya National Institute of Technology, Nagpur, India

16:15-16:25 OL Enhancing mechanical and thermal properties of melt processed starch 
formulations via temperature optimization

Kshitij Madhu

Indian Institute of Technology Guwahati, India

APA Bio Forum Symposium
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Session 11 Sustainable Plastic Materials

Chairs: Harshid Patil, RIL, India & Ishak Ahmed, UKM, Malaysia                        Venue: Mandovi Hall

Time Lecture Title/Author

10:20-10:40 KN Sustainability Challenges in Elastomers Industry 

V K Rathod

GRP Ltd., India

10:40-11:00 KN Biodegradable and compostable packaging materials from oil palm agricultural 
wastes

Mohammad Jawaid

INTROP, Universiti Putra Malaysia, Malaysia

11:00-11:15 IL High-Performance Waste-Sourced Polymers: Conventional to Unconventional 
Applications

Bimlesh Lochab

Shiv Nadar Institution of Eminence, Greater Noida, India

11:15-11:25 OL Enzyme-embedded aliphatic polyesters for accelerated bio(degradation)

Naba Kumar

KTH University, Sweden

11:25-11:35 OL Sustainable Solution Processable Benzoxazine-Sulfur Copolymer: Scope for 
Waste Utilization and Transparent Optics Application

Sangeeta Sahu

Shiv Nadar Institution of Eminence, Uttar Pradesh, India

Session 10 | Venue: Mandovi & Abolim Hall

Plenary Session: APA Symposium Sustainability  Forum 

Chairs: VK Gupta, RIL, India & Pedro Fardim, KU, Belgium

Plenary Talk-1

Santanu Dasgupta, RIL India

Sustainable production of food, feed, advance biomaterials and energy through Green Synthetic 
Biology 

Time: 09:00-09:35

Plenary Talk-2

Niall Dunne, Polymateria, UK

Time: 09:35-10:10

10:10-10:20 | Tea Break

APA Sustainability Forum Symposium
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APA Nano Forum Symposium

Session 12 Nanomaterials & Nanoengineering

Chairs: Smita Mohanty, CIPET, India & Ashwini Agrawal, IITD, India                         Venue: Zuari Hall

Time Lecture Title/Author

10:20-10:40 KN Hemicellulose and cellulose derived from waste lignocellulosic biomass as 
versatile and inexpensive substrate for wastewater remediation

Anupama Sharma

Panjab University, Chandigarh, India

10:40-10:55 IL Multi-layered Polymer Nanocomposites: A New Class of Materials for Screening 
Electromagnetic Radiation

Suryasarathi Bose 

Indian Institute of Science, Bengaluru, India

10:55-11:05 OL Wastewater Treatment by Clay-Polymer Nanocomposites and Clay-Gemini Hybrid 
Materials

Ajmal Koya Pulikkal

National Institute of Technology Mizoram, India

11:05-11:15 OL Thermal properties of hexagonal Boron nitride based thermoplastic polyurethane 
nanocomposites

Rishabh Tiwari

Indian Institute of Technology Delhi, India

11:15-11:25 OL Preparation of Solution blown PVDF for energy Harvesting

Srishti Bajpai

Indian Institute of Technology Delhi, India

Session 13 GFL Session on Hydrogen Storage &  Energy Devices

Chairs: Yash Gupta, GFL, India & Jyoti Chauhan, GFL, India                                        Venue: Sal Hall

Time Lecture Title/Author

10:20-10:40 KN The world of Membranes for fuel cell application

J K Rathour

GFL, India

10:40-10:55 IL Polypyrrole/MoS2 nanocomposites as flexible electrodes material for 
supercapacitors

Surinder P. Singh

CSIR-NPL, New Delhi, India

10:55-11:05 OL Polymer Membrane Fuel Cells: Ab Initio Quantum Chemical and Density 
Functional Theory Perspective

Anant D. Kulkarni

S. K. Somaiya College, Mumbai, India

11:05-11:15 OL Designing of PANI/VS2 Composite Materials for Higher Power Density and 
Energy Density Electrochemical Devices

Saad Zafar

Shiv Nadar University, Delhi, India

11:15-11:25 OL Crosslinked polyvinyl alcohol separator for harnessing power from wastewater 
using Microbial Fuel Cells

Bhanupriya Das

Indian Institute of Technology Guwahati, India
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Session 14 Advanced Textile Materials

Chairs: RS Rengasamy, IITD, India & Satyendra Mishra, NMU, India                     Venue: Abolim Hall

Time Lecture Title/Author

10:20-10:40 KN Characteristicks of composities made from carbon/PP hybrid yarns using electrostatic 
spray coating 

Apurba Das

Indian Institute of Technology Delhi, India

10:40-10:55 IL Development of Polypyrrole Coated Textile for Solar Evaporation

Arun Kumar Patra

U P Textile Technology Institute, Kanpur, India 

10:55-11:05 OL Investigation of the effect of reflective fabric layer on radiative heat loss from 
human body in cold weather clothing

Gourav Mishra

Indian Institute of Technology Delhi, India

11:05-11:15 OL Response surface methodology and optimized synthesis of novel Hing gum-
based hydrogel for the efficient removal of cationic dyes

Samiksha Gautam

National Institute of Technology Srinagar, J&K

11:15-11:25 OL Deciphering the three-dimensional (3D) porous structure of absorptive glass mat 
(AGM) separators

Siddharth Shukla

Indian Institute of Technology Delhi, India

11:25-11:35 OL Highly efficient photocatalytic degradation of Cationic dye over SrVO4 under natural 
solar irradiation for emerging contaminants

Karthiga Rajendaran

CPA College, Tamil Nadu, India

Session 15 Polymer & Nanocomposite

Chairs: Ashish Pal, INST, India & Sunita Rattan, Amity Univ., India                      Venue: Mandovi Hall

Time Lecture Title/Author

11:45-12:05 KN Bio-nanocomposite starch/polyaniline/cellulose nanocrystals (CNC) Film as 
Potential Intelligent Food Packaging with Colourimetric Ammonia Sensor

Ishak Ahmed

Abdul Rahman University College, Kuala Lumpur, Malaysia

12:05-12:20 IL Effect of Conducting Polymer on Enhancing the Supercapacitor Performance of 
Mxene and Graphene Oxide

Amar Prasad Yadav

Tribhuvan University, Kathmandu, Nepal

12:20-12:30 OL Investigation of dye-doped electrospun polyvinylidene fluoride fiber mats for random 
lasing application

Nideesh P K

Mahatma Gandhi University, Kottayam, India

12:30-12:40 OL Polyolefin/Natural Fibre Composite by High Energy Radiation

Atanu Jha

Bhabha Atomic Research Centre, Navi Mumbai, India

12:40-12:50 OL Bio-based Epoxy/Polyurethane/Silica nanocomposite Applicable as Automobile 
Sealer

Debasmita Mohanty

CIPET, Bhubaneswar, India

www.apaconference.org
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Session 16 Nanomaterials & Nanoengineering

Chairs: S Bose, IISc, India & SP Singh, NPL, India                                                      Venue: Zuari Hall

Time Lecture Title/Author

11:45-12:05 KN Nanomodification of textiles for enhanced functionality: Recent developments at 
IIT Delhi

Ashwini Kumar Agrawal

Indian Institute of Technology Delhi, India

12:05-12:20 IL Chitosan based Redox Responsive Nanoparticles for Dual Drug Delivery for 
Colorectal Cancer

Garima Agrawal

Indian Institute of Technology Mandi, India

12:20-12:30 OL Eco-friendly blowing agent based rigid polyurethane nanocomposite foams: 
Evaluation of Physico-mechanical Properties

Sakti Ranjan Acharya

CIPET Bhubaneswar, India

12:30-12:40 OL Anti-biofilm coatings for central venous catheters using Zinc Oxide Nanoparticles

Akshit Malhotra

Tripura University, Tripura, India

12:40-12:50 OL Electrically conductive composite fibers of nylon6 and nanostructures derived 
from intrinsically conducting polymers (ICP) for smart textiles

Kiran Rana

Indian Institute of Technology Delhi, India

12:50-13:00 OL All polymer based flexible and stretchable piezoelectric nanogenerators (S-PENG) 
for wearable energy harvesting

Gurneet Kaur

Indian Institute of Technology Delhi, India

12:50-13:00 OL Studies on electroactive properties of PVDF/PEI blend films for energy harvesting

Sukumar Roy

Indian Institute of Technology Delhi, New Delhi, India 

International Conference on
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Session 17 Springer Student Oral Contest

Chairs: Susheel Kalia, IMA, India & Jyoti Chaudhary, MSU, India                                 Venue: Sal Hall

Time Lecture Title/Author

11:45-11:55 OL Biomedical Waste-Based Thermoplastic Recycled Blends: Evaluation of Properties 
and Value-addition

Ashish Raghavan

CIPET, Bhubaneswar, India

11:55-12:05 OL Microencapsulation of Moringa oleifera Essential Oil for Antibacterial Properties 
on Cotton

Rupali Kakaria

National Institute of Fashion Technology, New Delhi, India

12:05-12:15 OL Copper-substituted polyoxometalate-in -situ decorated sequential interpenetrating 
polymeric network membranes for effective water decontamination

Ria Sen Gupta

Indian Institute of Science, Bangalore, India

12:15-12:25 OL Chitosan and poly-vinyl alcohol (PVA); hybrid backbone grafted with ionic liquid; a 
cationic hydrogel for toxic removal from wastewater

Anoop Singh

Indian Institute of Technology Ropar, India

12:25-12:35 OL Biopolymer nanocomposite film as a smart food packaging material

Sazzadur Rahman

Institute of Advanced Study in Science and Technology, Guwahati, India

12:35-12:45 OL Developing, Characterizing, and Efficiency Evaluation of Several 
insitu(nano)Ag/PVA Membranes for Pervaporative Separation of Benzene from 
Synthetic Pyrolysis Gasoline

Monalisha Samanta

University of Calcutta, India

12:45-12:55 OL Delivery of anticancer drugs to the local region of pancreatic tumor through 
chitosan-PVA composite polymeric implant

Archana Kumari 

Indian Institute of Technology Bombay, India



Session 18 Advanced Textile  Materials

Chairs: AK Patra, UPTTI, India & Apurba Das, IITD, India                                        Venue: Abolim Hall

Time Lecture Title/Author

11:45-12:05 KN Biodegradable nonwoven sorbents from waste cotton and Kapok fibres to 
remove oil from oily waste water

R S Rengasamy

Indian Institute of Technology Delhi, India

12:05-12:20 IL Supersonic Nanoblown Nanofiber Texture for Thermal Management of 
Microelectronics

Sumit Sinha Ray

Indian Institute of Technology Delhi, India

12:20-12:30 OL Macro-mechanical analysis of unidirectional biocomposites under tensile stress

Parna Nandi

Indian Institute of Technology Delhi, India

12:30-12:40 OL Study On Thermal Insulation of Thermal Bonded High Bulk Hollow Fibre 
Nonwoven Under the Extreme Cold Weather Condition

Vikrant Uday Dupade

Indian Institute of Technology Delhi, India

12:40-12:50 OL Photocatalytic Degradation of Starch Polymer for Sustainable Textile Desizing

Sanjay Kumar Bhikari Charan Panda

Indian Institute of Technology Delhi, India

12:50-13:00 OL Silk Nanodisc: A Nano-biopolymeric Material for Edible Food Packaging 
Application

Tabli Ghosh

Tezpur University, Assam, India

13:00 -14:00 -Lunch Break

Session 19 Biomaterials & Bioengineering

Chairs: MV Badiger, NCL, India & Shamayita Patra, SVVV, India                           Venue: Mandovi Hall

Time Lecture Title/Author

14:00-14:15 IL In-situ Mineralized Decellularized Matrix-Alginate Bioink System for Injectable 
Bone graft/ 3D Printing Applications

Sumit Murab

Indian Institute of Technology Mandi, India

14:15-14:25 OL Coating of HPMC &amp; Cu-doped ZnO Nanoparticles composite against biofilms 
formed by clinically relevant bacteria on hernia mesh

Sangita Jana

Tripura University, Tripura, India

14:25-14:35 OL Experimental investigations on micro-hole dental drilling of Perspex crown

Nitin Kumar Lautre

Visvesvaraya National Institute of Technology (VNIT), Nagpur, India

14:35-14:45 OL To evaluate the Anti-Microbial activity of Synthesized Drug Loaded Keratin 
Nanoparticles

Himanshi Diwan

Dr. B.R. Ambedkar National Institute of Technology Jalandhar, India

14:45-14:55 OL Antimicrobial activities, dyeing properties and corrosion inhibition studies of 
lanthanide(III) complexes of 2-amino-5[(3-carboxyethyl-4,5-dimethylthiophen-2-
yl)azo]-4-phenylthiazoles of

Athira Chempakam Janardhanan

MMNSS College, Kollam, India
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Session 20 Nanomaterials & Nano engineering

Chairs: M Jawaid, UPM, Malaysia & SP Singh, NPL, India                                         Venue: Zuari Hall

Time Lecture Title/Author

14:00-14:15 IL Optically responsive transparent cellulose composites

Archana Samanta

Indian Institute of Technology Delhi, New Delhi, India

14:15-14:25 OL Biosynthesis of multi metallic nanoconjugates using Elaeocarpus granitrus and 
their biomedical applications

Milind Sagar

Shobhit Institute of Engineering & Technology, Meerut, India

14:25-14:35 OL Efficient photocatalytic degradation of organic pollutants by nanocomposite of 
cellulose nanofiber with amino acid functionalized nanohybrid

Aditi Saikia

Institute of Advanced Study in Science and Technology, Guwahati, India

14:35-14:45 OL Dynamic rheological and dynamic mechanical properties of multiwalled carbon 
nanotubes reinforced polyamide-6 composites

Sangita Tripathy

CSIR-NPL, New Delhi, India

14:45-14:55 OL Assessment of Nano-Reinforced Epoxy Coatings for Enhanced Corrosion 
Inhibition in Reinforcing Bars in Concrete Structures

Rajeev Mehta

Thapar Institute of Engineering and Technology, Patiala, India

14:55-15:05 OL N95 filter media performance enhancement using fine coating of PVDF nanofibres

Bhavesh Thakur

Indian Institute of Technology Delhi, India

Session 21 Springer Student Oral Contest

Chairs: Deepak Pathania, CU, India & Jyoti Chaudhary, MSU, India                              Venue: Sal Hall

Time Lecture Title/Author

14:00-14:10 OL Self-assembled and self-healable polymers for the self-stratifying coating 
applications

Diksha Sharma

Indian Institute of Technology Ropar, India

14:10-14:20 OL Agar-based bilayer structure with antioxidant electrospun layer on antibacterial 
film as a potential wound dressing

Kalpana Rathore

Indian Institute of Technology Kanpur, India

14:20-14:30 OL Photocurable hydroxyethyl cellulose (HEC) hydrogels

Doli Hazarika

KTH University, Sweden

14:30-14:40 OL Melt processing of Sawdust reinforced Polylactic acid/Polycaprolactone 
biocomposites

Manoj Kumar Dhal

Indian Institute of Technology Guwahati, India

14:40-14:50 OL Avian eggshell derived hydroxyapatite-based hydrogels for tissue engineering and 
biomedical applications

Saksham Handa

Dr. B R Ambedkar National Institute of Technology, Jalandhar, India
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14:50-15:00 OL Development of nanofibrous polymeric scaffolds for corneal tissue engineering by 
electrospinning method

Soumya Shuvra Smita 

National Institute of Technology Rourkela, India

Session 22 Advanced Textile Materials

Chairs: Sumit S Ray, IITD, India & Satyendra Mishra, NMU, India                        Venue: Abolim Hall

Time Lecture Title/Author

14:00-14:15 IL Imparting Multifunctional Properties in Cotton Fabric by In-Situ Deposition of 
Copper Oxide nanoparticles

Anu Mishra

Indian Institute of Carpet Technology Bhadohi, India

14:15-14:25 OL Biodegradation and dye adsorption behavior of novel AG-g-poly(acrylamide) based 
hydrogels

Kibrya Farooq

CT University, Punjab, India

14:25-14:35 OL Design and development of outer shell of extreme cold weather jacket

Ranjna Kumari

Indian Institute of Technology Delhi, India

14:35-14:45 OL Investigating consolidation quality of KevlarÂ®/PP thermoplastic composites 
made through different towpregs techniques

Ganesh Jogur

Indian Institute of Technology Delhi, India 

14:45-14:55 OL Design and development of a flurocarbon coated acquisition cum barrier layer for 
incontinence application

Rupali

NITRA, New Delhi, India
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Session 24 Smart Polymeric Materials

Chairs: S Sindhu, BITS Pilani, India &                                                                          Venue: Zuari Hall
Rajeev Mehta, Thapar Institute of Engineering & Technology, Patiala, India 

Time Lecture Title/Author

15:20-15:35 IL Biobased Smart Self-healing Anticorrosive Polyurethane Coatings Made up of 
Non-edible Vegetable Oils

Vikas Gite

Kavayitri Bahinabai Chaudhari North Maharashtra University, Jalgaon, India

15:35-15:50 IL Fabrication of Electrochromic Devices based on Electropolymerized PEDOT-Ions 
Enriched Graphene Film

Sindhu S

Birla Institute of Technology and Science Pilani, Bangalore, India

15:50-16:00 OL Thermosetting Poly(Urethane-Urea) With Simultaneous Self-Healing, 
Reprocessability and Multiple Shape-Memory Effect

Srikanth Bhaskar Billa

Naval Materials Research laboratory, Bhiwandi, India

16:00-16:10 OL Multiphase gradient self-stratified coating with multi-responsive self-healing polymer

Debaprasad Mandal

Indian Institute of Technology Ropar, India

16:10-16:20 OL Natural Polymer Based pH and Redox Responsive Microgels for Controlled 
Agrochemicals Delivery

Ankita Dhiman

Indian Institute of Technology Mandi, India
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Session 23 Biomaterials & Bioengineering

Chairs: MS Alam, JH, India & Sumit Murab, IIT Mandi, India                                Venue: Mandovi Hall

Time Lecture Title/Author

15:20-15:35 IL Carbene Cross-linked Adhesive Biomaterials for Tissue Fixation

Himansu Sekhar Nanda

Indian Institute of Information Technology Design and Manufacturing, Jabalpur, 
India

15:35-15:50 IL Biaxial Characterization of Novel Anisotropic Skin Simulants

Arnab Chanda

Indian Institute of Technology Delhi, India

15:50-16:00 OL MEH-PPV light emitting based polymer synthesis and characterization for bacteria 
detection applications

Stephen Jose

CIPET, Chennai, India

16:00-16:10 OL Dual technology Oral Fast Dissolving Films for Controlled Levodopa Therapy in 
Dysphagic Parkinson’s Patients

Anoop Narayanan

Nitte (Deemed to be University), Mangalore India

16:10-16:20 OL Enzyme Responsive Hydrogel Formulation for Sustained Release of Selective 
MMP-13 Inhibitor to Prevent Cartilage Damage in Osteoarthritis

Himadri Shekhar Roy

Institute of Nano Science and Technology, Mohali, India
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Wisdom Contest

Session 26 Polymers for Advanced Technology

Chairs: PF Siril, IIT Mandi, India & Archana Samanta IITD, India                           Venue: Abolim Hall

Time Lecture Title/Author

15:20-15:35 IL Self Healing Elastomers: A smart material for future

Subhra Mohanty

RIL, India

15:35-15:50 IL Modern AFM methods for complex analysis of polymers

Ivan Bykov

Forevision Instruments Pvt. Ltd., India

15:50-16:00 OL Photo-thermal Actuators Based on Polyaniline Incorporated Liquid Crystal 
Elastomers

S Umadevi

Alagappa University, Karaikudi, India

16:00-16:10 OL Effect of Processing Conditions on Structure Development and Properties of PP-
Nylon Blends with and without Compatabilizer

Anagha Khare

MIT-WPU, Pune, India

16:10-16:20 OL In-situ atmospheric pressure plasma synthesis of nanodiamonds for 
functionalization of poly(ethylene)terephthalate fabrics

Karan Chandrakar

Indian Institute of Technology Delhi, India

16:20-16:30 OL Insulation systems for keeping cold

Karapet Armenovich Ter-Zakaryan

TEPOFOL LLC, Russia

Chairs: MS Alam , Jamia Hamdard, India

Panelists: S Mohanty, Susheel Kalia, D Pathania, Shamayita Patra, BS Kaith

16:40-18:00 | Tea & Poster Session

International Conference on

February 23-25, 2023 | Goa, India

Polymers for Advanced TechnologyAPA 2023 
Goa
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Session 27 | Venue: Mandovi & Abolim Hall

Plenary Session

Chairs: MV Badiger, NCL, India & Deepak Pathania, CU, India

Plenary Talk-1

MM Nasef, UTM, Malaysia

Towards development of new generations of functional copolymers for energy conversion and 
environmental remediation by radiation graft copolymerization 

Time: 09:00-09:35

Plenary Talk-2

Sabu Thomas, MG Univ., India

Nanostructured Polysaccharides Materials for Water Purification

Time: 09:35-10:10

Session 28

10:10-11:30 | Tea & Poster Session 

Chair: M S Alam, Jamia Hamdard, India

Panelists:
Anupama Sharma, Sunita Rattan, Satyendra Mishra, Garima Agrawal, Dhiraj Sud

Session 29 Advanced Materials

Chairs: Vikas Gite, NMU, India & Subita Bhagat, SLIET, India                             Venue: Mandovi Hall

Time Lecture Title/Author

11:30-11:45 IL Nanostructured Metal Oxide/PANI-Biomass Composite as Supercapacitor 
Electrode Material

Dipak Gupta

Tri-Chandra Multiple Campus, Kathmandu, Nepal

11:45-11:55 OL Design, Synthesis and Study of Mechanical Behavior of Strong, Stretchable and 
Self-healing Polymer Hydrogel Materials

Rajat Kumar Das

Indian Institute of Technology Kharagpur, India

11:55-12:05 OL Synthesis and thermal evaluation of novel hydrazide-substituted phthalonitrile 
resins for high temperature applications 

Jeetendra Kumar Banshiwal

DMSRDE, Kanpur, India

12:05-12:15 OL ZIF-8 and ZIF-67 functionalized cotton Textiles for Air Purification applications

Hardeep Singh

Indian Institute of Technology Delhi, India

12:15-12:25 OL Electrospun Membrane: A multifunctional and efficient platform in water 
remediation 

Jaspreet Kaur Randhawa

Indian Institute of Technology Mandi, India

12:25-12:35 OL Bio-inspired polyethylenimine based benzoxazine designs for their use as 
structural adhesive

Pratibha Sharma

Amity Institute of Applied Sciences, Noida, India

International Conference on

February 23-25, 2023 | Goa, India

Polymers for Advanced Technology
APA 2023 
Goa



Session 30 Nanomaterials & Nanocomposites 

Chairs: Sabu Thomas, MG Univ., India & Satyendra Mishra, NMU, India                   Venue: Zuari Hall

Time Lecture Title/Author

11:30-11:45 IL Preparation of Porous Polycaprolactone Tubular Matrix by Salt Leaching Process:
A tale of failure_ the mother of new invention

Shamayita Patra

SVITT, SVVV, Indore, M.P., India

11:45-11:55 OL Enhancement in optical properties of PVA films embedded with CdSe nanorods 
for packaging application

Sangeeta Garg

Dr. B.R. Ambedkar NIT Jalandhar, India

11:55-12:05 OL Biogenic Synthesis and Characterization of Zinc Oxide Nanoparticles

Murtuza Zoebbhai Channiwala

Maharaja Sayajirao University Baroda, Surat, India

12:05-12:15 OL Tribological behaviour of GNP Reinforced Nr Composite

Resmi B.P

TKM Institute of Technology, Kollam, India

12:15-12:25 OL Square wave voltammetry analysis for detection of nitrate by using ZnO/PANI 
composite decorated Ni-foam sensor electrode

Sarla Kashiram Pawar

KBCNMU, Jalgaon, India

12:25-12:35 OL Fabrication of Zinc oxide nanomaterial coating using sputtering for orthopedic 
implants to enhance antiadhesive activity

Jyoti Raghuvansh Pandey

BML Munjal University, Haryana, India

Session 31 Miscellaneous Applications

Chairs: HS Nanda, IITDM, India & Bimlesh Lochab, SNU, India                                    Venue: Sal Hall

Time Lecture Title/Author

11:30-11:40 OL Poly(aminoamide)s: A Class of Smart Functional Polymers for Diverse Applications

Subrata Chattopadhyay

Indian Institute of Technology Patna, India

11:40-11:50 OL To investigate Ordered Structure of Modified Rice Starch using spectroscopic 
tools: FTIR, XRD, and DSC

Nirmal Mazumder

Manipal Academy of Higher Education, India

11:50-12:00 OL Iron Carbide (Fe3C) Encapsulated into Heteroatom Co-Doped Graphitic Carbon as 
a Non-precious Metal Catalyst for Electrocatalytic Oxygen Reduction

Aniruddha Jaiswal

Indian Institute of Technology (BHU), Varanasi, India

International Conference on

February 23-25, 2023 | Goa, India

Polymers for Advanced TechnologyAPA 2023 
Goa

12:00-12:10 OL Polymer formation with comparative analysis of Metallocene catalyst at varying 
temperature

Subita Bhagat

SLIET LONGOWAL, Sangrur, India

12:10-12:20 OL Molecular Simulation of PLA/PBAT Blends: Mechanical and Barrier Properties

Kumar Shanu

Indian Institute of Technology Guwahati, India

12:20-12:30 OL Waste Plastics to bricks

Vinoth Kumar

Hindustan Petroleum Green R&D Centre, India

12:30-12:40 OL PCR Purification using Digital Microfluidics

Neeti Kalyani

Technical University of Denmark, Denmark



Session 32 Miscellaneous Applications

Chairs: Deepa Ghosh, INST, India & Rekha Lagarakha, BU, India                           Venue: Abolim Hall

Time Lecture Title/Author

11:30-11:40 OL Sustainable Biodegradable Polymeric Packaging Materials

Vivek Verma

Indian Institute of Technology Kanpur, India

11:40-11:50 OL Synergistic Effect of Graphene oxide and Graphite with Silica in Natural Rubber 
Nanocomposites

Jibin K P

Mahatma Gandhi University, India

11:50-12:00 OL Thermal, structural, and rheological modifications in Recycled Polyethylene 
Terephthalate for a sustainable alternative source for additive manufacturing

Nikhil Ram Patra

Indian Institute of Technology Roorkee, India

12:00-12:10 OL Epidermal inspired Flexible Sensor with Buckypaper/PDMS Interfaces

Prakash Chandra

Bundelkhand University Jhansi, India

12:10-12:20 OL Synthesis and Application of Nanoemulsion for the development of 
Multifunctional Textiles

Prachity Shishupal Wankhade

Veermata Jijabai Technological Institute, Mumbai, India

12:20-12:30 OL VOC and Odor reduction in polymeric materials used in packaging and automotive 
applications

Sampat Singh Bhati

Indian Institute of Technology Roorkee, India

12:30-12:40 OL Development and characterization of agriculture waste fibre reinforced polymer 
biocomposite film for active packaging

Vishal Srivastava

Indian Institute of Technology Delhi, India

International Conference on

February 23-25, 2023 | Goa, India

Polymers for Advanced TechnologyAPA 2023 
Goa

Valedictory Session | Venue: Mandovi & Abolim Hall)

Welcome Address

Manohar Badiger, Organising Chair

Time: 13:00-13:05

APA Address

Bhuvanesh Gupta, APA President

Time: 13:05-13:10

Conference Address

Virendra K Gupta, SVP, RIL, Mumbai

Time: 13:10-13:20

Valedictory Address

Mayank Dwivedi, Director, DMSRDE, India (Chief Guest)

Time: 13:20-13:45

Award Presentation

By Chief Guest

Time: 13:45-13:55

Vote of Thanks

Susheel Kalia, Conference Secretary

Time: 13:55-14:00

14:00 | Lunch Break

15:00 | CONFERENCE ENDS
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Biomimitic surfaces 
 

Frédéric Guittard, Thierry Darmanin, Sonia Amigoni 
 

Université Côte d’Azur, N.I.C.E. Lab, 06200 Nice - France 
Email: guittard@unice.fr 

 
Abstract 

 
Keywords:  Bioinspired, Hydrophobicity, Water adhesion, Surface structures, Electrochemistry. 
 
Inspired by various natural species such as gecko [1], the control of surface hydrophobicity and 
water adhesion is fundamental for various practical applications such as water-harvesting systems. 
Vertically aligned nanotubes are particularly interesting for their high surface-area-to-volume ratio 
and tunable porosity [2].  
 
This presentation will give an overview for the preparation of biomimetic surfaces to reach 
antiwetting properties.  The soft-template electropolymerization can lead easily and rapidly to 
controllable nanotubes with various parameters. In water, hydrogen and oxygen gas bubbles can 
be generated during electropolymerization leading to porous structures such as nanotubes [3]. In 
organic solvent, we demonstrated that in the presence of water, micelles are present in solution 
acting as soft-template for the polymer growth [4]. Monomers favoring π-stacking interactions 
such as 3,4-naphthlenedioxythiophene (NaphDOT), benzodithiophene or carbazole-based 
derivatives gave exceptional results (Fig. 1) [5].  
 

 
Fig. 1. Example of surface structure obtained by soft-template electropolymerization using a 

particular monomer. 
 

References: 
1. Darmanin, T.; Guittard, F. Superhydrophobic and superoleophobic properties in nature, Mater. Today, 2015, 

18, 273–285. 

2. Cheng, Z.; Gao, J.; Jiang, L. Tip geometry controls adhesive states of superhydrophobic surfaces, Langmuir, 

2010, 26, 8233–8238. 

3. Fakhry, A.; Cachet, H.; Debiemme-Chouvy, C. Mechanism of formation of templateless electrogenerated 
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template electropolymerization in organic solvents, J. Colloid Interface Sci., 2021, 590, 260–267.  

5. Sane, O.; Diouf, A.; Morán Cruz, G.; Savina, F.; Méallet-Renault, R.; Amigoni, S.; Dieng, S. Y.; Guittard, F.; 
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Topochemical Engineering of Polysaccharide-based Gels and Surfaces: Opening 
New Frontiers for Future Sustainable Materials 

 
Pedro Fardim 

 
Chemical and Biochemical Reactor Engineering and Safety (CREaS), Department of Chemical 

Engineering, KU Leuven, Celestijnenlaan 200 F,  Leuven (Heverlee), 3001, Belgium 
Email: pedro.fardim@kuleuven.be 

 
Abstract 

 
Topochemical engineering is a method of directed assembly or directed disassembly of functional 
materials. Directed assembly and disassembly are controlled via the design of molecular and 
intermolecular interactions in a topological space. The directed assembly uses electrostatic 
interactions, hydrogen bonding, hydrophobic interactions, or solid-state cross-linking reactions of 
components to create functional shapes and interfaces. The directed disassembly of a component 
from a multicomponent system is designed on the basis of the controlled cleavage of molecular 
and intermolecular bonds and the formation of new molecular and intermolecular interactions 
that enhance separation and selected fractionation Polysaccharides (PS) are abundant 
biopolymers that can be produced in large scale and are relevant for food, health and materials. 
They are common denominators for combining chemical engineering, chemistry, material science, 
bioscience, biotechnology and medicine to create a completely new generation of sustainable 
products and to enhance human and planet health. Topochemical engineering of polysaccharide-
based materials allows the creation of advanced functional materials with highly controlled 
architecture, interface properties and stimuli-responsiveness. In this lecture, we will present and 
discuss how topochemical engineering strategies can be used in assembly of gels and functional 
surfaces. Topochemical design of polysaccharide-based surfaces for applications in probiotic 
production, shaping of microstructures for directing cell-surface interactions and assembly of 
polysaccharide-based gel spheres for advanced drug delivery and protein adsorption will be 
presented and discussed.  
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Functional Polymers with Controlled Pore Morphology: From Design to Application 
 

Daniel Grande 
 

Univ Paris Est Creteil, CNRS, Institut de Chimie et des Matériaux Paris-Est (ICMPE),  
2 rue Henri Dunant, 94320 Thiais, France  

Email: daniel.grande@cnrs.fr 
 

Abstract 
 

Over the last decade, the generation of organic porous (nano)materials with tunable pore sizes 
and desired functionalities has been the subject of increasing attention in materials science.  
Interest in such porous frameworks originates from the large variety of sustainable applications in 
which they are involved, e.g. monoliths for advanced chromatographic techniques, nanofiltration 
membranes, high specific area catalytic supports, as well as 3-D scaffolds for tissue engineering 
[1-4]. 
 
This lecture highlights the scope and limitations of three different approaches toward porous 
polymers with controlled morphology and functionality at different length scales.  The first 
approach relies on the synthesis of diblock copolymers with functional groups at the junction 
between both blocks, followed by their macroscopic orientation, and the subsequent selective 
removal of the sacrificial minority block to afford ordered nanoporous materials with channels 
lined with chemically accessible functionalities (e.g., COOH, SO3H, SH, COH) [1].  The second 
strategy entails the preparation of functional doubly porous polymer networks through the use 
two distinct types of porogen templates, namely a macroporogen in combination with a 
nanoporogen.  To generate the macroporosity, either NaCl particles or fused PMMA beads or 
Nylon® threads are used, while the lower porosity level is obtained by using a porogenic solvent 
[2,3].  Finally, 3-D macroporous scaffolds based on biodegradable polyesters have been 
engineered by electrospinning to generate nanofibrous biomaterials as tissue engineering 
scaffolds or wound dressings. The potentialities afforded by these approaches will be addressed, 
and some typical applications of the resulting porous materials will be illustrated [4,5]. 
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Sustainable production of food, feed, advance biomaterials and energy through 
Green Synthetic Biology 

 
Santanu Dasgupta 

 
Synthetic Biology, Reliance R&D, Reliance Industries Ltd., Navi Mumbai, Maharashtra, India,  

Email: Santanu.Dasgupta@ril.com 
 

Abstract 

Innovation in life sciences and engineering is creating opportunities to resolve the challenges 
human life and civilization facing today and what is upcoming in the future. Human population is 
growing throughout the world alarmingly resulting a continued increase in demand for food, 
health solution and nutrition. Existing manufacturing principles and processes is also posing huge 
sustainability challenges. With the onset of fourth industrial revolution, amalgamation of physical, 
digital and biological systems is accelerating innovations with dramatic societal and environmental 
impact. Synthetic biology is leading this revolution by employing living micro-organisms to produce 
products useful for human life and civilization in previously unthought-of markets. Manufacturers 
choose biology as the method of choice to efficiently produce high-performance, sustainable 
products and thereby, synthetic biology is at leading edge of this $4 trillion gold rush. We at 
Reliance Industries Limited (RIL) have developed cutting edge tools and technologies for synthetic 
biology to utilize the fullest potential of this opportunity. 

Over a decade we have developed our capability in improving photosynthetic efficiency of algae 

and have established a robust round-the-year algae cultivation capability.  We have also made 

significant advances in synthetic biology, gene editing technology, bioinformatics and availability 

of different high-throughput technologies to increases productivity of microorganism including 

algae. We have leveraged this platform for making next-gen biomaterials, feed and food 

ingredients, and energy. Some of these developments at RIL will be discussed during the 

presentation.  
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Biotransformation a Unique Solution for full & amp; safe Biodegradation of 
Polyolefins. 

 
Niall Dunne 

 
CEO, Polymateria, Imperial College, IHUB, 80 Wood Ln, London W12 0BZ, UK 

Email: nd@polymateria.com 
 

Abstract 
 
The present talk will be focussed on the following key points related to the subject of 
biodegradable polyolefins.  
 
1. Biotransformation&#39;s positioning as credible &amp; scalable solution for polyolefins.  
2. Details on mechanistic aspects and overview on how the chemistry works.  
3. Data &amp; case studies of full biodegradability globally.  
4. Evolving standards and testing in India to align with PWM Gazette. 
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Towards development of new generations of functional copolymers for energy 

conversion and environmental remediation by radiation graft copolymerization 

 
Mohamed Mahmoud Nasef1,2* 

 

1Center of Hydrogen Energy, Institute of Future Energy, Universiti Teknologi Malaysia, 
Jalan Sultan Yahya Petra 54100, Kuala Lumpur, Malaysia. 

2Department of Chemical and Environmental Engineering, Malaysia-Japan International Institute 
of Technology, Universiti Teknologi Malaysia, Jalan Sultan Yahya Petra, 54100 Kuala Lumpur, 

Malaysia 
Email: mahmoudeithar@cheme.utm.my 

 
Abstract 

 
Functional polymeric materials play a very crucial role in driving progress in the surging quest to 
acquire renewable energy and mitigate the ever-growing environmental pollution. These 
functional materials are widely investigated to develop polymer electrolytes, separators and 
adsorbents for more efficient, reliable, and sustainable energy devices and water decontaminating 
systems using various copolymerization and functionalization techniques. Of all, radiation induced 
graft copolymerization (RIGC) is an appealing method for imparting diverse of ionic moieties to 
preformed polymer substrates of different morphologies yielding functional copolymers with 
tunable properties meeting the requirements of various applications of industrial interest. Among 
functional copolymers, new generations of proton conducting membranes have been under 
intensive research to find cost effective alternatives with high ionic conductivity and chemical 
stability to support commercialization of fuel cells. Similar escalating research trend to acquire 
new fibrous adsorbents combining high selectivity, fast kinetics, ease of regeneration and cost 
effectiveness to replace granular resins for selective removal of pollutants from air and industrial 
wastewater  is occurring.  
 
This talk aims to review the recent advances in application of RIGC techniques with different 
strategies for preparation of a variety ion conducting membranes for fuel cells operating at 
different modes. This includes the progress on membranes for high temperature proton exchange 
membrane fuel cell (HT-PEMFC), direct methanol fuel cell (DMFC) and anion exchange membrane 
fuel cell (AEMFC) in Malaysia. It also covers the progressing efforts on the development of new 
fibrous adsorbents for environmental applications such as CO2 capture from air and natural gas in 
addition to removal of boron for wastewater. Strategies that have been adopted to achieve 
greener RIGC reactions and enhance grafting levels in the grafted materials are discussed. The 
challenges hampering the development and commercialization of such distinguished functional 
materials are elaborated. The future research directions that are necessary to bring more 
laboratory researched materials to commercial scale are also highlighted. 
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Nanostructured Polysaccharides Materials for Water Purification 
 

Sabu Thomas 
   

Vice Chancellor, Mahatma Gandhi University, Priyadarshini Hills P. O.  
Kottayam, Kerala, India -686 560, 

Email: sabuthomas@mgu.ac.in 
 

Abstract 
 

The design and synthesis of nano-architected cellulose  and chitin can act as efficient materials for 

water purification.  The talk aims to study and compare the performance of a polyvinylidene 

fluoride (PVDF) electrospun membrane, unmodified cellulose nanofiber (CNF) based PVDF 

membrane, and Meldrum’s acid (2,2-dimethyl-1,3-dioxane-4,6-dione) modified CNF-based PVDF 

membranes against the Fe2O3 nanoparticle filtration and crystal violet (CV) dye adsorption. Herein, 

we introduced a facile method to produce a unique green adsorbent material from cellulose 

nanofibers (CNFs) via a nonsolvent assisted procedure using Meldrum’s acid as an esterification 

agent to enhance the adsorption toward positively charged crystal violet dyes. Most of the surface 

modifications of cellulose nanofibers have been done using toxic organic solvents like pyridine, 

dimethyl acetate, (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO), etc. So far, this is the first 

report on the surface modification of cellulose nanofibers via a nonsolvent assisted procedure. 

Both CNF-based PVDF membranes were prepared by successive coating of modified and 

unmodified CNFs on to the surface of a PVDF electrospun membrane. All the demonstrated 

membranes showed high filtration capacity against the Fe2O3 nanoparticles. With the 10 mg/L of 

crystal violet (CV) aqueous solution, CV adsorption of PVDF electrospun membrane, and 

unmodified CNF-based PVDF membrane was around 1.368 and 2.948 mg/g of the membrane 

respectively, whereas it was 3.984 mg/g of the membrane by Meldrum’s acid CNF-based PVDF 

membrane. The demonstrated Meldrum’s acid modified CNF-based PVDF membrane was proven 

to be the efficient media that can concurrently eliminate the Fe2O3 nanoparticles and CV dyes 

from the water. The investigation into the surface chemistries of cellulose nanofibers beyond the 

adoption of toxic solvents can enhance the economic usefulness of the process and also yield a 

new eco-friendly adsorbent material that is agreeable to adsorbing various toxic pollutants.  
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Radiation Grafting: A Versatile Technique for Development of Advanced Materials 
 

Sunita Rattan 
 

Amity Institute of Applied Sciences, Amity University Uttar Pradesh, Noida, India 
Email: srattan@amity.edu 

 
Abstract 

 
The use of radiation processing of polymeric materials has been explored for the last few decades 
and yet extensive publications describing development efforts and renewed interest in this area 
continue to appear. Particularly, in the last few decades, the use of radiation-induced graft 
copolymerization for preparation of various types of membranes has received considerable 
attention with the aim to develop new materials to meet the growing demand in various 
industries. Radiation-induced graft copolymerization, started in 1950s , continues to be a subject 
of an intensive research with the objective of obtaining modified materials for various applications. 
Radiation induced graft copolymerization is well known for its merits and potential in modifying 
the chemical and the physical properties of pre-existing polymeric materials without altering their 
inherent properties. The versatile nature of this technique is attributed to the ability to control the 
degree of grafting by proper selection of irradiation conditions and associated parameters.  
 
The talk deals with the application of radiation induced grafting, one of the most effective methods 
for designing new polymers and membranes, for applications in various fields. The talk will cover 
the development of functional membranes by radiation graft copolymerization in specific 
domains: modifying films and fabrics (natural or synthetic) for selective filtration, stimulus 
responsive controlled drug delivery, and electrolyte membrane for fuel cell applications. The 
overall performance of grafted materials depends on the precise combination and optimization of 
various grafting parameters which direct the structural, mechanical, durability, and functional 
efficiency of the developed polymer. The effect of various parameters and strategies to optimise 
and control the properties of the material will be discussed.  The advantages of the developed 
membranes will be illustrated, not only in terms of cost and sustainability, but also in terms of the 
degree of control over the resulting modifications. 
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Thermoforming Containers- Sustainable option for Food Packaging 
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Are Biomaterials Responsible for Global Warming? 
Why Have We Been So Slow to Act! 

 
Thomas J. Webster  

 
School of Health Sciences and Biomedical Engineering, Hebei University of Technology, Tianjin, 

China and Interstellar Therapeutics, Boston, MA USA 
Email: websterthomas02@gmail.com 

 
Abstract 

 
Biomaterials are composed of some of the same materials as those used in non-medical 
applications (such as automobile, aerospace, consumer goods, etc.).  While these other fields have 
moved away from using materials that are not environmentally friendly (such as those which 
contribute to greenhouse gases, are not environmentally degradable, have a large carbon 
footprint, etc.), the medical device community continues to use non-environmentally friendly 
plastics, metals, and other materials throughout medicine. This is despite the fact that numerous 
agencies have found that medical devices contribute to a large component of waste causing 
greenhouse gases. This is also despite the fact that plastics have been predicted to contribute 2.8 
gigatons of CO2 emissions by 2050, up from 850 million metric tons of greenhouse gases in 2019 
with only 16% of plastics currently being recycled.   
 
This presentation will highlight the current failures of the medical device industry in promoting 
the environmentally safe production as well as the use of products that can decrease greenhouse 
emissions. It will also highlight recent research on the use of natural as well as biodegradable 
materials for a wide range of medical applications. Most importantly, it will highlight that we need 
a paradigm shift in all fields, not just non-medical fields but most importantly in medical fields, to 
reduce greenhouse emissions to reduce global warming. 
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Mice model of wound healing for polymeric material 
 

Prof Amlan Gupta 
 

Pathology Dept, SMIMS 
Email: amlan.g@livemail.smu.edu.in 

 
Abstract 

 
Among the many in-vivo models for testing biomaterials the mice and the rabbit are the more 
animal models. The Mice model being more frequent in the indian context. The in-vivo mice can 
be used to analyze quite a few of the wound-healing steps and elucidate the nature of effect of 
the given polymer in the healing process. Designing methods that are ethical and acceptable to 
the animal ethical committee and statutory authorities looking at commercialization of drugs and 
implants needs to be worked out. We look at some of the common features that can be tested in 
the mice model. We also look at determining steps in wound healing that can be modified by use 
of polymers. We will highlight some of the steps taken to look at a) wound closure models, b) the 
wound surface replacement models and c) wound hemostasis models. We demonstrate how to 
randomize the animal experimentation, optimum numbers of animals required, nature of wound 
creatopm so that extrenious factors that may confound observations are minimized. Some areas 
that will be touched upon but not dealt in detail are polymeric material that are used for infection 
control in wounds, healing of chronic wounds due to metabolic disorders like diabetes and healing 
of other injured tissue e.g. neural tissue. In the latter case the spinal cord injury model will be 
looked at. 
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Two-step chemical modification of natural rubber for 
property improvement and its application  
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Abstract 

 
Global warming, and environmental issues increasingly concern our daily life, so research and 
development of polymeric materials turn to focus on the use of plant-based and renewable 
resources, as well as recyclable materials. Natural rubber (NR) obtained from Hevea brasiliensis 
tree which abundantly grows in Southeast Asia, particularly in Thailand, is considered a renewable 
resource and a material of choice for making various products including automotive industries, 
medical and healthcare products, and toys.  The NR possesses excellent elasticity and strength for 
making rubber products. However, its utilization requires vulcanization or crosslinked structure, 
therefore the rubber products cannot be recycled. Furthermore, the NR polyisoprene structure 
containing unsaturated moieties make some drawbacks properties including low oil and heat 
resistance.  Chemical modification at the carbon-carbon double bond of NR can improve such 
drawback properties and extend its utilization. The modified NR can be utilized for the preparation 
of thermoplastic vulcanizate (TPV) which is a group of high-performance thermoplastic elastomers 
that combine the properties of elastomer and thermoplastic including flexibility of elastomers and 
melt-reprocess ability of thermoplastics. 
  
Two-step chemical modification including epoxidation using performic acid, followed by a 
hydrogenation reaction using diimide as a hydrogenating agent was carried out. Different degree 
of chemical modification was investigated. The obtained modified NRs were vulcanized and found 
improvement in the tensile strength, oil and heat resistance compared to the unmodified NR due 
to both incorporation of epoxide units and reduced unsaturation of the molecular chain. 
Furthermore, the modified NRs obtained were then compounded and mixed with polypropylene 
(PP) for the preparation of thermoplastic vulcanizates. It was found that TPV of modified NR/PP 
exhibits outstanding mechanical properties of tensile strength and elongation-at-break. The 
reprocessing of modified NR/PP TPV was also investigated and found optimistic results on its 
processability. The developed modified NR/TPVs could offer an alternative way for the utilization 
of NR with recycling ability.  
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Abstract 

 
Population explosion all over the world  has become a big threat.  India possesses only 2.4% of the 
total geographical area of the world. Whereas, it hosts about 18% of the total population of the 
world. This has limited the per capita available resources for the use of mankind. Moreover, there 
are uncertainties in rain pattern  which has  resulted  in soil desertification and decrease  of food 
grain production.    Under such circumstances polymer materials play very important in bringing 
the Second Green Revolution i.e.  Evergreen Revolution, without any adverse impact on the eco-
system. Polymeric materials have generated a lot of  interest among the agriculture Scientists all 
over the world because of their biodegradability and  environment friendliness. 
   
Researchers over the globe are working on such materials taking into consideration their 
innovative features. This has created enormous interest  among the scientific community and new 
generation materials in biomedicals, pharmaceuticcals and other industrially important  products 
have come up in the market. But the specific application oriented materias need to be designed 
and developed. 
 
In the present paper, designing of multifunctional polymeric materials of natural origin and their 
applications in agriculture sectors and other fields   have been highlighted.   
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Abstract 

 
Every year, millions of patients suffer loss or failure of an organ or tissue as a result of accidents 
or disease. Tissue or organ transplantation is a commonly accepted norm under these 
circumstances. However, constant shortage of donor tissue and organ transplants coupled with 
high morbidity and mortality has spurred great interest for lab grown bioengineered 
tissues/organs as promising substitute. Our laboratory at IIT Guwahati specifically focuses on 
recreating these functional tissues, organs and implants at an affordable cost using naturally 
derived biodegradable biomaterials i.e. Indian endemic silk in combination with stem cells. We 
have developed methods using conventional and latest 3D bioprinting techniques to intricately 
mimic the architecture of organs/tissues in great details in an attempt to understand the 
underlying cell-material crosstalk and its role in tissue regeneration. As an outcome of our research 
endeavor at IITG, we have developed a number of affordable prototypes which are in various 
phases of animal/clinical validation. These include smart wound dressings for diabetic foot ulcers, 
skin grafts for burn injuries, vascular grafts for by-pass surgery, vascularised bone grafts as 
orthopaedic implants, beating cardiac patch for myocardial infarction, bioartificial pancreas 
releasing insulin for type-1 diabetes, 3D printed intervertebral disc and knee meniscus as 
orthopaedic grafts and minimally invasive anti-cancer drug eluting injectable gels for cancer 
treatment. Similarly, we have developed multiple in vitro human disease models which can 
contribute to Industry in high throughput drug screening and drug development. 

 

  

mailto:mandal.biman@gmail.com


 

Biodegradable and compostable packaging materials from oil palm agricultural 
wastes 

 
Mohammad Jawaid 

 

aLaboratory of Biocomposite Technology, INTROP, Universiti Putra Malaysia, 43400 Serdang, 
Selangor, Malaysia 

bDirector R & D, FibreStrong Sdn. Bhd, Malaysia 
Email: jawaid@upm.edu.my  

 
Abstract 

 
Elaeis guineensis (oil palm) is one of the most important plants in Southeast Asia and Malaysian 
and Indonesia produce more than 90% Palm oil. Oil palm mill produce lot of by products after 
extraction of palm oil from oil palm fruits and after extraction huge amount of oil palm empty fruit 
bunch (EFB) available as agro wastes. It estimated that every year 20-25 million tonnes of oil palm 
EFB wastes produced from oil pam mills in Malaysia. Oil palm mills must be ready to take 
advantage of this abundant agro waste into value added products to reduce hazards and disposal 
problem which create replanting operation and environmental concerns. At Presently 10% oil 
palm EFB utilized for different purpose, and rest just left as unutilized at different location which 
is major concern for environmentalist and researchers. We carried out extensive research on oil 
palm EFB to utilize in food packaging applications. Oil palm biomass can be utilize as pulp for pulp 
moulding products whereas oil palm EFB as filler with biopolymers to extruded oil palm-based 
biopolymer batch to fabricate tray for food packaging applications. The primary advantages of 
using oil palm EFB fibres as pulp in pulping moulding to utilized locally available abundant biomass 
which is light in weight, non-abrasiveness and biodegradable. In this work we also formulated 
optimum ratio of oil palm filler and biopolymer to develop safe and biodegradable tray for 
packaging applications. In this talk I will also discuss about pulping process of oil palm biomass and 
oil palm as filler and how we can process oil palm pulp and oil palm filler in different safe 
compostable and biodegradable products with the help of pulp moulding and extruder machine. 
 
Keywords: Oil Palm Biomass; Pulping; Pulp moulding; Extrusion; Food Packaging. 
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Abstract  

 
Besides presence of heavy metals ions, pesticides, traces of pharmaceutical waste present in water 
bodies, the northern part of India is striving to obliterate the crop residue, which is otherwise 
burnt to make the fields ready for subsequent crop. The burning of crop residue including rice and 
wheat straw, hemp stalks, pine needles not only cause acute air pollution but leave hazardous 
residue in the soil. This crop residue mainly consists of cellulose fibers embedded in an amorphous 
matrix of lignin, pectin and hemicelluloses. Our group is making an effort to isolate cellulose 
nanofibers (CNFs), lignin and hemicellulose from waste crop residue from the crop residue using 
a greener and economical route. The hemicellulose extracted after ethanol precipitation from the 
black liquor was converted into dialdehyde hemicellulose and cross-linked with natural amine to 
synthesize 3D aerogel. The aerogel was utilized for detection and adsorption for trace level As(III) 
ions and antibiotic ciprofloxacin. The nanofibrous cellulose platform was utilized to immobilize 
enzymes for detection and degradation of pesticides, textile colorants and antibiotics. Cellulose 
nanofibers also presented an excellent substrate for housing photocatalytic nanomaterials like 
CdS, TiS2, VS2, graphene, magnetic nanoparticles and Metal Organic Framework (MOF), the 
composite being useful in adsorption and degradation of organic pollutants.    
 

 
Fig. caption: Modification of cellulose nanofibers to sense and remove As(III) (left) and U(VI) ions (right) 
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Abstract 

 
The Hydrogen Energy storage has become an interesting domain at the international level. The 
fuel cells are the most talked about and being considered to be eco-friendly approaches. This 
paper will discuss the membrane technology at the national and international level. 
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Abstract 
 

To warrant the comprehensive impregnation of substantially viscous thermoplastics into the 
carbon reinforcement, hybrid yarn production techniques of friction (DREF-II) spinning and 
electrostatic spray coating were used. 2D and 3D (angle inter-lock and orthogonal weave) woven 
fabrics were developed from the produced hybrid yarns, which were later consolidated to 2D and 
3D composites. In the tensile tests and flexural tests, 2D composites were observed to be better 
than the 3D composites. However, superior notch impact properties were observed for 3D 
orthogonal woven composites. The superior notch impact properties of 3D orthogonal 
composites were attributed to the presence of the closer wrapping of binder warp ends that 
holds the filler and stuffer warp ends. From micro-CT scans, porosity was a common feature of 
DREF spun hybrid yarn composites. Also, composites made from powder coated towpregs 
presented better integrity and enabled in overcoming the disadvantages of the type of the weave. 
The composites made from electrostatic spray coating process can be used in biomedical 
applications due to their superior characteristics due to better impregnation of matrix under less 
severe consolidation (pressure, temperature and time) conditions. Also, the carbon-PP 
composites made from the electrostatic spray coating process are ergonomically suitable due to 
their lower specific weight.  
 

Keywords: DREF spun hybrid yarn, 2D-3D weaving, Melt-flow distance, Micro-CT, Powder coated 
towpreg, Thermoplastic composites. 
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Abstract 

 
In this research, starch/polyaniline/cellulose nanocrystals (CNC) (starch/PANI/CNC) bio-
nanocomposite film was synthesised using solution casting technique and investigated as an 
ammonia sensor for potential application as intelligent food packaging. PANI was synthesized 
through the chemical oxidation process while CNC was extracted from empty fruit bunch fibre 
(EFB). FT-IR and XRD were used to confirm the composition of the biopolymer films, while UV-Vis 
spectrometry was applied to identify the oxidation state of PANI in emeraldine form. PANI was 
successfully incorporated into the starch matrix, leading to better thermal stability (TGA) but 
decreasing the crystallinity of the matrix (DSC). The mechanical properties of the bio-
nanocomposite film were improved with the addition of CNC. The optimum composition of CNC 
in the composite was obtained at 6% CNC. The performance of the polymer-film sensor was 
determined through ammonia vapour sensitivity analysis. An obvious colour change from green 
to blue of films was observed upon exposure to the ammonia vapour. Bio-nanocomposites with 
0.4% PANI is the optimum composition, having the best sensor performance with good linearity 
(R2 = 0.9459) and precision (RSD = 8.72%), and exhibiting excellent LOD (245 ppm). Therefore, the 
starch/PANI/CNC films can be potentially applied as colourimetric ammonia sensors for intelligent 
food packaging. 
 
 
Keywords: starch, polyaniline, cellulose nanocrystals (CNC), empty fruit bunch (EFB), ammonia 
sensor 
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Abstract 

 
Textiles are unique engineering materials with exceptional properties, not seen in other 
engineering materials. They have extremely high strength yet extremely low moduli. They can be 
stretched to large strains and can recover impressively by a large extent. They show intense degree 
of fatigue resistance. These properties make them suitable candidates for a variety of applications 
in aerospace, automobiles, civil construction, agriculture, water management, defense, filtration, 
sports and medical related areas. 
 
The application of textiles is expanding rapidly and is finding new venues. Nanotechnology is 
helping us in realizing novel textile materials with functionalities suitable for such applications. 
However, treating textile material with nanomaterials is highly challenging as the functionality is 
usually not wash durable and tend to vanish with ageing. At SMITA Research Lab, we have been 
exploring different approaches to firmly anchor nanomaterials onto the textile surfaces.   
 
To explore the role of nanotechnology in transforming textiles into the next generation materials, 
a few examples of research carried out at SMITA Research Lab in the area of antimicrobial (both 
antibacterial and antifungal) textiles, sports textiles and pollution controlling textiles will be 
presented and discussed.  
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Abstract 

 
Contamination of ocean by oil spills and water bodies by industrial discharge is causing 
environmental damage.  Such incidents are increasing over the decades. Meltblown nonwoven oil 
sorbents made of polypropylene fibres are widely used to clean up spilled oil, as they are cheap 
and hydrophobic. Since they are not biodegradable, the used-sorbents have to be stored as 
landfills with abundant caution for many years. To alleviate this problem, researchers and industry 
are exploring alternate materials that are biodegradable, oleophilic, hydrophobic and structured 
into sorbent having adequate strength.  
 
The present work focus on developing nonwoven sorbents using kapok and waste cotton blends 
and investigating their efficacy in removing oil floating on water. Engine oil, vegetable oil and diesel 
oil were used. The needlepunched nonwovens were evaluated for oil sorption and retention 
capacities. They were re-used after extracting the oil present in their structures and evaluated 
again up to 10 cycles to test how many times they can be used. Further, the oil sorbents were 
evaluated for their structural integrity under agitation in water in order to assess their 
disintegration by tidal waves in oceans. The sorbents in the ocean imbibe water due to tidal waves 
that might hinder their oil sorption capacity. They require selective oil sorption over water. In 
order to assess this capability, the sorbents were also pre-wetted with water and tested for oil 
sorption capacity. The water contact angles on kapok and cotton fibres were greater than that of 
PP indicating they are more hydrophobic than PP. The results indicated that they have oil sorption 
capacities ranging 36 to 45 g/g depending on the oil, blends and GSM. Reusability study suggest 
that after 10th cycle, the sorption capacity ranges from 36 to 42 g/g depending on the oil. Further, 
burning test indicated that the used sorbent can be used as a bio-fuel. According to the findings, 
kapok/waste cotton nonwovens could become an important sorbent for oil spill clean-up.  
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Abstract 
 

In the past few decades, with steep population growth and the ever-expanding industrial sector, 
large scale wastewater generation has emerged as a serious environmental concern. Textile dyes 
and toxic metal ions are the main polluting species present in water bodies and demand 
immediate viable treatment solution. Processing of materials using gamma radiation and plasma 
offers environment friendly, efficient and versatile tools for the bulk as well as surface 
engineering of polymer and nanomaterials. The novelty of these processes lies in being operated 
under ambient reaction conditions, not requiring any harmful initiators, chemical reductants and 
organic solvent systems (green process), better process control, etc., making them conducive for 
tailoring high end functional materials. 
 
The talk will cover the fundamentals of Gamma radiation and non-thermal plasma induced surface 
engineering processes (grafting, PECVD, etc.), and their use for development of surface 
engineered novel functional materials for water purification purpose. Understanding of process 
parameters is crucial for optimization of the extent of functionalization required for target 
applications. The radiation and plasma processes were optimized and the samples were 
characterized by different techniques, namely, FTIR, TGA, DSC, SEM, TEM, XPS, etc. Some of our 
important research and developments in the area of radiation and plasma processed materials for 
environmental applications, will be presented. These include, synthesis of range of radiation 
grafted functional polymer adsorbents for the decolouration of industrial textile effluents and 
large-scale field trials [1], removal of toxic inorganic pollutants (As, Cr, Cd, etc.) from drinking 
water, and synthesis of recyclable catalytic systems by immobilizing enzymes/metal nanoparticles 
on to surface engineered functional supports for remediation of water pollutants [2]. Some of the 
research outputs have already been translated to water purification technologies, which are either 
transferred to private licenses or being validated in operational environment at user sites, for large 
scale deployment. 
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Abstract 

 
Supramolecular assemblies are essential for specific biological functions and mandate precise 
control over the mesoscopic scale for higher functional efficiency. Such well-defined biomimetic 
self-organization can be accessed through kinetically controlled non-equilibrium transformations 
rather than the typical downhill thermodynamically driven processes. Recently, spatiotemporal 
control for the living supramolecular polymerization has rendered a paradigm shift towards 
designing complex multi-component supramolecular active materials; however directing the 
active monomer towards a predictive kinetically trapped materials still remains a considerable 
challenge as that necessitates circumventing spontaneous nucleation of the monomers during the 
self-assembly process. We demonstrate dual strategies (chemical and photo/redox) to sequester 
the active peptide self-assembling motifs in dormant states that upon judicious activation, engage 
in controlled seeded supramolecular polymerization in aqueous milieu. This allows access to 
interesting repertoire of structural diversities and attenuated biological functions with 
controllable supramolecular peptide nanostructures to give rise to on-off piezoelectric response.  

Such peptide fibers were utilized towards designing artificial adaptive materials. Reinforcement 
owing to inner stress formation is of supreme importance in life and is the basis for a lot of 
biomechanical pathways and muscle actuations. We demonstrate an elegant synthetic design of 
peptide–polymer conjugate network that exhibits multiple hierarchical control over its stiffening. 
Overall, the synthetic network exhibit non-linear mechanical behavior to match with the 
actinomyosin network and has features analogous to biopolymers ubiquitous in cells and tissues. 
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Abstract 
 
 

Metal oxides nanostructures have been extensively explored for applications in catalysis, 
photocatalysis, optical and fluorescence sensors, photovoltaics, energy, and environment 
remediation applications. In most of these applications, the shape and size of nanostructured 
metal oxides predominantly influence the surface dependent materials properties optical, 
mechanical, electrical and catalytic properties. One of the synthetic approaches to control the 
structural and morphological characteristics of MOx nanostructures is through development of 
template assisted synthetic strategies by employing variety of organic/inorganic, natural/synthetic 
template materials. The polymeric materials having the complex structures, varied functionalities 
and dimensionality can stabilize and acts as a barrier for agglomeration of nanoparticles. In recent 
years, the natural polymeric materials as a template to develop an eco-friendly platform in 
accordance with the green chemistry principles has been explored. The inherent properties of 
biopolymers such as biodegradability, dimensionality, ease of removal as a template, not only 
provide morphological organization but also enhances the purity of nanomaterials. Further 
biomaterials are renewable, cheap, abundant, and non-toxic. The chemical functionalities such as 
primary and secondary –OH, amine and carboxylic etc.  act as an active site for complexation with 
metal ions for the nucleation process resulted in the controlled synthesis of nanomaterials. The 
current paper is dedicated to the research findings on biopolymer Xanthan gum-based template 
assisted protocols developed to synthesise metal oxides for tuneable catalytic and environmental 
applications.  
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Abstract 

 
 
Recently in authors’ laboratory, various modified β-Cyclodextrin (β-CD) based hydrogels have been 
developed.1-5 The functionalized materials have found potential applications in the field of 
biomedical science. A β-CD based pH and thermo-responsive biopolymeric hydrogel found 
noteworthy application for sustained Codelivery of two hydrophilic drugs. A pH responsive 
hydrogel has been developed which is efficient to carry and release hydrophilic and hydrophobic 
drugs simultaneously at a sustained rate. Polymeric nanocomposite hydrogel was found to be 
promising transdermal drug carrier because of the improved patient compliance, easy application 
on skin, and non-invasiveness. In this regard, a thermoresponsive polymeric composite film has 
been developed through the deposition of carbon quantum dots on functionalized β-CD. On the 
other hand, a unique facile process was adopted for fast assembly of a poly(N-vinyl imidazole) 
cross-linked β-cyclodextrin hydrogel through microwave-assisted free radical polymerization. The 
functionalized imidazole-based hydrogel has demonstrated rapid, superior blood coagulation 
kinetics under in-vitro and in-vivo conditions. A multiple stimuli responsive hydrogel has been 
synthesized via polymerization of acrylamide and N-hydroxymethyl acrylamide on β-CD. The 
synthesized hydrogel was exhibited various striking features like ultra-high stretchability, 
flexibility, stab resistivity, self-recoverability, electro-responsiveness, pressure-responsiveness, 
adhesiveness and high transparency.  Besides, the hydrogel has demonstrated enhanced 
biocompatibility, UV resistance as well as thermoresponsive shape memory behaviours. Based on 
these attractive characteristics of the hydrogel, a flexible pressure sensor has been fabricated for 
the real time monitoring of human motion.  
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Abstract 

 
Conducting polymer nanostructures and their nanocomposites find numerous applications in 
biosensors, organic light emitting diodes, solar photovoltaics, anti-static coatings, electrochromic 
devices and so on. Although, they are semiconductive and photoactive, their application as 
photocatalysts is highly underexplored. Development of photocatalysts that are active in the 
visible light is an open challenge. Using solar light for chemical conversion is a sustainable 
approach. Conducting polymer nanostructures have emerged as potential photocatalysts through 
the pioneering work of the Remita group.1  
 
Facile synthesis of conducting polymer-based nanocomposites using a simple, room temperature 
one pot method is reported herein. The nanocomposites with controlled morphologies could 
readily be prepared by chemical oxidative polymerisation of monomers using metal salts as 
oxidants. Aqueous solution of the oxidant when mixed with the solution of the monomer in a 
suitable organic solvent led to the control of particle morphologies due to the formation of meta 
stable micelles. The prepared nanocomposites (Pd/PdO@PEDOT and Fe2O@Ppy) were found to 
be outstanding visible light active photocatalysts.  Pd/PdO@PEDOT was found to be the most 
active visible light active photocatalyst for the industrially relevant Suzuki-Miyaura C-C coupling 
reactions.2 Whereas, Fe2O@Ppy could be used as a visible light active photocatalyst for 
environmental remediation and photo-reforming of plastics to produce hydrogen.3 Formation of 
a semiconductor-semiconductor straddling type heterojunction between metal oxide 
nanoparticles and the conducting polymer was found to be responsible for the enhanced catalytic 
activities. The heterojunction promotes absorbance of wide spectrum of light leading to effective 
separation of charges, enhancing the photocatalytic activity. Large scale synthesis of the 
photocatalysts is possible and can be industrially applied for synthesising a plethora of high value 
chemicals including green hydrogen. Therefore, the nanocomposites can be considered as 
valuable materials for sustainable development. 
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Abstract 
 
 
Water treatment along with Wastewater generation and its treatment are an ever-increasing 
concern in the current century due to increased urbanization and industrialization. Polymers are 
used in many industrial applications and have become vital to the industrial production 
infrastructure. Talking about the history of polymers, it has a great contribution in water and waste 
water treatment and it has been used in various forms for treating waste water. Polymers are 
widely used in water and waste water industry as Polyacrylic acid (PAA), polyethylene glycol (PEG), 
polyethylene oxide (PEO), polyvinyl alcohol (PVA), Poly electrolytes and as hydrogels. Polymers are 
also used as filtration resin, media, membranes, diffusers in water and waste water treatment. In 
the upcoming times, polymers can play even better role and can be used in many other ways in 
the Ultra and Nano filtration technologies, for the removal of micro-plastic particles from sewage 
effluents. Role of polymers, WSPs (water soluble polymers) as an additive for waste water 
treatment and also its use as organic and Natural polymers is another important topic to be 
discussed upon.  
 
 
Key Highlights: 

1. Introduction to polymers and its history associated with water and wastewater treatment.  

2. Role of polymers in water and waste water treatment.  

3. Various uses of Polymers in water and waste water industry,  

4. Details of Polymers, including polyacrylic acid, polyethylene glycol, polyethylene oxide, and 

polyvinyl alcohol, hydrogels etc.  

5. Forms of polymers, WSPs (water soluble polymers).  

6. Polymers used as resin, media, membranes, diffusers in water and waste water treatment.  

7. Futuristic role of polymers in water and waste water treatment facilities.  

8. Uses of Natural and organic polymers  
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Abstract 

 
Articular cartilage has limited regenerative potential owing to its avascular nature and restricted 
access to progenitor cells. Various surgical reparative methods employed till date have been found 
to be inadequate. Tissue engineering approaches involving cells and scaffolds appear to be 
promising for inducing cartilage repair. The fate of the cells following its implantation is however 
dependent on the scaffolds. Among the various scaffold architectures evaluated, hydrogels made 
using polymeric networks have demonstrated great potential. As the implantation of hydrogels 
with pre-defined shapes require multiple surgical procedures leading to further complications and 
patient noncompliance, injectable hydrogels are favoured as it enables minimally invasive delivery 
and better integration with tissue defects.  The main hurdle faced in cell-laden injectable hydrogels 
is the reduction in cell viability due to the shear stress generated during its implantation.  
 
In our approach towards the development of injectable hydrogels, Schiff-base crosslinking was 
used for the hydrogel formation. The hydrogels were designed to possess ECM-mimetic 
characteristics to support long term cell viability. The ability of the as-synthesized hydrogel to 
support cell proliferation and chondrogenesis was assessed using primary human articular 
chondrocytes. To improve the hydrogel’s mechanical properties, self-assembled peptide 
nanofibers were introduced to provide a double network system. The hydrogels with mechanical 
reinforcement improved chondrogenesis. Using another approach, a bioinspired, thermo-
responsive, in situ forming double network hydrogel was developed. The hydrogel, prepared using 
a combination of natural cartilage ECM components and a synthetic polymer with lower critical 
solution temperature (LCST) behavior, exhibited improved stiffness upon gelation.  
 
Given the ease of injectability, excellent post-implantation viability and optimal biodegradability, 
these hydrogels can also be explored for the regeneration of other tissues. In addition, considering 
the rapid gelation kinetics of the material, it can be explored for 3D bio-printing of tissues.. 
 
References: 
 

1. J. Thomas, N. Gupta, J. Joseph, V. Chopra, A. Pal, D. Ghosh (2021). ACS Biomater. Sci. Eng. 
7, 12, 5798–5809.  

2. J. Thomas, V. Chopra, A. Sharma, V. Panwar, S. Kaushik, S. Rajput, M. Mittal, R. Guha, N. 
Chattopadhyay, D. Ghosh. (2021) International Journal of Biological Macromolecules. 190: 
474-486.  

3. J Thomas, A Sharma, V Panwar, V Chopra, D Ghosh (2019). ACS Applied Bio Materials 2 (5), 
2013-2027 

 
 
 
  



 

High-Performance Waste-Sourced Polymers: Conventional to  
Unconventional Applications  

 
Bimlesh Lochab 

 
Materials Chemistry Laboratory, Department of Chemistry, School of Natural Sciences, Shiv 

Nadar University, Gautam Buddha Nagar, Uttar Pradesh 201314, India.  
Email: bimlesh.lochab@snu.edu.in 

 
Abstract 

 
Depleting fossil fuel reserves and increasing waste reservoirs are among the world’s most pressing 
problems. This calls for exploring naturally occurring building blocks for developing bio-based 
polymers. Polybenzoxazines is a new class of thermally curable thermosets being pitched as 
superior alternates of phenolics. In this work we intend to exploit the options of synthesizing 
partially bio-based polybenzoxazines following green chemical principles of atom economy, bio-
renewable feedstock, solventless synthesis, and nontoxic waste generation. In addition, the 
molecular flexibility of benzoxazine moiety has been utilized by studying the relation between 
higher functionality and properties. These polymers have shown improved thermal stability 
compared to their non-green counterparts and the ability to copolymerize with other industrial 
wastes/resources, thus finding wide applicability from adhesive and antibacterial materials to 
cathodes for energy storage devices. 
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Abstract 
 

 
Fabricating green electromagnetic interference (EMI) shields is the need of the hour because 
strong secondary reflections in the vicinity of the shield adversely affect the environment and the 
reliability of the neighbouring devices. To this end, the present work aims to maximize the total 
shielding effectiveness (SET) through a multi-layered construct comprising of a porous structure 
(pore size less than λ/5), a highly conducting entity and a layer to match the impedance. The 
elements of this construct were positioned in such a way that the incoming EM radiation interacts 
with the other layers of the construct before the conducting entity. This positioning of the layers 
in the construct offers high green index (with exceptionally high % absorption (up to 99%). 
Polyurethane (PU) foams were fabricated by salt-leaching technique and positioned between the 
conducting entities here carbon nanotube (CNT) papers.  
 
This structure was laminated by a conducting polycarbonate, which besides protecting the 
construct also allows the EM waves to penetrate and interact with the CNT paper. By sequencing 
the CNT paper and the foam in the construct both symmetric and asymmetric structures were 
designed to gain a mechanistic insight into the directional dependency of shielding performance, 
and heat dissipation ability. Interestingly, maximum shielding effectiveness (SET) of -52 dB (88% 
absorption @8.2 GHz) and SSEt of 373 dB/cm2 g was achieved for a symmetric construct whereas, 
for the asymmetric construct the SET and SSEt was -37 dB and 280 dB/cm2 g respectively with an 
exceptionally high of 8.6 - the highest reported so far. The asymmetricity in the construct led to 
directional dependence of the absorption component (SEA) and heat dissipation primarily 
governed by the electrical and thermal conductivity gradient in the construct. This study opens 
new avenues in this field and reports constructs with exceptionally high green index 
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Abstract 

 
Polypyrrole (PPy) has been considered a promising material among conducting polymers for high-
performance supercapacitors. However, morphology collapse, poor cyclability, and low charge 
storage capacity are limiting its real applications. We have synthesized the binary nanocomposites 
of PPy with MoS2 NSs (Nanostructures) in cenosphere (PPyC) and nanotubes (PPyNTs) 
morphologies. The rational design of PPyNTs/MoS2 nanocomposite with the dense wrapping of 
PPyNTs on MoS2 resulted in a high specific capacitance (Csp) of 481 F/g at 0.5 A/g. A decline of 
5.6%, in the specific capacitance after 2000 charge-discharge cycles was observed and is ascribed 
to the presence of chemically active sites on MoS2 nanosheets. A strong alignment with the 
nitrogen group of pyrrole rings in the polymer chain forms a robust interconnected framework 
between tubular PPy and sheet-like MoS2 which restricts the polymer's morphology collapse and 
thereby enhances the cyclic stability. The outstanding performance exhibited by PPyNTs/MoS2 
nanocomposite indicates its potential for the development of futuristic flexible supercapacitors.   
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Abstract 
 

In the present times energy, environment and water are the cardinal issues for sustainable life on 
earth. Solar radiation is one important energy source which among other applications can be used 
for water purification. Suitable textile materials if judiciously used and improvised, have the 
potential to enhance this effect of solar evaporation from effluent water. In the present work, the 
possibility is explored by coating textile substrate with Polypyrrole, a conjugated polymer for 
improving thermal conductivity. Inherently insulating spunlace non-woven fabrics of different 
fibre compositions like viscose, polyester and PV blend were taken as substrate, making use of 
their wicking property to promote water transportation. Coating was done by in-situ chemical 
polymerization using pyrrole solution followed by treatment with Ferric chloride. A set up was 
then made in laboratory scale with an inverted L-shape configuration to study the evaporation 
performance of the samples, where direct sunlight was used. Analysis of results is done measuring 
evaporation rate, surface temperature, optical microscope imaging, scanning electron 
micrographs and ultraviolet protection factor values. Among the test fabrics, 100% viscose was 
found to give the best results thus opening up a new avenue for generating clean water, 
addressing the issue of water scarcity by desalination.  
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Abstract 
 
The conducting polymers are enriched with beneficial properties such as high ionic and electrical 
conductivity, lightweight, electrochemical stability, and ease of synthesis. These properties make 
conducting polymers a preferred choice as one of the constituents of composite materials for 
enhancing the supercapacitor performance. Supercapacitors are being researched extensively as 
an alternate source of energy storage device to replace the fossil fuel in applications wherever 
possible.  Though supercapacitor benefits from its high-power density, it has low energy density 
in comparison. There has been tremendous interest on layered 2D materials with distinct 
properties like flexibility, chemical stability, mechanical stability and high surface area for 
supercapacitor application. However, the problem of restacking via Van der Waals, pi-pi 
interaction lowers the surface area, limiting the electrochemical performance of these materials. 
This problem can be shorted out by introducing nanorod shape conducting polymer in to the layer 
of 2D materials such as Mxene and GO. In this study, several composites have been synthesized 
with conducting polymers, metal oxides creating an ideal hybrid material. The synthesis of 
composites of PANI@Graphene oxide  PANI@mxene and Cobalt oxide@mxene will be discussed. 
Mxene was prepared from MAX phase by MILD etching method and graphene oxide was prepared 
using modified Hummer’s process. Cobalt oxide@Mxene composite was synthesized using one 
pot hydrothermal method. Both Mxene and GO with PANI composites were prepared via in-situ 
polymerization. All the morphological and elemental analysis were conducted by XRD, SEM and 
EDX. The materials were characterized electrochemically in a 3-electrode configuration using CV, 
GCD and EIS. The capacitances of PANI@Graphene oxide, PANI@Mxene and Cobalt oxide@Mxene 
were calculated as 240, 260 and 727 Fg-1, respectively. 
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Abstract 

 
Cancer, one of the world’s most catastrophic diseases, is accounting for almost 10 million deaths 
as reported in 2020. In quest of developing various technological solutions for fighting cancer, 
extensive efforts are being made by scientists all over the world. In recent years, polymer-based 
nanomaterials have emerged as a promising candidate for improving the quality of life of cancer 
patients. In this regard, both natural and synthetic polymers have been explored for deigning 
nanomaterials with defined morphology, high porosity, adjustable dimensions, and stimuli 
responsive properties (sensitivity to T, pH, ionic strength and solvent quality) that can be explored 
for controlled drug delivery. In this presentation, designing and characterization of natural 
polymer based degradable nanomaterials for controlled delivery of anticancer drugs will be 
shown. 
 

Here, we will discuss the chemical designing of redox responsive chitosan/stearic acid 
nanoparticles (CSSA NPs) (≈200 nm) for dual drug delivery. These degradable nanoparticles are 
prepared based on disulfide (–S–S–) crosslinking chemistry avoiding the use of any external 
crosslinking agent. CSSA NPs are further loaded with both DOX (hydrophilic) and curcumin 
(hydrophobic) drugs with ≈86 % and ≈82 % encapsulation efficiency respectively. This approach of 
combining anticancer therapeutics having different mode of anticancer action allows to develop 
systems for cancer therapy with enhanced efficacy. In vitro drug release experiments clearly 
exhibit the low leakage of drug under physiological conditions while ≈98 % DOX and ≈96 % 
curcumin is released after 136 h under GSH reducing conditions. The cytotoxicity experiments 
against HCT116 cells demonstrate higher cytotoxicity of dual drug loaded CSSA NPs. In vivo 
biodistribution experiments with c57bl/6j mice confirms the retention of CSSA NPs in the colon 
area up to 24 h exhibiting their potential for colorectal cancer therapy. 
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Abstract 

 
In the past few decades, the demand of large-scale computation with help of increasing number 
of transistors in integrated circuits for communication and automation have posed a serious 
challenge in the thermal management of microelectronics. The prediction by Gordon E. Moore in 
1965 about the perils of increasing transistors in IC is valid, till date. Immersion cooling of such 
electronic devices, especially, the likes of data centers, to remove heat from the hot spots is a 
lucrative option. This allows large quantity of heat to be dissipated due to the utilization of latent 
heat of the fluid, as the fluid undergoes phase change. Owing to the high heat transfer rate due to 
utilization of latent heat of coolants, pool boiling has gained popularity in cooling of high-
performance microelectronic devices, along with its undeniable importance in nuclear power 
plants, aircrafts, and refrigeration and air conditioning devices. In the entire pool boiling regime, 
the utmost importance is bestowed upon nucleate boiling where heat flux increases significantly 
with increased surface superheat until it reaches a maximum value of heat flux (CHF) where 
reverse phenomenon occurs due to the formation of vapor film. The present literature survey 
revealed that the 1-D nanotexturing of the heated surface proves to be quite beneficial in early 
nucleate boiling. Polymer nanofiber nanotexture is one such nanotexturing technique, which 
offers significant improvement in surface area, yet it can be a simple method of deposition/coating 
methodology that may be used on heat sinks which are used to enhance heat dissipation in ICs. 
Although, polymers’ low melting point may limit its utilization in such nanotexturing, judicial 
design of targeted hot spot areas and coolants, like Novec 7300, FC-72 etc. can effectively prolong 
the life of such texture. One such nanofiber nanotexture was developed using supersonic 
nanoblowing, a novel method in fibrous architecture development, which proved to be highly 
efficient in pool boiling heat transfer. Heat as high as 921 kW/m2 was removed from superheated 
substrate that mimicked a heat sink for electronic chip, where the apparent soft material like, 
Polyacrylonitrile nanofibers (mean diameter 216 nm), was instrumental in facilitating nucleate 
boiling by – (a) promoting the ONB, (b) introducing novel ‘kickback’ phenomenon in nucleate 
boiling, where surface superheat was further reduced with increment in vapor bubble generation 
and (c) allowing much steeper heat flux removal per degree of surface superheat. 
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Abstract 
 

Biopolymer-Mineral composite systems that can be both injected and bioprinted, have great potential for 
clinical applications in bone tissue engineering. The calcium phosphate ink systems used for 3D printing 
purposes can’t be used to suspend live cells as the solid and stiff matrix will destroy the cells while printing 
in addition to limiting diffusion of nutrients during culture. The present study aimed to develop a bone- 
mimetic system where hydroxyapatite (HA) particles are synthesized in situ in alginate solution, by using 
alginate fibers as HA nucleation template thus developing a bone like alginate-HA nanocomposite system. 
The hypothesis was that HA synthesis inside alginate matrix will reduce shear on encapsulated cells during 
printing/injecting while facilitating nutrient exchange post printing.   
 
15% alginate solution was made in 125mM of Ca(OH)2 at 80℃. Same volume of H3PO4 (75mM) was added 
dropwise while stirring at 700 rpm. XRD was performed to analyze the nanocomposite formation between 
HA and alginate. AR500 (TA Instruments) rheometer was used to analyze the viscosity, printability and 
injectability. SEM with EDX and micro-CT were used to analyze the distribution of HA particles, post printing. 
CELLINK BioX 3D bioprinter was used to print the alginate-HA composite with human mesenchymal stem 
cells (hMSCs) crosslinked with 100mM CaCl2, in a 1×1×0.3 cm, 4 layered structure with a 410 µm plastic 
nozzle at 12 mm/s speed and 200 kPa pressure. Cell viability was analyzed by live and dead cell assay at 
Day 1. 
 
The XRD analysis showed a peak at 211 plane in Alginate-HA, confirming HA crystallization. To our 
knowledge, this is the first report of in-solution mineralization of alginate, using gelatin polymer chains as 
a crystallization template. This results in homogenous mineralization; which is essential for printing process 
and mimics the ultrastructure of bone as a collagen- nanohydroxyapatite composite. The printability of the 
alginate-HA composite was demonstrated by higher elastic modulus (G’) as compared to the viscous 
modulus (G’’) that ensures shape retention following printing (Fig 1B). The injectability test demonstrated 
destruction of alginate-HA composite during injection, which recovered within 5 min post injection. The 
homogeneity of alginate-HA composite helped in 3D printing a 4 layered, self-supportive structure. EDX 
and micro–CT confirmed the presence and homogenous distribution of HA particles throughout the 
scaffold, respectively. Micro-CT also demonstrated that HA is 10.6% of the total scaffold volume. Live/Dead 
cell assay on Day 1 confirmed no adverse effect of HA shear on cellular viability. These results demonstrated 
in situ mineralized alginate bioink can protect live cells from the shear generated by HA particles during 
printing process, because of homogenous distribution and packing of HA crystals within the gel matrix. 
While at the same time supporting cell survival by facilitating nutrient diffusion. This system thus paves way 
for bone bio-printing. The study demonstrates bone-mimetic alginate-HA nano-composite bio-ink 
printable/injectable system that can support cell viability, during the printing process. This material system 
can potentially help in restoring both the cellular and biomechanical functionality of degenerated bone 
tissue. 
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Abstract 

 
Optically responsive transparent cellulose composites are of significant interest for smart window 
applications. Such composites demonstrate promising properties for building and structural 
applications because of their renewable sourcing, viable optical properties, mechanical 
performance, and for potential multi-functionalization. In this research, demonstration of a dual-
stimuli responsive chromic cellulose composite has been made where optical properties are 
reversibly controlled in response to changes in temperature and UV-radiation. For this 
functionality, cellulose template was impregnated with solvent free -thiol and -ene monomers 
containing chromic components, consisting of a mixture of thermo- and photo-responsive 
chromophores, and was then UV polymerized. Independent optical properties of individual 
chromic components were retained in the compositional mixture. This allowed to enhance the 
absolute optical transmission to four times at the phase change temperature transition. At the 
same time the transmission at 550 nm could be reduced from 11% to 77% on exposure to UV, by 
changing the concentration of chromic components. Chromic components were localized inside 
the lumen of the cellulose structure, and durable reversible optical properties were demonstrated 
by multiple cycling testing. Additionally, the chromic composites showed reversible energy 
absorption capabilities for heat storage applications and demonstrated an enhancement of 64% 
in tensile modulus as compared to a native thiol-ene polymer. This study elucidates the 
polymerization process and effect of chromic components distribution and composition on the 
materials performance, and perspectives towards the development of smart photo responsive 
windows with energy storage capabilities. 
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Abstract 
 

In the present work, a cost effective method of imparting multifunctional properties in cotton 
fabric has been demonstrated. The in-situ deposition of copper oxide took place on fabric using 
copper sulphate pentahydrate (CuSO4.5H2O) as precursor.  
 
After the treatment, fabric was examined with the help of FESEM to observe the change in the 
surface morphology of fabric on deposition of copper oxide. Inductively Coupled Plasma- Mass 
Spectroscopy (ICP-MS) analysis was carried out to measure the amount of copper (Cu) present in 
fabric after treatment. The prepared samples were evaluated with respect to their UV protection 
property and antibacterial activity as per the standards AATCC 183:2010 and AATCC 143 
respectively. 
 
The study demonstrates that the chemical reduction method used to deposit the thin coating of 
copper oxide on cotton is uniformly distributed. The prepared sample could be able to exhibit an 
excellent UV protection property and a wash durable antibacterial activity which does not lose its 
effectiveness even after 5 washes. Other important physical parameters like tensile strength, air 
permeability and crease recovery were also examined to compare their results with respect to the 
untreated fabric. The experimental results show that no adverse change was apparently observed 
in the physical properties of the fabric after such treatment.  

 
Keywords: antibacterial activity, chemical reduction method, in-situ deposition, thin coating, 
UV protection. 
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Abstract 

 
Biomedical engineering has attracted a wide range of materials for their potential application in 
regenerative therapies, drug delivery, tissue engineering and so on. Among those, functional 
polymers, approved from Food and Drug Administration are of specific interest for the design, 
development, and manufacturing of the porous scaffolds, medical glues (bio or tissue adhesives), 
and polymer-based coatings for implants and medical devices because of their optimal 
biocompatibility and nontoxicity. The technological interventions mentioned demonstrated the 
highest clinical importance in the field of biomedical engineering. In this talk, I will cover some of 
our recent attempts in solving few emerging challenges of tissue fixation through design and 
development of mechanically robust functional polymer based bioadhesives. These innovations 
could be believed to pave the way in moving forward the cutting-edge biomaterial technologies 
from lab to clinic. 
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Abstract 
 
 

The mechanical properties of skin tissues are highly variable across the body, making them highly 
anisotropic. Although studies have been made to simulate tissue anisotropy numerically and skin 
simulants have been designed for uniaxial study, no experimental testing of anisotropic skin 
simulants has been performed on biaxial testing equipment. Low-cost biaxial testing equipment 
was developed for this research on the anisotropy of skin tissue. Soft composites were used as the 
basis for the framework in order to create these phantoms. One- and two-layer skin simulants with 
consistent fibre volume fraction and variable fibre orientations were created by embedding stiffer 
polymeric fibres in a softer polymeric matrix, yielding a large variety. The properties of variants 
with varying curvatures of Langar fibre lines were also modelled. The stress-stretch responses 
were estimated by means of biaxial testing, with the results compared to those of normal skin and 
further defined by means of isotropic and anisotropic hyperelastic formulations. For precise 
biomechanical testing of skin without ethical and biosafety concerns, surgical training, and 
evaluation of medical therapies, the created anisotropic skin simulants would be needed. 
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Abstract 
  
Polymeric materials of smart nature, multifunctionality, and desired properties are of great 
interest due to demands in advancing technologies. Smart materials with bio-origin offer 
additional features over their counterparts made up of petroleum, which are with many 
drawbacks like inconsistent supply, cost, environmental issues, etc. Hence, smart polymeric 
materials with bio-origin would be ideal materials for many applications. Vegetable oils, cellulose, 
starch, lignin, etc. are a few important biobased raw materials explored to replace petroleum.  
Vegetable oils have found appropriate for many applications due to their functional attributes to 
convert them into polymeric resins suitable for coatings, elastomers, smart materials, and many 
more.  Smart self-healing coatings are materials to repair without human intervention under 
certain cracks or damages.  These materials can be formulated as intrinsic or extrinsic kinds of self-
healing smart anticorrosive coatings.    
 
The microencapsulation route has been found as the easiest and extrinsic way to formulate 
desired self-healing polymeric coatings.  Among 1-5 % encapsulated linseed oils as a self-healing 
agent, 5 % containing formulation showed the best anticorrosion result under controlled 
scratching. On the other hand, it leads to decrease in gloss and sometimes adhesion too.  However, 
there are certain ways to overcome such drawbacks like the use of such materials in undercoats.  
Even reactive functional groups on capsule shells can react with binder material, which may reduce 
adhesion issues. Such coatings with acrylic-based polyurethane binders are among one of the best 
materials for metallic smart coatings.  However, non-edible vegetable oils have also 
accommodated microcapsules as that of acrylic-based polyurethanes and stood as a bio-based 
smart self-healing anticorrosive coatings. The results demonstrated that linseed oils and non-
edible vegetable oils as biobased self–healing agents and materials of binders, respectively can be 
extended on the commercial level.      
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Abstract 

 
Ions enriched graphene (IEGR) was prepared by simple electrochemical exfoliation of graphite 
rods in aqueous LiClO4 solution.  IEGR was effectively incorporated into a polymer matrix, as was 
clearly indicated by Raman, XPS, and SEM studies. It was noted that IEGR significantly influenced 
the electrochemical and optical properties of PEDOT.  The PEDOT-IEGR films showed very high 
electrical conductivity (~3968 Scm−1) and ionic conductivity (3.125×10−7 Scm−1).  The films had 
a noteworthy optical response both in the visible and NIR regions. Unlike conventional PEDOT, the 
electrochromic coloration of the PEDOT-IEGR film changed between greyish purple to transmissive 
blue. The electrochromic window and mirror based on PEDOT-IEGR films were fabricated and their 
electrochromic performance was characterized. The ECDs based on the PEDOT with multi-layered 
graphene provide a faster switching response, better electrochemical activities, good optical 
stability, low operation voltage, broad absorption in the entire visible region, and stable optical 
memory, making it promising material for photovoltaic cells and electrochromic device 
applications 
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Abstract 
 
Globally automotive segments are growing at a much faster pace with new technologies so as the 
trend in INDIA. Smart driverless intelligent vehicles are coming up with renewable energies. To 
keep the pace with artificial intelligence and renewable energies, material scientist are also 
developing various smart materials to cater this segment. Self-healing material in glassy, plastic or 
elastomeric category, high strength ultralight weight material like carbon fiber, boron fiber, 
composite material with extremely high performance are the game changer for the next decade. 
 
Every part of a vehicle has gone through a significant developmental phase in last few years. Be it 
tire, dashboard, battery, fuel, break liner, wheel, body, all the parts have gone through a 
developmental cycle in recent times. New advance composite alloys are being used for high 
strength wheels, metallic body, door. Dashboards are made out of high strength 3D printed single 
piece polypropylene material.  Tire, which is an integral part of car, is made out of various novel 
elastomeric composite material.   The Present Talk will cover the recent developments in the area 
of smart self healing Elastomeric  materials for tyre applications. 
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For more than 30 years, NT-MDT Spectrum Instruments (NT-MDT SI) team has been developing, manufacturing and 
supporting research equipment for nanotechnology. First of all - in the field of scanning probe microscopy. The high 
level of after-sales service and technical support of customers of such powerful integrated systems allows the NT-
MDT SI group of companies to retain the leading positions of the manufacturer of high-tech scientific tools for 
research and production organizations. Currently we are producing AFM, STM, SNOM, AFM-Raman-TERS-SICM and 
Nano IR systems with different level of flexibility and automatization for various research needs. 
 
Scanning Probe Microscopy gives an opportunity to carry out studies of spatial, physical and chemical properties of 
objects with the typical dimensions of less than a few nanometers. Owing to its multifunctionality, availability and 
simplicity, Atomic-Force Microscope (AFM) has become one of the most prevailing “tools for nanotechnology” 
nowadays. The next step towards the new functionality should be combining with various other modern research 
methods. Besides the extending the measurements to specific conditions: vacuum, liquids, low and high 
temperatures, etc the combination of AFM with other methods has given an opportunity of going beyond the limits 
of traditional methods and carry out researches (mechanical, electric, optical properties) with the highest resolution. 
 
Possibility to operate with AFM in low vacuum conditions provides increased Q- factor of the cantilever, better 
sensitivity, accuracy of low-force measurements and elimination of influence of adhesion and contaminations.  
 
Quantitative measurements of elastic properties (soft polymers, biology, graphene and other) require further 
development of standard AFM modes. The calculation of real tip shape, detailed analysis of contact area and correct 
model of interaction – considered of all these aspects we can achieve the true information about surface.  
Using of diamond probe instead of silicon cantilever becomes very important while studying of mechanical properties 
of relatively hard materials. Elastic modulus, hardness, strength, crack-resistance and even the elastic conductivity 
can be measured highly doped semiconductor diamond probe. 
 
Simultaneously with AFM, confocal Fluorescence and Raman measurements provide information about sample 
chemical composition, crystal structure and its orientation, presence of impurities and defects, macromolecular 
conformation, and so on. By using a specially prepared sharp needle tip, in TERS mode we can multiply the Raman 
signal strength by a few orders of magnitude from a precisely scanned, localized spot on the surface several 
nanometers in diameter. Even single molecules can be detected and recognized by their spectra. Lateral resolution of 
Raman (TERS) and fluorescence maps is no longer limited by light diffraction and can be less than 15 nm.  
 
To achieve a high image quality the user must manually and simultaneously manipulate major parameters during the 
scan to avoid artefacts including, set point, tip oscillation amplitude, scanning speed and feedback gain. This is 
especially important for rough surface, objects weekly connected to the surface (nanoparticles, nanotubes, single 
molecules), soft samples (gels, soft polymers, biological objects), or samples where the topography is unknown before 
the scan. This not only requires a good understanding of the microscope, the principles of how it works and how 
different parameters will affect the image quality in different scenarios, but also experience with these different types 
of samples to reliably produce acceptable images. As a response, automation of the parameter tuning needed for 
image acquisition in AM-AFM is highly desirable for users to avoid spending lots of time and efforts on mastering the 
instrument. The intelligent ScanT™ software allows the user to get quickly high-quality and reliable results on their 
samples in AM-AFM. 
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Abstract 

 
 Nanostructured metal oxide/PANI composite has been synthesized by in situ polymerization 
method.  In addition, porous carbon was prepared from Lantana camara bark. MnO2/PANI-
biomass composite electrodes were fabricated with different weight percentage of MnO2 for high 
performance supercapacitor. Fourier transform infrared spectroscopy (FTIR), X-ray diffraction 
(XRD), and ultraviolet-visible (UV-vis) spectroscopy were used to characterize the structure of 
synthesized materials. Cyclic voltammetry (CV), galvanostatic charge-discharge (GCD), and 
electrochemical impedance spectroscopy (EIS) were used to examine the supercapattery behavior 
of the nanocomposite electrodes in 1 M H2SO4. The composite material show the better rate 
capability in various scan rates in comparison with the pure oxide. Moreover, much better cyclic 
performance has been achieved for the composite material. 
 
Keywords:  polyaniline, nanocomposite, Lantana camara, supercapattery 
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Abstract 
 
 
Tissue engineering is the most innovative route for the creation of a suitable tissue substitute with 
similar native tissue properties. Salt leaching the easiest among all other porous scaffold synthesis 
methods, was used to produce polycaprolactone (PCL) based porous tubular matrix, with an 
intention to utilize as blood vessel scaffold. Sodium hydroxide (NaCl) particles of 1.8 µm dia with 
PDI 0.191 was dispersed into PCL chloroform solution. Here, salt particles worked as negative 
mould for intended porous structure. Porous structure is required for better cell to cell interaction 
and cell nutrient and metabolic waste transportation. Those particles were subsequently leached 
out in water medium. Effect of salt concentration on the resultant tubular structure in terms of 
mechanical properties, porosity and surface characteristics was considered. Surprisingly, 
concentration of the ionic leaching material  has important influence over crystalline nature of the 
PCL other than proportional increase in porosity and interconnectivity of the pores with in the 
tubular structure. 
 
It has synthesized a tubular porous matrix with maximum porosity of 61%, tensile strength and 
stain of 1.84 (±0.04) MPa and 120 (±7.94) respectively. However, the resultant scaffold could not 
satisfy the suture retention strength of a native blood vessel of 203.94 gf. It ultimately propelled 
the research towards the invention of Pre Coagulation Evaporation (PCE) Method for success full 
synthesis of blood vessel scaffold. 
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Abstract 
 
 

Polymers find applications in a wide range of fields in the industry, with healthcare being one of 
the most critical and emerging sectors. But with most polymers such as PP, PE, PET etc. being inert, 
functionalization of their surfaces becomes an essential criterion to expand their scope of utility. 
One of the niche applications of such surface modified polymers is in the form of templates for 
supporting various biomolecules, enzymes, nanoparticles or special functional group containing 
molecules that impart antimicrobial or antibiofouling properties to the polymer. 60Co gamma 
irradiation and Plasma Enhanced Chemical Vapor Deposition (PECVD) are two versatile techniques 
that have been used to carry out such polymer surface modifications, depending on the type of 
application. For instance, gamma radiation has been used to graft carboxy and epoxy functional 
groups onto polymer substrates to facilitate design of nanoparticles immobilized biosensors for 
uric acid, dopamine, mercury ions etc., while quaternary ammonium group functionalized 
cellulose matrices have been demonstrated to exhibit excellent antibacterial properties. Similarly, 
PECVD has been employed to tailor poly-oxazoline and fluoro-coated hydrophobic surfaces 
possessing antimicrobial properties. All these applications reflect the immense potential of 
functional polymeric matrices in contributing towards developing novel materials for healthcare 
applications.     
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Abstract 
 

 
In the recent years, there has been a heuristic impetus towards the search for polymers from 
sustainable feedstock that are completely biodegradable and compostable thus contributing a 
circular economy in terms of raw material resources. This necessity stems from the pollution 
hazards associated with conventional plastics.1 In this regard, a material that has attracted 
considerable research attention is poly(lactic acid) (PLA) which is conventionally produced using 
ring-opening polymerization (ROP) of the cyclic dimer of lactic acid popularly called as lactide. This 
methodology provides a better control over the polymerization parameters and produces PLA 
with desired molecular weights and molecular weight distributions under mild reaction 
conditions.2,3 Rigorous studies over the past few years have revealed that the stereochemistry 
observed in the PLA is largely dependent upon the thermodynamic preference of the initiating 
monomer molecule from a racemic mixture of lactide enantiomers.4-6 It is understood by us that 
the genesis of an unsymmetrical transition state produced from lactide and the catalyst plays a 
vital role in governing the stereospecificity of the propagation step which finally decides the final 
stereochemistry of the PLA. Most of the existing literature does not specify the optimum 
symmetry of the transition state that is necessary for a stereospecific propagation. The objective 
of the lecture is an appreciation of understanding towards the control of the molecular parameter 
as well as the tacticity of the PLA using recent examples from our research. Finally, it will be shown 
that the stereochemistry of the PLA can be controlled using non-centrosymmetric ligand/catalyst 
or by employing chirality in the ligand framework. 
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Abstract 
 

 
Almost 93% of raw oil is transported by pipelines worldwide. Transporting oil through pipelines 
has some challenges like long distance, large pipe diameter, high energy consumption, corrosion 
and pressure drop. Pressure drop is caused by the flow turbulence. Currently DRA's (Drag Reducing 
Agents) are used for the transport of crude oil, light products and heavy oils worldwide through 
pipelines. DRA reduces the frictional pressure within the flow of pipeline. It decreases the amount 
of energy lost in turbulent formation which ultimately helps to increase the flow. Increasing the 
flow rate, throughput capacity and flexibility of pipelines makes DRA most valuable components 
in petroleum industry. Ultrahigh molecular weight poly-α-olefins (i.e., poly-1-hexene, poly-1-
octene, poly-1-decene and poly-1-dodecene) are extensively used as a drag reducing polymers. 
The ultra-high molecular weight poly-α-olefins are synthesized by Ziegler-Natta catalyst. 
This work represents synthesis of novel Ziegler-Natta catalyst comprising bio-based 
donor/modifier. The synthesized Ziegler-Natta catalyst has evaluated for alpha olefin 
polymerization. The Ziegler-Natta catalysts has non-toxic, environment friendly internal electron 
donor and afford production of ultra-high molecular weight poly-α-olefins. The obtained polymer 
formulation tested for drag reduction of hydrocarbon feed & it has shown good performance.  
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Abstract 
 
 
Contamination of water resources with toxic heavy metal ions such as, lead, cadmium, chromium, 
mercury, etc., has arisen as a serious environmental and health concern, owing to the rapid 
industrialization and urbanization across the globe. Among these metal ions, lead (Pb) is of special 
concern, as it is reported to have adverse effects on liver, kidney, nervous system and reproductive 
system [1]. Due to its numerous health hazards, WHO has recommended the maximum 
permissible limit for lead in drinking water as 10 ppb. Therefore, need for efficient methodologies 
for removal of Pb from water are essential. Moreover, it is of paramount importance that these 
remediation methodologies be based on green fabrication processes and involve biodegradable 
materials, so that treating one form of pollution does not engender another form of pollution. 
 
In the present work, an efficient, cost effective, biodegradable adsorbent has been fabricated by 
employing the green process of radiation grafting using water as the only solvent, wherein 4-Vinyl 
benzene sulfonic acid sodium salt (VBSA) has been grafted on cotton cellulose via gamma radiation 
induced mutual irradiation grafting [2]. Techniques such as, FTIR, TGA and SEM were employed 
for characterization of the adsorbent (PVBSA-g- Cellulose). The adsorbent was studied for removal 
of Pb from water. Pb concentration in adsorption experiments was determined using ICP-OES. In 
order to optimize the grafting process studies such as, equilibrium adsorption, kinetics, pH 
variation etc. were carried out. The adsorption capacity of the adsorbent for Pb was determined 
to be ~98 mg/g. Non linear and linear fitting of adsorption isotherm was carried out to gain insight 
into the adsorption process, wherein Redlich Peterson isotherm model was found to be the best 
fit. Kinetic studies were also carried out and the adsorption process was found to follow pseudo 
second order kinetic model. The radiation grafted adsorbent could be regenerated using suitable 
eluent and recycled for several cycles.  
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Abstract 
 

 
Synthetic super absorbents due to their unique liquid absorbing properties have found their way 
into many mainstream applications of hygiene, agriculture and industrial fields. Sanitary napkins 
are of the utmost importance in the day to day lives of all females. A quick study reveals the 
prominent synthetic nature of these products, mostly due to the usage of super absorbents (SAPs). 
Super absorbent particles incorporated into the absorbent core of the napkins are mainly 
synthetic, petroleum-based polymers such as sodium polyacrylate and its derivatives which are 
non-degradable can remain active in the soil for about 500 years while degrading its quality. 
Adversely they are also efficient in causing several health related issues in living organisms.  
 
Our study aims to develop a biodegradable and biocompatible superabsorbent particle formulated 
in a way that can give efficient results at par with the commercial sanitary napkins. We chose 
wheat gluten as our Base material on the basis of promising liquid absorbency results , and that it 
can be sourced abundantly and affordably from the waste of flour and alcohol industry. To further 
enhance its absorbency properties, we functionalised wheat  gluten with itaconic acid, a common 
dicarbonic acid which modified wheat gluten through the process of acylation. Wheat gluten 
solution of low and high concentration (2% and 8%) were treated with itaconic acid in the ratio 
1:0.25, 1:1, 1:2, and 2:1 following neutralisation and drying in a hot air oven. FTIR analysis of the 
resulting samples showed the presence of amide I, amide II peaks along with, amide linkage peak, 
the later implying successful combination of both constituents. Tea bag test was performed with 
the samples that showed highest DI water and saline absorbency capacity to the tune of 650% and 
380%, respectively. The morphology of the samples before and after swelling were analyzed 
employing SEM. The optimized modified sample exhibited considerable differences in pore 
structure and overall surface morphology as compared to commercially available SAPs and 
control. Mould growth resistance study showed successful resistance to mould formation on our 
developed SAP particles as compared to control. Agar diffusion assay clearly displayed the anti-
microbial property of our developed sample against both gram positive and gram negative 
bacterial species, indicating bio-compatibility. 
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Abstract 
 
 

In the present work, an unreported graft copolymerization of acrylamide (AM) onto guar gum (GG) 
has been synthesized by free radical polymerization in a nitrogen atmosphere using bromate/ 
thiourea system. Grafting ratio (%G), efficiency (%E), add-on (%A), and conversion (%C) increase 
upon increasing the concentration of bromate and acrylamide, whereas they decrease upon 
increasing the concentration of guar gum. Upon increasing the concentration of thiourea and 
hydrogen ions up to 3.2 ×10-3 mol dm-3 and 4.0×10-3 mol dm-3, respectively, the grafting ratio 
(%G) and efficiency (%E) increase but decrease upon further increasing the concentration. The 
increase in temperature from 30 to 45°C increases the grafting ratio but the conversion effciency 
decreases. The optimum time period for graft copolymerization was found to be 2 h. Water 
swelling capacity, metal ion sorption, flocculation and resistance to biodegradability studies of 
synthesized graft copolymer have been performed with respect to the parent polymer. The 
synthesized graft copolymer has been characterized by FTIR spectroscopy and thermal analysis. 
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Abstract 
 

 
These days, environmental awareness has been important in modern societies worldwide, 
following the sustainable development goals (SDGs) of the United Nations (UN). Generally, 
chemical foaming agents have been used in the fabrication of rubber foam material 
manufacturing. Nevertheless, chemical residues in the fabricated cellular material might be toxic 
and have extensive environmental consequences. In this work, supercritical CO2 is utilized as an 
eco-friendly blowing agent for the preparation of microcellular natural rubber foam, alternatively 
replacing traditional ones. Several parameters for studying the microcellular rubber included CO2 

saturation time (30-180 min), pressure (0-12.5 MPa), temperature (45-85oC) and pre-vulcanized 
time (15 and 30 min) of the rubber sheet.  
 
As a result, increasing saturation time and pressure witnessed a gradual decrement in cellular 
diameter (<10 µm) and expansion ratio of the fabricated material. With regard to the saturation 
temperature effect, there was a remarkable increase in the cell size and volume expansion. Finally, 
considering the effect of crosslinking aspect, an increment in the pre-vulcanized time of the rubber 
sheet experienced a decrement in the cellular diameter and expansion ratio of the microcellular 
rubber which was probably caused by a rise in the matrix crosslinking density. Overall, this 
research study, finally, paves the way for the development of microcellular natural rubber by CO2 
utilization in the supercritical state.  
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Abstract 
 
 

With the requirement for the development of sustainable materials and a circular economy, a 
surge of research regarding bio-based materials has created a great interest amongst the scientific 
fraternity. The development of bio-based, superabsorbent polymer foams for the core part of 
female hygiene product is presented here. In the present study, the modification of wheat gluten 
with gallic acid and powdered bagasse fiber is presented as an easy approach to produce biobased 
superabsorbent foam. The base material taken was wheat gluten, which has an inherent capacity 
to absorb liquid within the superabsorbent range. It exhibited good uptake of water, saline 
solution and de-fibrinated sheep blood. It also showed better results by modifying it with addition 
of gallic acid as a natural cross-linker to increase the polarity of the protein chains. Mechanical 
stability in the swollen state was maintained by further modifying the foams with the 
incorporation of powdered bagasse fibers. Absorption due to open cell structure i.e. capillary 
action, the high liquid absorption in the cell walls, and the mechanical properties (both in dry and 
swollen states) of these bio-based foams can make them an excellent alternative to synthetic 
superabsorbent used in absorbent hygiene products such as sanitary pads. 
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Abstract 
 

Introduction and Objective: 
Increasing multi drug resistance and immune escape surveillance with resurgence have risen the 
need for development of strategy that can maximize the treatment and minimize the off-target 
delivery, natural building blocks of proteins can be utilized by exploring their structural properties 
for ligand conjugation. As protein like lactoferrin offers numerous assets with anti-inflammatory 
responses, iron scavenging as well as host defense mechanism can be an attractive tool. The study 
rationalized to develop and characterize lyophilized Lactoferrin Nanoparticles containing 
Carfilzomib and conjugated with known biomarkers like folate, Biotin-streptavidin and Her2 
antibody, in order to design the way to target, prolong action with less chances of frequent dosing 
as well as provide immune-targeted therapy.  

Methods: 
Fabrication of protein nanoparticles by Desolvation technique(1), that is based on 
nanoprecipitation principle and further functionalized with ligands by EDC-NHS Carbodiimide 
chemistry. The Optimization by AQbD based risk assessment studies using Design Expert was 
employed. 

Results: 
The Protein Nanoparticles were found to be uniformly distributed. The drug loading and 
entrapment was found to be 14% and 76±2.14% with 6 days of prolong release at physiological 
pH, that delineates the successful attempt to reduce frequent dose. Confirmation of folate 
conjugation NMR shows successful conjugation with superimposed aromatic protons at down field 
as well as for biotin-streptavidin by DLS with uniform size distribution. 

Conclusions: 
The study is currently on level 4 in technology readiness and aims to reach at TLR 7 for ecstatic 
demonstration of nano-cargo based formulation. 
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Abstract 
 
 

Sulfur nanoparticles (SNPs) were synthesized from sodium thiosulfate in the presence of aqueous 
Ocmum canum leaf extract using a unique green method. Using energy-dispersive X-ray 
spectroscopy (EDS), scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier 
transform infrared (FT-IR), and Zeta Potential distribution, the effective formation of the 
synthesized SNPs was examined and approved. With an average particle size of between 40 and 
70 nm, highly crystalline, spherical sulphur nanoparticles were produced. Provisional S. 
Marcescens and P. aeruginosa (Gram -ve) and B. Subtilis and M. luteus (Gram +ve) were used as 
human pathogens for the screening of the synthesized sulphur NPs' anti-microbial activity, and 
they were compared to the control antibiotic Ciprofloxacin. 
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Abstract 
 
 

Acetic acid is widely used as an important platform chemical and commodity material. It ranks among the 
top 20 intermediates [1]. Nearly 2/3rd of its total production is used to produce vinyl acetate and cellulose 
acetate. It is also used to produce acetic anhydride, vitamins, vinyl acetate, terephthalic acid, cellulose 
esters, etc. [2]. The main routes for the commercial production of acetic acid are methanol carbonylation, 
acetaldehyde oxidation, and the oxidation of butane and/or naphtha fractions. Relatively small amounts 
are produced from synthesis gas, by liquid phase oxidation of butane and by direct oxidation of ethanol. 
The fermentation process is getting wide attention due to environmental concerns and the drive toward 
green technologies. All these processes deal with water at some stages and separating the acetic acid from 
water becomes necessary for getting acetic acid of high purity [3]. A small difference in volatility of water 
and acetic acid in dilute aqueous solutions, azeotropic distillation is practiced for their separation. This 
process is known to be highly energy intensive. Pervaporation is one of the most promising technology for 
acetic acid/water separation for being highly selective, economical, energy-efficient, and environmentally 
benign. 
 
So far, many membrane materials (PVA, zeolites based, etc.) have been investigated to dehydrate acetic 
acid. These materials have low stability in harsher environments [4]. Poly(2,5-benzimidazole) (ABPBI) is a 
promising membrane material for the pervaporation of acetic acid due to high thermo-chemical stability, 
availability of both donor and acceptor hydrogen-bonding sites that are capable of participating in specific 
interactions [5]. In the present study, ABPBI-based dense membranes were prepared in flat sheet and 
hollow fiber form. The sorption of pure acetic acid and water was studied using flat sheet membranes. 
Hollow fiber membranes were used for transport analysis by pervaporation, owing to its advantage of high 
membrane area per unit volume of membrane module [6]. 
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Abstract 
 
 

The morphology of random ionomers has been a topic of basic research interest for decades. 
However, structural underpinning and hence modulation of the ionic phase morphology in this 
special class of polymers remains challenging and contemporary. In the present work, we 
investigate the local structure and morphology of the ionic aggregates of carboxylated nitrile 
rubber (XNBR) cross-linked ionically (I-X series) and by a mixed system of covalent and ionic 
curatives (M-X series) using FTIR and small angle x-ray scattering (SAXS) techniques. 
 
FTIR studies revealed the substantial disparate and heterogeneous nature of the ionic and 
coordination complexes of the XNBR vulcanizates, cured with a varied amount of ZnO and a 
combination of sulfur as well as ZnO. SAXS studies revealed a single characteristic ionic peak at a 
scattering vector (q = 4π/λ sinθ/2) value of 2.1 nm-1 for I-X series and M-X series of networks 
prepared without stearic acid (SA). In contrast, the networks prepared with SA, regardless of the 
cross-linking, showed higher order reflections with four well-resolved ionic peaks at relative q 
positions of 1:1.5:2.0:3.0, implying that the ionic aggregates self-assemble into a lamellar 
morphology.  
 
The SAXS and FTIR results establish that the ionic phase morphology of XNBR vulcanizates is not 
consistent with that of conventional random ionomers and comprises both ordered structures as 
well as the heterogenous mixture of ionic and coordinated complexes which are evidently of 
fractal constructs. We postulate that these findings would provide new insights into establishing 
the structure-property correlations of ionomeric elastomers.  
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Abstract 
 

Aerostat and airship are lighter-than-air (LTA) systems that are mainly used for defense 
applications such as military surveillance, detecting aerial threats, etc. and also, for many other 
purposes. Significant challenges are faced in developing materials for LTA systems, especially for 
stratospheric airships, which require balancing all the required properties. The material should be 
lightweight, strong, flexible at low temperature, capable of containing helium gas for a long time, 
and weather resistant (i.e., provides protection from intense UV rays, ozone, etc.) and should 
provide a long service life. 
 
In the present study was to investigate multifunctional properties of PVDF / GO nanocomposite 
films prepared in combination of a solution-based master-batch preparation and finally melt-
mixing in a twin screw, where the concentration of graphene in PVDF matrix was varied from 0.5 
wt% to 3wt.  The nanocomposites were characterized by various analytical methods such as 
Fourier transform infrared spectroscopy (FTIR), Field emission scanning electron 
microscopy (FESEM) and atomic force microscopy (AFM) etc. The size of the crystallites and extent 
of crystallinity were ascertained by X-ray diffraction (XRD) analysis. The SEM with Energy 
Dispersive X-ray analysis (EDX) showed that the GO nanoparticles were uniformly dispersed 
matrix. The helium gas permeability increases with increasing concentration of graphene oxide 
concentration in the matrix. Due to the excellent UV absorption capability of graphene oxide, the 
weather resistance property of nanocomposite films improved significantly compared to neat 
PVDF film. PVDF/GO nanocomposites film also performed DMA test. This nanocomposites film can 
be used for Airship and Aerostat application for defence purpose.    

 

 
 
 

 
 
  

mailto:chouhanshikha90@gmail.com


 

Ion-exchange membranes and a vanadium redox flow battery 
 

Rajaram K Nagarale 
 

Electro-membrane processes laboratory 
CSIR-Central salt and marine chemicals research institute Bhavnagar-364002 

Gujarat, India  
Email: rknagarale@csmcri.res.in  

 
 

Abstract 
 
 

The last decade witnessed an explosion of research in ion-exchange membranes for vanadium 
redox flow battery (VRFB) applications. The major unmet issues are crossover of vanadium ions, 
chemical stability, and the high cost of the membranes. The primary approaches to resolving these 
unmet issues are appropriate membrane design, proper choice of polymer matrix, and 
methodology of preparation. We have demonstrated polyethylene-styrene-divinylbenzene-based 
interpolymer cation exchange membrane (ICEM) as a potential material in a vanadium redox flow 
battery (VRFB). The membrane showed excellent chemical, dimensional, and mechanical stability 
in a highly oxidative environment consisting of 2.1 M H2SO4  and 1.6 M VO2

+ ions over 30 days at 
50 °C. VRFB performance exhibited 95% Coulombic, 63% energy, and 67% voltage efficiency at 
140 mA cm2 over 100 charge/discharge cycles.  The polypropylene-supported poly (4-vinyl 
pyridine) matrix is another membrane candidate that has been demonstrated. The membrane 
exhibited low-dimensional change (4.5% in 1.6M VO2

+/2M H2SO4 solution over 15 days). The 
assembled VRFB exhibited a Coulombic efficiency (CE) of 98.6% and an energy efficiency (EE) of 
69.2% over 50 charge/discharge cycles at 150 mA cm2, with high-capacity retention of 70% and 
average capacity decay of 0.63% per cycle. The observed peak power density was 340 mW/cm2. 
The autopsy of the membrane suggested negligible depreciation in physicochemical and 
electrochemical properties, confirming its potential utility in VRFB.  
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Abstract 

 

The Guggul gum-based hydrogel was synthesized in a microwave oven at 100% power using acrylic 
acid as the monomer, N,N-methylene-bis-(acrylamide) as the cross-linker, and ammonium 
persulfate as the initiator. The effects of several factors, including solvent, pH, time, microwave 
power, initiator concentration, monomer concentration, and cross linker amount, on the swelling 
capacity were investigated. When submerged in an aqueous solution, the optimized hydrogel has 
been seen to expand up to 850% in 3 hours. The synthesized hydrogel was verified through 
characterization using FTIR, FE-SEM, TGA, and XRD. It was found that the synthesized hydrogel 
was biodegradable (soil burial biodegradation test). The synthesized Guggul gum-based hydrogel 
showed great promise as a soil conditioner for use in agriculture. Because agricultural hydrogels 
naturally disintegrate over time without leaving any hazardous residue in the soil or on plants, 
they are environmentally beneficial. Therefore, using hydrogel as a soil conditioner will be a 
successful strategy for increasing sustainable agricultural production in environments with 
moisture stress.  
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Abstract 
 
 
Fruit and vegetable wastes (F&VW) from the agri-food sector are produced in vast amount, posing 
serious threat to the environment. Therefore, it is important to design sustainable approach to 
manage F&VW. Processing of pomegranate generates huge quantity of peels (PP) as waste. 
Pomegranate peels (PP) are rich source of ellagic acid (EA), a powerful bioactive compound with 
excellent antioxidant properties. PP were treated with green deep eutectic solvents (DES) [ChCl: 
Sucrose (4:1), ChCl: D-sorbitol (3:1)] and a conventional solvent ethanol: 2% acetic acid (60:40). 
The PP extracts, a complex matrix of several bioactive components obtained from all the three 
solvents were quantified for six phenolic acids using LC-MS/MS analysis, with EA in the range of 
118 - 798.36 mg/100g (DW of PP). The PP extracts depicted good antioxidant ability.  In order to 
selectively recover EA from the PP extract, an innovatively designed MIA (molecularly imprinted 
adsorbent: EA-CDCS-EDTA) was synthesized using greener materials like β-Cyclodextrin, & 
Chitosan with glutaraldehyde as a crosslinker and characterized using SEM, FTIR, XRD, Zeta 
potential and BET surface area analysis for its successful synthesis. Batch adsorption studies were 
conducted to optimize the adsorbent dose, initial concentration, and contact time. Obtained 
experimental data was fitted into isotherm models namely Langmuir, Freundlich, Temkin and 
Dubinin– Rudushkevich. The equilibrium data fitted best into Langmuir isotherms model and 
followed pseudo-second order kinetic model. The results indicated that the maximum static 
adsorption capacity of the prepared EA-CDCS-EDTA toward ellagic acid from PP extract was 67.41 
mg g-1.  
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Abstract 
 
 

Plastics or polymers have been an integral part of our daily lives. Conventional polymers derived 
from fossil-based non-renewable feedstocks negatively contribute to global environmental 
pollution. This work proposes a cost-effective sustainable technology as an alternative to 
conventional polymers. For this purpose, the starch-based formulation containing glycerin (15%, 
20%, and 25%) and water as a plasticizing system was considered. The temperature during the 
melt processing was optimized to improve the properties of the formulation. The polymer 
developed through the optimized settings was subjected to mechanical (tensile experiments) and 
thermal (thermo gravimetric analysis, differential scanning calorimetry) studies. Also, the 
wettability, morphological, and Fourier transform infrared characterizations were carried out. 
From the results, it was identified that the starch-based system containing 15% glycerin processed 
at 120 °C showed better properties than the other composition. The obtained tensile strength, 
Young's modulus, and the elongation in break were 21 MPa, 392 MPa, and 9%, respectively. The 
properties of the optimized polymer blend were in agreement with the blended starch, crosslinked 
starch, modified starch, and starch with added fillers reported in earlier studies. Another 
observation was that the increased plasticizer concentration decreased thermal stability. 
However, the optimized formulation was more stable than native starch up to 270 °C, indicating 
the enhanced starch-plasticizer interaction. Due to this reason, the hydrophobicity of the 
optimized blend was found to be superior. The results obtained from this investigation showed 
that the optimization of process parameters could help to enhance the properties of the starch 
formulation without the need for costly additives. 
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Abstract 

 
 

Denture soft liners have been widely used in dentistry as it forms a cushioned layer between the 
hard denture base and the oral mucosa and have the potential of improving comfort to patients 
with ridge atrophy, thin and non-resilient mucosa, bony undercuts and bruxomania. They are also 
recommended in the cases of irregular bone resorption, immediate prosthesis, healing after 
implant placement, and for patients with xerostomia. Different types of soft lining materials are 
available including plasticized acrylic resins, silicone elastomers etc. The use of denture soft liners 
is more economic as it enhances the longevity of the denture prosthesis and expected to grow 
demand more in dependent elderly care. Based on the clinical data, plasticized acrylic resin based 
soft liners give better adhesion to denture prosthesis compared to any other soft liner 
formulations. However, one of the major concerns is the use of high concentrations of plasticizers 
in acrylic denture soft liners, especially phthalate esters. The plasticizer migration from these 
polymer networks can cause changes in mechanical properties and compromise elasticity. In 
addition, toxicity related to phthalate ester plasticizers that are diffused out from the bulk of 
denture soft liners at regular intervals is a major concern. It has been reported that high 
concentrations of phthalate plasticizers in medical devices including softliners has been linked to 
series of health disorders including reproductive toxicity, toxicity during fetal development etc. 
Multiple strategies are introduced to mitigate the plasticizer migration and enhance compatibility 
of plasticizers within the polymer network including the use of plasticizers with high molecular 
weight/ increased branching, surface treatment, and covalent crosslinking of plasticizers within 
the polymer networks. The present study focused on the development of acrylic denture softliner 
formulation using nanogel additives without incorporating any small molecule plasticizer such as 
phthalate esters. Covalently cross-linked nanogels in the polymer network altered the glass 
transition temperature at various extents depending on the nanogel concentration in the parent 
polymer network and at the same time conserve bulk properties such as water absorption, bond 
strength and biocompatibility.  
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Abstract 
 
 

Reconstruction of damaged/diseased articular cartilage through biomaterial-based scaffold is 
widely investigated across globe in order to develop superior tissue engineered construct with 
potential to regenerate high quality cartilage tissue and possess ability to integrate at defect 
site with natural cartilage tissue. Various biopolymer of natural and synthetic origin was 
investigated earlier for potential cartilage repair construct development and certain extent of 
success was also reported. However, due to involvement of various factors for osteoarthritis it 
is very difficult to develop a common matrix for various grade of osteoarthritis. Also, due to 
avascular and poor regenerative nature of articular cartilage it’s always a great challenge to 
repair condral defect without performing microfracture. We attempted to develop novel 
platelet rich plasma-based hybrid tissue engineered construct with fine micron-nano cell 
supportive architecture through embedding chondrocyte suspended hydrogel in porous 
matrix. Hybrid matrix was developed to mimic gel like cartilaginous matrix with suitable 
physico-chemical and mechanical properties. Whereas, chondrocytes were encapsulated in 
PRP based hydrogel in order to mimic bioactive factors availability while natural wound healing 
process. The developed matrix was characterized for various morphological, mechanical and 
shape recovery properties. Furthermore, construct was examined for cellular distribution, 
viability, growth, and morphology to evaluate for advantages of proposed approach of tissue 
engineered construct generation. Furthermore, developed PRP construct was evaluated for 
biocompatibility, and chondral defect reconstruction using surgically developed chondral 
defect rabbit animal model. Finally, implanted matrix was evaluated for reconstruction 
potential by examining knee explant sample, histological analysis and micro-CT at various time 
interval after surgery. The obtained result shows that implanted PRP based tissue engineered 
construct exhibit ability to repair and fuse with neighbor cartilaginous tissue at defect site 
without any sign of infection or rejection. Thus, the proposed tissue engineered construct could 
be beneficial for reconstruction of damaged knee cartilage and also need to be further 
evaluated under various clinical condition of osteoarthritis. 
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Abstract 
 

 
Burns are a significant public health issue, particularly in low- and middle-income countries where over 95% 
burn-inflicted people die due to bacterial sepsis. Additionally, deep chronic ulcers like diabetic foot ulcer, 
pressure ulcer etc. often do not heal and may lead to amputation of the affected region of the body. Healing 
of such wounds requires an artificial support for tissue regeneration. Autograft is considered the best 
treatment option for full thickness wounds. However, limited donor site availability and critical condition 
of patients restricts its widespread use. The current skin regeneration substitutes are either highly 
expensive or disadvantages include inadequate regeneration of skin due to inflammation and transmission 
of pathogens. Scientific research on stem cells, growth factors or synthetic drugs incorporated polymeric 
scaffolds have exhibited promising results. However, these bioactive substances are expensive, short-lived, 
could induce antibiotic resistance and difficult to store. 
 
To overcome the existing limitations, in the present study we have developed an affordable dermal patch 
made of a combination of biomaterials incorporated with natural wound healing agents. The dermal patch 
consisted of two layers; top layer made up of polycaprolactone (PCL) and chitosan (CS) and bottom layer 
made of polyvinyl alcohol (PVA) with wound healing agents. A combination of naturally occurring wound 
healing agents, specifically curcumin nanoparticles. and soluble eggshell membrane protein (SESM) was 
incorporated in the PVA layer. PCL-Chitosan-PVA based bilayered dermal patches developed using two 
different methods, namely, solvent casting and electrospinning, were subjected to various physical and 
biological characterization for comparison. Further, a comprehensive physical, chemical and biological 
characterization of the wound healing agents was done in terms of their size, appearance, presence of 
functional groups, antioxidant, anti-inflammatory and wound healing properties. It was found that in the 
presence of curcumin nanoparticles, there was reduction in the production of reactive oxygen species 
(ROS) as well as cytokines, such as IL-2, IL-4, IL-6 and IFN-γ by mice T cells confirming its antioxidant and 
inflammatory properties. The expression of CD86 and TNF-α by THP-1 derived macrophages was found to 
be decreased in the presence of curcumin nanoparticles, thereby establishing their anti-inflammatory 
potential. Curcumin nanoparticles and SESM also improved the migration of human adult dermal fibroblast 
(HADF) cells, suggesting their contribution to wound healing. Further, the developed patch was found to 
be effective against Gram-positive and Gram-negative bacteria and demonstrated improved healing in full 
thickness excision wound model in Sprague Dawley rats. 
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Abstract 
 

 
Correctly used biodegradable plastics can reduce the amount of non-degradable plastics 
accumulating in natural environments. However, the biodegradability of even inherently 
biodegradable plastics is connected to specific end-of-life environments, such as industrial 
compost, and biodegradation can proceed slowly in common natural environments or home 
compost. Fabrication of bioplastics with embedded enzymes could help to eradicate problems 
related to the slow degradability of many common bioplastics by initiating the degradation process 
from the inside of the material when it comes in contact with the degradation medium. Still, 
efficacious incorporation of an enzyme in the polymer matrix and attaining programmable 
degradation is challenging.  
 
We propose a strategy for producing enzyme-embedded polyesters with enhanced degradation 
rates without significantly compromising host material properties. A lipase isolated from the 
fungus Candida rugosa was immobilized on cellulose-derived matrices to produce particles of 
micro or nano size. The immobilized matrix (ILM) served as an excellent enzyme protectant and 
lead to increased thermal stability which also protected the active sites. The embedded 
microparticles and nanoparticles sustained thermal processing with well-demonstrated enzyme 
activity after incubation. Prepared materials showed good stability under water-only conditions 
which extends the applications in real packaging and membrane-based systems. Enzyme-
embedded films underwent degradation both on the surface and in bulk simultaneously in a 3-
dimensional mode as confirmed by FESEM. The formed cavities and holes on the surface and bulk 
and comparison with the degradation of plain polyester demonstrated the ability of immobilized 
enzymes to accelerate the degradation process. Furthermore, within 20-21 days of composting or 
enzymatic hydrolysis (pH 7.2), significant molecular weight loss was observed, while the molecular 
weight reduction for non-modified polyesters was much smaller. Fluorescence microscopy 
confirmed that enzymes remained embedded for at least during the first 7 days of enzymatic 
hydrolysis. This study explored polyester-enzyme-ILM compatibility and selectivity for retaining 
inherent polymer stability after embedding an immobilized enzyme while achieving a significantly 
accelerated degradation rate when the materials were subjected to composting conditions or 
hydrolysis with external enzymes.  
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Abstract 
 
  

Polymers are widely produced high-utility materials with numerous applications. However, the 
massive dependence of its production on petrochemical resources is limiting its long-term use. 
Alternative feedstocks, either of a greener origin or waste-derived, must be investigated to meet 
the growing demand while mitigating pollution and ensuring long-term sustainability.1 
Polybenzoxazines (PBzs) are a novel class of phenolic thermoset resins with high performance and 
tremendous applications, but the high ring-opening polymerization (ROP) temperature limits its 
utility. Also, sulfur is a high-tonnage waste generated from the petrochemical industry, but its 
transformation into functional copolymers at low temperatures is still challenging. The current 
study focuses on the “inverse vulcanization” of the bio-based isoeugenol-furfuryl (IE-fa) 
benzoxazine monomer with elemental sulfur at room temperature to produce the copolymer 
poly(S-r-IE-fa). This unusual lowering of ring-opening polymerization temperature of benzoxazine 
and structural transformation was supported by in situ nuclear magnetic resonance (NMR) kinetics 
experiment, and Fourier transform infrared (FTIR) spectroscopy. Further, the covalent fixation of 
sulfur resulted in amorphous solution processable copolymers with high glass transition 
temperature, Tg (10-86 °C). The results were supported by differential scanning calorimetry (DSC), 
thermogravimetric analysis (TGA), energy dispersive X-ray (SEM-EDAX) analysis, powder X-ray 
diffraction (XRD), gel permeation chromatography (GPC), X-ray photoelectron spectroscopy (XPS). 
These copolymers provide a low-cost and sustainable alternative to materials with mid-wave 
infrared (MWIR) transparency and may advance Bz chemistry towards transparent optics. 
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Abstract 
 

A majority of water pollution occurs through the discharge of effluents from industries. 
Wastewater treatment is crucial to protect our water sources from harmful pollutants. Therefore, 
a number of efforts have been made to tackle this issue by employing different techniques. The 
combination of clay minerals with polymers and gemini surfactants can be used effectively in 
wastewater treatment. While both have their own drawbacks, it is fascinating to discover that they 
complement each other to overcome most of their limitations. As a result, clay-polymer 
nanocomposites (CPNs) and clay-gemini hybrid materials (CGHs) have been found to be highly 
efficient in the adsorption of pollutants from water and show promising results to be a long-term 
candidate for this purpose. In this work, we discuss about different types of clay, polymers and 
gemini surfactants used in the preparation of CPNs and CGHs. The work also focuses on the 
different types of clay-polymer nanocomposites, their synthesis and factors affecting their 
performance such as pH, temperature, contact time, pollutant concentration and adsorbent dose. 
Further the intercalation of gemini surfactants into clay minerals to transform them to hybrid 
materials, their characterization, adsorption performance and factors influencing the adsorption 
capacity of the CGHs have been discussed.  
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Abstract 
 
 
In Today’s world, electronic industries expanding day by day and the electronic devices are getting 
smaller in size. Polymeric materials are extensively used in these electronic devices which required 
high thermal conductivity along with electrical insulation. Thermal conductivity required for the 
better performance with long life span of these electronic devices. Apart from these electronics, 
aerostat, airships, space vehicles etc. also required such types of properties. Hexagonal boron 
nitride (h-BN), also called as white graphene is a suitable candidate which is an electrical insulator 
with thermal conductance. This makes it suitable for the applications in thermal management of 
the electronics devices and displays also. In this paper, our focus is to explore the thermal 
conductivity and IR emissivity properties of the hexagonal boron nitride which are desirable in 
aerospace applications also. TPU polymeric matrix also find enormous special applications such as 
PU based membranes, films or coatings are extensively used such as coated or laminated envelop 
for lighter-than air (LTA) applications (hot air balloon, aerostat, airship etc.), food packaging, 
automotive applications (primer coating, tire etc.). 
 
In an engineering perspective, processability, ease of mass production, good interfacial interaction 
with the filler are crucial aspects of the polymeric matrix. The final nano composite possessing 
highly distributed and dispersed h-BN was obtained via making solution dispersed masterbatch 
followed by processed via twin screw extruder. This attributing to a good interfacial interaction 
between the matrix and the h-BN along with shear force generated upon manufacturing the 
nanocomposite. The EDX mapping and FE-SEM shows uniform distribution and dispersion. TGA 
shows, h-BN is thermally stable at least up to 900℃. The composite exhibited exceptionally high 
thermal conductivity improvement of 40% and 17% reduction in IR emissivity at 10 wt.% loading 
of h-BN. 
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Abstract 
 
Market of small scale electronic devices have grown exponentially over the last few decades with 
the power source still depending on batteries. Recent research in this field has been focused 
towards seeking alternate methods to power them. Electroactive polymers show immense 
possibility to be used in smart wearable and flexible electronics owing to their high flexibility and 
easy processibility. It was discovered that the piezoelectric properties were significantly enhanced 
in nanofibers when compared to bulk counterpart. Although electrospinning has been the most 
common method of nanofiber formation, but the major drawback comes down to low output and 
hence lack of large scale implementation. In this regard we are exploring solution blowing as 
alternate method for Polyvinylidene Fluoride (PVDF) nanofiber formation for energy harvesting 
application.  
 
In this technique a concentric nozzle is used where inner nozzle extrudes polymer solution and 
outer nozzle gives high pressure air supply which causes shearing at the gas liquid interface. Figure 
1 shows a schematic representation of the solution blowing process. In this work, PVDF solution 
prepared using different solvents (DMSO, DMF, DMAc, DMSO:Acetone, DMF:Acetone, 
DMAc:Acetone) was pumped at different flow rates (5 ,10 ,15 ,20 ,25 ,30 ml/hr) and the polymeric 
solution was stretched with the help of high pressure air supply at different pressure (1,2,3,4,5,6 
bar). Optical microscopy images showed that the optimal conditions for nanofibre formation was 
10ml/hr flow rate, 2 bar pressure and 50 cm collector to nozzle distance. 
 

 
Figure 1. Schematics of Solution Blowing 

 
References: 
 

1  Liu, Rui-Qiang, et al. "Preparation of nanofibrous PVDF membrane by solution blow spinning for  

mechanical energy harvesting." Nanomaterials 9.8 (2019): 1090. 

2 González Benito, F. J., Teno Díaz, J., Torres, D., & Díaz, M. (2017). Solution blow spinning and 

obtaining submicrometric fibers of different polymers. 

  

mailto:ttz208025@iitd.ac.in


 

Polymer Membrane Fuel Cells: Ab Initio Quantum Chemical and Density Functional 
Theory Perspective 

 
Anant D. Kulkarni 

 
Department of Polymer Science, S K. Somaiya College, Somaiya Vidyavihar University, Vidyavihar, 

Mumbai 400 077, India  
E-mail: anant.kulkarni@somaiya.edu 

 
 

Abstract 
 
 

The practical implementation of fuel cells in the hydrogen economy can be reached only through 
the reduction of the production cost and significant improvement of the electrocatalytic 
characteristics of the electrodes. This warrants the judicious designing of novel materials including 
polymer membrane, that can facilitate an understanding of the mechanism of electrocatalysis at 
the molecular level. Computational simulations within  the premise of ab initio quantum chemistry 
and density functional theory enables this understanding quite accurately. The talk will be focused 
on giving an account of computational investigation of degradation mechanism, the 
thermodynamics, as well as hydrophilic and hydrophilic effects of modelled membrane oligomers.  
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Abstract 
 

Electrochemical energy storage devices including supercapacitors and metal-ion batteries are one 
of the most sustainable energy technologies. The advancement of layered materials constantly 
improving the storage capacity of charges by easily facilitated intercalation/de-intercalation 
mechanism. Here, in this study we have prepared a PANI/VS2 composite material by following 
simple and scalable method where, the addition of PANI to the layered VS2 added the extra 
advantages to the resulting materials by improving the conductivity as well as charge acceptor 
sites during the ASSCs and ZIBs cycling process. The PANI/VS2 composite has shown a specific 
capacitance of 822 F g-1 at 2 A g-1 of discharge current density where, the improved capacitance is 
due to the contribution of pseudocapacitance from PANI. The observed nanowire network of the 
PANI over VS2 surface facilitated the electrolyte accessibility. The assembled ZIB by employing 
PANI/VS2 as cathode also showed a charge storage capacity of 219 mA h g-1 observed at discharge 
rate of 0.1 A g-1 with coulombic efficiency of ~100 % after continuous 750 cycles at 5 mA g-1. The 
observed higher charge storage capacity and the cycling reversibility of the devices is credited to 
the robustness of the layered PANI/VS2 composite material.  
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Scheme 1. Schematic presentation of materials synthesis and electrochemical energy device fabrication; (I) the synthesis scheme of 
VS2/PANI composite material, (II) fabrication of all-solid-state supercapacitor (ASSC) device, (III) stepwise zinc-ion battery fabrication.  
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Abstract  
 
 

Polyvinyl alcohol (PVA) is an environmentally benign polymer increasingly utilized to prepare low-
cost separators for Microbial Fuel Cells (MFCs) applications. The use of Nafion as proton exchange 
membrane in MFCs is expensive with operational issues like biofouling and fuel crossover limiting 
the practical application of the device to harvest energy from wastewaters. In this connection, a 
facile route is adapted to fabricate a Nafion-alternative membrane using poly(vinyl alcohol) (PVA) 
crosslinked with glutaraldehyde(GA) as a relatively low-cost, effective membrane for MFCs. The 
crosslinking of the PVA membrane resulted in reduction in hydroxyl groups and formation of acetal 
ring and ether linkage demonstrated by controlled water uptake and swelling ratio with enhanced 
thermo-mechanical stability. The crosslinked membrane displayed higher power density than 
those typically reported for domestic wastewater fed MFCs, reaching a maximum of 158.28 
mW/m2 for the fabricated membrane. The PVA-GA membrane with antimicrobial activity, high 
power performance and no fuel crossover shows its potential as separator in future MFCs based 
on its performance and low cost of installation. 
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Abstract 

 

Thermo-physiological comfort of the human body is based on heat balance, which states that the 
heat produced by body metabolism should equal the heat loss by the human body. The heat loss 
from the human body occurs through different mechanisms like conduction, convection, 
radiation, and evaporation. The prominence of various mechanisms depends on environmental 
factors like temperature, relative humidity, and wind velocity. 

The potential of incorporating a reflective and breathable fabric layer in extreme cold environment 
clothing to reduce radiative heat loss from the human body is investigated in the current research 
work. Due to the fact that human skin emits IR radiation, the contribution of radiative heat loss 
becomes increasingly noticeable as the ambient temperature drops below sub-zero. In the 
research, silver nanoparticles are deposited on polyester fabric using an electroless chemical 
plating process. Prior to and following the silver plating of polyester fabric, the change in the 
stiffness and water vapour transfer rate of the fabric is analysed. Additionally, the control and 
silver-plated samples' radiative heat flux and emissivity are assessed. From +15 °C to -55 °C, the 
heat loss through a six-layer outfit is also investigated. The third layer of the outfit is left open-
ended and can be either the control fabric sample or one made of silver-plated fabric. In addition 
to the above, under various temperature ranges, the impact of silver-plated fabric on thermal 
insulation is investigated. 
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Abstract 

 

 In this study, we used a free radical polymerization approach to create a poly(acrylamide)-grafted 
Hing gum-based crosslinked hydrogel to remove cationic dyes from an aqueous solution. The 
experimental conditions were optimized using response surface methodology (RSM), wherein 
swelling response was obtained to optimize the significant variables. The variables that have been 
optimized are the initiator (2.21 × 10-2 mol L-1), monomer (8.67 × 10-1 mol L-1), and solvent (13 mL) 
to get the maximum percentage swelling of 754%. The formation of crosslinked hydrogel was 
studied using X-ray diffraction, Field-emission scanning electron microscopy, Fourier transforms 
infrared spectroscopy, Thermo gravimetric analysis, and UV-Visible spectroscopy. The synthesized 
hydrogel's ability to interact with cationic dyes is due to the presence of both cationic and anionic 
polymer chain segments. Finally, the synthesized hydrogel was studied for Malachite Green (MG) 
and Methylene Blue (MB) dye removal from wastewater. It has been found that synthesized 
hydrogel is a potential candidate for the removal of MB dye compared to MG from water. The 
findings of this study offer a unique perspective on developing high-performance, reusable, and 
efficient adsorbents. 
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Abstract 
 
 
The valve-regulated lead acid (VRLA) battery is a predominant electrochemical storage system that 
stores energy in a cheap, reliable, and recyclable manner for innumerable applications. The 
absorptive glass mat (AGM) separator is critical for successfully functioning the VRLA battery. This 
research work is therefore directed towards the characterization and analysis of the 3D 
morphology of AGM nonwoven separators. Specifically, fiber orientation distribution (FOD), 
porosity, pore size distribution (PSD), hydraulic tortuosity, and fiber curl distribution of AGM 
separators were analyzed with the aid of X-Ray micro-computed tomography (micro-CT) analysis. 
A predictive model of hydraulic tortuosity has been developed based upon some of these fiber 
and structural parameters. Moreover, the pore size distribution extracted via X-ray microCT 
analysis has served as a benchmark for comparison with the existing analytical model of the pore 
size distribution of AGM separators. Pore size distributions obtained via the existing analytical 
model and through X-ray microCT analysis are in close agreement. 
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Abstract 
 

 
Numerous hazardous environmental pollutants in water bodies, both organic and inorganic, have 
become a critical global issue. The SrVO4 nanoparticles have high stability and biocompatibility is 
suitable biomedical and environmental applications, such as pathogen and pollutant removal. The 
synthesized nanoparticles were characterized via UV–visible diffuse reflectance spectroscopy 
(UV–vis-DRS), Fourier transform infrared spectroscopy (FTIR), X-Ray diffraction (XRD), FE Scanning 
Electron Microscopy (SEM), energy dispersive X-ray Spectroscopy (EDS) . The nanoparticles 
possessed band gaps from 2.45 eV and therefore could be activated by solar light. The SrVO4 acts 
as a photocatalytic agent for the removal of dye thereby finding its way in water treatment. The 
effect of initial dye concentration, catalyst loading, irradiation time, pH, adsorption of cationic dye 
on SrVO4, and intensity of light are measured using absorbance in UV–Visible spectrophotometer 
from decolourisation under solar light irradiation and around 99% of the dye was degraded within 
3 hrs. The results reveal the efficiency of the synthesized photocatalysts in the photodegradation 
of MG with higher rate and good reusability. 
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Abstract 
 

 
Random lasers (RLs) are mirrorless light sources where feedback emanates from multiple 
scattering at the expense of spatial coherence and directionality. One of the most straightforward 
ways to build a random laser is by preparing a solution of a laser dye, which has a significantly 
large quantum yield with suspended scatterers (Colloidal based random lasers). However, 
exploring fluorescent dye-doped electrospun polymer fibers for optical applications has gained 
immense interest. 
 
The development of photonic devices based on novel electrospun polymer fibers has led to 
improved optical materials, highly appealing to RLs. Recently, electrospun polymer fibers have 
been proposed as suitable materials for RLs, leading to a versatile, low-cost strategy for developing 
new scattering materials. Here we utilize electrospun Polyvinylidene fluoride (PVDF) polymer as 
the system with randomness (scatterers), varying in all directions, and rhodamine 6 g (R6G) as the 
gain medium. A transition from amplified spontaneous emission to lasing with coherent feedback 
in dye-doped electrospun polyvinylidene fluoride polymer mats is observed by increasing the gain 
concentration. Also, at an optimum gain concentration, coherent sharp lasing peaks were 
observed (where peak width narrows down to ≈ 0.2 nm), which are superimposed on the broad 
emission band. These results made this simple and disordered platform made of R6G doped 
electrospun PVDF materials as valuable active media for optical sensing and versatile microlaser 
devices. 
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Abstract 
 
 

Natural fibres, as reinforcing agent, are of great interest to researchers and industries for the last 
few decades due to their high strength, lightweight, abundance, low cost, and biodegradability 
(environment-friendliness).1 Flax fibre reinforced polyolefin composite is a great interest of 
today’s scientists. But the preparation of such composites with desired properties is a great 
challenge due to the dissimilar surface wettability (surface energy) of polyolefin and flax fibre.2  
 
In this work, we have developed a linear low density polyethylene (LLDPE)/flax fibre based 
composite successfully. First, flax fibre is subjected to gamma radiation-assisted surface 
modification through covalent attachment of long chain hydrocarbon. Therefore, the surface 
wettability of flax fibre turns closer to that of LLDPE, and consequently a LLDPE/flax fibre 
composite with a strong interface is formed easily. Due to the designing of strong interface and 
consequently higher load transferring capability, properties are improved considerably. Young's 
modulus and tensile strength values of composites with surface modified flax fibre become 
considerably higher compared to pure LLDPE and LLDPE/pure flax fibre composites. Strong 
reinforcement is reflected in the dynamic mechanical properties also. The highly improved 
dispersion and strong interfacial strength of LLDPE/modified flax fibre are observed in SEM 
(scanning electron microscopy). Thermal degradation temperatures of LLDPE and flax fibre are 
also improved in the composites. 
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Abstract 
 
 

Bio-based Epoxy/Polyurethane (PU) composite applicable as automobile sealer was synthesized 
by the ultrasonication mixing process. Castor oil (CO) was modified by epoxidation followed by 
transesterification and acrylation process, which was used to synthesize PU. Triallyl isocyanurate 
(TI)-modified nano-silica (NS) particles were incorporated into the blend to enhance the 
performance characteristics. The structural properties of the composite were studied using FTIR 
spectra.  Char residue %, glass transition temperature, cross-linking density, and WCA were 
observed to increase from 3.10%, 50.60 °C, 0.98 mol/m3, and 85.63 ° to 4.55%, 73.76 °C, 3.75 
mol/m3, and 91.45 ° respectively after incorporation of NS. The impact strength, tensile strength, 
and fracture toughness of the blend were studied to increase after NS reinforcement. The epoxy-
PU/NS nanocomposite developed fulfilled the parameters of automobile sealer. 
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Abstract 

 
 

With the high demand of eco-friendly small scale energy harvesting technologies, piezoelectric 
energy harvesting is gaining the ground. Piezoelectric materials have been used for a wide range 
of applications such as sensors, actuators, and transducer. There are wide range of application 
areas, where actuators, sensors, and transducers need to be operated at elevated temperatures 
(>100 °C). Piezoelectric blends considered as functional materials (made of piezoelectric active 
and non-piezoelectric passive polymers) could be advantageous compared to the conventional 
piezoelectric polymers with improved electromechanical properties and mechanical flexibility. In 
this research, a blend solution of piezoelectric polymer (PVDF) and a high temperature stable non 
piezoelectric polymer (PEI) is prepared at fixed concentration of 20 wt% with a blend percentage 
of PEI varied from 5% to 15%. Here we present a detailed study of the manufacturing procedure 
of blend films and their microstructural analysis. The effect of blend percentage on electroactive 
properties of developed films in terms of output open circuit voltage and short circuit current is 
also analyzed in detail. 

 

Keywords: Polymer blend; Piezoelectric; Energy harvesting; Open circuit voltage; Short circuit 
Current 
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Abstract 
 
 

In this study, two different grades of bio-based polyols have been used to formulate rigid 
polyurethane foams (RPUFs). Environment-friendly blowing agents having low ozone-depleting 
potential such as methyl formate (MF) and cyclopentane (CP) were employed to produce greener 
RPUFs. Non-ozone depleting substance (ODS) based RPUFs with different densities have been 
prepared by varying the amount of water as a chemical blowing agent. The prepared foams were 
evaluated for their chemical structure, free-rising density, compressive strength, cellular 
structure, and thermal properties. Fourier transform infrared (FT-IR) studies has been used to 
confirm the formation of characteristic urethane linkage in the foams. Uniform cellular 
morphology of the RPUF blown with CP was verified with Scanning electron microscopy (SEM). 
The low thermal conductivity and improved compressive strength of RPUF could be achieved with 
CP as a blowing agent. In addition, functionalized multiwall carbon nanotubes (f-MWCNT) have 
been introduced into CP-based RPUF for further enhancement of the dimensional stability. 
 
Keywords: Bio-based polyols, Cyclopentane (CP), Functionalized MWCNT (f-MWCNT), Methyl 
Formate (MF), Rigid polyurethane foams (RPUF) 
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Abstract 
 
 

Venous access medical devices facilitating long term access such as Central Venous Catheters 
(CVCs) have found a routine use in intensive and critical care settings. Today, incidences of 
Catheter-Related Blood Stream Infections (CRBSIs) have posed a significant challenge. Despite 
huge advancement in the material design of CVCs clinicians continue to struggle with infectious 
complications associated with their use. Medical device-associated infections, mainly caused by 
microbial biofilms, are associated with several clinical complications in patient care. Besides, 
emerging antimicrobial resistance and biofilm formation are recognized as key virulence traits 
rendering infections chronic and difficult to treat even with 1000x MIC of antibiotics. Therefore, 
non-antibiotic-based solutions that prevent bacterial adhesion on medical devices are warranted. 
In the present study, we developed coating using zinc oxide nanoparticles on CVCs. Commercial 
central venous catheters were coated with ZnO nanoparticles and the surface modification was 
confirmed using SEM-EDX. Acinetobacter baumannii, at a cell density of 1x108 in 1x PBS was 
allowed to adhere on the coated and uncoated CVCs for 3 hours at 37°C. PBS was replaced with 
growth media to allow biofilm formation on the coated/uncoated CVCs. We observed, after 48 hrs 
of incubation, ZnO-NPs coated CVCs displayed more than 90% reduction of Acinetobacter 
baumannii biofilm formation as compared to uncoated CVCs. Based on our findings, we propose 
ZnO nanoparticles as promising non-antibiotic based preventive solutions to reduce the risk of 
central venous catheter-associated infections. 
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Abstract 
 

Wearable electronic textiles and camouflaged textiles are technologically important materials that 
are critical for the future growth of technical textiles. For these applications, flexible polymer-
based conducting fibers are essential. Towards this, materials like intrinsically conducting 
polymers (ICPs), MXenes, and metallic and CNT/graphene-based materials have been used as 
electrically conductive fillers in the polymer matrix. Among these, ICPs are promising materials as 
they are lightweight, dispersible, and easy to synthesize. However, the blend of the conjugated 
polymers with spinnable polymers has usually yielded poor electrical properties in the past.  

In this study, it was hypothesized that the anisotropic nanostructure of ICPs may provide a better 
connecting network and yield improved the blends' electrical properties. To investigate this, we 
synthesized anisotropic poly(pyrrole) nanostructures and blended them with commodity-grade 
polymers to obtain conductive composite fibers. The composite fibers, thus obtained, showed 
good DC electrical conductivity at a low percolation threshold. This study further investigated the 
effect of the loading of polypyrrole nanostructures on the mechanical and electrical properties of 
the conductive composite fibers. 

Keywords: Intrinsically conductive polymers, nanostructures, anisotropic, conducting textiles 

 

Fig 1-. SEM images (a,b) and histogram (c) of the size distribution of polypyrrole nanostructures 
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Abstract 
 
 

Wearable devices for energy generation are required to be highly stretchable and mechanically 
stable to repeated deformations. During various body motions, both the stretching and 
compressive forces act on wearables. Piezoelectric nanogenerators (PENG) are desirable 
candidates for wearable electronics due to their simple structure and ease of generating energy. 
For such applications, polymer based devices are preferred, however, devices based on PVDF, a 
popular ferroelectric polymer, though flexible, suffer from poor stretchability. Herein, we 
demonstrate a first all polymer based ferroelectric device with high flexibility and stretchability.  
 
In the present study, we report,  the fabrication of all polymer based highly stretchable and flexible 
piezoelectric nanofiber films. Piezoelectric polymer, PVDF, which is known to have poor 
stretchability and low piezoelectric response, was blended with a small amount of elastic (non-
piezoelectric) polymer to achieve significant enhancement of properties. The blend could give a 
unique combination of highly stretchable electrospun composite nanofibrous webs with 
significantly enhanced piezoelectric properties and high stability to repeated deformations. Using 
a novel stretchable electrode (prepared using graphene and PEDOT:PSS coating), the device could 
be readily integrated with the wearables and the energy could be harvested from  human motions 
and stored in a capacitor 
 
The S-PENG devices were integrated with the wearables and evaluated for their performance 
during different body motions such as walking, knee and elbow bending, and finger movements. 
The generated energy could be stored in a capacitor, which got charged to ~ 650 mV in just 100 s. 
The approach was found to have a great potential for developing stretchable wearable devices for 
energy harvesting. 
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Abstract  
 
 

The low-density polyethylene (LDPE) and polypropylene (PP) recycled polyolefin biomedical waste 
were collected from a hospital and sterilized with 1% sodium hypochlorite before being microwave 
disinfected. The existence of pathogens grown on the sterilized biomedical waste if any were 
examined. In order to determine the waste's composition and the degree of post-sterilization 
degradation, FTIR analysis and the Carbonyl index were also conducted. The interface between 
the various polyolefin waste, was balanced with the incorporation of ethylene diene monomer 
within recycled blends prepared utilizing the melt extrusion technique. The mechanical and 
morphological characteristics of blends were investigated. Due to incompatibility in the blends, 
thermal analysis using DSC showed two distinct peaks of melting and crystallization. With the 
addition of LDPE and EPDM, DMA findings demonstrated a decrease in modulus. SEM analysis 
confirmed the homogenous distribution of recycled LDPE droplets with a decrease in the 
interparticle distance indicative of partial miscibility. 
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Abstract 
 

 
Textile finishing is a primary requirement and a vital step in processing of textiles that improves the 
performance of the textiles as well as adds functional qualities. Consumers today are more focused on the 
comfort and functionality of clothing than the aesthetic aspect. Protective clothing is nowadays a major 
part of the advanced technical textile materials and it safeguards humans from injury, diseases and various 
natural or industrial hazards.  
 
The potential of antibacterial fabrics to lessen the spread of illness in medical and healthcare has generated 
a lot of interest in recent years. Microbial growth on textiles can cause unpleasant odors, skin irritation and 
other problems because textiles provide favorable conditions for many diseases and are vulnerable to 
bacterial and fungal infestations. Therefore textiles with antibacterial qualities have prolonged functional 
life and are prevented from unpleasant odours.  
 
There are numerous antibacterial compounds currently being used, many of which contain harmful and 
cancerous synthetic substances such as quaternary ammonium and nonylphenol compounds. People are 
increasingly turning to plant-based products that are safe and skin-friendly. Many essential oils, including 
curcumin, neem, thyme, pepper and others, have been found to have antibacterial characteristics. 
Antibacterial clothing impregnated with essential oils is the most effective way to guard against bacterial 
infections since it covers most of the human body. 
 
Moringa oleifera, native to India has been used in the medicinal field for centuries due to its medicinal 
compounds and considerable pharmacological activities. Almost every part of the plant and its essential oil 
is utilised culturally for food, medicine, and flavor. It is commonly known as drumstick and has many active 
components such as alkaloids, flavonoids, tannins, triterpenoids and saponins with potent antibacterial 
effect and anthelmintic activity.  
 
Essential oils evaporate when exposed to air at normal temperature since they are volatile by nature. 
Conventional pad-drying techniques have poor finish durability on fabrics. Microencapsulation is thus a 
protective and advance technique that encapsulates solid, liquid, or gas components into tiny particles with 
diameters ranging from 1 to 1000 µm. 
 
This investigation focuses on antibacterial properties against S. aureus and K. pneumoniae of Moringa 
oleifera essential oil. Moringa oleifera essential oil was microencapsulated on cotton fabric using complex 
coacervation technique comprising of gelatin and gum arabic as wall materials. The influence of 
various parameters, such as the concentration of oil and wall material, temperature, encapsulation yield 
and particle size distribution was examined. The results revealed that the encapsulated cotton fabric 
showed above 85% antibacterial properties against S. aureus and above 70% against K. pneumoniae. Other 
physical properties were also tested and finished fabric did not deteriorate the original fabric. 
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Abstract 
 

 
Global water scarcity and uncontrolled anthropogenic activities have catalyzed broad based research 
efforts for coming up with new, sustainable yet affordable technologies for water treatment and 
remediation. Several techniques, such as membrane-based separation have gained huge importance to 
address this crucial scenario, still, their performance is far from meeting the stringent water standards, 
both locally as well as globally. Attributing water remediation membranes with antifouling properties 
continues to be a major research focus. To this end, special focus has been directed towards the 
development, design, synthesis, and usability of new functional materials and integrating them with 
existing technologies. Polyoxometalates (POMs), a new class of polyanionic clusters have the inherent 
ability to enhance the antimicrobial and hydrophilicity properties of membranes, thus addressing fouling, 
the most pressing issues of commercial membranes. These materials in combination with sequential 
interpenetrating polymeric networks, exhibit unique surface tailorability in terms of surface charge, 
properties, and performance. These attributes make them ideal candidates for cutting-edge next-
generation water remediating systems. 
 
Herein we have fabricated a Copper-substituted polyoxometalate (Cu-POM) mixed matrix sequential 
interpenetrating polymeric network membrane via integrating engineering aspects of IPNs and in-situ 
electrostatic attachment. The incorporation of Cu-POMs endowed the IPN membranes with exceptional 
and unique surface morphology. The inclusions enhanced the surface roughness, pore structure and 
hydrophilic nature of the membranes. Superior antifouling characteristics and charge carrying capacity 
were typical characteristics of the designed membranes. The membranes were characterized thoroughly 
via multiple spectroscopic and microscopic techniques apart from Zeta potential, water contact angle, TGA 
and XRD. Over several and repeated operational cycles the membranes were found to exhibit stable 
performance in terms of salt rejection (ca. 98%) dye removal (>97% for both cationic and anionic dyes) and 
antibiotic removal performance (>96%). Despite their reuse, the membranes maintained their inherent 
antifouling and chlorine tolerant behaviour. The synthesized electrostatically tagged in-situ decorated Cu-
POM based IPN (Cu-POM @IPN) membranes were pliable, mechanically robust and has the potential for 
being emerging prospective candidates for efficient and expeditious water remediation 
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Abstract 
 
 
Chitosan and poly-vinyl alcohol (PVA) hybrid backbone grafted with ionic liquid, like a hydrogel 
with excellent adsorption capacity was synthesized. A novel hydrogel was investigated in an 
attempt to develop adsorption of murexide, nitrite anion, Pb2+ and oil-water separation from 
wastewater. Hydrogel was obtained the hybrid backbone by crosslinking of chitosan and poly-vinyl 
alcohol (PVA), using glutaraldehyde as crosslinker.  
 
Thereafter, synthesized monomer (IL) was grafted into the backbone with the help of 
azobisisobutyronitrile (AIBN), a radical initiator. Swelling properties of hydrogel were optimized by 
varying the solvent, pH, time and temperature. Maximum swelling of optimized hydrogel was 
found around 330%. The modified hydrogel was systematically characterized using various 
techniques such as Nuclear Magnetic Resonance Spectroscopy (NMR), X-ray Photoelectron 
Spectroscopy (XPS), Infrared Spectroscopy (IR), Powder X-ray diffraction (PXRD), Scanning Electron 
Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS). The removal mechanism was 
attributed predominantly to strong electrostatic interaction of cationic hydrogel with dye, Pb2+ 
and nitrite anions. A novel hydrogel is effective to remove upto 97% of dye and 98% of Pb2+, which 
is further reused after washing with methanol. Furthermore, gel is also valuable for recovery of oil 
from oil-water mixture. The synthesized hydrogel is biodegradable and follows a nature friendly 
greener approach.  
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Abstract 
 
 

Developing polymer films based on biopolymers is an excellent example of a sustainable 
breakthrough that can replace single-use plastic. With the development of technology, smart 
biopolymers for monitoring food freshness are also gaining tremendous interest 1. It is 
indispensable for food items to maintain their optimum storage conditions for retaining freshness. 
Perishable food items and dry fruits should maintain the optimum humidity to retain their 
freshness. Therefore, early detection of humidity changes inside packaged food is essential.  
 
In this work, we have fabricated a smart biopolymer nanocomposite packaging material. This 
material can be used for humidity detection to monitor the freshness of packaged food without 
opening the packet by flashing a UV light. The smart nanocomposite film was synthesized by 
blending guar gum-sodium alginate with carbon dots via the solution casting method. The change 
in relative humidity can be monitored with respect to the change in the fluorescence intensity of 
the biopolymer nanocomposite with the help of a fluorescence spectrofluorometer. 
 
Moreover, the changes can also be visualized with the naked eye after shining with 365 nm UV 
light. The physicochemical properties of the composite film were studied using Fourier transform 
infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), tensile measurement, X-ray 
diffraction (XRD), Atomic Force Microscope (AFM), Scanning Electron Microscopy (SEM), and 
Transmission Electron Microscopy (TEM). The development of such a smart biopolymer 
nanocomposite will help in smart packaging and lead to more sustainable material use. 
 
 
Keywords: Smart Packaging, Guar gum, Sodium alginate, Carbon dots, Relative humidity. 
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Abstract 
 

 
Benzene has been classified as carcinogenic by the Environmental Protection Agency and the 
International Agency for Research on Cancer, and the BS IV fuel specification recommends that 
gasoline have no more than 1 (vol%) benzene. Pyrolysis gasoline, which acts as an octane booster, 
needs to be free of benzene before it is blended with gasoline in order to avoid environmental 
pollution and health hazards. Conventional benzene separation (extractive distillation and 
catalytic hydrogenation) processes are energy consuming. A membrane-based separation method 
(pervaporation) could be a preferable choice; polyvinyl alcohol based membranes are very 
efficient for debenzenation of hydrocarbon mixtures by pervaporation. The basic objective of this 
work is to conduct a novel study on the preparation of various insitu(nano)Ag/PVA membranes (4 
types) using easy solution casting method for debenzenation of synthetic pyrolysis gasoline 
(benzene/1-octene mixture) and investigation of its efficiency in terms of permeation flux and % 
rejection of benzene. Both flux (maximum 3.28 kg/m2/h) and % rejection (highest 70 vol%) were 
increased with increasing insitu(nano)Ag generation in PVA matrix. The prepared membranes 
were characterized by Scanning Electron Microscopy, Transmission Electron Microscopy, 
mechanical strength, UV-vis spectroscopy. The best insitu(nano)Ag/PVA membrane that uses 
pervaporative separation of benzene from model py gas is also being investigated. 
 
Keywords: insitu(nano)Ag/PVA membrane, synthetic pyrolysis gasoline, debenzenation 
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Abstract 
 

Gemcitabine (GEM) is a stand-alone chemotherapeutic drug reported to increase the survival of pancreatic 
cancer (PC) patients. However, main challenges in systemic therapy of GEM have been: (i) It is unable to 
reach PC cells because of dense stroma, (ii) its low plasma half-life and low bioavailability, (iii) its cytotoxicity 
to healthy cells and resistance to PC cells.  

 
To overcome these challenges, we developed film-based localized and sustained delivery of GEM. GEM 
being highly hydrophilic, we used chitosan for developing the film. Further, to improve the mechanical 
properties, we combined polyvinyl alcohol (PVA) with chitosan, which reduced the elastic modulus from 
0.65 MPa to 0.19 MPa. Further, the mechanical strength increased from 24 MPa to 45 MPa. 

 
The film was crosslinked using sodium tripolyphosphate (TPP), which lead to slow release of GEM from the 
composite film over two weeks. Further, when GEM is delivered by film, it has enhanced cell-killing 
capability in 2D and 3D cell models. Also, GEM-film showed prominent cytotoxic effect on GEM-resistant 
cells and did not lead to development of GEM-resistance, unlike free GEM. In line with this, GEM-film has 
enhanced anti-proliferative and DNA damaging effects. In the pre-clinal orthotopic PC model, GEM-film 
significantly (p <0.001) regressed tumor growth in comparison to free GEM-treated group. The local and 
sustained release of GEM leads to enhanced anti-tumor efficacy and prevents development of GEM 
resistance. 
 
In line with the film, we have also combined curcumin (CUR) with GEM to develop a chitosan-PVA 
composite gel. The gel displays a desirable, controlled release of both the drugs in acidic pH (pH of 
pancreatic tumor microenvironment is acidic, i.e., 5.5) after 6 days, with only 30% release of GEM and 40% 
release of CUR. Cur-GEM loaded in gel shows more killing than free drug, given individually or in 
combination. CUR-GEM combination inhibits PC cell proliferation and also shows more DNA double-strand 
break in comparison to free GEM. In conclusion, slow release of drug from an implant has enhanced 
cytotoxicity on PC cells in comparison to free drug. 
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Abstract 
 

 
Traditional polymeric composites primarily contribute to environmental degradation by producing 
harmful air pollutants and hazardous solid waste. Therefore, there is a recommendation to seek a 
replacement for standard polymeric composites that has a lesser environmental impact. The 
'Natural Fibre Reinforced Bio-matrix Composite' or so-called 'Biocomposite' is a promising 
engineered material that has the ability to give desirable physico-mechanical, and thermo-
mechanical qualities and reduce environmental concerns. In this study, nettle/PLA unidirectional 
biocomposites were prepared by changing the nettle yarn prepreg and PLA biomatrix weight 
proportions.  
 
Failure mechanism under longitudinal tensile stress has always drawn special attention for 
composites research; and are prevalently governed by resulting influences of: (1) the stress-strain 
behaviour of matrix and reinforcement and (2) internal structure of composite during tensile 
loading. The Fig. A exemplifies the stress-strain diagrams of matrix, reinforcement and composite, 
which start from zero and increase till the breaking strain are reached. The maximum value of 
stresses is defined as breaking stresses for matrix (σm), reinforcement (σr), and composite (σc) 
with corresponding breaking strain for matrix (εm∗), reinforcement (εr∗), and composite(εc∗), 
respectively. The stress-strain graphs of nettle-PLA biocomposite lie above the stress-strain curve 
of matrix (consisting of brittle PLA) and under the stress-strain curve of reinforcement. All 
reinforcing yarns and matrix are mechanically stressed till the biocomposites can retain its’ original 
structure, while subjected to tensile stress within the strain value of εm∗. The failure of 
unidirectional biocomposite initiates by reinforcements at their weakest cross-section. Further 
increase in mechanical stress, cumulative number of yarns in prepreg is broken and causing 
complete failure of composite. Observation interprets rupture of composite takes place at almost 
near about 50 % of maxima of strength of prepreg assembly (σr, εc∗ ) at the strain value of εc∗. 

Hence coefficient of utilization of unidirectional prepreg strength (ɸ) is expressed as follow, and 
lower the values higher the effectiveness as reinforcement. 

 ɸ =
σc

σr, εc∗

   

The Fig. B epitomizes magnificently the three different modes failure of a unidirectional composite 
under longitudinal tensile loading. Composites with low volume fraction of reinforcement (Vr < 
0.49) reveal predominantly the brittle failure with reinforcement breakage. Composites with 
intermediate volume fraction of reinforcement (0.49 < Vr < 0.64) exhibit brittle type failure with 
reinforcement slippage. This is interpreted as; broken reinforcements may get debonded due to 
stress concentration at interfaces and subsequently get separated from main composites. And the 
composites having high volume fraction of reinforcement (0.64 < Vr) primarily exhibits debonding 
or matrix shear failure. In this case, microcracks at different area of composite may get joined by 
debonding of reinforcement along the loading direction or share failure of matrix happen. 
Comparative higher void content and lower volume fraction of matrix (Vm < 0.36) intensified 
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predominant behaviour of composites as stiff unidirectional prepreg assembly, hence shows lower 
value of ɸ. Whereas the decrease and consequent increase in ɸ when Vr < 0.64, ensures mutual 
interaction of reinforcement and matrix.  
 

 
Fig. (A) Simplified illustration of stress-strain diagram of matrix, reinforcement and composite; 

(B) Coefficient of utilization of prepreg strength at different mass fraction of reinforcement. 
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Abstract 

High bulk thermal bonded polyester fibre nonwovens are studied for extremely cold climate 
conditions with a minimum temperature up to 213 K (- 60 °C) to determine the effect of denier 
and fibre hollowness on thermal insulation. In this study, three different fibers—3 denier hollow 
(3 D H), 6 denier hollow (6 D H), and 15 denier hollow (15 D H)—are combined to create high bulk 
thermally bonded fibre webs with a porosity of 0.982. Experiments for the measurement of steady 
temperature at various positions inside nonwoven fibre webs are carried out in a specially 
constructed climate chamber. To validate the numerical model, the temperature variation 
obtained through the current experimental study was compared with the numerical results 
obtained with a one-dimensional combined conduction and radiation model developed in the 
current study. Using theoretical relationships found in the literature and the radiation 
transmittance discovered through the current experimental study, the numerical methodology 
was developed to estimate the temperature-dependent diffusive, radiative, and effective thermal 
conductivity. According to the results of the current study, the high bulk thermally bonded 
polyester fibre web's diffusive thermal conductivity, radiative thermal conductivity, and effective 
thermal conductivity are all inversely proportional to temperature. While it is discovered that the 
radiative thermal conductivity is directly proportional to the denier of the hollow fibre, the 
diffusive thermal conductivity is found to be inversely related to the percentage hollowness of the 
fibre. The proportion of radiative heat transfer increases linearly with the temperature of each 
fibre web. For hollow fibre nonwovens, the percentage of radiation heat transfer rises with fibre 
denier at a constant temperature. The thermal insulation of hollow fibre web increases with a 
decrease in ambient temperature and an increase in fibre fineness. 

Keywords: Thermal conductivity, nonwoven, hollow fibre, extremely cold weather condition 
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Abstract 
 

Sizing is a crucial step in the weaving preparation process that helps to reduce warp breakages. 
Since many years ago, sizing agents based on starch from different sources have been utilized. 
Desizing to remove starch is essential as the necessary chemicals and dyes can not penetrate the 
fabric unless the size is removed. Traditional desizing techniques use a lot of time, energy, and 
water. The cotton cloth sized by starch is desized using a photocatalytic process. The effectiveness 
of desizing is increased with photocatalytic procedures that use sodium perobatate as an oxidizing 
agent in the presence of UVC. This new desizing process is less energy and water-intensive than 
traditional desizing. Additionally, a life cycle analysis was performed. Compared to the current 
method, the photocatalytic desizing process can lessen its adverse effects on human health by 
more than 80% and conserve mineral resources by about 70% (Fig. 1). An innovative strategy for 
sustainable desizing is simple to implement in the textile sector. 

 

Figure 1. Life cycle analyses of conventional and photocatalytic desizing 
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Abstract 
 
 

In the 21st century, bionanomaterials has received considerable interest in edible packaging having 
potential to replace available fossil-based packaging system [1-3]. Among existing biomaterials, 
silk based bionanostructured materials are considered as one of the recommended biopolymeric 
materials possessing remarkable properties such as renewability, non-toxicity, biodegradability, 
thermal stability, edibility, etc. [2]. The acid hydrolysis of silk fibroin protein delivers silk nanodisc. 
Further, silk fibroin are extracted from muga cocoons via degumming process, which removes 
sericin.  The silk nanodisc is obtained as the nanostructured form of silk fibroin and silk fibroin is 
considered as biomaterials in the year 1993 by U.S. Food and Drug Administration. The silk 
nanodisc possess crystallinity of 95.0% and exhibit superior thermal stability which can be used in 
developing heat resistant food packaging systems. Based on this, silk nanodisc is also used as a 
nanofiller materials for developing biocomposite based edible packaging. 
 
 
The edible food packaging is designed and developed using edible polymers including 
polysaccharides, proteins, lipids and oils and other biomaterials. The fossil-derived packaging 
systems has created several environmental issues which has created a surge in the research and 
development of biobased packaging. Among available, the edible food packaging in the form of 
edible films and edible coatings are extensively utilized to prolong the shelf life of perishable food 
products. The available polysaccharide-based biopolymers such as cellulose, chitosan, starch, 
carrageenan, agar, etc. are used in developing edible packaging. However, the properties of the 
packaging can be tailored by reinforcing various nanofiller materials. Considering this, the 
incorporation of silk nanodisc in developing nanocomposite based edible packaging can deliver 
noteworthy properties (Fig.1). The silk nanodisc and chitosan based biocomposites delivers high 
thermal stability, hydrophobicity, mechanical property, surface intactness for tailoring the 
packaging properties. The thermal property of silk nanodisc (1.5 wt%) dispersed chitosan has been 
found to be improved by 9 °C (~275 °C) as compared to chitosan (~266 °C). The surface wettability 
of silk nanodisc dispersed biocomposites enhance by ~10° suggesting improved hydrophobicity. 
The biocomposite can be used as a coating material on perishable food products for improved 
shelf life and quality monitoring properties. The fabricated edible coatings are a new candidate to 
improve the shelf life of fresh bananas over 7 days at 25 °C in terms of prevailing original weight 
loss, optical property, firmness, and others. 
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Fig.1. Silk nanodisc incorporated chitosan nanocomposites based edible nanocoating and its 
application on banana [2]. (SND: Silk nanodisc and CS: Chitosan) 
 
 
References: 
 

1.    T. Ghosh, Y., Teramoto, V. Katiyar (2019). J. Agric. Food Chem. 67(15), 4289-4299. 
2. T. Ghosh, K. Mondal, B. S. Giri, V. Katiyar (2021) Food Chem., 2021 360, 130048  
3.    T. Ghosh, V. Katiyar (2021) Nanotechnology in Edible Food Packaging: Food Preservation 

Practices for a Sustainable Future. Springer Nature. 

 
 
 
 
 

 
 
  



 

Coating of HPMC & Cu-doped ZnO Nanoparticles composite against biofilms 
formed by clinically relevant bacteria on hernia mesh. 

 
 

Sangita Jana1, Akshit Malhotra1, Manika Khanuja2, Suchitra Rajput Chauhan3, Ashwini Chauhan1 
 
 

1 Department of Microbiology, Tripura Central University, Suryamaninagar, Tripura-799022 
 2 Center for Nanoscience and Nanotechnology, Jamia Millia Islamia University, New Delhi. 

3 Centre for Advanced Materials and Devices (CAMD), School of Engineering and Technology, 
BML Munjal University, Sidhrawali, Gurugram, 122413  

Email: sangita.microbiology@tripurauniv.ac.in 
 
 

Abstract 
 
 

Correspondence: ashwinichauhan@tripurauniv.ac.in 
 
 
Antimicrobial resistance is a global concern and as per WHO it may lead to 10 million deaths 
annually. Many of these infections are caused by ESAKPE pathogens including E. coli and S. aureus. 
WHO has categorized these bacteria as high priority microbesi  Many of these bacterial infections 
are associated with biofilm formation on infected implants and prosthetics.ii Therefore, antibiofilm 
strategies are required to prevent bacterial adhesion and proliferation. Zinc oxide nanoparticles 
(ZnO NP) have been investigated as a potent antimicrobial agent.iii They are reported to generate 
Reactive Oxygen Species (ROS) and cause membrane damage on contact.iv Earlier, copper dopped 
ZnO coatings showed antimicrobial potential against E. coli.v 
 
In this study, we evaluated the concentration dependent activity of Cu-doped ZnO NP against 
clinical isolates of S. aureus and E. coli. We observed 99.9% and 80% growth reduction for S. aureus 
and E. coli respectively. Furthermore, we developed Cu:ZnO based nanocomposites for coating 
polypropylene hernia repair mesh. We observed up to 90% reduction in in vitro biofilm formation 
for both S. aureus and E. coli. Our results hold a promise to further explore ZnO NP-based 
formulations as coating agents for medical devices to prevent device-associated infections. 
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Abstract 

 
 
Micro-drilling was found to be a feasible process to drill holes in perspex crown for biomedical 
applications. The process is compared in relation to each other for the application of dental crown 
drilling on perspex specimen. In micro-drilling a higher feed rate, neither torque nor axial force are 
affected significantly but the result are affected on the wall of drilled hole. The depth of hole are 
fixed as 2 mm and 12 mm so the aspect ratio (hole depth to diameter) largely depends on the 
average hole diameter drilled by the considered drilling processes. A highest aspect ratio 24 was 
observed during drilling processes. For large depth drilling the infeed movement in microdrilling 
leaves the stray marks in the hole wall. The strays marks degrades the wall finish worsens the 
surface roughness. In rotary drill bit the geometry engraved on it, to complete the tool signature 
was very complex and costly. The tool geometry becomes complex in heat energy distribution due 
to tool and workpiece friction during shaving leads to poor surface finish of drilled hole wall. The 
surface finish observed to be worsens in case of large depth holes where the aspect ratio is more 
than 2. The twist drill geometries are altered to adjust thrust force, torque, hole finish and de-
lamination around hole. The tool geometry thus restricts the user to drill only symmetric holes. In 
micro-drilling mostly the coolant are required for high aspect ratio holes to cool the interface. The 
surface finish of the hole wall was observed qualitatively better at lower feed. In micro-drilling a 
higher feed rate, neither torque nor axial force are affected significantly but the result are affected 
on the wall of drilled hole and capable to drill taper as well as micro-holes for dental applications. 
The effects of drilling on complexity of drilling setup, workpiece holding, degree of movement, 
drilling time and others were discussed comparatively. The perspex crown characteristics were 
affected due to the de-lamination in conventional shaving process. Chemical affinity, tool material 
loss and tool deformation were higher due to high temperature. Tool geometry, its cooling, 
process time and its motions are complex in rotary drilling process.  
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Abstract 
 
Keratin is a biomaterial that mimics extra cellular matrix and has drug loading capacity which 
makes it a viable nanocarrier. Keratin nanoparticles (KNPs) are employed in tissue engineering, 
medication delivery, cancer therapy and wound healing. In this study, keratin extraction was done 
from discarded human hair. Keratin nanoparticles were synthesized with the help of desolvation 
method using glutaraldehyde as a cross linking agent. Three different drug solutions were 
prepared for loading into KNPs (1:1) which were further evaluated using characterization 
techniques including dynamic light scattering, zeta potential, field emission scanning electron 
microscopy, energy dispersive X-ray, and fourier transform infrared spectroscopy. Anti-microbial 
activity of these drug-loaded KNPs was measured at 1mg/ml, 0.5mg/ml, 0.25mg/ml and 
0.125mg/ml against E. coli and S. aureus which showed significant inhibitory activity against the 
test pathogens with zone of inhibition as 1.3cm, 1.0cm, 0.7cm and 0.3cm for E.  coli and 1.3 cm, 
1.0 cm, 0.7 cm and 0.3 cm for S. aureus respectively. The keratin nanocarriers showed less 
antibiotic activity as compared to the drug-loaded ones. The DPPH assay further depicted the 
nanoparticles antioxidant potential imparting beneficial role in inhibiting the growth of cancer 
cells. Later MTT assay was performed to evaluate the biocompatibility of these nanoparticles.  The 
results of this study may lead to broader use of KNPs in nanomedicine and drug delivery. 
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Abstract 
 
 

Reaction of Ln(NO3)3 and LnCl3 [Ln = La, Ce, Pr, Nd, Sm, Eu , Gd] with the title ligand, 2-amino-5-
[(3-carboxyethyl-4,5-dimethylthiophen-2-yl)azo]-4-phenylthiazole (TAT) in methanol two series of 
Lanthanide(III) complexes of the type [Ln(TAT)(NO3)3] and [Ln(TAT)2Cl3] are synthesized . The 
ligational behaviour of the heterocyclic ligand (TAT) obtained by coupling of diazotized 2-amino-
3-carboxyethyl-4,5-dimethylthiophene with      2-amino-4-phenylthiazole towards some selected 
lanthanide(III) ions has been studied. Various spectral and physico-chemical techniques have been 
used to confirm the coordination sites of the ligand (TAT) and its lanthanide(III) complexes. 
Spectral data indicated that the ligand is coordinated to the metal ion in a neutral bidentate 
manner and it has been observed that metal complexes exhibited 1:2 metal-ligand stoichiometry.  
 
As lanthanides and azo dyes are reported as good corrosion inhibitors we have examined the 
corrosion inhibitions activities of the ligand and its metal complexes. Dyeing properties of the azo 
dye and some of its selected metal complexes towards cotton fabrics has been evaluated, as the 
traditional application field of the synthetic azo dyes still remains in the textile industry. 
For invitro antimicrobial studies, the ligand TAT and its lanthanide(III) chloride complexes have 
been tested against the bacteria Staphylococcus aureus, Esterichia Coli, Bacillus Subtilis and 
Pseudomonas auruginose and fungi Asperigillus niger and Candida albicans. It has been observed 
that antimicrobial activities of the ligand increase on coordination with metal ion. 
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Abstract 
 
  

Multi-metallic nanoparticles containing more than three metals are gaining considerable interest 
owing to their enhanced physicochemical properties and biomedical applications including anti- 
cancer activity. Multi-metallic nanoparticles tend to exhibit enhanced biocompatibility and 
cytotoxicity of cancer cells through spectrum of mechanisms like efficient interaction, increased 
drug delivery, exaggerated immune and oxidant response, and potentiated cell death. Typically, 
multi-metallic nanoparticles are synthesized by chemical methods involving mixing of different 
metal elements. In this study we have synthesized the silver based multi-metallic nanoparticles 
through biological method using Eleaocarpus ganitrus, popularly known as Rudraksha.  
 
In our previous studies we have reported that Rudraksha beads contains 26 minerals in variable 
concentration which plays key role in its electromagnetic properties as well as biomedical 
application. Therefore, it is interesting to characterize that whether Rudraksha based silver 
nanoparticles will accommodate other metallic nanoparticles inherently present in Rudraksha. 
Further, we aim to explore the biomedical applications of these green synthesized silver based 
metallic nanoparticles, specifically anti- cancer activity. The nanoparticles characterization was 
performed using UV-Visible Spectroscopy, FTIR, XRD, SEM and TEM. The results of the present 
study demonstrated the successful preparation of green synthesized silver based multi-metallic 
nanoparticles using Rudraksha with size range of 50-100nm and spherical in geometry. Rudraksha 
mediated multi metallic nanoparticles are ecofriendly, nontoxic, stable and cost effective. The 
nanoparticles contain Ag, Na, Al, Zn and Ti. These multi-metallic nanoparticles were also evaluated 
for their anti-cancer properties against different cell lines using a standard MTT Assay. 
 
The results of the present study demonstrate the use of Rudraksha as novel biological material for 
the synthesis of multi-metallic nanoparticles. Considering, the synergistic mechanism of action of 
multi metallic nanoparticles, it would be interesting to explore the wider biomedical applications 
of these nanoparticles. 
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Abstract 
 

 
Nanomaterials proved to be an interesting artifact in the present era of science and technology. 
These nanomaterials are further modified into nanocomposites with suitable polymers or 
polymeric nanomaterials for addressing the different environmental issues. Currently, the burning 
issue of the environmental scenario is water pollution which is caused by the release of industrial 
wastes such as dyes, organic pollutants, etc. In this aspect, different materials have been adopted 
for water remediation such as membranes, nanohybrids, metal organic frameworks, etc. Amongst 
these, nanohybrids fabrication with the combination of two or more metal oxide nanomaterials 
such as ZnO, AgO. TiO2, etc. have showed extensive degradation of organic pollutants by the 
process of photocatalysis. Photocatalytic degradation is one of the most widely accepted study 
where the organic pollutants were degraded under the effect of natural or artificial sunlight in the 
presence of suitable metal oxide nanomaterials or nanohybrids. The present study demonstrated 
amino acid functionalized ZnO/TiO2 nanohybrid. The functionalization helped for suitable 
interaction of the nanohybrid with a polymeric nanomaterial like cellulose nanofiber (CNF) which 
is verified from different spectroscopic and morphological studies. The fabrication of this 
nanocomposite resulted into a filter paper that helped in the photocatalytic degradation of the 
organic pollutants like hydrocarbons in the industrial waste water. The degradation pattern was 
studied using the UV-visible spectroscopy and it was observed that the degradation efficiency of 
the nanocomposite remained almost same with slight improvement compared to the individual 
nanohybrid. The rate of degradation was found to be as high as 0.010 min-1, Therefore, such type 
of nanocomposites can be effectively used in the area of waste water treatment for their simple 
fabrication method and easy to use nature. 
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Abstract 
 

Polymers due to their easy processability, recyclability, light weight, affordability, high thermal, electrical 
resistivity, and high corrosion resistivity have applications in fields of electronics, biomedicines, defense, 
aerospace, automobiles, smart fabrics and packaging industries etc.1 However, their high electrical and 
thermal resistivity and low mechanical strength sometimes impose limitations on their applications in 
electronics, sensors and high strength mechanical applications. The carbon based nanofillers like carbon 
nanotubes (CNTs) and graphene oxide (GO) when reinforced into polymers in suitable amounts have 
improved the thermal, electrical, mechanical and viscoelastic properties of the polymers significantly.2  
 
Polyamide-6 is a semi-crystalline, thermoplastic, and light weight polymer with high strength and stability, 
high toughness, high water absorption capacity, and high resistance to wear and abrasion.3,4 The CNTs tend 
to agglomerate at higher amounts which affect the mechanical properties of nanocomposites.5 Therefore, 
the uniform dispersion of CNTs inside polyamide-6 matrix is quite necessary. We have opted melt-mixing 
method for mixing of CNTs with 0-7 parts per hundred ratios (phr)) into polyamide-6 matrix by twin screw 
extruder. The standard sized specimens are prepared by injection moulding. The detailed morphological, 
rheological and dynamic mechanical properties of the nanocomposites have been studied. The rheology 
measurements showed continuous increment in storage modulus, loss modulus, and complex viscosity 
with increasing CNTs amount, and viscous to elastic transition (Gꞌ>Gꞌꞌ) for 3-5 phr CNT reinforcement. The 
dynamic mechanical analysis (DMA) showed shifting of glass transition region towards higher temperature 
with increasing CNTs, and the maximum effect of reinforcement was observed at 3 phr CNTs 
reinforcement. Furthermore, the peak shifts in Raman and XRD analysis with increasing nanofiller amount 
showcased the uniform dispersion of the nanofillers in polymer matrix by the melt-mixing method. The low 
rheological percolation threshold ensured visco-elastic transition with a low reinforcement6 whereas; the 
increase in glass transition temperature ensured the rigidity and mechanical strength of polymers retained 
to a higher temperature after the reinforcement.7 The CNT/PA6 nanocomposites can be used for their high 
strength polymeric applications in automobiles, aerospace, defense, biomedicines etc. The detailed 
experimental results will be discussed. 
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Abstract 

 
 

Corrosion of concrete infrastructures is one of the biggest challenges faced in construction industry and worldwide 
billions of dollars are spent on its repair and rehabilitation. Epoxy coatings of its rebars is one of the effective methods 
to mitigate corrosion of steel. Motivated by the need to mitigate corrosion, improve the lifespan of concrete 
structures and prevent coatings from physical and mechanical damage, our work consists of epoxy coatings for 
reinforcing bars in concrete, modified by hybrid of graphene derivatives and carbon nano-tubes (CNT), by nano-clay 
and by self-healing tung-oil microcapsules. Coatings matrix was prepared by using high shear homogenizer and probe 
ultrasonicator and applied on plain mild steel bars. Coated samples were subjected to accelerated impressed current 
corrosion and their performances were evaluated. Performance of prepared epoxy coated samples were assessed by 
non-destructive monitoring techniques including: visual inspection, impressed corrosion current and ultrasonic 
guided waves measurement. Non-destructive testing of its samples was further validated by destructive testing of 
mass loss and residual tensile strength of corroded bars. 
 
Nano-reinforced epoxy coatings successfully mitigate the corrosion to a very great extent. From the set of various 
coatings, superior performance was displayed by GO (Graphene Oxide)/CNT based coatings, even after 150+ days of 
accelerated corrosion testing there were no signs of initiation of corrosion. Also, as compared to the nano-clay based 
coatings, the GO and rGO (reduced Graphene Oxide) based coatings performed better, because nano-clay only 
introduces the tortuous path to reduce corrosion, whereas in graphene-based coatings the functional groups of GO 
helps to entrap aggressive ions leads to considerably enhanced corrosion inhibition performance. Additionally, tung-
oil microcapsules-based coatings were also studied for their self-healing properties, showed successful arresting of 
corrosion after initiation of corrosion, demonstrated by non-destructive testing. This study shows attainment of 
remarkable inhibition of corrosion offered by modified epoxy coatings. This is an important step towards the goal to 
reach sustainable construction which require less repair and rehabilitation. 
  
Keywords: Corrosion, epoxy coatings, ultrasonic guided waves, corrosion current, graphene oxide, reduced graphene 
oxide, carbon nano-tubes, nano-clays, and tung-oil microcapsules 
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Abstract 
 

 
Nanofibres produced via electrospinning tend to have very high specific surface area and are 
useful for filtration applications. But their frail architecture lacks the strength to withstand the 
pressure applied by incoming fluid, especially when they are subjected to high pressure air flow. 
Hence, a nanofiber coated robust architecture tend to be more useful than a simple nanofiber 
membrane alone. To explore this concern, this study is undertaken to investigate the possible 
positive outcome following the incorporation of electrospun nanofibers on the melt-blown N95 
filter media as an efficient filter. Nanofibres are known for enhancing interception of particulate 
matters during air filtration, while keeping the rise in pressure under check. And hence, we tested 
hypothesis for two different fibre sizes from two different polymers. For the purpose of producing 
the finest fibres, polyvinylidene fluoride (PVDF) was used. By analyzing fibres prepared at different 
wt% of PVDF and at different solvent concentrations, it was found that 14 wt% PVDF in DMF yields 
finest fibres (≈ 120 nm diameter).On the other hand relatively larger fibres (≈ 750 nm diameter) 
were prepared using 12 wt% polyacrylonitrile (PAN) in DM. Both the polymers were electrospun 
on the meltblown media (24.5 GSM) for specific time to obtain a final GSM of 25. Air filtration 
studies were performed using six distinct types of particle sizes (50 nm, 100 nm, 200 nm, 350 nm, 
500 nm, and 2000 nm) in order to gain information about the most penetrating particle size 
(MPPS). This study shows that 350 nm was the MPPs for bare N95 filter media, with an efficiency 
of 74%, whereas the PVDF and PAN coated media both demonstrated the least efficiency at 500 
nm, with efficiencies of 87% and 85%, respectively. In all the particle sizes, the PVDF coated filter 
media showed better performance. The PVDF layers exhibited branched fiber network formation, 
with an appearance of tree like structure. This could have played an important role in enhancing 
the interception efficiency, where the 500 nm particle having more inertial could escape. At 50 
nm particle scale, the PVDF nanofiber coating yielded almost 99% efficiency, an increment by 2% 
than others, proved that the branded structure were important in diffusion capturing as well.  
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Abstract 
 
 

Protective organic coatings are fundamentally polymeric composites with great complexity and 
variety in chemical compositions, macro-/microscale structures, and surface/interfacial 
characteristics. As a fundamental component of a typical coating, the polymeric coating resin (also 
known as binder) produces a coherent phase that serves as the basic barrier against water and 
ionic intrusion while also providing adherence to the metal substrate via chemical bonding and 
mechanical interlocking. Polymeric coatings with optical and mechanical tunability, the ability to 
self-repair any damage, and high bonding capacity to various surfaces would have far-reaching 
technical implications, effective everywhere from buildings and cars to flexible electronics, soft 
robotics, and medical equipment.[1] 
 

 
 

Self-stratifying coatings are gaining popularity as a low-cost technique to reduce a multilayer 
system to a single layer, composed of components with discrete functionality that spontaneously 
stratify after being applied to a substrate.[2] Further, the quality of a self-stratifying coating may 
be increased by incorporating a self-healing functionality to boost the safety index as well as the 
lifecycle. Herein, we described the siloxane-tannic acid-PVA-based self-healing coating with self-
stratifying properties. Tannic acid is used as a dopant to increase the mechanical properties as well 
as a healing agent to increase the life index of the coating in the presence of moisture.[3] The 
healing efficiency of the material is more than 80% characterized by the UTM. The self-stratifying 
properties are analyzed by SEM-EDS-dot mapping, WCA, and AFM. The coating is transparent, 
flexible, anti-graffiti, and tannic acid, siloxane is antibacterial and biocompatible so it may be 
applied to a variety of substrates, including various substrates like glass, metal surfaces, 
underwater windows, or cameras. 
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Abstract 
 

 
Electrospinning is one of the most advanced processes for the creation of nanofibers with 
sustained release of bioactive substances. Utilizing a similar method, a unique blend of 
polysaccharide-based electrospun nanofibrous bilayer dressing with increased anti-oxidant and 
antibacterial properties was fabricated for use in wound care. Electrospun antioxidant-infused 
nanofibers layered to resist ROS activity over solvent casted film impregnated with silver 
nanoparticles for antibacterial activity against gram-positive and gram-negative bacteria was 
utilized to make a bi-layered dressing. The material was specifically designed to be applied as a 
wound dressing to promote rapid wound healing. 
 
The developed bi-layered dressing also had higher water absorption, surface wettability, and 
moisture permeability for efficient wound healing, in addition to antioxidant and antibacterial 
capabilities. The produced bi-layered dressing was studied by SEM and TEM for nanostructures, 
and surface hydrophilicity (contact angle ~70°) was measured by goniometer. Along with 
enhanced moisture permeability (1200 g/m2/day), cytocompatibility (90%) and hemocompatibility 
(99%) were also assessed. The bi-layered polysaccharide-based dressing was created using an 
ecofriendly process that has the potential to provide chronic wound dressings with antioxidant 
and antibacterial properties. 
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Abstract 
 

 
Cellulose-based polymer materials can be designed to have wide range of properties and 
applications owing to their non-toxic behavior, low cost and potential biodegradability. Here we 
demonstrate fabrication of photo-and thermally curable hydroxyethyl cellulose (HEC) hydrogels 
by methacrylation of some of the hydroxyl groups in HEC. As expected the structural integrity and 
thermal stability of the resulting superabsorbent hydrogels was enhanced by the covalent 
crosslinks. A further property modification was introduced by addition of multifunctional cellulose 
derived carbon dots. The functionalized HEC and prepared hydrogels and hydrogel composites 
were thoroughly characterized for their physico-chemical properties and the benefits of covalent 
crosslinking by green photocuring were clearly demonstrated. The property evaluation illustrates 
that our modified hydrogels and hydrogel composites show promise for utilization in applications 
such as hygiene products, scaffolds and textiles. Furthermore, the processing of the hydrogels and 
hydrogels composites is currently under evaluation as well as evaluation of antibacterial properties 
and potential (bio)degradability.  
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Abstract 
 
 

The major drawback associated with petroleum-based polymer products is pollution, leading to 
environmental hazards. So, it is essential to replace conventional polymers with biodegradable 
polymers. However, biodegradable polymers express low thermal stability, low gas permeability, 
and high cost when compared with conventional polymers. These issues can be effectively 
addressed with biodegradable polymer composites (BPCs). The BPCs can enhance the structural 
and physicochemical properties of the parent polymer.  
 
In this work, sawdust reinforced PLA/PCL biocomposites were developed using the melt extrusion 
technique. At first, the collected sawdust was processed through shaking, grinding, sieving, 
meshing, and washing. Then the obtained fine sawdust was blended with PLA/PCL in a mini twin 
screw extruder. For this purpose, different weight fractions (10%, 20%, 30%, and 40%) of sawdust 
were considered. The developed biocomposites were subjected to tensile testing, and observed 
that the increased weight % of sawdust reduced the tensile strength.  For instance, a 56% 
reduction in the tensile strength was witnessed with PLA/PCL/30 wt% sawdust compared with 
pristine PLA. In addition to the tensile tests, characterization studies like Differential Scanning 
Calorimetry (DSC), Thermogravimetry Analysis (TGA), Fourier Transfer Infrared Spectroscopy 
(FTIR), Contact Angle (CA) and Field Emission Scanning Electron Microscopy (FESEM) were also 
performed with the developed biocomposites. Based on the investigation, it is identified that the 
PLA/PCL blended with sawdust helps to reduce the cost of biodegradable materials. Further 
research in this area is recommended to explore the possibility of replacing conventional polymers 
with biodegradable polymers.  
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Abstract 
 

 
One of the most prominent bio-ceramics is hydroxyapatite (HAP) that shares a significant chemical 
resemblance with the mineral component that makes up bone and hard tissues. It is being 
extensively researched for the development of biomaterials. Chicken eggshells, fish scales, and 
other organic wastes could be used to synthesize HAP and other biomaterials. Current research 
work is focused on developing a method to synthesize HAP from waste avian eggshells and further 
utilizing it to develop hydrogels for tissue engineering and biomedical applications. The eggshells 
were subjected to calcination at 900oC for 4 hours in order to obtain calcium oxide followed by 
the addition of phosphoric acid under stirring conditions at pH of 10. The obtained HAP was mixed 
with Polyvinyl Alcohol (PVA) in order to fabricate HAP-PVA hydrogels at a freezing temperature of 
-20oC and freeze-thawing cycles (7 cycles). Utilizing Attenuated Total Reflection-Fourier Transform 
Infrared Spectroscopy (ATR-FTIR), X-Ray Diffraction (XRD) analysis, and Scanning Electron 
Microscopy (SEM), etc., characterization studies were conducted. The XRD examination validated 
the production of the amorphous hydrogel with characteristic peaks at 2θ = 16o-24o corresponding 
to PVA and 39o-42o corresponding to HAP whereas the ATR-FTIR spectra revealed the presence of 
chemical groups (-OH, PO4

3-, etc.) that facilitate the biomaterial-tissue interaction. SEM analysis 
revealed the highly porous structures while contact angle analysis reported its hydrophilic nature. 
The hydrogels were found to have the right amount of swelling and biodegradability required 
to aid the growth of cells. This work presents a simple approach to enhancing the mechanical 
characteristics of PVA hydrogel, as shown by the aforementioned findings, and the composite 
hydrogels could be used in drug delivery, tissue engineering and biomedical applications. 
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Abstract 
 
 

An acute shortage of healthy donor cornea is a thriving catastrophe in the area of public health. 
The demand for transplantation of cornea is increasing day-by day, therefore tissue substitutes 
needs to be developed to meet the increasing demand. Engineered graft made through tissue 
engineering approach is a promising substitute. Scaffolds derived from potential polymeric 
biomaterial is prerequisite in this technique. However, scaffolds available in the market are quite 
expensive yet lack proper organization of fibrous structure particularly lacking the essential 
component in innate tissues.  
 
In this context, gelatin is important for maintaining the cellular compatibility and transparency as 
it contains RGD peptides which is essential component of fibrous structure, but lacks mechanical 
stability which is essential for stability of any material in-vitro. Silk, is depicted to be biocompatible 
and mechanically robust biopolymer. The present work focuses on the development of nanofibers 
that resemble the structure and property of human cornea from reasonable, biocompatible and 
widely prevalent natural polymers like gelatin and silk fibroin. Silk solution was extracted from B. 
mori cocoons and blended with gelatin in varying polymer ratios. Electrospinning process was used 
to develop nanofibrous mats that will mimic the fibrous alignment of collagen fibrils in the 
extracellular matrix of cornea. Electrospun mats were characterized to identify a suitable material 
for seeding of corneal cells. The electrospun scaffolds obtained uniform, bead-free morphology 
when characterized under scanning electron microscope. The maximum mechanical strength of 
SF/GEL was found to be 4.15 MPa which approximates the tensile characteristic of cornea. SF/GEL 
nanofibrous mats exhibited corneal transparency less than 85% thereby mimicking the corneal 
tissue architecture and properties. The hydrophilicity of the scaffolds was analyzed using contact 
angle measurements and water uptake studies which inferred that the presence of SF along with 
gelatin increased the overall wettability of scaffolds making it a suitable substrate for cell 
attachment and growth. The polymeric blend scaffold with optimal composition shall be used for 
tissue graft production by culturing and differentiating suitable corneal cells on the developed 
scaffold. 
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Abstract 
 

The behavior of AG-g-poly(acrylamide) hydrogel with regard to biodegradation and dye adsorption 
has been investigated. In this study, a novel AG-g-poly(acrylamide) -grafted Amla gum-based 
hydrogel was synthesized by free radical polymerization. Under microwave irradiation, crosslinked 
hydrogels based on acrylamide and Amla gum were synthesized using N, N′-methylene-bis-
acrylamide, and ammonium persulfate as a crosslinker initiator system. The dependency of various 
reaction parameters on the swelling capacity of a novel AG-g-poly(acrylamide) hydrogel was 
studied. FTIR, XRD, SEM, and TGA were used to characterize the optimized hydrogel samples. 
Using a soil burial and compositing test, biodegradation experiments of the new AG-g-
poly(acrylamide) hydrogel were conducted. The use of FTIR and SEM techniques was used to 
analyze different stages of degradation. Finally, the synthesized AG-g-poly(acrylamide) hydrogel 
was investigated for dye removal from wastewater. The findings indicate that the novel 
biodegradable AG-g-poly(acrylamide) hydrogel is an important material for dye removal from 
wastewater.  
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Abstract 
 
 

Extreme cold-weather clothing consists of three layers: an inner skin-contacting layer, insulation 
layer, and outer woven protection layer. The outer woven layer should be breathable and wind, 
snow, and rain resistant. The fabric must be able to endure the tensile, tear and abrasive forces 
that it will encounter in usage at high altitude and extreme conditions. Otherwise, the entire 
ensemble's insulation would be compromised, and a minor rip in the fabric might cause tearing, 
resulting in the catastrophic breakdown of the garment.  The serviceability of a garment is directly 
correlated with its tear and tensile strengths. Therefore, it is very important to find the link 
between fabric parameters and mechanical strength. 
 
In this work, nylon 6 and nylon 66 woven fabrics with various weaves and areal densities were 
produced. For these weaves, the cross-over firmness factor (CFF) and floating yarn factor (FYF) 
was calculated and mechanical strength with respect to different weave design was predicted. A 
new factor Rf was introduced which is more significant in predicting mechanical strength. The 
effect of lamination and lubrication on tearing strength was also analysed. The study concluded 
that reducing the cross-over firmness factor and increasing the floating yarn factor enhances 
tearing strength.  Rf has a direct relationship with tearing strength. With lubrication and lamination 
tearing strength was found to increase. 
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Abstract 
 

 
The current study compares the consolidation quality of uni-directional (UD) Kevlar®/Polypropylene 
composites developed through commingled (COM), friction spun (FS), and braided (BRD) towpregs. All the 
towpregs have 50/50 fibre to matrix volume fraction. The COM towpregs were developed by mixing fibre 
and matrix multi-filaments using an air jet nozzle. The FS towpregs were produced by keeping 
reinforcement filaments at the core and depositing matrix fibres on their surface as sheath. In BRD 
towpregs,  matrix filaments were wrapped around the exterior of core filaments. The UD composites were 
fabricated using a compression moulding machine at optimized processing conditions. The developed UD 
composites were analyzed for their impregnation quality by characterizing them for flexural, Izod, inter-
laminar shear strength (ILSS) and void properties.  
 
Scanning electronic microscopy micrographs (SEM) revealed that COM towpregs offer better distribution 
of fibre reinforcement and matrix across the cross-sections. The matrix filaments were present within and 
between the towpregs structure. In BRD towpregs, matrix filaments were wrapped only on the surface of 
the reinforcement filaments. Similarly, FS towpregs showed deposition of matrix fibres (sheath) only on the 
surface of compact reinforcement (core). The towpregs structure and fibre arrangement within it 
significantly influenced the consolidation quality and mechanical properties of the composites. The UD 
COM composites provided excellent flexural, ILSS and Izod impact properties with the lowest void 
compared to FS and BRD composites. The good fibre-matrix distribution in the COM towpregs resulted in 
the reduction of melt flow distance during the consolidation. Hence, the lowest void with better mechanical 
properties was observed in UD COM composites. The UD FS composites showed better performance 
against the UD BRD composites. The UD BRD composites performed poorly due to the high melt flow 
distance caused by improper fibre-resin distribution at the towpregs structure. Future studies will study 
the mechanical and impact performance of UD, 2D and 3D composites made through COM towpregs.  
 
 
References: 
 

1. Bar, M., Alagirusamy, R., & Das, A. (2019). Influence of friction spun yarn and thermally bonded 
roving structures on the mechanical properties of Flax/Polypropylene composites. Industrial 
Crops and Products, 135, 81-90. 

2. Lauke, B., Bunzel, U., & Schneider, K. (1998). Effect of hybrid yarn structure on the delamination 
behaviour of thermoplastic composites. Composites Part A: Applied Science and 
Manufacturing, 29(11), 1397-1409. 

3. Goud, V., Alagirusamy, R., Das, A., & Kalyanasundaram, D. (2019). Influence of various forms of 
polypropylene matrix (fiber, powder and film states) on the flexural strength of carbon-
polypropylene composites. Composites Part B: Engineering, 166, 56-64. 

4. Jogur, G., Das, A., & Alagirusamy, R. (2022). Development of Kevlar®/polypropylene towpregs 
through optimized commingling nozzle and processing parameters for thermoplastic 
composites. Journal of Thermoplastic Composite Materials, 08927057221123487. 

  

mailto:ganeshjogur@gmail.com


 

Design and development of a fluorocarbon coated acquisition-cum-barrier layer 
for incontinence application 

 
Rupali1 & R Chattopadhyay2 

 
1Northern India Textile Research Association (NITRA), Raj Nagar, Ghaziabad, 201002, India 

2Department of Textile and Fibre Engineering, Indian Institute of Technology Delhi, New Delhi 
110 016, India 

Email: rupalidhiman42@gmail.com 
 
 

Abstract 
 
 

The incontinence products have a layered architecture consisting of mainly four layers, i.e., an 
acquisition layer at the top, followed by distribution, absorbent, and impermeable bottom layers. 
The top layer remains in direct skin contact and needs to be soft, antibacterial in nature, and 
provide dry sensation. It should easily transfer fluid to the absorbent core without striking back 
quickly under external bodily pressure.  Nowadays, researchers are more interested in controlling 
or managing diapers' wetness as it can lead to numerous health-related issues such as IAD, 
erythema, dermatitis, etc.  Hence, by imparting hydrophobicity at the one side of the fabric will 
promotes the one-way liquid transport and can lead to quick transfer of fluid to the absorbent 
core. 
 
 
 
 
 
 
 
 

Figure: Spray coating on PV nonwoven fabric 
 
 
Here, the front face of Polyester-Viscose nonwoven fabric (30:70) has been spray-coated by 
hydrophobic fluorocarbon finish (Figure) for imparting a unidirectional liquid flow property. The 
influence of the spraying process parameters, such as spray distance, finish concentration, and 
spray patterns, has been evaluated. The contact angle, moisture management, and rewet tests 
have been performed to check the efficacy of the coating process. It was observed that the 
spraying uniformly on the front side of fabric with 5% hydrophobic finish from a distance of 30 cm 
will provide the layer's best liquid moisture transport properties with minimum rewet under 
external pressure.  
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Abstract 
 

 
Due to the lack of testing tools and methods, infectious disease outbreaks are a serious public 
health issue that affects the entire world. The existing techniques for identifying bacteria using 
traditional dyes were microscopy analysis, biochemical testing, and laboratory-based cell culture. 
These procedures require more time to give findings and require an advanced laboratory setup. 
Recent studies have demonstrated the effectiveness of conjugated polymers (CPs), which are 
macromolecular complexes made up of many covalently bound luminous components. High 
fluorescence of the transmission in excitation energy along the backbone and outstanding light 
stability are characteristics of poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene-vinylene]. 
MEH -PPV was synthesized using the Glich method, and it was then analyzed by FTIR, UV-VIS, and 
fluoresce spectroscopy. A standard culture plate was used to prepare a bacteria culture of ATCC 
E. coli with a minimal colony count. The MEH-PPV containing E.coli suspension is examined using 
fluorescence, UV-VIS and microscope. Photoluminescence of suspension shows different peak of 
luminescence to detect the confirmation of bacteria in an infectious samples. Using MEH-PPV light 
emitting based polymers, bacteria can be detected by differentiating the wavelength and intensity 
of the luminescence. 
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Abstract 

 

Parkinson’s disease (PD) associated dysphagia is quite common. Controlled release tablets of 
Levodopa are highly beneficial in improving the patients’ symptoms but the dosage form is 
unsuitable to dysphagic patients. The solution state instability of levodopa and the challenge 
attaining controlled drug release from a liquid dosage form rules out the possibility of oral liquid 
administration. Hence, we attempted to combine mouth dissolving technology with nanoparticle 
based controlled drug release that can significantly improve Parkinson's therapy. Solid Lipid 
Nanoparticle (SLN) of Levodopa was formulated using glyceryl monostearate (GMS) and tween 80. 
DLS and TEM analyses revealed 23-93 nm spherical shaped SLNs with a zeta potential of −9.5 mV. 
An amount of 93.11% of Levodopa was loaded in the SLN and the controlled drug extended up to 
11 hours. SLN dispersion was casted into a mouth dissolving film (MDF) by incorporating HPMC E-
15 and sodium starch glycolate (SSG) with a disintegration time of 35 ± 0.22 seconds. The study 
further assessed the neuroprotective potential of SLN. Intraperitoneal Haloperidol injection 
induced Parkinsonism in albino mice. The test groups animals received SLN of L-DOPA at a dose of 
0.64mg/kg and 0.84 mg/kg for 14 days and Levodopa-Carbidopa was administered to the reference 
groups. Motor activity were studied by using Rotarod, Actophotometer and Catalepsy and 
biochemical estimations of Acetylcholinesterase, Dopamine and Catalase were assessed by 
biochemical estimation, and histopathology was carried out to evaluate the dopaminergic 
neuronal loss. The formulated SLN showed significant dose-dependent recovery an increase in 
falling time, Locomotor activity, and Voluntary activity when compared to that of a disease control 
group. The histopathological and biochemical findings demonstrated that the SLN treatment 
increased the survival of neurons in the SNPC and reduced the striatal dopamine decreasing effect 
t of Haloperidol. Significant neuroprotective activity shown by the SLN makes the OFDF a sensible 
alternative in anti-Parkinson’s therapy, additionally eliminating the need of carbidopa in 
combination.  

 

Keywords: Parkinson's disease, SLN, Levodopa, Neurodegenerative disease, Dysphagia, Oral fast 
dissolving film 
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Abstract 
 
Osteoarthritis (OA) is a degenerative joint disorder that affects aged people. OA manifests as a 
consequence of combination of pathological conditions which include the progressive 
degeneration of articular cartilage, remodelling of sub-chondral bone and synovitis. In OA, the 
cumulative results of mechanical and biological events cause an imbalance between the 
degradation and synthesis of cartilage resulting in mobility issues, osteophyte formation and 
stiffening of joints. Matrix metalloproteinases (MMPs) are a class of enzymes characterized as zinc-
dependent endopeptidases that degrade various components of the ECM and basement 
membrane. While these are involved in physiological processes like tissue remodelling that occur 
during embryonic development and wound healing, they are implicated in many disease 
conditions like tumor metastasis, osteoarthritis, rheumatoid arthritis and atherosclerosis. The 
major MMPs that included in OA are (a) collagenases (MMP-1, 8, 13) that degrade mainly type II 
collagen besides type I and III collagen; (b) the gelatinases (MMP-2, -9), which degrade mainly type 
IV collagen 
 
Among these proteinases, MMP-13 is considered to play a predominant role in OA progression by 
targeting cartilage damage and specifically degrading collagen-II. MMP-13 is not found in normal 
adult tissues, but is expressed in the joints and articular cartilage of osteoarthritis patients. In 
addition, MMP-13 is reported to be involved in the destruction of proteoglycan, types IV and type 
IX collagen, osteonectin and perlecan present in cartilage. Till now many reports have been 
reported for Mmp-13 knock out gene inhibition and even selective MMP - 13 blockers but despite 
the promising results, local administration of free drugs in the joints are susceptible to rapid 
clearance which reduces the drug bioavailability. Hence approaches that can lead to improved 
local bioavailability can overcome this limitation. 
 
Herein, we aim to develop a drug delivery system for an enzyme responsive based hydrogel 
formulation loaded with specific MMP-13 inhibitor for long-term sustained release to inhibit 
MMP-13 activity thus to prevent the degradation of cartilage. The molecule showed a significant 
selective inhibition of Mmp-13 even at lower concentration. To increase its bio availability we have 
loaded the molecule in self-assembly amphiphile Triglycerol Monostearate (TG-18) to have a 
sustained release in response to enzymatic activity. This stable formulation showed a remarkable 
enzymatic drug release profile for over a month. Moreover, the formulation was further checked 
in animals ACLT rat OA models for its efficiency MMP-13 inhibition. The results showed efficient 
cartilage prevention in comparison to only ACLT models. This prevention can be due to the 
inhibition of Mmp-13. Hence this formulation can be used in OA conditions to prevent further 
cartilage progression. 
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Abstract 
 

 
The advent of dynamic covalent bond chemistry (DCBC) has sparked a renewed research interest 
in reprocessability of thermosetting polymers. However, combining reprocessability with stimuli-
responsiveness remains a challenge for futuristic applications. Usually a combination of 
complimentary DCBCs is employed to integrate reprocessability with shape memory as well as 
self healing (SH) attributes in a single polymeric system. In the present work, we report two 
component poly(urethane-urea) (PUU) networks, with varied hard segment (HS) concentrations, 
that exhibit quadruple shape memory (QSM), thermally activated intrinsic SH as well as multiple 
cycles of thermal reprocessability. The component A is an isocyanate capped bi-soft segment 
blend of polybudadiene diol and polypropylene glycol, while the second component comprises 
an aromatic diamine chain extender solubilized in an oligomeric polyoxypropylene triol. The 
networks characterized through FTIR as well as small and wide angle x-ray scattering (SAXS and 
WAXD) studies, revealed phase separated morphology with extensive hydrogen bonding (H-
bonding) interactions in the HS domains of the PUU networks. Dynamic mechanical analysis 
(DMA) measurements revealed broad dissipation factor (tan δ) vs. temperature and frequency 
profiles, akin to that of interpenetrating polymer networks (IPN). A dissociative mechanism of 
urethane and urea bond exchange, evidenced from temperature dependent FTIR studies and 
lower activation energy of stress relaxation (50-55 kJ/mole) is proposed to be the mechanistic 
origin of the reprocessability and SH of the networks. A broad dissipation factor (tan δ) vs. 
temperature profiles, akin to that of interpenetrating polymer networks (IPNs) endowed the 
networks with QSM characteristics. We posit the study is relevant for expanding the scope of 
DCBCs for development of reprocessable thermosetting polyurethanes with smart 
functionalities.  
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Abstract 
 
 

The introduction of "functionally graded materials" into the work of surface modification of parts, 
achieving structured design and controllable preparation of the gradient structure coating. The 
term "gradient structure coating" refers to a non-homogeneous structure coating in which the 
microstructure or chemical composition changes gradually in the thickness direction, causing the 
mechanical properties to show a gradient change as the coating composition and structure 
change. The gradient design of the interface can effectively limit the evolution of damage along or 
across interfaces, which can play an important role in strengthening and toughening. 
 

 
 

The gradient coating can be described as a self-stratifying coating. Further, the self‐stratifying 
coatings capable of producing multi‐coat films by one‐coat application offer outstanding 
performance by enhancing both the surface and the adhesion properties simultaneously, which 
are suitable for many special coatings and industrial applications. Here we discuss a well-defined 
multifunctional self-stratifying coatings which were developed from the blend of two copolymers 
based on fluorous/thiol/siloxane. These two copolymers give spontaneous self-stratification to 
three layers, fluorous/thiol/siloxane, due to the incompatibility of fluorous with siloxane and a high 
proclivity to migrate to the surface. Further, the quality of a self-stratifying coating are increased 
by incorporating a self-healing functionality to enhance the safety index as well as the lifecycle. 
These blended polymer coatings can self-healing in presence of UV light with 80% healing 
efficiency. The distribution of the gradients in the layers system is characterized by SEM-EDS-dot 
mapping, WCA, and AFM.  This type of multiphase gradient coating system in the single coat 
application attains transparent, flexible, and toughened coating so it may be applied to a variety 
of substrates like glass, metal surfaces, underwater windows, or cameras. 
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Abstract 

 

 
The agricultural sector relies on the persistent use of agrochemicals so that the crop yield and 
productivity can be enhanced to meet the demands of food for dramatically increasing global 
population. The excessive utilization of these active ingredients has detrimental effects on 
environment and human health. Hence, polymer based nanoformulations have been widely 
explored to develop sustainable agriculture alternatives. These polymeric nanoformulations 
reduce the chances of unwanted degradation and loss of agrochemicals under climatic conditions 
along with facilitating their controlled release.  

In this work, we present pH and redox responsive sodium alginate microgels ( 286 nm) for 
controlled delivery of diuron (herbicide). The particles are retaining their size in 10μM GSH and 
PBS 7, exhibiting good stability at lower dosage of GSH in water. The encapsulation efficiency for 
diuron is 84.4% and it can be released in controlled manner as a function of time in 2mM GSH and 
pH 5. Asides, the reduced form of microgels can be used to capture heavy metal ions in the soil. 
Overall, this polymeric system is biocompatible, biodegradable, thus offering the possibility of 
moving towards sustainable agriculture practices.  
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Abstract 
 
 

Liquid crystal elastomer (LCE) is one such soft actuator which exhibits a spontaneous reversible 
deformation in response to external stimuli [1]. Multi-stimuli responsive LCEs (for example 
sensitive to light, electric and magnetic field) having better performances can be obtained through 
incorporation of other materials such as nanoparticles, inorganic conductive thermal fillers, 
conjugated polymers etc. Conjugated polymers are efficient infrared (IR) light absorbers and when 
used as dopant in LCEs, IR actuating LCE composites can be obtained. In this regard, we have 
prepared LCE-polyaniline composite films and their response to IR radiation is investigated. The 
elastomers and composite films are prepared following thiol-Michael addition click chemistry 
method [2]. Polyaniline is prepared through chemical method [3]. Different wt% of polyaniline was 
incorporated in LCE during the preparation to obtain the composite films. The films were 
characterized using FTIR, UV-DRS, SEM, and Tensile tests. The thermal and IR actuation of the films 
are studied and the results are presented. 
 
Keywords: Liquid crystal elastomer, Polyaniline, Photothermal Actuation, Mechanical property. 
 
References: 
 

1. Warner, M; Terentjev, EM. Liquid Crystal Elastomers. Oxford University Press; Oxford; 
2003, ISBN: 9780199214860. 

2. Yakacki, C. M; Saed, M; Nair, D. P; Gong, T; Reed, S. M; Bowman, C. N. Tailorable and 
programmable liquid–crystalline elastomers using a two-stage thiol-acrylate reaction. RSC 
advances, 2015, 5(25), 18997-19001. 

3. Bhadra, S; Singha, N. K ; Khastgir, D. Electrochemical synthesis of polyaniline and its 
comparison with chemically synthesized polyaniline. Journal of applied polymer science, 
2007, 104(3), 1900-1904. 
 
 
 
 
 
 

  

mailto:umadevis@alagappauniversity.ac.in


 

Effect of Processing Conditions on Structure Development and Properties of PP-Nylon Blends 
with and without Compatibilizer 

 
A.M. Khare, M.B. Kulkarni and S. Radhakrishnan 

 
Polymer Engineering , Dr.Vishwanath Karad MIT WPU, S124 Paud Road, Kothrud,  

Pune 411038, India  
Email: anagha.khare@mitwpu.edu.in , radhakrishnan.s@mitpune.edu.in 

 
 
Polymer blend technology has progressed rapidly over past decade leading to new materials and 
product development in the area of polymer science. Blending of polymers giving rise to 
synergistic effects has been well studied and utilized especially in applications where multiple 
performance properties are desired. The combination of polyamide (Nylon 6) and polypropylene 
(PP) has been studied in the past so as to improve the tensile strength, flexural modulus, chemical 
and moisture resistance, impact resistance, oxygen permeation. The compatibilizer used in this 
blend is maleic anhydride (MA) grafted PP and compounded in the blend. There are different 
reports with varying results in this PP-Nylon (Ny) system which may arise due to different 
processing conditions such as injection molding cycle, cooling rate, MA content after extrusion 
etc. The present studies address mainly the effect of these processing parameters on the structure 
development and resulting properties in the PP-Ny blends with different compositions.  
 
PP-Ny blends with different compositions were prepared by melt compounding in twin screw 
extruder at 220 oC. PP-grafted with MA was prepared by reactive extrusion processing using 
benzoyl peroxide (2%) and different concentrations of MA (1 to 5%) and compounding at 200 oC. 
These blends were injection molded to obtain test samples for studies on mechanical properties. 
The cooling rate of the mold was controlled by water circulation. The crystal structure and 
morphology was investigated using XRD, DSC, SEM and the mechanical properties viz. tensile 
strength, impact and elongation were measured using ASTM D264 method. The XRD data 
indicated large changes in the intensity of (040) reflection of α phase as compared to (011). The 
ratio of the intensities of these peaks was dependent on the PP-g-MA concentration. The DSC 
results suggested strong nucleation effect by the nylon phase which was affected by the presence 
of PP-g-MA. The SEM micrographs revealed extensive fibrous morphology in these blends.  The 
cooling rate during the mold cycle had profound effect on the structure development leading to 
changes in the tensile strength, elongation and impact of the blends (see figures). There was 
optimum composition at which mechanical properties were maximum,    
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Abstract 
 

Carbonaceous material is extensively available in nature, and because of its unique properties, its 
nanostructures have attracted a lot of attention. The usual method for creating these nanostructures is a 
time-consuming procedure that makes use of high pressure and temperature. 
 
In this study, we investigated at the in-situ synthesis of carbon nanostructures employing air pressure low-
temperature plasma on the surface of polyester fabric. These in-situ created carbon nanostructures 
contained nanodiamonds, which were then examined with the help of FESEM, HRTEM, RAMAN, and FTIR. 
It was discovered that these nanodiamonds provided improved moisture control and flame retardant 
qualities. This study offers a brand-new technique for fabricating in-situ functionalized fabrics without 
altering their natural properties. 
 
Keywords: Carbon nanostructures, Nanodiamond, Polyethylene-terephthalate (PET) 
 
Graphical Abstract: 

 
 
Bio-inspired polyethylenimine based benzoxazine designs for their use as structural adhesive. P. 
Sharma*,1,2 and L. Nebhani1 1 Indian Institute of Technology Delhi, Delhi, India 2Amity Institute of Applied 
Sciences, Amity University, Noida *Corresponding author’s E-mail: pratibhasharmaphd@gmail.com, 
psharma25@amity.edu Thermosets have been developed by polymerizing side-chain type benzoxazine 
resins, which have been prepared by end capping the amine functionalities of a multifunctional amine 
synthon with benzoxazine moieties, via Mannich like condensation of amines with bio-source phenols 
(Cardanol, Eugenol and Guaiacol). The structure property relationship in the developed benzoxazine resins 
using different bio-based phenols, has been established by studying the performance of polybenzoxazine 
thermosets. Furthermore, structural characterization of the developed resins has been performed using 
FTIR, 1H, 13C NMR spectroscopy techniques. Polar amine groups as well as alkyl chains available with 
synthons, are expected to affect the polymerization characteristics of oxazine moieties, and the same has 
been investigated using DSC studies. Further, rheological studies performed for resins suggest solvent-less 
processing for cardanol based resins only. Thermal stability of the crosslinked materials obtained from 
polymerization of the multifunctional resins, has been investigated using thermogravimetric analysis (TGA), 
while the glass transition temperature for the cured specimens has been obtained by dynamic mechanical 
analysis (DMA). Moreover, surface properties of the cross-linked materials have been investigated by 
performing contact angle measurements. Lap shear adhesion experiments have been performed using 
ASTM D1002 standard on stainless steel substrates, and the results indicates relatively good wettability of 
cardanol based resins. References [1] Deepak, D.; Sharma, P.; Nebhani, L.; European Polymer Journal, 2020, 
vol. 134, 109848. [2] Sharma, P.; Nebhani, L.; European Polymer Journal, 2021, vol. 155, 110542 
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Abstract 
 

 
Annotation 
Foamed polyethylene and the products based on it, under the conditions of realization of a 
seamless insulating shell, allow the formation of effective systems of thermal, water and steam 
barriers for objects used in almost all areas of the building complex and technical equipment at 
temperatures up to 80°C. 
 
The efficiency of a seamless insulating shell made of polyethylene foam is so high that with energy-
saving glazing and the use of appropriate architectural and technical solutions (air recovery, etc.) 
it is possible to create houses with energy consumption close to zero. AirLayer materials have 
lower thermal conductivity than layered materials, insulation shells have better thermal 
performance. 
 
Key words: insulating shell, polyethylene foam, interlock, thermal conductivity, cold retention. 
 
Insulation systems for buildings, structures or economic facilities have two crucial tasks: to create 
and maintain the required temperature and humidity conditions in the space, and to create 
conditions for maximum functionality of the insulating shell and durability of the structure as a 
whole. Depending on the operating conditions of the structure, the tasks can be specified: for 
example, reducing heat loss from the room, maintaining a comfortable microclimate in it; 
maintaining the required technological parameters in the room and in the facility, and maintaining 
the cold [1–3]. 
 
Keeping cold is an important requirement for many operating conditions. First, this is related to 
refrigeration units in particular and cryogenics in general. Secondly, this is due to the need to 
maintain the temperature regime in ice sports facilities: Ice rinks, ice stadiums, etc. There are also 
lesser-known areas, which we will discuss below. 
 
The operation of cold storage facilities requires the use of insulating materials, which have to meet 
a number of special requirements. Firstly, a low thermal conductivity that is stable even in the 
presence of humidity and negative temperatures. Secondly, low water vapour and water 
permeability of the materials. Thirdly, the possibility of forming insulating shells with a 
minimisation of heat-conducting zones (the so-called "cold bridges") and zones of free air 
filtration. 
 
These conditions are met by products based on polyethylene foam: mats and roll materials. The 
technology developed by TEPOFOL makes it possible to obtain products with a thickness of 10 to 
200 mm (and more, if necessary), and to form seamless insulating shells during installation. 
 



 

The classical technology of installation works foresees the use of layered products with a tight fit 
of the layers (Fig. 1). The products can be made with a metallised coating (aluminium foil or 
metallised film) or without a coating. 
 

 
 

 

а b 
Fig. 1. Polyethylene foam products: a - layered products; b - AirLayer line products 

 
 
 
Research into the experience of using polyethylene foam products led to the development of a 
new line of AirLayer materials (RF patent no. 199048). These are thermally insulating, multi-layer 
materials containing flat layers of foamed polyethylene (polypropylene or rubber). According to 
TEPOFOL technologies, the individual layers are joined into a lock and welded with a construction 
dryer, creating a seamless insulating shell (RF Patent No. 2645190) [4, 5]. Depending on the 
conditions of use, the width of the polyethylene foam rolls can be up to 2 m, and the length of the 
material is adjusted to the size of the customer. An edge is formed on the sides of the rolls, which 
enables the formation of a closure joint. 
 
Systems using polyethylene foam have been tested in the construction of low-rise houses, in the 
insulation of buildings and structures with and without frames, in floating floors, and in flat and 
pitched roofs. The technology of "cold preservation" has been used in the construction of special 
warehouses and storage rooms, in the insulation of sports halls and in the field of snow 
preservation (Fig. 2) 
 
The segments of the economy where seamless insulation systems made of polyethylene foam are 
used are residential and industrial construction, construction of agricultural facilities. Insulation 
systems made of polyethylene foam with seamless connection have proven their worth in the 
insulation of garages, warehouses for agricultural products and livestock facilities (Fig. 2, 3), in the 
insulation of sports facilities and in such an innovative field as snow preservation [6, 7]. 
 
In the systems under consideration, it is possible to work out properties that are characteristic of 
all types of objects, as well as private properties whose fulfilment is necessary to solve certain 
operational problems.  



 

 

 

Fig. 2. Hangar insulation 
 
 

 

 

 
Fig. 3. Installation of an awning covering on a layer of rolled polyethylene foam 

 
 
The design and construction of structures with artificial ice platforms (Figure 4) is a very complex 
task. In modern ice palaces there are two systems of built-in piping: Cooling lines and heating 
systems. Ventilation is also required to ensure the supply of fresh air. The tasks of the insulating 
shell: firstly, to create a comfortable mode for the users and, secondly, to reduce the energy costs 
of maintaining the ice in an operational state by reducing heat loss through the building elements. 
 

 
 

а b 
Fig. 4. Indoor ice rink insulation system (а) and ice arena (b) 

 



 

  

 
Fig.5. Snow conservation 

 

 

  
                                          Fig. 6. Stored snow reserves under the "thermal blanket" 
 
 
The task of preserving cold is also implemented in technologies for snow preservation (Figs. 5, 6). 
In this case, a seamless insulating shell based on polyethylene foam takes over the function of 
protection from the heat of the environment. Systems using seamless insulating shells based on 
polyethylene foam are of great interest for the construction of structures in conditions of stable 
sub-zero temperatures, typical of the Arctic and Antarctic regions. 
 
Conclusion 
Foamed polyethylene and products based on it, under the conditions of a seamless insulating 
envelope, enable the formation of effective systems of thermal, water and vapour barriers for 
objects used in almost all areas of the building complex and technical equipment at temperatures 
up to 80 °C. 

The efficiency of a seamless insulating shell made of polyethylene foam is so high that, with 
energy-saving glazing and the use of appropriate architectural and technical solutions (air 
recovery, etc.), it is possible to create houses with energy consumption close to zero. AirLayer 
materials have lower thermal conductivity compared to layered materials, insulation shells have 
better thermal performance. 
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Abstract 

 
Polymer hydrogels show great potential for a wide range of applications, but the conventional 
hydrogels’ poor mechanical properties severely limit their scope. In this regard, incorporating the 
energy dissipation mechanism into the hydrogel is considered an effective method to improve 
mechanical properties. In this talk, we shall discuss about different strategies that our group has 
employed to address this issue. Discussions will include, for example: (a) tough, self-healable and 
thermoprocessable polyacrylamide-chitosan (PAM-CS) hydrogels based on H-bonded cross-links 
and physical entanglement,1 (b) a dual cross-linked poly(acrylamide-co-vinylimidazole)-M2+ (M: Ni, 
Zn) hydrogel, where the strong chemical cross-linking holds the structure and highly dynamic 
imidazole-metal ion cross-links act as sacrificial bonds and dissipate energy, mimicking the energy 
dissipation mechanism in mussel byssal threads and resulting in fast and efficient self-recovery 
after tensile loading (~ 96% dissipative energy recovery in 1 min after a loading-unloading cycle up 
to 200% strain)2 (c) controlling the kinetics and pH-responsiveness of these metal-ligand cross-
links to access a wide spectrum of mechanical properties leading to both soft (stiffness ~ 0.7 MPa) 
as well as ultrastiff (stiffness ~ 155 MPa) hydrogels.3 Applications of these ionically conducting 
hydrogels as highly sensitive resistive (gauge factor ~ 11 at 100% strain) and capacitive sensors 
and as electrolytes for compressible supercapacitors will also be discussed. (d) intrinsic anti-
freezing and adhesive proton-donor acceptor stretchable hydrogel materials.4 Overall, the design 
of these hydrogel materials and possible applications will be highlighted.  
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Abstract 
 
 
Hydrazide substituted bisphenol (1c) has been synthesized via condensation reaction of p-
hydroxybenzoic acid (1a) and hydrazine hydrochloride. Bisphenol (1a) was subsequently reacted 
with 4-nitrophthalonitrile to form hydrazide substituted bisphthalonitrile (1d) which was cured to 
corresponding cross-linked polymer. The precursors and monomers were characterized by NMR, 
and FT-IR. The Differential Scanning Calorimetry (DSC) thermogram of uncured resins (1d) showed 
melting peak (Tm) at 266 with onset of curing at 269⁰C and curing window of 69⁰C at heating rate 
of 10⁰C/min to form cured network (1e). The enthalpy of curing for the resin monomer (1d) was 
found to be 82.62 J/g. The thermogravimetric analysis (TGA) of the fully cured polymer (1e) 
showed onset of thermal degradation (Tons) at 398 ⁰C along with char yield of 59 wt% at 800 ⁰C on 
heating rate of 20⁰C/min, in N2-atmosphere. The corresponding limiting oxygen index (LOI) value 
of cured polymer was found to be 41.1 (calculated by Krevelen’s equation). The cured polymer 
(1e) has not shown any glass transition temperature (Tg) up to 350⁰C (via DSC analysis). 
Keywords: Phthalonitrile, Hydrazide, DSC, TGA, LOI 
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Abstract 
 
 
Indoor air pollution and malodors, especially in closed spaces, is a matter of significant concern 
from a human health perspective. These pollutants, like particulate matter, toxic volatile organic 
compounds (VOCs), sulfur and nitrous oxides, adversely affect human health. Chronic exposure to 
these pollutants can cause life-threatening respiratory disorders like asthma, eye and throat 
diseases, and cancer. Some porous materials, such as activated carbon, zeolites, and silica, 
physically absorb these contaminants from the air. But, a lack of favorable chemistry for their 
integration to fabric/polymer/metal surfaces, lower surface areas, and lower adsorption capacities 
limit their application to pack columns and filters. Metal-Organic Frameworks (MOFs) are highly 
crystalline porous materials exhibiting enormous surface areas and high adsorption capacities. The 
chemical functionalities of the MOFs can be easily modified by selecting appropriate metal-linker 
combinations, which makes them a potential candidate for various applications like filtration, 
separation, air/water purification, sensing, gas storage, etc. But, Applications of MOFs are also 
limited due to their powder nature and lack of suitable technologies for their integration to various 
flexible substrates like textiles/fabrics and polymers, etc. Here, we developed the cotton textiles 
functionalized with the Zeolitic Imidazolate Frameworks (ZIF-8 and ZIF-67) using a quick and simple 
water-based finishing technique that involves padding and curing. FESEM studies revealed the 
uniform, homogenous, and wash-durable attachment of porous ZIF nanocrystals on the fabric's 
surface. The other physicochemical studies also confirmed the growth of ZIF crystals on 
carboxymethylated (CM) cotton fabrics. The reported fabrics have a significantly higher surface 
area as compared to pristine fabrics. The MOF functionalized fabrics showed rapid and 
significantly higher adsorption capacities for three model aromatic pollutants: aniline, benzene, 
and styrene. The adsorbed gases could remain bound with the fabrics even under active vacuum 
conditions of  ~1 torr. Interestingly, these MOF functionalized fabrics can be regenerated and 
reused several times without any decay in their adsorption capacity. The regeneration and 
recyclability studies confirmed the physisorption of aromatic pollutants on the surface of MOF-
functionalized cotton fabrics. These ZIF functionalized textiles possess a huge potential for 
applications in air filters, protective garments, and in controlling indoor air pollution.  
 
Keywords: ZIFs, MOFs, Functional cotton fabrics, pollutant adsorption, air purification 
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Abstract 
 
 
The previous decade has seen incredible progress in the identification of important polymeric 
hybrid materials and their vastly diverse characteristics at the nanoscale. Nanofibers have 
provided scientists with a new tool for understanding and exploiting natural phenomena that 
occur when metals and particles are structured at the nanoscale. Nanofibers can create a highly 
porous mesh, and they perform better in many applications due to their high surface-to-volume 
ratio. The production of nanofibers made from various materials in different fibrous assemblies is 
only possible through electrospinning. Electrospinning is very appealing to both academia and 
industry due to its relatively high production rate and straightforward setup. One of the most 
alarming issues today is water pollution, which is getting worse as a result of industrialization and 
human activity. The applications of electrospun nanofibers are increasing day by day due to their 
special properties. The development of thin-film nanocomposites (TFNs) and mixed matrix 
membranes (MMMs) are some of the most recent innovations in this field. The development of a 
novel cellulose triacetate nanofiber membrane using αFe2O3/polyacrylonitrile 
(PAN)/CaCO3/cellulose triacetate (CTA) is described in this paper. This multifunctional membrane 
has the ability to adsorb organic pollutants and remove heavy metal ions as well as, degrade 
organic pollutants via photocatalysis, and remineralization water. Additionally, the membrane 
demonstrated excellent stability in various solvents and a pH range of 3 to 9 (of interest to the 
environment). Additionally, the membrane had a 7-day sustained calcium remineralization 
capacity. The results showed that the adsorption capacities of the α-Fe2O3/PAN/CaCO3/CTA 
nanofiber membrane were 91% and 77% for 100 mg/L initial concentration of lead and copper, 
respectively. Effective removal rates for the organic pollutants methyl orange (MO) and methylene 
blue (MB) are 96% and 95%, respectively. This opens the door to the development of low-cost, 
highly sensitive, and efficient membranes for wastewater treatment and remediation in the 
context of environmental remediation  
 
 
Keywords: Electrospinning, Wastewater treatment, Electrochemical sensing, Nanofibers based 
membrane, References: 1. M. Kumar, A Tiwari, J.K. Randhawa, Desalination,2022, 541, 116030. 2. 
M. Salehi, Environment International, 2022, 158, 106936 
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Abstract 

 
Thermosets have been developed by polymerizing side-chain type benzoxazine resins, which have 
been prepared by end capping the amine functionalities of a multifunctional amine synthon with 
benzoxazine moieties, via Mannich like condensation of amines with bio-source phenols 
(Cardanol, Eugenol and Guaiacol). The structure property relationship in the developed 
benzoxazine resins using different bio-based phenols, has been established by studying the 
performance of polybenzoxazine thermosets. Furthermore, structural characterization of the 
developed resins has been performed using FTIR, 1H, 13C NMR spectroscopy techniques. Polar 
amine groups as well as alkyl chains available with synthons, are expected to affect the 
polymerization characteristics of oxazine moieties, and the same has been investigated using DSC 
studies. Further, rheological studies performed for resins suggest solvent-less processing for 
cardanol based resins only. Thermal stability of the crosslinked materials obtained from 
polymerization of the multifunctional resins, has been investigated using thermogravimetric 
analysis (TGA), while the glass transition temperature for the cured specimens has been obtained 
by dynamic mechanical analysis (DMA). Moreover, surface properties of the cross-linked materials 
have been investigated by performing contact angle measurements. Lap shear adhesion 
experiments have been performed using ASTM D1002 standard on stainless steel substrates, and 
the results indicates relatively good wettability of cardanol based resins.  
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Abstract 
 

 
The CdSe nanorods were synthesised with n-heptane/AOT/water reverse micelle micro emulsion 
method at moderate temperature of 80ºC with hydrazine hydrate as a shape modulator. 
Synthesized CdSe nanorods were capped with thioglycolic acid to avoid agglomeration and 
enhancing stabilization in aqueous media. Size and shape was analysed through HR-TEM images. 
Capped CdSe nanorods were then embedded in PVA films using solution casting method at 
moderate temperature of 60ºC. The effect on absorbance, transmittance and reflectance of PVA 
films embedded with capped CdSe nanorods was studied and confirmed with UV-Vis 
spectrophotometer. The effect of dosage of capped CdSe nanorods in PVA films was studied to 
determine the effective dosage on basis of absorbance, transmittance and reflectance required 
for packaging application. Capped CdSe nanorods acts as filler and structural modulators for 
improved optical properties. A significant effect of capped CdSe nanorods when embedded in PVA 
films was observed on optical properties which attracts to explore more interestingly to study 
thermal, mechanical properties of fabricated PVA films embedded with CdSe nanorods. 

 
Keywords: Micro-emulsion method, hydrazine hydrate, packaging application, Capped CdSe 
nanorods 
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Abstract 
 
  

Nano-sized particles inherently possess superior properties to their bulk counterpart, which make 
their end-use application area much wide. Popularly used metal nanoparticles in various fields, 
such as textile, biomedical, health care, food agriculture, industrial, electronics, renewable energy, 
environment, etc. are silver, gold, copper, alumina, titanium dioxide, and zinc oxide. They can be 
synthesized either by chemical, physical, mechanical, or biological methods. However, the 
chemical, physical and mechanical methods have major drawbacks of toxicity, high cost, and high 
energy.  
 
The nanoparticles are usually reinforced in base material to enhance the functional characteristics 
required, and such nanocomposites can be used more preferentially by end users. Cosmetic, 
medical, photothermal therapy, drug delivery, biosensors, cancer therapy, imaging, antimicrobial 
agent, etc. are some of the identified domains of end users. 
 
Synthesis of nano-material with controlled size and shape is the prime concern of research in 
nanotechnology. Recently, biosynthesis of metallic nano-particles has gained popularity owing to 
its eco-friendliness. The use of natural plant extracts in the preparation of nano-particles provides 
advancement over chemical and physical methods, due to their cost-effectiveness and 
environment-friendly nature. In the present work, Zinc nanoparticles have been synthesized with 
a simple and green technique by using Ocimum sanctum plant leaf extract as a reducer as well as 
a stabilizer. The size and shape of synthesized nanoparticles were pigeonholed by a particle size 
analyzer and SEM further was characterized by EDS and FT-IR spectral techniques for their 
elemental and chemical composition. The experimental results showed Zinc nano-particles having 
a Z-average diameter of 93nm with higher stability and significantly higher antibacterial activities. 
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Abstract 
 
 
The versatility of natural rubber (NR) as an elastomer is of considerable importance in the current 
scenario owing to its excellent elasticity and mechanical properties. Natural rubber in dry and latex 
form can be applied in broad areas of application by designing its morphology and by enhancing 
the mechanical, thermal, acoustic and tribological properties by the addition of filler materials.  
 
Natural rubber based elastomeric nanocomposite were prepared by incorporating graphene 
nanoplatelets as function of concentration.  Natural rubber (NR)-based composite containing all 
common additives and curatives, were prepared by simple mixing procedure using two roll mill 
and tested. The tribological behavior of composite were studied with respect to variation of 
frictional coefficient, wear resistance under different sliding velocity, contact pressure and 
temperature. Nanocomposite were characterized by X-ray diffraction methods, Transmission 
Electron Microscopy and Atomic force microscopy to reveal the dispersion and interaction 
between the nanofiller and natural rubber matrix. 
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Abstract 

Recent years have seen a substantial increase in the innovation of technology in the agriculture 
sector, notably in the analysis of soil macronutrients. N, P, and K are three macronutrients in 
soil that are crucial for crop growth. Between these three macronutrients, nitrogen is found in 
soil as nitrate or nitrite, which is crucial for crop growth. The most common cropping systems' 
productivity is constrained by nitrogen supply. Because of its crucial role in providing amino 
acids and proteins deficient plants and grains will have low protein content, new plant 
development will be restricted, and many will appear red or red brown. An abundance of 
nitrogen produces exceptionally dark green leaves and promotes vegetative plant 
development. In this work, we prepared ZnO/PANI composite Ni-foam sensor electrode for the 
detection of nitrate. The cyclic voltammetry method was used to synthesize ZnO and PANI 
composite respectively. The morphological, elemental analysis, and crystalline analysis of 
ZnO/PANI composite were done using FESEM, EDS, and XRD respectively. The sensing 
performance of the ZnO/PANI composite Ni-foam sensor was determined using the square 
wave voltammetry method. From the observed data, it is clear that there is a linear relationship 
between the concentration of nitrate and peak current.  
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Abstract 

 
Orthopedic implants are used to restore the physiological activity of human body by fixing the long 
bone defects, non-unions, bone regeneration, fracture fixation, spinal-fixation and deformities of 
musculoskeletal system[1]–[3]. In addition, Implants are widely used for joint replacement 
surgeries such as Total Knee Replacement, Total Hip Replacement for the treatment of spinal 
deformation, joint osteoarthritis, and other orthopedic related fixation. The major reason behind 
prosthetic implant failure is related to aseptic loosening and infection of the implant due to biofilm 
formation. Hence, the ideal prosthetic implant should have the properties such as 
biocompatibility, reduced bacterial adhesion and enhanced osteoblast cell formation i.e., 
improved osseointegration. To solve these issues material science and bioengineering have 
focused on developing new orthopedic implant coatings which improves antibacterial activity and 
enhances the osseointegration process. In this study, we have explored possible application of 
sputter coated nZnO thin film to inhibit bacterial adhesion and enhance the osseointegration 
process. A pure ZnO was deposited on various substrates such as 7059 corning glass, glass slides, 
Si (100)-n type substrates by RF sputtering at various deposition parameters. Characterization of 
thin films was done such as phase analysis using XRD, Band gap energy determination using diffuse 
reflectance spectroscopy, AFM imaging, and in vitro bacterial adhesion prevention tests.  
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Abstract 
 
 

To meet the emerging need of sustainability in different applications, design of smart and 
biodegradable polymers is an extremely important research topic.1 There are a diverse class of 
functional degradable polymers are explored, among which Polyaminoamides and 
polyaminoesters2 definitely deserve attentions as they satisfy different criteria’s in this direction: 
(i) green synthesis via aza-Michael reactions, (ii) pH responsive behavior due to their inherent 
amine functionality and (iii) biodegradability  
In this aspect our recent research group at IIT Patna is actively working in these aspects to form 
diverse functional Polyaminoamides and polyaminoesters bearing consecutive amine and 
amide/ester functionality.3-7 As a synthetic chemist, we explored on defining desecrate polymer-
topology and understand structure-property-self-assembly relations to form important materials 
with targeted end applications. In this particular talk, two important examples will be discussed: 
1st example will demonstrate the synthesis of porous polyaminoamides, with exceptionally high 
iodine adsorption capacity.3, 4 The 2nd part will narrate the synthesis of dual stimuli responsive 
(temperature and pH) reactive nanogels and their subsequent post-polymerization modification 
to form ratiometric nanosensors.5  
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Abstract 
 

 
Starch is a plant-derived semicrystalline polysaccharide, further composed of amylose 
(amorphous) and amylopectin (crystalline). The ratio of amylose: amylopectin differs in starch 
from various sources. Rice is one of the most common sources of cereal starch. Several analytical 
techniques including Fourier Transform Infrared (FTIR) spectroscopy, and powder X-ray diffraction 
(XRD) spectroscopy are used to study the ordered structure of starch granules. FTIR is a tool that 
can quantitatively probe short range interactions whereas XRD is used to study the long-range 
orders in starch structure. Native rice starch is barely utilised for industrial applications due to 
several limitations in its physicochemical properties. Starch requires physical and chemical 
modifications in order to expand its utilization for various applications.  
 
Here, physical modifications such heat moisture treatment (HMT), and annealing (ANN) and 
chemical modification such as acid thinning, oxidation, and crosslinking were used to modify starch 
extracted from indigenous rice varieties from Assam, India. Here, FTIR and XRD are used to 
elucidate the ordered structure of and altered physicochemical properties of modified starch 
granules. Further, differential scanning calorimetry (DSC) validates the changes in the thermal 
properties of modified rice starch.  
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Abstract 
 
 
The pace of energy demand has directed the research community to explore and build up such 
devices that can use renewable energy to drive important energy conversion reactions like HER, 
ORR, OER, etc. in order to boost sustainable energy. The fuel cell has one of the as-developed such 
devices that require efficient, cost-effective and reliable catalysts to overcome the sluggish 
kinetics of ORR at the cathode section. Since the well-known noble Pt-metal as cathode material 
requires not only its high loading amount to achieve desirable performance but also enhances the 
overall costs.  
 
In this context, we have reported the electrocatalytic oxygen reduction features of the iron carbide 
encapsulated into heteroatoms (S and N) doped graphitic carbon matrix, prepared pyrolytically 
using a low-cost and single-step approach as a replacement of commercial Pt/C. The synthesis of 
catalyst was optimized at three different pyrolysis temperatures viz. 600/700/800 °C and by 
varying the dopant amount. The SEM micro images suggest the growth in morphology as soon as 
the reaction temperature rises, while the presence of different doping amounts produces a 
significant impact on the dimensionality of globular and ribbon-like structures. XPS measurement 
assist to identify and quantify different bonding states of dopants that led to enhanced ORR 
activity. In particular, Fe3C@C-SN/25-800 exhibits greater ORR activity with more positive onset 
potential (Eonset) of 0.718 V vs RHE and half-wave potential (E1/2) of 0.670 V vs RHE in the alkaline 
among all as-prepared samples.  The suggested reduction mechanism follows the 4 e¯ transfer 
pathway as deduced from the slopes of Koutecky-Levich (K.-L.) plots. The enhanced catalytic 
activity of the prepared sample is contributed to a combination of factors viz. synthesis 
temperature (Tsyn), dopant concentration into the carbon matrix as well as heating rate.  
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Abstract 
 

Several forms of metal-metal polymers are produced in electrochemistry, particularly when 
working with metallocene catalysts. The primary function of these catalysts is to increase the rates 
of the half-reactions that occur in a reaction. Most of the time, a prominent catalyst utilized in 
polymer synthesis is based on metallocene nanoparticles. These are now supported by bigger 
carbon particles. Because this catalyst fulfils one of the conditions in a process, it improves the 
rate of oxygen reduction to water or hydroxide. Metallocene catalyzed polymerization provides 
several benefits over standard polymerization processes, including the production of exceptionally 
pure, consistent resins with well-defined characteristics. Metallocene is a metal catalyst that is 
exceptionally efficient. They are composed of small particles of positively charged metal ions 
trapped between two rings of five atoms each of cyclopentadienyl anions. They are also known as 
single-site catalysts since each catalyst particle has only one identical active site. For example, a 
wide range of metallocene polyethylene with qualities ranging from very soft with a low melting 
point to high melting point with strong heat resistance may be developed. Many early metallocene 
compounds are active catalysts for olefin polymerization. To determine the impact of 
polymerization rate on metallocene catalyst, two different formations including Me2Si[Ind]2ZrCl2 

and Me2Si[Ind]2 HfCl2 are compared against each other at varying temperature, pressure and 
molecular weight. The impact of temperature on both Me2Si[Ind]2ZrCl2 and Me2Si[Ind]2 HfCl2 
increases the polymerization rate. Pressure and molecular weight have inverse effect on the stable 
polymer formation.  
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Abstract 
 

Molecular simulations of polymeric materials (including blends and nanocomposites) help in 
understanding their macromolecular structure, thermodynamics, mechanical and barrier 
properties. Poly (lactic acid) (PLA) is a promising biodegradable polymer, that is widely being 
explored as a potential alternative to conventional polymers in various applications such as food 
packaging. Despite the use of PLA in various applications, its usage is restricted due to poor gas 
barrier properties, brittleness, low degradation rate, and high operational cost for industries. Poly 
(butylene adipate-co-terephthalate) (PBAT), which has great flexibility and ductility, is a promising 
candidate for blending with PLA to enhance its properties. In the present study, we have generated 
realistic molecular models of pure PLA, pure PBAT, and their blends whose densities compare well 
with the experimental densities reported in the literature. The study focuses on the mechanical 
properties of the blends such as the Young’s modulus and barrier properties as characterized by 
the diffusion of oxygen and water molecules through the polymer matrix. The effect of molecular-
level interactions in polymer blends on the mechanical and barrier properties have also been 
explored. Materials Studio software, with the COMPASS force field, has been used for the 
simulations to calculate the properties of the different polymers and blends.  
 
 
References: 
 

1. Wei, Q., Sun, D., Zhang, K., Wang, Y., Guo, Y., & Wang, Y. (2021). Research on the miscibility, 
mechanical properties and printability of polylactic acid/poly (ε-caprolactone) blends: 
insights from molecular dynamics simulation and experiments. Journal of Materials 
Science, 56(16), 9754-9768. 

2. Ludwiczak, J., Frąckowiak, S., & Leluk, K. (2021). Study of Thermal, Mechanical and Barrier 
Properties of Biodegradable PLA/PBAT Films with Highly Oriented MMT. Materials, 14(23), 
7189. 

 
 
 
 
 
  

mailto:kshan@iitg.ac.in
mailto:amitkumar@iitg.ac.in


 

Waste Plastics to bricks 
 

Vinoth kumar D, Dr. Yogesh P Patil, Mr. Bennet C, Mr. S N Sheshachala 
 

Hindustan Petroleum Green R&D Centre, Kiadb Industrial Area, Tarabahalli Village, Devanagundi, 
Hoskote Taluk, Bangalore-560067 Ph:080 2807 8738 

Email: Vinothkumar.d@hpcl.in; yogesh.patil@hpcl.in, Bennetc@hpcl.in 
 
 

Abstract 
 
In current plastic era, plastics play major role in our life. Most of the plastics are fossil based nonbio 
degradable producing higher amounts of plastic waste. As per recent survey India's national per 
capita plastic waste generation is around 8 gm per day leading to about 3.3 million tons of plastic 
waste per year. HPGRDC per capita plastic waste generation is about 20 gm per day and is 
estimated to produce 2.2 tons of plastic waste per year. HPGRDC also produces waste nitrile gloves 
(WNG) which are used for chemical handling. HPGRDC per capita nitrile gloves waste generation 
is about 16 gm per day and is estimated to produce 1.5 tons of waste nitrile gloves per year. Bricks 
made from the mentioned waste plastic materials can cater to the huge requirement of 
construction industry. HPGRDC has taken first step towards the sustainability initiative by 
developing a process to recycle waste plastics and nitrile gloves into Plastics Brick which can be 
used in garden areas and pavements. The wastes are generally generated as plastic lab wares, 
nitrile gloves, safety goggles, packaging materials, plastic files, pens, discarded computer systems, 
plastic doors and windows etc. Keywords: Polymer, Plastic, Polypropylene, Waste, Bricks, 
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Abstract 
 

 
Digital microfluidics (DM) is an advanced technology in microfluidics where electrowetting force 
is used to control and manipulate nanolitre and microliter-sized droplets on a set of electrodes.1 
DM has gained considerable attention because of fast heat transfer, less reagent volume due to 
miniaturization of reaction, small footprints and incredible control of droplets. This technique 
minimizes the analysis time and efforts and offers innovative prospects for process automation 
and integration in a unique setup. It is very favorable for high throughput applications. The 
movement of droplets using DM requires a hydrophobic surface on which the processes can be 
performed easily. SLIPS (Slippery liquid infused porous surface) have been demonstrated to be 
used as a surface for digital microfluidics because of antifouling properties and fine movement of 
droplets.2 SLIPS is fabricated by utilizing porous polymeric substrate infused with the slippery fluid.  
 
PCR product purification is important step in molecular cloning. The purification is done to remove 
the enzymes, primers, salts and other non-reacted components from the reaction to get pure 
amplified band.3 The purity of PCR product is crucial for the gene sequencing, aptamer sequencing 
and cloning. In addition to this, whole genome sequencing techniques have increased the need 
for the purity of the nucleic acids used. Purification of DNA using commercially available kits is 
cumbersome, time-consuming and generates a lot of plastic waste. With digital microfluidics, the 
high throughput purification of nucleic acids can be achieved. The DM platform used in this study 
is developed in-house.4 Magnetic nanoparticles have been employed for the purification of PCR 
product on the DM platform as they have tendency to bind to the DNA. The binding of the DNA to 
the nanoparticles can be tuned by altering the ratio of DNA and nanoparticles. A pure DNA band, 
free of primers is obtained on agarose gel after purification via DM.  
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Abstract 
 
 
Environmental and ecological concerns of petro-based nondegradable packaging materials are 
overweighing their applicability and pushing us to find their ecofriendly alternatives. Although 
several polysaccharide-based natural biodegradable polymers such as starch, cellulose, alginate, 
and agar have shown potential, their high-water absorption capacity and poor microbial resistance 
leaves us wanting for more. Despite being non-toxic, abundant, and water-soluble, 
polysaccharide-based polymers, are unable to replace synthetic plastics due to poor properties. In 
the present work, we employed blend of additives and a few process parameters to improve 
mechanical, water resistance and antimicrobial properties of the polymers. 
 
The strength of the developed material was more than polyethylene while its water absorption 
was reduced by an order of magnitude after processing. The additives and processing steps helped 
the material improve barrier, and antibacterial properties. Moreover, the material demonstrated 
flexibility, transparency, and biodegradability, without the use of any harmful ingredients. In 
addition, heat-sealing capability and printability was also established.  These materials have the 
potential to be employed as cutting packaging materials for a number of fast-moving consumer 
goods. 
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Abstract 

 
 

In this study, the effect of hybrid fillers on the mechanical and thermal properties of natural rubber 
(NR) composites was investigated, and silica/graphene oxide and silica/graphite hybrid systems in 
NR composites were focused. An interesting synergetic effect could be observed by varying the 
ratio of the above-mentioned hybrid nanofillers in the NR system. The 3:3 graphite-silica and the 
2:2 graphene oxide-silica combinations have the highest tensile strength, and their proper 
intercalation is exposed from electron microscopy.  In contrast, the contact angle shows no 
dramatic variation. A possible mechanism of the synergistic effect of both fillers is explained in this 
work with the help of morphological analysis and theoretical modelling using the Guth Smallwood, 
Guth Gold, and Halpin Tsai model. Indeed, the excellent correlation between the experimental 
data and the Guth Gold model reveals that the matrix-filler interactions govern the reinforcement 
effect. Thus, the possible correlation between mechanical properties and the cooperative 
rearranging region (CRR) size has been investigated from calorimetry. The efficient intercalation 
of the fillers and the consequent increase in the tensile strength lead to a significant decrease in 
the CRR. Moreover, the glass transition dynamics are visibly impacted by the dramatic increase in 
Young's modulus and the abrupt change in strain hardening. Finally, the specific result is 
interpreted in terms of cross-link density.  
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Abstract 
 
 
This work reports the thermal, rheological, and crystallographic structural behavior of recycled 
polyethylene terephthalate (RPET) derived from bottle waste and the feasibility of it being a major 
source for additive manufacturing by modulating its behavior using a chain extender (TPP), 
nanofiller (MMT) and catalyst. FT-IR analysis showed increase in absorbance due to catalyst. The 
thermal analysis of the RPET using DSC and TGA was carried out to ascertain a comparative analysis 
to show a 10℃ decrease in Tg with a substantial increase in the degradation onset of 7℃ due to 
MMT content. Melt flow index (MFI) study showed an increase due to the additives and intrinsic 
viscosity and weight average molecular weight was compared in the similar range. The percentage 
crystallinity, interlayer distance and average crystallite size was determined and analyzed by X-Ray 
Diffraction (XRD) along with derivatives from the DSC curves. Presence of catalyst with higher 
MMT content showed agglomeration and increased TPP showed low crystalline properties. 
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Abstract 

 
The advancements in the areas of wearable devices and flexible electronic skin have led to the 
synthesis of scalable, ultrasensitive sensors to detect and differentiate multimodal stimuli and 
dynamic human movements. Herein, we reveal a novel architecture of an epidermal sensor 
fabricated by sandwiching the buckypaper between the layers of poly(dimethylsiloxane) (PDMS). 
This mechanically robust sensor can be conformally adhered on skin and has the perception 
capability to detect real-time transient human motions and the multimodal mechanical stimuli of 
stretching, bending, tapping, and twisting. The sensor has feasibility for real-time health 
monitoring as it can distinguish a wide range of human physiological activities like breathing, 
gulping, phonation, pulse monitoring, and finger and wrist bending. 

Keywords: nanocomposites, MWCNTs, polyaniline, PDMS, BUCKYPAPER, Sensor nanotechnology, 
polymer nanocomposites 
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Abstract 
 

 
Textile finishing industry is one of the producers of high volume of hazardous waste which creates 
ecological issues in terms of water, air and landfills. Thus, the use of harmful chemicals needs to be replaced 
by the natural products in a sustainable way for health and environment benefits. The research aims to use 
nanotechnology to develop eco-friendly, multifunctional, durable products, capable of providing protection 
of textiles from harmful UV radiations, bacterial infection and mosquitoes. Natural essential oils have 
various useful properties, however are difficult to apply directly onto a textile substrate and thus have not 
been commercially exploited for the same. In this work, selected essential oil along with a combination of 
suitable surfactants have been used to develop a stable and optimized nanoemulsion. The nanoemulsion 
is prepared using high speed homogenization and has been applied onto cellulosic fabric. The particle size 
of the nanoemulsion has been tested with the help of Malvern Mastersizer 2000 according to which a 
stable nanoemulsion has been obtained. Application of the oil in nanoemulsion form has been done by 
layer by layer technique which improves the adhesion of finishing on fabric thus improving its durability. 
Layer-by-layer deposition is a thin film fabrication technique where the fabric is treated with alternating 
layers of oppositely charged ions with wash steps in between. The use of nanoemulsion has led to 
multifunctional property of fabric in terms of Antimicrobial property (98%), Mosquito repellency (100%) as 
well as moderate UV protection property. The treated fabric has been characterized using FTIR 
Spectrophotometer to confirm the presence of functional groups and scanning electron microscopy to 
analyze the nanoemulsion traces on the cellulosic surface of cotton fabric.  
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Abstract 
 

 
Polymeric materials are used in many applications, i.e., automotive, packaging and many more. 
Small molecular weight volatile organic compounds (VOCs) can be generated during the 
production of polymeric materials or during storage of these raw materials for longer durations, 
due to different reasons, i.e., degradation. Some of these VOCs might also be responsible for bad 
odor from polymeric materials and are not desired in raw materials for applications, i.e., 
automotive, packaging etc. Strict regulations and need of better consumer perception are the key 
drivers for low VOC and low odor products. Generation of VOCs can be controlled by several 
methods, i.e., optimization of polymerization processing conditions, by doing some post process 
modifications, by additivation, etc. There is an increased demand for the recycled polymeric 
materials, now a days. Reducing the odor from recycled polymers is even more challenging and 
requires different remediation strategies. Importance of VOCs and odor reduction from virgin and 
recycled polymers, together with information about state-of-the-art analytical tools for VOCs and 
Odor evaluations, will be presented. Importance of some remediation strategies and their 
outcomes will be highlighted in the presentation. 
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Abstract 
 

 
Nearly 40 % of the food produced in India every year is either lost or wasted. This quantity amounts to a 
whopping 303 million tonnes [1]. This is primarily due to a lack of supply chain and a fragmented food 
system. At the global level, concerns about food wastage and losses have been addressed by adopting the 
Sustainable Development Goals (SDG). According to a study provided by the United Nations, an estimated 
17% of food supplied to customers was wasted in households, retail outlets, and restaurants in 2019 [2]. 
This food wastage can be reduced by using active antimicrobial packaging. Active packaging with 
antimicrobial properties can reduce the packaged food's bacterial growth and extend the packaged food's 
shelf life. Petroleum based materials are currently being used for the development of active packages in 
the food industry. This is primarily due to their low cost, superior barrier performance, processability, and 
easy integration of antimicrobial agents [3]. However, these materials are non-biodegradable, causing long-
term environmental problems [4]. Biopolymer based antimicrobial film has been developed recently, but 
the problem associated with these films has limited mechanical, thermal, and physical properties. Natural 
fibre reinforced biocomposites have the potential to replace conventional packaging material. Herein, we 
developed a rice husk fibre reinforced biocomposite with antimicrobial properties for the extended shelf 
life of packed food. Rice husk fibres are used as reinforcing material, corn starch is utilized as a matrix 
material, and benzalkonium chlorides are used as an antimicrobial agent. The antimicrobial film is made 
through the solution casting method with various fibres and benzalkonium chlorides loading. The results 
show a significant improvement in tensile strength and elastic modulus from 3.5 MPa to 24.5 MPa. The 
moisture content decreased from 27% to 11 %, and it has UV protection properties. In the biodegradability 
test, it was found that all the developed samples were degradable in 30 days under composting conditions. 
The antibacterial properties of the film samples were tested against gram-positive and gram-negative 
bacteria using the agar diffusion method. Biocomposite films with enhanced properties can be used as 
sustainable packaging for the extended shelf life of food with minimum environmental impact. It can also 
reduce synthetic additives/stabilizers, that are conventionally used in packed food. 
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Abstract 
 

 
The interactions between polymers and solvents are significant with respect to several polymer 
processing applications. To ensure proper mixing, understanding the phase behavior of polymer 
solutions and polymer blends is crucial. In our study, we perform experiments and computational 
simulations to understand the thermodynamic phase behavior of a polymer-solvent system in the 
presence of a non-solvent. Here, a method for estimation of the binodal curve for liquid-liquid 
phase separation in a ternary system is described. Here, we study the phase behavior and chemical 
environment around molecules in aqueous Poly(sodium 4-styrenesulfonate) (NaPSS) system. 
NaPSS is a widely used polyelectrolyte for various applications, including treatment of 
hyperkalemia [1] and for improving the solubility of conducting materials like Poly(3,4-
ethylenedioxythiophene) (PEDOT) [2], in assisting the intercalation process of nanomaterials, etc. 
 
We have used a simple cloud point precipitation method on NaPSS – water – 1,4-butanediol 
ternary system to estimate the binodal curve corresponding to the liquid-liquid, non-solvent-
induced phase separation. Flory-Huggins (FH) theory is fundamental in our basic understanding of 
the thermodynamics of polymer solutions. Independently, the Flory- Huggins interaction 
parameter in this theory is important to predict the miscibility criterion for any given polymer-
solvent system. The binodal and spinodal curves in a polymer phase diagram can be constructed 
using the FH theory. The Linear cloud-point correlation method was subsequently used to 
construct a complete binodal curve from the obtained titration-based experimental data, and the 
Flory Huggins interaction parameters were computed. 
 
We have also carried out some molecular dynamics (MD) simulations, to explore the molecular-
scale mechanisms related to the cloud point observation in NaPSS-water-butanediol ternary 
system. A united atom model was used for the NaPSS chain backbone, while a fully atomistic 
model was used to describe the phenyl ring and styrene sulfonate group. The explicit water 
molecules were defined using the TIP3P-PME model. 
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Abstract 
 
 

Metal-organic Frameworks (MOFs) are an interesting class of solid-state crystalline, porous 
materials with significantly high surface areas. Zirconium based microporous MOF 808 
constructed from Zr6 nodes (Zr6O4(OH)4) and BTC (benzene-1,3,5-tricarboxylate) has been 
synthesized in this study. Further modification of the MOF was carried out by encapsulation of 
ionic liquids and antioxidants as proton conduction systems and free radical scavengers. They were 
incorporated in sulfonated poly (ether ether ketone) (SPEEK) matrix to formulate composite PEMs 
by solution casting. The composite membranes displayed higher thermal stability, proton 
conductivity and fuel cell performance and long-term stability in fuel cell system than pure SPEEK.  
The filler generates abundant proton conducting channels through functionalized MOFs and 
sulfonic functional groups of SPEEK that causes high increment in proton conductivity in 
comparison to that of pure SPEEK. The membrane also retains sufficiently high proton conductivity 
at 100°C and 40% relative humidity indicating its superior proton conducting abilities at low 
humidity and higher temperature. Furthermore, peak power density achieved by the membrane 
at 80 °C is comparatively higher than many other reported literatures on SPEEK based membranes. 
The results give an overall insight that this kind of modified membranes can be potentially applied 
in PEM.  
 
 
Keywords: metal-organic frameworks, proton conductivity, hybrid membranes, acid-base 
interactions, antioxidants  
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Abstract 
 
 

Polymers are attractive for preparing commercial energy-harvesting and storage devices due to 
their inherent flexibility and stretchability. Polyvinylidene fluoride (PVDF) is chemically and 
thermally stabile, and easily processable, making is desirable for use as separator-cum-electrolyte 
for electrochemical energy storage devices [1]. Its strong piezoelectric response is another major 
advantage which has lead to it being used in a variety of mechanical, biological sensors as well as 
energy-harvesting devices [2]. 
 
Processing PVDF using phase-inversion offers multiple means to tailor its morphological and 
structural features as per our requirements and the processing conditions can heavily influence 
its performance. This work reports the effect of temperature and composition of the water bath 
during-phase-inversion by immersion precipitation on the crystalline content of the prepared 
micro-porous films. In particular, the polar β-phase crystalline content is monitored as it is major 
reason for the piezoelectric sensitivity of PVDF. We have analyzed the prepared films using x-ray 
diffraction, infrared spectroscopy and electron microscopy to provide insight into the formation 
of β-phase. With an aim to find the optimized preparation temperature and identify the most 
robust yet flexible film, we measured their piezoelectric voltage and current response to external 
force and carried out tensile strength tests. Finally, a design for a device able to sense and 
differentiate between magnitudes of external force has been presented. The prepared films offer 
a new approach towards using PVDF for sensing and energy generation applications. 
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Abstract 
 
 

Phosphorene has been in remarkable demand due to their distinctive electrical performances in 
biomedical application among all the formerly developed 2D materials. Zero-dimensional 
phosphorene quantum dot semiconducting material is a promising candidate that inaugurated a 
new platform for fabricating high-performance electrical biosensors. In this study, we have 
successfully developed the reduced phosphorene quantum dot (rPhQD) material of average size 
2.1-2.3 nm using a simple hydrothermal technique and utilized it as an electrical bio-sensing media 
to detect uric acid in aqueous media as well as in real samples such as human blood serum and 
artificial urine. The biodegradable polymer composites of rPhQD show unique current-voltage 
properties. They can be applied to fabricate electrical devices that selectively detect uric acid in 
human blood serum and urine samples in the linear range of 1 µM to 5 µM. The corresponding 
detection limits for aqueous media, human blood serum, and artificial urine are 0.809 µM, 0.5292 
µM, and 1.065 µM, respectively. We have investigated the driving force responsible for this 
selective electrical sensing and found that improvement of ionic movement in the presence of 
analytes plays a prominent role that can be established by measuring the transport number of the 
nano-bio-composite film. The device has the potential for the successful detection of uric acid 
quantity in human blood serum and artificial urine, which can be proven experimentally. 
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Abstract 
 

 
We report drug nanocrystals stabilized with host specific serum proteins with high loading (~63% 
w/w). The human serum derived curcumin nanoparticles (Cur-NanoSera) showed superior in vitro 
anti-cancer efficiency compared to free drug with substantial hemocompatibility. The pre-
adsorbed protein coating impeded further protein corona formation even with repeated serum 
exposures. Acute & sub-acute toxicity evaluation post single and dual injections of C57BL/6 mice 
derived Cur-NanoSera showed no prominent inflammatory response or organ damage in the in-
bred mice. Passive accumulation of Cur-NanoSera in tumor tissue significantly suppressed its 
growth in a syngeneic breast tumor model in addition to controlling tumor burden associated 
splenomegaly. 
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Abstract 
 
Immobilization of biopolymers on solid surfaces has achieved much interest because of its use in 
the fields of implantable device fabrication, implant biocompatibility, bacterial colonization, and 
protein crystallization. Implantation of solid implants inside living organisms is followed by 
immediate biopolymer formation over the implant surface and this biopolymer layer properties 
decide its biocompatibility and longevity.  The properties of the biopolymeric layer depend on 
many factors such as concentration and pH of the solution, size and charge of the biopolymer, 
wettability and chemical composition of the solid surface. We in this study tried to evaluate the 
effect of surface wettability on the formation of ultrathin biopolymer films of bovine serum 
albumin (BSA) on hydrophilic and hydrophobic silicon surfaces in absence and presence of 
monovalent ions and evaluated their structural, morphological and hydrophobic properties. On 
hydrophilic surface, a monolayer of tilted BSA molecules with its native globular shape is deposited 
in absence of any ions but in the presence of monovalent Na+ ions, bilayer of BSA molecules with 
side-on orientation is deposited. Although, similar tilted monolayer is found to deposit on 
hydrophobic surface in absence of ions but the tilting is more with respect to surface as thicker 
and denser BSA layer is deposited. While, in presence of Na+ ions, tilted bilayer of BSA molecules 
is deposited on hydrophobic surface. Thus, higher adsorption of BSA molecules has occurred on 
hydrophobic surface compared to hydrophilic surface in absence as well as in presence of 
monovalent ions. Sessile drop water contact angle study is employed to explore its hydrophobic 
properties. On both hydrophilic and hydrophobic surface, biopolymer films showed contact angles 
≥ 600 and higher hydrophobicity is recorded for Na+ ions interacted biopolymer films compared to 
pure biopolymer films. The increment in hydrophobicity of the Na+ ions interacted biopolymer 
films could be due to higher immobilization of BSA molecules in presence of monovalent ions and 
due to more exposure of their hydrophobic residues towards the outer surface. 
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Abstract 
 
 

Chitosan is the second most abundant biopolymer used in numerous sectors such as food, 
pharmaceutical, chemical, medical, and agricultural industries. Chitosan is a linear chain 
copolymer consisting of β-(1-4)-linked d-glucosamine and N-acetyl-d-glucosamine. Chitosan is a 

cationic linear polysaccharide that is similar 
to 

glycosaminoglycans found in extracellular matrixes in its chemical and structural composition. A 
number of its properties have made it an attractive candidate for biomedical application because 
of its biocompatibility, biodegradability, non-immunogenicity, intrinsic antibacterial properties, 
and outstanding processability. 
 
In this study, chitosan-based membrane was prepared by using solution casting method. As a 
matter of fact, chitosan membrane is quite brittle in nature which restrict its use in biomedical 
applications. To enhance the flexibility of chitosan membranes polyethylene oxide is added. 
Polyethylene oxide is blended in the chitosan solution in a range of varying concentrations from 
5% to 30%.  These blended membranes were characterized using TGA, DSC, ATR-IR, XRD, Cryo-
SEM, EDX, contact angle and tensile testing to examine the effect of PEO with an increase in 
concentration. The study has found that the increase in the concentration of PEO increases the 
flexibility of membrane while the tensile strength of membrane is got compromised. 
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Abstract 
 
 

Polypropylene (PP) a viable polymeric material is being broadly used because of its excellent 
chemical resistance, nontoxicity and high tensile strength. But despite all these fascinating 
properties of PP, its surface inertness hinders its use in biomedical applications. Plasma technology 
is a surface-selective and sustainable approach with which leads to the change in physiochemical 
properties and endows the specific characteristics on the surface.  

 
                                     Fig 1: Schematic representation of plasma processing. 
 
The current study aims at activating the surface via plasma technology on the PP surface. The 
oxygen plasma was used for the generation of peroxide groups on the surface that acts as an 
anchoring site for the immobilization of biological moieties onto its surface. The influence of 
plasma parameters such as reaction time, power and flow rate was estimated. The plasma grafting 
leads to a shift in contact angle from 131° to 32°. The optimized conditions were characterized via 
different techniques such as FESEM, AFM, ATR-FTIR and XRD. Hence, PP with the desirable 
features appears to be a promising macromolecular material that holds the potential to be utilized 
for biomedical applications in the healthcare sector. 
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Abstract 
 
 

The sacrificial template approach is frequently used to create porous metal oxides with a large 
surface area, controlled morphologies, and customized characteristics. These nanomaterials are 
used in a variety of applications such as the production of energy, filtration, and sensing 
technology. Due to its unique combination of electrical, piezoelectric, and pyroelectric capabilities 
as well as chemical thermal stability, zinc oxide (ZnO) is an interesting material that has garnered 
considerable interest. Chitosan is a natural polymer that can be utilized as a sacrificial templating 
agent because of its cationic polyelectrolyte structure. Different structures appeared to be derived 
due to the physiochemical characteristics of chitosan. 
 
In order to create porous ZnO nanostructures with a high specific surface area, chitosan was 
employed as a sacrificial template during the synthesis of a ZnO/chitosan composite. The use of a 
unique ZnO/chitosan template, in which the chitosan template was removed by simple heating in 
the air, was essential to attaining this exceptional outcome. These synthesized porous 
nanostructured ZnO materials can be used in a number of applications, such as catalysis, 
photocatalysis, separation, sensing, solar energy, supercapacitors, and Zn-ion batteries for energy 
storage. 
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Abstract 
 
 

Biaxial testing of soft tissues is essential to characterize their mechanical response and 
functionality. Many researchers from low-income countries including India, cannot perform the 
biaxial study due to device cost and maintenance. With the help of biaxial testing, the biofidelic 
properties of human body soft tissues can be replicated. This device can be used for study of skin 
graft expansion. In this work, planer biaxial tester is designed to test the expansion potential in 
auxetic skin graft simulants. Six different auxetic skin graft simulants, rotating rectangle (RR), 
honeycomb (HC), alternating slit (AS), H-shaped (HS), Y-shaped (YS), and I-shaped (IS), were 
designed. These skin graft simulants were developed using biofidelic polymeric materials to 
calculate stress, strain, void area, and deformation results. Hyperelastic curve fit models were 
designed to calculate constant coefficients for computational validation. In all the results, AS skin 
graft simulant shows the maximum stress, and IS skin graft simulant shows the minimum stress. 
The minimum void area was observed in the HC skin graft simulant at 100% strain in each direction. 
Also, these nonlinear constant coefficients were used in the modeling and simulated the nonlinear 
analysis of skin graft simulants. From all the analysis, HC auxetic skin graft may be the best suitable 
choice for faster healing and covering the maximum area. These designs help the surgeon and 
meshers company to develop innovative skin graft meshers for higher expansion. 
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Abstract 
 

 
Graphitic carbon nitride (g-C3N4) is a metal-free carbon-based semiconductor with an N-
substituted graphitic π-conjugated layered structure. The structure has repeated units of aromatic 
heptazine, which are connected through tertiary amines. g-C3N4 bears unique electronic, optical, 
and physiochemical properties, which present them as excellent 2D nanomaterials in the field of 
photocatalytic degradation of pollutants, bioimaging applications, and optoelectronics. The 
intrinsic structures of g-C3N4 have abundant coordinating sites for the metals capable of acting as 
catalytic active sites during the electrocatalytic process. Dengue is a mosquito-borne disease 
mostly transmitted by infected Aedes aegypti spreading across 100 countries of the globe and 
categorized into four different serotypes (DENV 1-4). The disease has common undifferentiated 
symptoms, like fever which appear instantly after infection, and therefore it is necessary to 
anticipate a reliable diagnostic technique during the early stages of infection. Detection of dengue 
through routine clinical care is quite challenging as the clinical and laboratory characteristics of 
dengue during the febrile phase, and the critical phase may overlap with other diseases rampant 
in the same endemic region. In primary infection, the level of NS1 varies from 0.04 to 2 μg/ml 
whereas, in secondary infection, it varies from 0.01 to 2 μg/ml. Cross-reactivity in flavivirus 
serology further compounded the diagnosis of dengue. To reduce the morbidity and mortality 
rates of dengue infection, we need a faster diagnosis of dengue. NS1 is the non-structural protein 
that is dispensed into the bloodstream in quite a high concentration (up to µg/ml) and acts as a 
biomarker during the early hours of the infection. we are reporting an impedimetric 
immunosensor for Dengue biomarker NS1 based on an anti-NS1 modified g-C3N4 gold nanorod on 
GC electrode that is competent to sense and quantify NS1 at a clinically admissible concentration 
in phosphate buffer solution and also in the neat human serum sample. A long linear range (0.6 
ng/mL to 216 ng/mL) with a detection limit of 0.09 ng/mL is obtained from the developed 
immunosensor. 
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Abstract 
 

 
Polymeric nanoparticles made from natural polymers have received the majority of attention due 
to their stability and ease of surface modification. Functionalization of biopolymer is an attractive 
approach toward the development of materials with innovative features. Due to the presence of 
various reactive groups in their structure, polysaccharides can be easily modified both chemically 
and biochemically making them materials of choice for biomedical applications. 
 
We have been working on nanogels based on biopolymers such as Tragacanth Gum (TG), Chitosan 
(CS), Lecithin (LC), Polyvinyl alcohol (PVA), and Silver for various biomedical applications. TG is 
functionalized in such a way that it offers smart behavior while still retaining its inherent 
properties. Grafting is a convenient method for the addition of new properties to natural polymers 
without minimum loss of basic properties of the substrate. The graft polymer consists of a main 
polymer chain or backbone covalently bonded to one or more side chains. TG is grafted with 
itaconic acid so that the modified polymer retains carboxyl functionality for pH sensitivity. The 
application of this polymer in colon drug delivery has been proposed.  
 
Nanogels based on CS and PVA is immobilized on the fabric surface to develop infection-resistant 
fabric as a biotextile. Plasma functionalization of the fabric leads to the development of a 
hydrophilic surface that may be immobilized by a bioactive agent. These bioactive nanogels were 
used for the finishing of fabric and the results confirmed that nanogel finishing significantly 
improved the hydrophilicity, smoothness, and softness of the fabric surface. In addition, strong 
bacterial anti-adhesion and durable antibacterial nature were imparted into the fabric, making it 
potentially useful for the development of functional bioactive fabrics. The simplicity and versatility 
of the approach make it attractive for extrapolating its use to many potential natural fibers. 
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Abstract 
 
 

Photonic materials based on cellulose nanocrystals (CNCs) are one of the promising materials in 
the current trends. The CNCs' liquid crystalline behaviour can be modified for a variety of cutting-
edge uses. The suggested study examines CNCs' potential as an optically active substance. With a 
degree of substitution of 1.39, CNCs were tailored to hydroxypropyl nanocellulose (HPNC). To 
create waterborne materials with a particular optical anisotropy, the generated liquid crystalline 
HPNC was dispersed in varied concentrations of monomethyl ether of polyethylene glycol. Using 
NMR (Nuclear Magnetic Resonance), TEM (Transmission Electron Microscopy), XRD (X-ray Powder 
Diffraction), and FESEM (Field Emission Scanning Electron Microscopy) analyses, the extraction, 
modification, and morphology of the CNCs were examined. Using a hot stage POM (Polarized 
Optical Microscope), the produced HPNC was examined for optical anisotropy. Investigations were 
also done into the thermal stability of prepared CNCs and HPNCs. Following optimization with 
rheology and POM, it was discovered that HPNC (5 wt%) and mPEG (40 wt%) had the most 
distinctive optical qualities at a ratio of 1:1. The prepared materials' potential in sensing, smart 
coating, and security materials can be further investigated. 
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Abstract 
 
 
Healthcare Associated Infection (HAI) is a nosocomial infection which arises during any medical or 
surgical treatment in a hospital. Unhygienic conditions and biofilm formation are root cause of 
HAI. Polyurethane (PU) has an eminence potential to be used as a biomedical device because of 
its physicochemical properties. But it is also susceptible to biofilm accumulation over the period. 
To overcome this issue, biopolymer coating is a good alternative as it can hold the drug and gives 
a sustained release over a long duration. Carboxymethyl Cellulose (CMC) is used as a coating 
material because of its non-toxicity, pH sensitivity, biodegradability, biocompatibility, low cost and 
excellent water absorbency.  
 

 
Herein, antimicrobial polyurethane is developed via wet chemistry method. Aminolysis using 
diamines is used for the generation of hydrophilic (amine and hydroxyl) functionality on 
polyurethane surface. The reactant concentration and reaction time is investigated in terms of 
good amine functionality. CMC is oxidized to generate the aldehyde group on the backbone of the 
polymer. Silver nanogel is used as a model drug to design the infection-resistant surface. The 
OCMC having bioactive agent is immobilized on the functionalized PU to make it antimicrobial. 
The OCMC immobilized PU exhibited good antimicrobial activity against both gram-positive and 
gram-negative bacteria. 
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Abstract 
 
Soft actuators with widespread applications in various areas such as biomimicking, soft robotics, artificial 
muscles, etc. have long been considered as an exciting and high-impact research area. Liquid crystal 
elastomers (LCEs) are one such soft actuator which exhibit a spontaneous reversible deformation (large 
actuation stroke) in response to external stimuli and have shown great potential for applications in many 
field namely as mechanical actuators, artificial organs, smart surfaces (Warner, 2003). However, slow 
response time and response over a wider temperature range have greatly hindered the application of LCEs 
in functional devices. Thus, sensitizing the LCEs to other stimuli such as light, electric and magnetic fields 
are more appealing to develop high performance elastomers for the realization of their commercial 
application. Incorporation of nanoparticles (NPs) with interesting properties into the LCE matrix is one of 
the promising solutions for easy manipulation of the actuating component in order to obtain a faster 
response and better control over the actuation (Mohana, 2022).    
 
In this regard we propose cellulose nanocrystals (CNCs) as ideal nanofillers in LCEs to enhance the 
properties of LCEs. CNCs are easy to prepare, non-toxic, bio-compatible, dispersion stability in water, 
possess high surface area, enriched surface functional groups, and excellent mechanical properties (Habibi, 
2010). In view of their interesting properties, CNCs have been investigated as nanofillers for the 
reinforcement in polymers/elastomers (Mannan, 2016) and found to increase the mechanical stability of 
the composite without compromising the elasticity. In this aspect, CNCs are considered as optimistic 
potential nanofillers for LCEs to develop liquid crystalline nanocomposites with high mechanical strength 
and improved performances. 

 
In this present work, CNCs have been studied as fillers in LCEs. CNCs were prepared through standard acid 
hydrolysis method (Cranston, 2006). LCE was prepared using a two-stage thiol-acrylate Michael addition 
followed by photo polymerization reaction (Yakacki, 2015) using an acrylate monomer (RM 257), a dithiol, 
a tetra thiol, a base catalyst and a photo initiator.  Different wt% of CNCs were incorporated during the 
preparation of the elastomer to obtain the composites and influence of the CNCs on the mechanical, elastic 
and the actuation properties of the composites were studied. The composite films showed good 
mechanical stability as well as shape memory behavior. 
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Abstract 

 

A novel electrospun polyacrylonitrile/Fe-based metal–organic framework nanofibres (PAN/Fe-
MOF) was fabricated using the electrospinning technique. Fe-MOF comprised of N-donor rigid 
organic ligand, 4,4′‐bipyridine (4,4′-bipy) and iron as a metallic center followed by incorporation 
of chemically labile conjugated organic linker, p-aminobenzoic acid (PABA) into the 3D framework. 
SEM (scanning electron microscope), TEM (transmission electron microscope), BET (Brunauer–
Emmett–Teller), EDS (energy dispersive X-ray spectroscopy) mapping, FTIR (Fourier transform 
infrared), and PXRD (powder X-ray diffraction) were used to investigate the characteristics of the 
prepared nanofibers. The fluorescence behavior was investigated in different organic compounds 
and further it was employed for development of turn-off luminescence sensor for organic 
compounds having aldehyde and ketone functional moieties. As environmental contaminants, 
aldehydes and ketones are recognized to cause critical health issues such as hereditary illnesses, 
respiratory allergies, sick building syndrome, hypertension, and cancer, even at low concentration. 
The detection of these poisonous and carcinogenic compounds present in various environmental 
segments is important due to their human health/ecosystem concerns. The intercalated PABA 
present in the interstitial voids of the 3D Fe-MOF, act as fluoroprobe for detection of carbonyl 
group as confirmed from FTIR and DFT calculations. DFT studies exposed the selective recognizing 
of aldehydes and ketones validated to the development of a stable, non-covalent bonding 
interactions between carbonyl group and the PABA unit of the MOF. 
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Abstract 
 
               

The largest source of phenolic content in waterways is waste from the pulp and agrochemical 
industries. Wastewater from paper and pulp factories contains the most catechols, 
glycols, chlorophenols, and chlorocatechols. Due to their resistance to biodegradation, these 
substances have remained in the environment. These substances' lipophilicity causes them to 
bioaccumulate in the living species. One of the burgeoning fields of study is the clean-up of 
contaminants from various environmental sectors. Advanced oxidation techniques, particularly 
TiO2 semiconductor-based photocatalysis, have emerged as a potentially potent and adaptable 
method among the different treatment technologies available. Due to its low toxicity, chemical 
and biological consistency, affordability, and increased photocatalytic activity, TiO2 has attracted 
a lot more interest as a photocatalyst. The greener synthesis of heterostructured nano oxides is 
described in the current study. The TiO2-based heterostructured oxide was produced by utilizing 
selenous acid and titanium butoxide and ethanol as a solvent, and ultrasonic vibrations.  On the 
surface morphology and optical properties, the impact of changing reaction parameters, such as 
solvent, reaction time, and calcination temperature, was examined. The absorption band in the 
visual spectrum (400–500 nm) of the synthesized HTSO's UV–visible spectral analysis clearly 
reveals successful alteration of the band gap, making it suitable for applications in the solar 
spectrum for measuring photocatalytic activity. 2,4-Dichlorophenol, an organic contaminant, was 
subjected to an evaluation of the photocatalytic activity of the HTSO. Under ideal conditions, 
which included a pH of 7, white light, a catalytic dosage of 1 g/L, and an initial concentration of 
2,4-dichlorophenol of concentration10 ppm, the photocatalytic efficiency of the synthesised 
heterostructured photocatalyst was determined to be 80%. The outcomes demonstrated that the 
apparent first-order kinetic model was followed during the photocatalytic degradation of the 2,4-
dichlorophenol using TS550. 
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Abstract 
 

The separation of oil, as well as oily contaminants from water, is a pressing research problem, given its 
utility in several industrial and natural settings [1]. Oily wastewater from petrochemical, textile, food, steel, 
chemical industries, etc., and oil spills pose an enormous threat to marine and freshwater flora and fauna, 
endangering many species and potentially destroying the balance of these aquatic ecosystems. Oil-water 
separation can potentially contribute towards “waste to wealth” conversion by allowing for the recycled 
use of the separated oil as biofuel and lubricants and the separated water for several non-edible purposes 
such as coolants in pipes.  

The general criteria used for the selection of materials and potential technologies for oil-water separation 
are total selective wettability to either water or oil, mechanical durability, anti-biofouling capability, and 
high separation efficiency [2]. However, other equally important criteria like environmental friendliness of 
the materials used, degradation of separated contaminants, etc., are usually less thought about. To address 
these factors, the research herein focuses on eco-friendly, biodegradable, superhydrophobic/ 
superoleophilic membranes from cellulose, plant-based fibers, and natural sponges. Bio-waxes from 
superhydrophobic leaves and flowers will be coated onto cellulose fibers/membranes as well as naturally 
available sea sponges and will then be tested for their oil-water separation efficiency. We also focus on the 
development of multifunctional bio-wax-modified transition metal oxide fiber mats using electrospinning 
to utilize the synergy of wettability effects (superhydrophobicity) and photocatalytic degradation of oily 
contaminants for oil-water separation. Mixed transition metal oxides such as nickel titanate, nickel 
cobaltite, etc., known to have a suitable energy band gap, photocatalytic properties, etc., are proposed as 
base materials [3]. 

Preliminary results on wax extraction from natural sources like periwinkle (Catharanthus roseus) petals 
indicate a decline in contact angle values from 135 degrees to 76 degrees, when treated with chloroform, 
indicating the extraction of wax from the petals.  The extracted wax is to be used as a potential coating 
material for membranes of natural – sea sponges, cellulose membranes, etc., or synthetic origin – mixed 
transition metal oxide membranes. 
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Abstract 

 
 

Currently, the rapid development in the field of stretchable electronics is highly demandable for 
the prosperity of the modern world. Stretchable conductors are enormously utilized in the 
different fields such as soft robotics, wearable electronics, bioelectronics, etc. Here, we have 
fabricated stretchable and conducting polymer composite films by blending poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) with poly(vinyl alcohol) (PVA) in 
presence of different concentration of polar organic solvent N,N-dimethylformamide (DMF) and 
their superior responses such as structural, morphological, electrical and mechanical are 
investigated. Doping of DMF shifts the crystalline peak of PEDOT:PSS/PVA film towards higher 
diffraction angle and it is evident that 10 wt% DMF blended film has highest crystallinity of 52.9%. 
From the Raman spectra, it is vivid that DMF helps to transform PEDOT conformation from benzoid 
structure to quinoid structure. Both FTIR and UV-vis spectroscopy vindicate the formation of 
hydrogen bonds among PVA, PSS and DMF components. It is observed from AFM images that 
surface roughness increases with DMF concentration. The observed current (I) - voltage (V) 
characteristics are non-linear which is governed by the Poole-Frenkel charge transport 
mechanism. Electrical response is highest for 10 wt% DMF blended film (nearly 7 times higher at 
5V). Films become highly stretchable at higher DMF concentration and 10 wt% DMF film has 
elongation at break around 331.0% which is nearly 2 times higher compared to PEDOT:PSS/PVA 
film. Irreversible damage in the film manifests with increasing number of loading-unloading cycle. 
However, this polymer composite with the optimum DMF concentration is highly effective for its 
use as a stretchable conducting film.    
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Abstract 
 

 
 
Despite significant research efforts, cancer-related mortality remains high due to a lack of effective 
pharmacologically active treatments. In 2020, nearly 2.26 million deaths among women were 
attributed to breast cancer. With the rising number of cancer patients and the adverse effects of 
current cancer treatments, this sector has always needed new research to develop better and 
more effective treatments. 
 
Targeted drug delivery, compared to standard chemotherapy, is a promising method for 
increasing the therapeutic index of anticancer drugs by minimising nonspecific toxicity and 
improving therapeutic efficiency. Antibodies (Ab) have been widely used as an active targeting 
agent due to their high specificity, availability, and diversity. So, the goal is to develop bifunctional 
biodegradable polymeric (COOH-PEG-PLA-COOH) nanoparticles that can conjugate Ab at one end 
and contain anticancer medication on the other. This kind of hybrid has been utilized for targeted, 
sustained, and prolonged delivery of anticancer agents. Pirarubicin (PIRA) is one of the most 
successful chemotherapeutic medications that has been encapsulated in PEG-PLA to form PIRA 
encapsulated NPs. On the other end of polymer, Ab has been conjugated to the surface of 
bifunctional polymer using EDC/NHS chemistry with the aim of site-specific delivery of PIRA against 
MUC 1 overexpressed breast cancer (MCF-7) cells. The PIRA loaded PLA-PEG NPs and anti MUC1-
conjugated PIRA-loaded PLA-PEG NPs were characterized by DLS, ζ potential analysis, SEM, 1H 
NMR, and FT-IR spectroscopy to determine their physical and chemical properties. Prepared 
polymeric drug nanoparticles showed uniform particle size distribution (49.99 nm) and high 
encapsulation efficiency (73.68 %). In vitro cell proliferation inhibition assay showed IC50 value for 
free PIRA and encapsulated PIRA nps showed 370 µM and 362 µM respectively.  Hence, it is 
anticipated to develop a process that is highly selective in recognizing malignant cells, targeted 
drug delivery, and overcoming drawbacks of the conventional chemotherapies. 
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Abstract 
 

 
Nowadays health care sector is a substantial research area for the advancement in medical 
implant, design, and manufacturing of medical devices owing to ageing of the global population, 
longer life expectancies, and increased desire for a high quality of life. Generally, in Total Hip joint 
Arthroplasty (THA), orthopedic surgical approach, the surgeon removes diseased or damaged 
bone sections and replaces them with an appropriate joint prosthesis, allowing millions of 
individuals to enjoy a more active and meaningful life. However, implant failure is the most 
extensive issue in orthopedic surgery due to aseptic loosening, and stress shielding. Thus, these 
major problems can be addressed for the improvement in the durability of implants by considering 
three major factors such as (1) Design through biomechanical analysis, (2) Biomaterials, and (3) 
Implant location during surgery. Recent advancements in additive manufacturing (AM) have been 
creating unimaginable opportunities for printing complex, porous, uncemented implants with 
lattice structures those are ideal for achieving osteointegration between bone and implants 
resulting in reduced bone resorption. The application of numerous cutting-edge biomaterials, such 
as diverse polymer-based composites and the use of Mechanical 3D metamaterials with graded 
Poisson's ratio distribution may offer a solution to the mismatch of mechanical properties 
between bone and implant. In comparison to the other lattice meta-implants, the material based 
on the graded unit cell distribution showed smoother stress-strain distribution. In this current 
research, the analysis of the porous structure, the macro geometric design of the stem, 
performance assessment, and brief discussion of research methodology for designing and 
evaluating the femoral stems with specific materials were focused, specifically on porous femoral 
stems. 
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Abstract 
 
 

Portable electronics are becoming more and more appealing for applications such as sensors, 
light-emitting devices, energy harvesters, flat panel displays, solar cells, batteries, etc., given the 
speed of technological advancement and the need for low-cost, simple processing, and large-area 
applications. These applications call for materials with specialized characteristics, with 
piezoelectric materials being especially pertinent for sensor and energy harvesting applications. 
Piezoelectric nanogenerators (PENG), which can convert mechanical strain to electrical energy, 
are cutting-edge technology because of their exceptional energy conversion efficiency, compact 
design, and straightforward production. In the current study, a compact, flexible, biocompatible 
PENG based on Polydimethyl Siloxane – BCT ink was developed. A straightforward hydrothermal 
process was used to create BCT nanoparticles, and the X-ray Powder Diffraction Method (XRD), 
Scanning Electron Microscope (SEM), and Particle Size Analyses were used to carry out the 
physicochemical characterizations. The rheology and wettability characteristics of the produced 
ink were examined by employing a parallel plate rheometer and contact angle respectively. Future 
work involves the measurement of electrical characteristics (Output Current and Voltage) of the 
PENG device as well as some real-life applications in which we are aiming to power up small-scale 
electronic devices. 
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Abstract 
 

Biomaterials have been widely used for several decades to repair bone damage, since they are 
promising materials due to their similarity to bone in terms of chemical properties. In the present 
study, the effects of Zr and Mg were investigated on structural and biological properties of 
mesoporous bioactive glass (MBG). MBG with different contents of Zr and Mg were synthesized 
via modified Stober’s method and immersed in simulated body fluid (SBF) to explore their 
biocompatibility. The physico-chemical, morphological properties of the MBG were evaluated 
using X-ray diffraction (XRD), Fourier transforms infrared (FTIR), scanning electron microscope 
(SEM) with energy dispersive spectroscopy (EDS). The SEM, FTIR and XRD were confirmed the 
formation of hydroxyapatite (HA) on MBGs surfaces after immersion in SBF for several days. The 
results of MTT assay and alkaline phosphatase (ALP) activity analyses showed proliferation of early 
osteoblast like cells. Since, the novel formed MBG nanoparticles possesses respectable 
antibacterial properties against some bacterial strains, this renders it an ideal biomaterial 
substitute, capable of reducing failure rates in bone implants. 
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Abstract 
 

The nanocomposite has significantly contributed to biomedical science in recent years due to less 
aggregation behavior and enhanced physicochemical properties. In this study, a 
MnFe2O4@poly(tBGE-alt-PA) composite was synthesized for the first time and physicochemically 
characterized.  FTIR analysis confirmed the synthesis of a hybrid nanocomposite.  XRD data showed 
the crystal nature of hybrid nanocomposite due to MnFe2O4 nanoparticles (NPs).  TGA study 
presented the thermostable nature of hybrid nanocomposite, and DSC analysis exhibited the 
absence of chemical interactions between the copolymer and MnFe2O4 NPs in the hybrid 
nanocomposite.  Next, the obtained hybrid nanomaterials were tested in vitro and in vivo for their 
toxicological analysis before their use in drug delivery and tissue engineering fields.  The composite 
was biocompatible with NIH3T3 cells and hemocompatible with 2 % RBC suspension.  Moreover, 
this novel nanocomposite was tested on Drosophila as an in vivo model organism due to its small 
size, well-sequenced genome, and low cost of testing. The nanocomposite was given orally to 
Drosophila melanogaster at concentrations of 50, 100, and 200 µM.  Before and after feeding, the 
larvae's crawling speed and direction were measured.  No abnormal pace and changed crawling 
pattern indicated the non-appearance of a neurological disorder.  The gut organ toxicity was 
further analyzed using DAPI and DCFH-DA dye to examine the structural anomalies.  No apoptosis 
and necrosis were observed in the gut of the fruit fly.  Next, adult flies were examined for 
phenotypic anomalies after their pupal phases emerged.  No defects in the phenotypes, including 
the eye, wings, abdomen, and bristles, were found in our study.  Based on these observations, the 
novel MnFe2O4@poly(tBGE-alt-PA) composite may be used for various biomedical applications.  
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Abstract 
 
 

To resolve an increasing global demand in energy, a source of sustainable and environmentally friendly 
energy is needed. Microbial fuel cells (MFC) hold great potential as a sustainable and green bioenergy 
conversion technology that uses waste as feedstock.  Development of an effective small-scale MFC for 
energy generation from different types of real waste water collected from different areas like industry, oil 
mills, municipal areas. An innovative miniature MFC was developed, using microfabrication technique 
unique with structural features like heart-shaped flow channel at both cathode and anode chamber of the 
MFC. 
 
Microbial fuel cells (MFC) hold great potential as green and carbon neutral technology that directly converts 
biomass into electricity by using microorganisms for oxidizing the organic substrates present in the waste 
water. Reduced internal resistance with improved mass transfer is achieved in micron scale MFC devices. 
The advantage of developing Micron scale MFC devices for energy harvesting is portable power supplies 
especially when connected in series to achieve increased voltage and power. The miniatured MFC device 
due to its high surface area to volume ratio the proportion of electrode-coupled cells in microliter chamber 
increases. Moreover, the current generation is associated with local electron transfer at microbial -
electrode interface. The number of electrically addressable cells should scale down with electrode area so 
that measurement can be done in uniform local environment. The Electro active bacteria (EAB) forms the 
biofilm layer at anode electrode from where electrons are generated and transferred through external 
electric circuit to the cathode chamber Both of this chamber are separated by lab prepared bio-polymer 
proton exchange membrane which is an alternative to high cost commercially available nafion membrane. 
Maximum voltage of 800mV has been achieved. Electrodes in MFC is an fundamental of MFC system to 
have an electrochemical link between organisms and electrode material. It is important to have high 
conductive electrode material for better transfer of electrons to minimize ohomic and voltage loss. The 
2mL MFC consumes less materials, reagents hence it is cost effective in nature. It has got wide application 
as remote sensor where MFC can act as low power sensor that collect data from remote areas. It can act 
as small robot where the tummy of the robot will be filled with waste water also for power devices like 
mobile phones. The miniatured MFC has also got its application in heavy metal detection in waste water. 
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Abstract 
 
 
Synthesis of mixed organic-inorganic materials is still a growing field of research after a decade or 
so. The challenge for these new materials is to optimize both the inorganic and the organic 
components on a molecular scale. If an organic component is some monomeric unit, it further 
extends the scope of these materials to the macromolecules. Such advanced materials can easily 
be shaped into materials with desired properties. Polyoxometalates (POMs) have been widely 
studied as small compact molecular oxide clusters. Their redox properties and high electronic 
density are ideal for their use as monomers, cross-linking reagents, and photochromic or 
electrochromic materials. Many studies are dealing with their stabilization by entrapment in 
polymeric networks1. This work presents the synthesis and characterization of negatively charged 
macromolecules based on organically functionalized POMs anchored to an organic polymeric 
backbone. This polymeric backbone can be shaped into macromolecules2 with desired properties 
via exchanging countercations, organic monomer, positively charged monomeric unit, as well as 
via addenda atoms. In this work, we have synthesized POMs-based hydrophobic polymeric 
material which holds promising applications towards underwater adhesion3. Here, POMs not only 
contribute towards adhesion via hydrogen bonding but also enhances robustness of the material 
due to its high thermal stability. 
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Abstract 
 
 

The agricultural industry produces large amounts of trash, creating considerable disposal and 
environmental problems. Since most agro-industrial wastes are untreated and underused, they 
increase greenhouse gas emissions, which causes ecological change. There is room for innovation 
to use these waste products for agricultural waste to extract biopolymers such as cellulose. The 
development of biopolymers is essential given the quantity of environmental damage caused by 
synthetic or non-biodegradable plastics globally. This study used agro-industrial waste as a source 
of chemically purified cellulose (CPC). Cellulose nanocrystals (CNC) were effectively synthesized 
by acid hydrolysis of CPC, and detailed characterization has been performed. Fourier Transform 
Infrared Spectroscopy (FTIR) technique was used to confirm the presence of functional group and 
removal of other components from the raw material whereas X-ray diffraction (XRD) technique 
was performed to confirm crystallinity. Field Emission-Scanning Electron Microscope (FE-SEM), 
Transmission Electron Microscope (TEM), and Atomic Force Microscope (AFM) are used to 
establish rod-like morphology. CNC exhibits excellent thermal and suspension stability acquired 
by Thermogravimetric analysis (TGA) and Dynamic Light Scattering (DLS) technique. The extracted 
CNC has application potential in various fields, including the paper, food, and pharmaceutical 
industries. 
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Abstract 
 

Hybrid composite films are largely preferred over neat films because of their superior thermal, 
mechanical, chemical, and hydrophobic properties. The hybrid composite film has a wide range of 
use, including space, defense, electronics, packaging, and engineering applications. Fabricating 
multifunctional hybrid composite films with biodegradable polymer and biodegradable filler such 
as cellulose nanocrystals has become popular in recent years as an alternative to conventional 
plastics. In this, hybrid hydroxylated boron nitride nanoparticles with CNC nano-filer reinforced 
composite films were fabricated. The obtained composite films were characterized for 
morphological, chemical, physical, thermal, and hydrophobic properties. The morphological 
analysis indicates that the hybrid nano-filler was well dispersed in the PVA matrix. The reaction 
and hydrogen bond interactions between CNC and boron nitride in composite films are confirmed 
by the Fourier transform infrared spectroscopy and x-ray diffraction pattern. The contact angle 
method is used to confirm the enhancement of the hydrophobic property. The physical properties 
of the composite films and neat PVA film were analyzed by tensile test method using a universal 
testing machine. The thermal stability of the neat PVA film and the composite films were analyzed 
by the thermo-gravimetric analysis method. The effect of hybridization of nanoparticles on the 
thermal, mechanical, and hydrophobic properties was studied. The hybrid composite film with 
enhanced properties allows it for multifunctional applications. 
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Abstract 
 

 
Eco-friendly initiators and environmentally safe flame retardant (FR) adhesives are highly desired 
to empower sustainability in polymers. However, incorporating all the properties simultaneously 
in a single step is challenging to achieve high-performance biomass sourced polymers. Herein, 
biobased benzoxazine monomers sourced from vastly available renewable origin agro-waste 
phenol (cardanol, C) were synthesized using a facile solventless catalyst-free approach. Owing to 
their requirement of high ROP temperature (~250 ºC), prolonged polymerization cycle, issues of 
high flammability, and poor adhesive strength of the resultant polybenzoxazines limit their 
applications. To alleviate these issues, blends of naturally occurring phytic acid (PA) with the 
monomers resulted in fast polymerization kinetics (~ 90% monomer conversion in 1 h) with the 
formation of hybrid polybenzoxazines networks at a mild temperature (~ 100 °C). PA enacted as a 
green initiator, reactive halogen-free biobased FR, and revealed favorable interactions across the 
polymer framework. Benefitting from the design, the strong physical and covalent crosslinking 
network of polymer with PA accounted for the extra-strong adhesive strength (71.1 kg/cm2, nearly 
3.7 times higher than the pristine polybenzoxazine). Upon burning, the resultant hybrid 
polybenzoxazines exhibited extremely low flammability, superior smoke suppression, and formed 
intumescent char, thus offering a novel solution and promising properties than many other 
conventional thermosets. The present study indicated the benign by design approach is a way 
forward to green thermosets offering excellent combination properties and potential applications 
in the future. 
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Abstract 
 
 

 
Zinc oxide (ZnO) has drawn a significant attention in recent nanomaterial applications. The co-
precipitation method was used to prepare the pure ZnO and Zn0.95Ca0.05O nanoparticles. Thermal 
analysis of Ca-doped ZnO was investigated by thermogravimetric (TG) and differential thermal 
analysis (DTA). TG results shows that significant weight loss of nanoparticles due to the 
decomposition of crystallized water and OH in Zn(OH)2 composition. DTA curve has a large 

exothermic peak at 580 C, this is attributed to the formation of the ZnO phase. The structural 
properties of the prepared nanomaterials were investigated by X-ray diffraction (XRD) technique.  
XRD analysis reveals that, the hexagonal wurtzite structure of ZnO. Crystallite size was estimated 
by Scherrer formula. The lattice parameters were deduced from the Rietveld refinement. The 
doping effect on the bond length of ZnO is analyzed. The characteristics absorption peaks of ZnO 
were observed from Fourier transform infrared Spectroscopy (FTIR) spectrum. The absorption 
peaks of Zn-O were found at 519 𝑐𝑚−1 for ZnO and 480 cm-1 for Ca-doped ZnO. The SEM-EDS 
characterization shows the morphology and the presence of the chemical elements. UV-VIS 
spectroscopy shows the presence of optical band gap from the absorption spectra. The optical 
band gap was calculated from the Tauc plot and it is found to be 3.24 eV (ZnO) and 3.18 eV (Ca-
ZnO) respectively.  
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Abstract 
 
 
There is an urgent need for the development of alternative strategies for effective drug delivery 
and gene delivery to improve the outcome of patients suffering from deadly diseases such as 
cancer. Cancer has become one of the greatest causes of death around the world. The treatment 
of cancer still remains a great problem. The use of cationic polymer based drug delivery vectors 
has several limitations such as low transfection efficiency, high toxicity, and inactivation by serum. 
With recent advances made in the field of nanotechnology, inorganic layered double  hydroxide 
based nanosystems have drawn special attention because of their good biocompatibility, pH-
dependent biodegradability, anion exchange capacity, easy surface modification and high 
chemical stability, giving rise to great potential for cancer therapy. Although inorganic layered 
double hydroxide offers remarkable protection against DNase I and also provides protection 
against thermal damage, target delivery of drugs and genes using inorganic nanoparticle NPs to 
the desired tumor sites is a major challenge in cancer therapy. In this work, compositional variable 
inorganic Li-Al based layered double hydroxide based nanoparticle is developed for target delivery 
of drug to cancer cells. The designed layered double hydroxide is capable of target-delivering of 
drugs to tumor cells for more effective cancer treatment, which provides great potentials in cancer 
therapy. 
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Abstract 
 
 
Interpenetrating Polymer Network (IPN) hydrogels containing chitosan and gelatin, cross-linked 
with glutaraldehyde, were prepared. Nitrogen fertilisers like ammonium sulphate and urea were 
impregnated in the hydrogels either by addition of the fertiliser during the synthesis of hydrogel 
or by absorption of the fertiliser from solution by dry gel. In both methods, fertiliser-loaded dry 
gel is placed in water and the release of the fertiliser was studied. A known mass of the dry gel 
was placed in a known volume of distilled water and small volumes of the solution were withdrawn 
at different time intervals and the amount of ammonium ion was estimated 
spectrophotometrically by the phenate method. In the case of urea, it was first hydrolysed into 
ammonium salt and then estimated. In both cases, the gels could hold the fertiliser for a long time 
and release it slowly into the solution. When the fertiliser was fed into the gel by absorption from 
solution, the rate of absorption was also studied. 
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Abstract 

 

Peptide-based polymers are evolving as promising materials for various applications in the 
biomedical arena. The poly(L-tyrosine) (PTYR) based polymers are unique, due to their excellent 
biocompatibility, degradability, and conducting properties. The nervous system has a limited 
capacity to spontaneously regenerate after a traumatic injury or disease, which is a major clinical 
challenge. Evidently, the promotion of neurite outgrowth and synapse formation is crucial for 
nerve regeneration. Towards neural tissue engineering and regeneration, PTYR-based conducting 
scaffold materials are promising due to their cell-laden capabilities. Herein, we present the 
development of a scaffold biomaterial based on poly(methacryloyloxyethyl phosphorylcholine)-b-
poly(L-tyrosine) (poly(MPC)-b-PTYR) and gelatin. Initially, poly(MPC)-b-PTYR was synthesized 
through RAFT, ring-opening polymerization of Tyr-N-carboxyanhydride, and click-chemistry 
approaches. The injectable hydrogel was fabricated through chemical cross-linking of gelatin with 
poly(MPC)-b-PTYR and porous scaffolds were prepared through freeze drying.  The 
physicochemical properties of poly(MPC)-b-PTYR and hydrogel scaffolds were assessed, and these 
scaffolds displayed excellent cell adhesion, viability, and proliferation of neuron-like human 
neuroblastoma (IMR-32) cells. The differentiation of IMR-32 cells to neurons was also confirmed 
through gene expression, neurotransmitter, and immunocytochemistry analysis. This 
electroactive scaffold can enhance neuronal cell response, which is promising for neural tissue 
engineering applications. 
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Abstract 

 
Regulation of millions of biochemical reactions by naturally available enantiopure precursors like 
L amino acids and D sugars have fascinated chemists to design biomimetic chiral molecules with 
diverse applications in fields of catalysis, chiral recognition and shape-memory sensing 
applications. Chiral polymers having a conjugated backbone, although challenging to synthesise 
and purify are highly desirable materials. Their asymmetric structure, optoelectronic properties as 
well as mechanical strength can be tweaked thus opening up a world of new possibilities. An 
unique and unexplored area of introducing  conjugation in chiral small molecules containing a 
diacetylene segment is by topochemically reacting them to form highly aligned polymeric 
domains. 

Herein we report a novel diacetylene based chiral bolaamphiphile which can self-assemble in the 
solid state using supramolecular interactions. These interactions pre-orient them for a 
topochemical photopolymerisation by which they can be conjugated and cross-linked to form 
intensely coloured polymers from colourless monomeric films. Polymers do not require additional 
purification and have interesting optical properties due to Π-Π* absorption by the alternate ene-
yne conjugated backbone resulting in ultrafast optical response, high non-linear optical 
susceptibility and high structural anisotropy. Induced chirality, optical behaviour and colour in the 
resultant polymeric film change with changing functionalities in monomer termini and can also be 
modulated externally by various stimuli like enantiomer composition, temperature, solvent 
exposure and even pH thus making these molecules capable of acting as interesting chiral scaffolds 
and chemosensors. Chiral plasmonic behaviour in supramolecular systems are very intriguing 
nowadays and this polymers are also good chiroptic candidates as doping gold nanopartices result 
in very high induced chirality in the polymeric film. Role of functionalisation and supramolecular 
interactions towards topochemical polymerisation efficiency in these small but versatile molecules 
can provide insight regarding self-sorting, orientation and compartmentalisation of chiral 
molecules in biological systems. 
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Abstract 
 
 

Softliners are pliable material that forms a cushioned layer between the hard denture base and 
the palate.  They are widely used in dentistry as it has the potential of improving comfort to 
patients with ridge atrophy, thin and non-resilient mucosa, bony undercuts, diseases bruxism and 
xerostomia, etc. Even though there are many softliner materials available in the market, acrylic 
softliners have better adhesion to denture prosthesis. However, one of the major concerns is the 
use of high concentrations of plasticizers in acrylic denture softliners, especially phthalate esters. 
The present study aims to the synthesis and characterization of hydrophilic and hydrophobic 
nanogels that can replace phthalate based plasticizers in acrylic softliners. Nanogels were 
synthesized by free radical solution polymerization using different molar ratio of 
monomer/crosslinker (e.g. 70: 30, 80:10, 90:10) in the presence of 15-20 mol % of a chain transfer 
agent. The data showed that incorporation of nanogels altered the glass transition temperature 
and elastic modulus of the parent polymer network at various extent depending on the 
physicochemical nature of the nanogel. 

 
Figure 1: Schematic representation for the synthesis of hydrophobic nanogel using isobornyl 
acrylate and diurethane dimethacrylate via free radical solution polymerisation. 
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Abstract 

 
 
Linear supercapacitors have demonstrated remarkable application in the field such as IoTs, sports, 
healthcare, environment, etc is making the modern human life as quality assured, technology-
driven and smart. The aim of the project is to produce a weavable, sewable, knottable, and 
braidable linear supercapacitor with a high capacitance by applying a biscrolled technology. In 
biscrolled method, pseudocapacitor material is not present not only at the surface of yarn, but is 
embedded inside yarn layers. After being drawn from the CNT forest, the sheets were stacked and 
densified with ethanol. In a drop-casting process, the polyaniline (PANI) solution was sprayed onto 
stacked aligned CNT sheets and dried for several hours. Finally, with the assistance of a rotating 
motor, composite CNT sheet was converted into fiber at high rpm and followed by coating PVA-
H3PO4 gel electrolyte. With the help of two electrodes system, PVA-H3PO4 gel coated composite 
fiber was tested for its electrochemical performance. In addition to its excellent capacitance, the 
flexible supercapacitor has demonstrated a high energy density and power density as well. It is 
interesting to see devices like this in the future textile industry, as well as the Internet of Things 
(IoTs). 
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Abstract 

 
 
With the advancement in manmade structures, the need for light weight and high strength 
materials is at its peak. Carbon nanotubes (CNTs) has attracted the attention of researchers due 
to their light weight, extraordinary electrical and thermal conductivity and high mechanical 
strength. Distinct macroforms of CNTs such as buckypaper and aligned CNT sheets can be used to 
enhance the interlaminar strength of structural composites. However, due to their low packing 
density, their load bearing capability is not up to the mark, which consequently reduces their 
mechanical strength. Therefore, high strength and low-density polymer can be introduced in the 
pores of both the structures to further improve their strength. Ultra-high molecular weight 
polyethylene (UHMWPE) powder possesses low density, high mechanical strength and good 
chemical resistance over a wide range of temperature, which makes them eligible to be used in 
high strength polymer composites. 
 
This study is focused on impregnation of UHMWPE polymer into two macroforms of CNT 
structure, i.e. randomly oriented CNT paper and aligned CNT sheet. The buckypaper and aligned 
CNT sheet were prepared via vacuum filtration and FCCVD techniques respectively, and were 
impregnated with UHMWPE powders via vacuum infiltration method to obtain their respective 
nanocomposites. Prepared nanocomposites have been structurally characterized via Raman 
spectroscopy and electron microscopy to confirm the impregnation. Impact of manufacturing 
methods and corresponding impregnation on the mechanical properties of the resulting 
nanocomposites were systematically investigated. Improvement in mechanical properties for both 
samples is witnessed due to increased packing density in the resultant network. Further 
improvement in loading of polymer was undertaken by chemically generating large sized pores to 
aid the incorporation of polymer molecule thereby enhancing the mechanical performance. 
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Abstract 

 
Poly (vinylidene fluoride) (PVDF) ultrathin films have been processed with controlled roughness, 
thickness and switching response along with retention behavior by employing the heat-control 
spin coating deposition technique. A good quality ultra-smooth film with electroactive β-phase in 
PVDF is required for the microelectronic applications. Numerous attempts have been made to 
induce the pure electroactive β-phase in PVDF using a variety of techniques, including mechanical 
stretching, electrical and thermal treatments [1]. Most of the study is primarily focused on 
nucleating the β-phase in micrometer-thick PVDF films that are mainly useful to construct the 
sensor and actuator types of devices. For ferroelectric non-volatile memory devices, to reduce the 
operating voltage, ultrathin high-quality film with β-phase is required. It seems that heat-
controlled spin coating technique allow a highly controlled deposition (i.e. surface roughness and 
thickness) of the film on the desire substrate [2]. The rapid solvent evaporation and shear and 
elongation forces in heat-controlled spin coater result in the preferential formation of β-phase 
PVDF with good quality film. The influence of heat-controlled spin coating and the thermal 
annealing on the switching response and retention of the film is also discussed. 
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Abstract 

 
 
The present work reports the development & preparation of a novel FG-g-PAM based hydrogel 
that has been synthesized via a microwave-assisted technique commonly known as free radical 
chemical-crosslinking reaction. In this reaction the fenugreek gum containing macromolecular 
galactomannan units, acrylamide, N, N-methylenebisacrylamide and potassium persulfate were 
used for attaining the efficient adsorption of dye in contaminated wastewater. The porosity and 
the roughness of the synthesized samples were examined through FESEM. The presence of 
functional groups and cross-linking mechanisms were validated by FTIR spectroscopy. 
Furthermore, swelling ratio of the dried FG-g-PAM based hydrogel were estimated out to be 1360 
%. Also, for evaluating the influence of different parameters such as adsorbent dose, contact time, 
temperature, pH, and dye concentration on the adsorption behavior of a hydrogel different sets 
of experiments were performed. It has been observed that overall adsorbent dosage amount of 
(0.4g/L) preferentially removes (99.9%) dye effectively from water. The adsorption process 
studied thrice indicated excellent reusable characteristic features of the FG-g-PAM based 
hydrogel, which thereby reveals that it can act as a promising adsorbent material for wastewater 
treatment. 
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Abstract 

 
 

Industrial toxic chemical exposure happens during planned or unexpected industrial accidents, as 
evidenced by the number of deaths globally attributable to hazardous chemical exposure 
increased by 29% in 2019 compared to the corresponding period in 2016. Graphite derived 
Graphene oxide (GO) and (rGO) have also emerged as promising groups of adsorbents for the 
removal of various Industrial toxic chemicals due to their unique surface structures, good chemical 
stability, excellent physicochemical properties, strong affinity, and high efficiency for the toxic 
ions’ adsorption. In the present work, synthesis and characterization of graphite from plant (fruits). 
The collected dried fruits were placed in a muffle furnace at different temperature ranges (350-
850° C) for 45 Minutes. The sorted fruit biochar particle size (<50 μm) was determined for graphite 
and was evaluated using Fourier transform infrared spectroscopy (FTIR), Scanning Electron 
Microscopy with Energy Dispersive X-Ray Analysis (SEM-EDX), and X-ray diffraction (XRD), which 
showed successful graphite synthesis.  XRD spectra showed diffraction peak 2θ at 13.21° and 
29.37° confirming the presence of graphite is crystalline planes, (001) plane was promising surface. 
EDS revealed the presence of Carbon and potassium (31-81%) and additional elements at < 1%. 
The external surface of the activated carbon exhibits fractures, crevices, and some grains in varied 
sizes in large holes after being heated to 750° C, according to FESEM examination, which also 
confirmed the presence of graphite structure. An effective adsorbent must have access to pores 
and interior surface. Following this characterization, it was discovered that the best results for 
graphite yield are obtained at 750°C, 800°C, and 850°C, which also exhibits excellent antibacterial 
activity. The synthesis of graphite composites is utilized to create GO and rGO. They are 
subsequently utilized in regions where industrial toxic chemical exposure occurred to manufacture 
decontamination wipes and detergents. 
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Abstract 

 
Agricultural waste management is biggest problem in northern India. The air pollution caused due 
to the burning of rice straw in the fields is most challenging. Heavy metal pollution in wastewater 
is another serious threat to environmental safety and has caused worldwide concern due to its 
toxicity and tendency to bioaccumulation. In this research work, cellulose nano-fibers extracted 
from rice straw was covalently functionalized with amide-linked two-dimensional microporous 
organic polymer(Am-MOP), which was synthesized via an amide-based MOP material via a 
polymerization reaction of carboxylic acid derivative and amine derivative at room temperature 
for Hg2+ removal. The synthesized material was characterized by FTIR, XRD and FESEM, HRTEM, 
TGA and DTG. Synthesized material displayed excellent fluorescent sensing and adsorption 
capacity for Hg2+ ions. Finally, great recycling stability of Hg2+ adsorption allows the amide-based 
MOP materials to be promising adsorbents for heavy metal Hg2+.  removal or recovery. The results 
presented here thus reveal the exceptional potential of synthesized material for high-performance 
environmental remediation. 
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Abstract 

 
 

Metal-incorporated porous organic polymers (POPs) play a crucial role in modern industry as well 
as organic synthesis due to their excellent sustainability, reusability, and recyclability. In 
homogeneous catalysis, metal particles undergo deactivation due to excessive agglomeration and 
its waste-to-environment causes pollution. However, the heterogenization of metal particles into 
the surface of the porous organic polymer avoids the deactivation of the metal particles inside the 
surface of the polymer which minimizes the use of metal and waste production. Here, we 
developed Triazolo-Thiazole porous organic polymers (TzTzRPOPs) with a surface area of up to 
563 m2g-1 and molecular modules disperse into the polymer with high surface area, large pore 
volume, and coordinating functionalities providing spatial confinement result availability of the 
more catalytic sites and prevent the molecular aggregation and leaching of metal from the 
polymers. The TzTzRPPOPs are prepared by a condensation reaction between triaryl aldehyde and 
dithiooxamide, a catalyst-free solvothermal technique and the absence of the corresponding 
aldehyde and N-H stretching frequency of dithiooxamide at 1700 cm-1 and 3300 cm-1, respectively, 
was revealed by Fourier-transform infrared (FT-IR) spectra, which validate the formation of 
desired polymer. Further, metal-incorporated polymers were characterized by SEM, TEM, TGA, 
EDS, XPS and N2 adsorption and desorption isotherm. ICP-MS analysis reveals ≤ 6% copper metal 
is encapsulated into the polymer. Cu(II)TzTzRPOPs, a low metal-loaded catalyst, showed high 
reactivity in the synthesis of benzothiazoles and quinolines. Furthermore, the catalyst showed 
outstanding stability and recyclability without loss of significant catalytic activity.  
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Abstract 

 
 

Porous organic polymers (POPs) have emanated over last few years as ambiguous materials with 
magnificent properties due to their hydrolytic and thermal stabilities intimately with efficient 
synthesis in a ‘bottom-up’ fashion by ardent design of building blocks as well as prudent choice of 
reactions for polymerization. Their astonishing properties like high surface area, low framework 
density, tunable pore size, convenient post synthetic modification, high physiochemical stability, 
etc allow them as supreme candidates for catalysis along with other applications like selective gas 
adsorption and separations, catalysis, drug delivery, energy storage devices, sensing, etc.1 
Herein, we have developed an economical imidazole-based POP which was formulated via multi-
component reaction between pyrene tetraone and benzene tetra aldehyde.2 The resultant POP 
was employed as metal-free catalyst for the synthesis of one-pot three-component condensation 
reaction of an array of aldehydes, malonitrile and 4-hydroxycoumarin/-1,4-cyclodione/isatins 
which are an important class of molecular system exhibiting a variety of biological activities such 
as antimicrobial, anticancer, antioxidant, and antiproliferative activities.3-5 The acidic character of 
POP advances the catalytic activity and also administers heterogeneity to the catalyst. In contrast 
to the conventional methods, the notable advantages of this green protocol are great to excellent 
yields, escaping the need of any unsafe transition metal-free catalyst or solvent, shorter reaction 
times at suitable temperature and low cost. The heterogeneous catalyst can be reiterated up to 
ten runs with no draining of catalytic productivity.  
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Abstract 

 
Covalent organic frameworks (COF) are increasingly gaining attention as adsorbents for industrial 
pollutants due to their high surface area and ordered porosity. However, often they have low 
removal efficiency due to the limited access to the pores. Approachability of foreign molecules to 
active sites within the framework can be maximized by pore engineering and introduction of 
defects. Here, we report the synthesis of an imine-based COF (DAB-TFP) at ambient conditions 
with the incorporation of disorder using continuous flow for the first time in a reusable PDMS 
microreactor which was fabricated using a cost-effective scaffold technique. The disorder in the 
COF increases accessibility of its surface for foreign molecules. Moreover, the disorder within the 
COF helps in accelerated adsorption of methylene blue (MB) in continuous flow. The removal 
efficiency of the COF for MB was three folds higher during in-situ adsorption in continuous flow 
than the traditional batch mode of adsorption. The COF could be regenerated and recycled in 
continuous flow without any significant loss in the activity. Further, we have been able to reclaim 
~100% of MB which is a green and sustainable approach in terms of economy and environment. 
The COF was also able to efficiently adsorb a mixture of pollutants and moreover, a simulated 
textile waste which make this adsorbent and technique feasible for industrial scale-up. 
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Abstract 

 
Polyurethane (PU) based adhesives have gained potential interest as they exhibit good bonding, 
better outdoor stability, high flexibility, and also, they show very high interlaminar strength. They 
are widely used in various sectors such as technical textiles, defence, automotive industries, food 
packaging industries, Lighter-Than-Air systems (LTA), etc. Particularly, for laminated textiles for 
LTA systems, it is necessary that the interlaminar strength of the multilayered coated and 
laminated structure is high. In this work, PU based adhesives were functionalized by incorporating 
nanoparticles such as Carbon Black and UV-additives and their synergistic effect on adhesion with 
fabric was studied. Here, three different PU adhesives based on two-component systems, were 
selected and the functionalized adhesive films were prepared. Moreover, the adhesives were 
applied on a fabric substrate and laminates were also prepared by optimizing the amount of 
adhesive weight add on resulting in increase in gram per square meter (GSM) of fabric. The peel 
strength of the laminates was measured. Further, the crosslinking and the interaction between 
the Carbon Black and PU based thermoset adhesives was observed through Fourier Transform 
Infrared Spectroscopy (FTIR). The UPF and tensile strength of the films were also evaluated and it 
was found that UV-resistant property and strength of the films were improved. In addition to this, 
the prepared adhesive films were exposed to artificial weathering for 200 hr and hence, it was 
observed that functionalized PU adhesives films illustrate excellent weather resistance property 
as compared to the neat adhesive films owing to the presence of Carbon Black and UV-additives. 
 
Keywords: Polyurethane adhesives, Carbon black, UV-additives, Interlaminar Strength, Peel 
strength. 
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Abstract 

 
 
Multifunctional polymer nanocomposites are organic-inorganic hybrid material systems where 
inorganic nanofillers are dispersed in an organic polymer matrix embedding multiple 
functionalities. These TPU nanocomposites can endow improved performance to cover a wide 
range of applications such as inflatable shelters, aerostats, airships for defense purpose and in 
marine applications such as inflatable boats and life rafts. Important properties required herein 
are good UV protection, gas barrier, high IR emissivity and hydrophobicity. Various TPU based 
coated and laminated structures are employed in these applications. However, TPU shows fair 
weathering stability and gas barrier. Hence, various metal oxides such as TiO2, ZnO, CeO2 and ZrO2 
have been widely utilized along with TPU as a nanofillers to impart multi-functional properties. 
Moreover, ternary metal oxides are gaining great interest due to flexibility in tuning their physical 
and chemical properties. 
 
In the proposed study, aromatic polyether based TPU has been chosen as polymer matrix (8% 
w/v). Three different nano fillers viz. TiO2, ZnO and ZnSnO3 were used in same concentration (2% 
of weight of polymer). TPU nanocomposite films of 250±15 µm thickness were fabricated using 
solvent cast method. These fabricated TPU films were characterized and tested for different 
properties such as UV protection factor (UPF), helium gas barrier, IR emissivity and hydrophobicity. 
UPF analysis states a significant improvement in UPF mean value i.e., about 87% in TiO2-NC film 
followed by 60% in ZnO-NC film and 28% in ZnSnO3-NC film as compared to neat TPU film. Helium 
gas barrier has been also improved by 18% in ZnSnO3-NC film followed by ZnO-NC and TiO2-NC 
film. Gain in water contact angle and IR emissivity value has been observed in all the films.  
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Abstract 

 
This study aims to utilize cellulose nanofibers (CNFs) derived from rice straw to immobilize 
acetylcholinesterase enzyme (AChE) and their effective use as a fluorescent sensor cum 
biocatalyst for sensing and degradation of chlorpyrifos (CPF) into 3,5,6-trichloro-2-pyridinol (TCP) 
and benign metabolites. AChE immobilized CNFs (AChE@CFs) exhibited excellent selectivity 
towards CPF in presence of other pesticides, amino acids and heavy metal ions with limit of 
detection as 90 nM. As compared to free enzyme, a better storage stability, higher endurance to 
change in pH and temperature and recyclability upto 20 cycles with 8% loss of activity was 
achieved. AChE@CFs effectively degraded CPF in 36 hours and kinetics of degradation revealed 
first order kinetics with rate constant of 0.0611 hr-1 and half-life of 11.34 hours, better than the 
reported studies leading to conclusion that AChE@CFs is efficacious biocatalyst for bioremediation 
of CPF.  
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Abstract 

  
 
Excellent properties of carbon fibers such as light weight, high mechanical strength, low thermal 
expansion, high electrical and thermal conductivity makes them a potential material to meet the 
future demands in various sectors like sporting goods, automotive parts, medical equipments, 
aerospace, defense, civil engineering and energy sectors. However, high-cost precursors and 
complex processing steps for carbon fiber synthesis process act as a barrier for high scale 
production. In our study, coal tar pitch which is a waste material of steel industry is used as a 
precursor which fulfills the requirement of cost-effective precursor. In addition, different amounts 
of petroleum pitch such as 5%, 10% and 20% (wt/wt) were used to study the improvement in 
spinnability of precursor. Various steps like pitch modification, melt spinning, stabilization, and 
carbonization were used to synthesize carbon fibers from pitch precursor. Furthermore, chemical 
stabilization method is used to reduce the energy and time consuming in conventional air 
stabilization step. In chemical stabilization method, different concentrations of Nitric acid 
solutions were used to study the stabilization phenomenon. To investigate the chemical and 
structural changes of synthesized fibers various characterization techniques like TGA, FTIR, XPS, 
XRD, SEM and RAMAN were used. 
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Abstract 

 
Pomegranate peels (PP) are rich source of several bioactive compounds like polyphenols and act 
as viable input for the circular bioeconomy. This work focuses on extraction of bioactive 
components from PP using 11 Deep eutectic solvents (DES) which are environment friendly, 
biodegradable, non -toxic, and have low cost. Based on the value of TPC (high, intermediate and 
low) four PP extracts were selected for detailed investigation (ChCl:EG, ChCl:Gly, ChCl:MA, ChCl:U) 
along with the benchmark solvent E:W 50 %; where Choline chloride (ChCl) is a hydrogen bond 
acceptor (HBA) and ethylene glycol (EG), glycerol (Gly), mallic acid (MA) & urea (U) as hydrogen 
bond donors (HBD).  
 
The TPC in the selected four extract and E:W 50%  ranged in 3649.59 – 11,722.09 mg GAE L-1

, FRAP 
& ABTS assay were performed to determine antioxidant activity of all the four PP extract ranging 
from 45.43- 102.24 mML-1 for FRAP and 20.20- 29.16 mML-1

 for ABTS. All the extracts depicted 
antimicrobial activity on gram negative E.coli and gram positive S.aureus bacteria. The extracts 
were also quantified using LC-MS/MS analysis for the presence of bioactive compounds. Surface 
morphology of the PP and its residue post extraction along with the total carbon percent was done 
using SEM & CHNS analysis respectively. To achieve zero waste, it is important to completely utilize 
PP in order to minimize environmental impacts. Therefore, the PP residues were analyzed for TDF 
(Total Dietary Fiber), which ranged in 51.08-41.92 %. Thus valorization of PP can be sustainably 
and effectively through circular bioeconomy.   
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Abstract 

 

 
Over 108 countries are affected by the high percentage of arsenic in ground water, which has 
caused considerable worry worldwide. It must be found and removed at trace levels since it poses 
serious health risks to all living things when it enters the food chain. In contrast, northern India is 
working to eliminate excess biomass that would otherwise be burned and cause severe pollution. 
By grafting the new fluorophore 3-bromofluoranthene on cellulose (BF@CFs), efforts have been 
made to use wheat-straw cellulose to produce a low-cost and effective sensing cum annihilation 
system for harmful arsenite ions As(III) in water. In a mixture of heavy metal ions, the produced 
sensor showed a "turn on" fluorescence response, with a low detection limit of 2.8 ng.L-1, 
according to fluorescent experiments. . Additionally, BF@CFs were used as incredibly effective 
adsorbents. Using an atomic absorption spectrophotometer coupled with a hydride generation 
assembly (HG-AAS), the adsorption of As(III) was investigated. The maximum adsorption, which 
was 239.5 g.g-1, corroborated pseudo-second order kinetics and the Langmuir isotherm. The 
adsorbents had a 97.3% efficiency and may be used up to five times. 
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Abstract 

 

In biological system, mechanical reinforcement owing to the internal stress is of utmost 
significance and forms the foundation of numerous biomechanical pathways and tissue integrity. 
For example, cells strengthen their contiguous matrix by dragging on collagen and fibrin fibers and 
molecular motors promote rapid fluidization and dynamic stiffening of the cytoskeleton by pulling 
thin actin filaments associated with bundles of myosin. Human carcinogen Helicobacter pylori (H. 
pylori) controls the pH at the time of colonization in the epithelial layer of the stomach and cellular 
actin cytoskeleton to form stress fibers and deregulates adhesion complexes to induce changes in 
cell shape. Herein, we demonstrate a sophisticated synthetic strategy for creating stimuli-
responsive stiffening network of peptide-polymer conjugates that exhibit numerous hierarchical 
controls. Judicious modulation of the pH furnishes dynamic Schiff base crosslinking of semi-flexible 
peptide fibres with thermo-responsive poly(N-isopropylacrylamide)dopamine copolymer to 
create a temporal covalent network. Owing to the lower critical solution temperature (LCST) of 
the polymer, the conjugates exhibit a macroscopic heat-stiffening response by producing inner 
stress through a coil-to-globule transition. Moreover, the covalently crosslinked network intensely 
stiffens in retort to applied shear stress that can be further ramped up in the peptide fibers. 
Overall, the synthetic networks exhibit non-linear mechanical behavior with the exponents that 
match with the actinomyosin network regulation by the H.pylori. 
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Abstract 

 

   Innovation in green chemistry, synthesis process and formulation development of bio-degradable 
polymer eliminates the adverse effect towards environment. Current research on Bio-degradable 
polymeric materials shown promising potential as an alternate to traditional petro-based polymers due 
to its improved mechanical, thermal and processability. Further, polysaccharides are widely spread 
biopolymers with diversity of structure and properties and high-end applications as they are easily 
available, nontoxic, biodegradable and biocompatible. Modification of hydrophilic backbone of these 
biopolymers diversifies and enhances its applications and functionality.  
 

Guar gum based bioplastic films were prepared by taking various ratios of Polyvinyl Alcohol with guar 
gum along with plasticizer and followed by sodium metasilicate modification to enhance the barrier 
and antimicrobial properties. After the production of film, characterization studies such as mechanical, 
thermal and morphological properties were analyzed. The tensile strength of films was gradually 
improved in the machine direction due to modification. The thermal characterization reveals the 
transition temperature exceeding due to modification. The morphological analysis also supports better 
compatibility between GG with PVA with improved chemical interaction by sodium metasilicate, as 
established by FTIR analysis. The contact angle test was carried out to measure the hydrophobicity to 
estimate the water barrier properties, antimicrobial test was also performed which suggest the 
improved characteristics suitable for packaging application. 
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Abstract 

 

The interest in preparation and utilization of nano bio-composites in medical field has always 
received immense attention of researchers owing to their easy fabrication and tunability. The 
challenge, however, lies in finding viable polymer and filler combinations that retain their 
properties over a wide range of environmental and mechanical stresses. The present study aims 
the preparation of biodegradable, non-toxic nanocomposite of silver (Ag) and citrus gel pectin. 
Pectin gel was synthesized from dried peels of orange. Silver nanoparticles (AgNPs) were 
synthesized as reported in our study. The nanocomposite of AgNP/Pectin was subsequently 
obtained by co-precipitation method. The reported composite gel has been analysed for the 
antimicrobial activity as well as transparency studies. Further, the effect of various morphology of 
AgNP on antimicrobial activity of the gel has also been investigated. The gel can be moulded into 
thin films by using Poly(vinyl alcohol) (PVA) and likely to offer applications in biomedical field.  
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Abstract 
 
 

Biopolymers such as collagen, pectin, Silk fibroin and egg shell membrane etc. plays an important 
role in biomedical and pharmaceutical areas. Specially egg shell protein contains numerous types 
of proteins like Collagen (type,1 V and X) Sialoprotein and Osteopontin. Its unique properties such 
as biodegradability, biocompatibility, antimicrobial nature, and antioxidant properties makes it 
most important candidate for this area. Its main application is skin regeneration due to excellent 
cell adhesion which increase the efficiency of healing .In the present work, Eggshell protein is 
obtained from the egg shell membrane using special chemical treatment method and further 
dying using freeze drying method. Elemental analysis and Surface morphology of the samples was 
studied by using EDS and SEM characterization technique. Nature of this dried protein was 
confirmed by using XRD technique and thermal behaviour was also studied TGA/ DSC technique. 
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Abstract 
 
 
In the current status, the synthetic materials with self-healing ability have generated great deals 
of interest in a wide spectrum, which has been inspired from the self-recover ability of the living 
tissues after being injured. Out of them, the self-healing polymer electrolyte (SHPE) has been 
regarded as a crucial component in the development of revolutionary LIBs with a long cycle life. 
However, the optimization of self-healing character, ionic conductivity and mechanical strength of 
these SHPEs is a challenging task as of right now. Therefore, in the current work, an advanced self-
healing polymer electrolyte (SHPE) has been fabricated for the optimization of the mechanical 
strength, self-healing ability simultaneously maintaining the ionic conductivity and high Li-
transport number (LITN). The formed SHPE is synthesised through reversible-addition-
fragmentation-chain transfer (RAFT) polymerization technique by choosing the Ureido-
pyrimidinone methyl ether methacrylate (UPyMA), a polymeric lithium salt and a derivative of poly 
(ethylene glycol) as a spacer arm.  Here, the UPyMA has been chosen due to its excellent self-
healing ability contributed from its dynamic quadrupolar H-bonding, whereas the anionic 
backbone and spacer arm may provide the mechanical strength and ionic conductivity 
respectively. Finally, the various physio-chemical and electro-chemical properties of the formed 
SHPE will be evaluated for commercialisation of an advanced LIB with long cycle life.  
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Abstract 
 

Solar energy is an abundantly available renewable energy source, and photovoltaics have emerged as an 
alternative facile means to produce electricity. Commercial silicon photovoltaics undergo high-temperature 
processing routes and incur high costs. Therefore, the scientific community is making tremendous efforts 
to develop affordable and efficient solar cells. Organic perovskite solar cells (OPSC) are flexible, lightweight, 
and manufactured by simple solution processing techniques. Perovskite absorbers exhibit tunable band 
gaps, long diffusion lengths (1µm), high absorption coefficient, and high charge mobility1 due to which they 
show efficiencies of ~25%2,  which is comparable to the well-established silicon solar cells. However, they 
suffer from the drawbacks of being susceptible to moisture and oxygen in the ambient atmosphere and 
degrades in hot weather conditions, thereby limiting the lifetime of the device to few hours3. Thus, the 
impeding factor for commercialization is the instability of the perovskite layer, which results in the poor 
long-term stability of the device.  
 
Encapsulation materials currently utilized for silicon-based solar 
cells like Ethylene-vinyl acetate (EVA), Polyvinyl butyral (PVB) 
either possess high lamination temperatures (140ºC) or high-
water transmission rates and cannot be used to encapsulate 
OPSCs4. In this work, hermetic sealing is developed to improve the 
stability of methyl ammonium lead iodide-based solar cell 
(MAPbI3). Figure-1 shows the schematic representation of the 
proposed work. The idea is to encapsulate the device in a polymer 
nanocomposite-based material that possesses characteristics like 
moisture repellency, Infrared (IR) scattering, and UV-Visible 
transmission. It is proposed to integrate metal oxide (e.g., ZnO, 
TiO2, NiTiO3) nanoparticles into hydrophobic polymers to 
enhance the IR Scattering. At the same time, topographical 
patterning of these polymers would be attempted to render them 
more non-wetting towards the water.  
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Abstract 
 

 
Covalent organic frameworks (COF) are a class of newly emerging functional materials from the 
last decade. Because of their exceptionally high surface area offered by the highly ordered porous 
networks, COF is, recently, renowned as a functional material in a broad spectrum of applications 
including light-driven photocatalysis. To improve the photocatalytic activities of conjugated COF 
materials several strategies have been employed so far. This includes pre- and functionalization 
into COF materials, incorporation of metals, semiconducting materials, etc.1 that really improve 
the photocatalytic activities to several extents. In the present work, we have induced post-
mechanical deformation (dDAAQ-TFP) over the anthraquinone integrated COF which shows 
excellent photocatalytic properties even than the parent COF. dDAAQ-TFP showed highly efficient 
polymeric material for both photo-Fenton like reactions and reduction of toxic hexavalent 
chromium under artificial sunlight. As one of the most promising advanced oxidation processes 
(AOPs), Fenton-like reactions are widely used for industrial sewage treatment and pollutant 
control.2 As a proof of concept, dDAAQ-TFP was employed for the decontamination of four 
industrial pollutants using Fenton-like photocatalysis. We have achieved highly appealing results 
for all the tested pollutants despite of their insignificant quantity. Their activity was still persistent 
even after several times of usage and was found to be highly reclaimable and reusable polymeric 
material. Additionally, dDAAQ-TFP is a purely metal-free entity that absorbs renewable solar 
energy for photocatalytic activities. Therefore, this present work will provide a promising strategy 
to improve photocatalytic activities and future aspects of green and sustainable development. 
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Abstract 
 

 
The clinical applications of numerous potent chemo drugs are vastly restricted due to their poor 
solubility, pharmacokinetic properties and severe systemic toxicity following systemic 
administration. However, nanoparticle-based drug delivery systems have provided a befitted 
solution for the same because of their ability to improve bioavailability of the drugs and thereby 
decreasing extracellular toxicity. Moreover,  stimuli responsive drug release from nanoparticles 
has been in trend since a while on the basis of the subtle differences between physiological 
microenvironments of tumor cells and healthy cells.  
 
In the present research work, Pirarubicin, an analogue of the FDA approved anthracycline drug 
Doxorubicin, has been chemically conjugated to PEG-PLA block copolymer via a linker molecule to 
give an acid labile conjugate. The synthesized polymer drug conjugate has been  thoroughly 
characterized using NMR and FT-IR spectroscopy and then used to prepare nanoparticles using 
nanoprecipitation technique. The prepared nanoparticles have been evaluated for their size, zeta 
potential and stability using techniques including Dynamic Light Scattering (DLS) and HR-TEM. 
Furthermore, the drug release kinetic studies of the drug conjugated nanoparticles were carried 
out in different pH environments. Moreover, the cellular internalization studies of Pira conjugated 
Nps were done using Confocal microscopy. Also, the cytocompatibility and hemocompatibility of 
the Nps was assessed using MTT assay and Hemolysis assay respectively. For in-vitro evaluation of 
the Pira conjugated Nps using MTT assay, different breast cancer cell lines were used including 
MCF-7, MDA-MB-468, SUM 149. The overall results suggested that the prepared Nps are not only 
stable and biocompatible but possess high drug loading capacity, controlled and sustained drug 
release kinetics and great efficacy and potential against breast cancer cell lines. 
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Abstract 
 

 
Biodegradable Polymeric Nanoformulations are being acknowledged for their ability to efficiently 
deliver the drugs, vaccines, genes, and other biomolecules to the targeted site. They bestow the 
convenience of site-specific delivery, remarkable encapsulation of drugs/vaccines, reduced off-
target toxicity,  biocompatibility, sustained release profile and enhanced permeability and 
retention effect (EPR effect).  
 
In this study, we have prepared the biodegradable Poly-lactic acid-co-polyethylene glycol based 
block polymer with a disulphide linkage in between them. This polymeric nano-carrier is designed 
to exploit the redox potential difference between the reducing intracellular environment and the 
oxidizing extracellular surroundings. The synthesized block c0-polymer has been characterized by 
NMR and FTIR spectroscopy. These redox responsive nano-carriers release a significant amount of 
chemotherapeutic drug in response to the reducing ambience of tumor micro-environment, 
consequently decreasing the side effects and increasing the anti-tumor efficacy.  In the present 
study, Pirarubicin, an anthracycline and derivative of  Doxorubicin, have been encapsulated in the 
redox responsive nano-carrier, which showed uniform particle size distribution when evaluated by 
DLS and HR-TEM. They exhibited the sustained release profile and better release in the presence 
of a reducing agent. The cellular internalization studies of the nano-carriers are done by confocal 
microscopy. The in-vitro cytotoxicity test was conducted by MTT assay on the following breast 
cancer cell lines : EAC, SUM149,MCF-7. 
 
The results implicate that Pirarubicin encapsulated-redox responsive PLA based biodegradable 
nano-carriers have strong potential for cancer therapy. 
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Abstract 
 

 
Nanostructured conducting conjugated polymer (CCP), polypyrrole was synthesized via a template 
free and single step approach. Residual α-Fe2O3 was found in the polypyrrole matrix when FeCl3 
was used as oxidizing agent for polymerization of pyrrole. We are highly delighted to reveal that 
the α-Fe2O3 exists in polypyrrole as nanoparticles forming a heterojunction nanocomposite. This 
significantly improves the photocatalytic activity of the CCP under visible light at room 
temperature. The photocatalytic activities were examined via degradation of organic pollutants 
(here, organic dye and plastics). Photocatalytic activity of the nanocomposite was found to be 
multifold higher than metal free polypyrrole and α-Fe2O3. Furthermore, the nanocomposite 
showed high photocatalytic activity in photoreforming of plastic to hydrogen gas as green fuel and 
other value-added organic products.2,3 Besides, the photoreforming does not produce any 
greenhouse gases like CO2. The amount of residual α- Fe2O3 in conducting polymer matrix can be 
tuned and optimized to yield promising photocatalysts for green and sustainable development. 
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Abstract 
 
 

MWCNTs have been reported to show lower thermopower owing to their low band gap region. 
These narrow band gap materials are thus more susceptible towards appearance of bipolar effect 
at higher operating temperature leading to an overall decrease in thermoelectric properties. 
Herein, we present a doping approach using metal nanoparticles for eliminating the bipolar carrier 
transport, thereby achieving high thermoelectric performance with MWCNTs.  
 
Large area MWCNT mats have been indigenously synthesized through FCCVD technique at 
different gas parameters and were structurally characterized for purity. The synthesized MWCNT 
sheets show highly anisotropic electrical conductivity and appreciable Seebeck coefficient owing 
to the presence of aligned nanotubes in the structure. Reasonably good Seebeck value of >50µV/K 
is achieved for all samples, however, tends to show bipolar effects at slightly high temperature. 
Therefore, metal doping has been carried out via dip coating method to increase the p-type charge 
carriers thus compensating for the electron-hole recombination at the contacts. The presence of 
dopants has been confirmed via SEM, Raman and XPS analysis. Resulting sample has been found 
to be performing better in thermoelectric properties such as electrical conductivity and Seebeck 
coefficient value. This can be thus extended for the development of high performing flexible 
thermoelectric materials. 
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Abstract 
 

 
Hydrogen is a valuable energy carrier which provide a green energy source. Fuel cells can be used 
to utilize the hydrogen gas by converting it to electrical energy for use in various applications. 
Bipolar membrane (BPM) is combination of cation exchange layer and anion exchange layer in a 
single membrane. BPM provides the advantage of different pH across membrane and self-
humidification feature in polymer electrolyte membrane-based fuel cell. When BPM is placed in 
forward bias mode, H+ and OH- ions coming from anode and cathode respectively recombine at 
interface of BPM to form water which provide the self-humidifying feature to the membrane. 
 
In this work, BPM was prepared by solvent casting method. Polymeric material used for cation 
exchange layer synthesis was sulfonated polyether-ether ketone (SPEEK) and anion exchange layer 
was synthesized using quaternized polysulfone (QPSF). Sulfonation of PEEK and Chloromethylation 
followed by quaternization of polysulfone was done and confirmed with 1H NMR spectra. 
Membrane electrode assembly was prepared using synthesized BPM and its testing was done in 
fuel cell under dry feed conditions. The performance of synthesized BPM based MEA was 
compared with SPEEK made synthesized proton exchange membrane (PEM) based MEA under 
same conditions. It was observed that under dry feed gas operation, BPM based fuel cell 
performed better as compared to PEM fuel cell. Self- humidification in case of BPM help in 
hydration of membrane which help in better ion conduction. Performance of fuel cell was 
evaluated through polarization curve. BPM was characterized for different properties like Ion 
exchange capacity of individual layers, ionic conductivity, water uptake, swelling ratio, and 
chemical stability. This study demonstrates the performance of SPEEK/QPSF based BPM in fuel cell 
as compared to SPEEK based proton exchange membrane in fuel cell under dry feed condition.    
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Abstract 
 
 
Bone illnesses and abnormalities have a substantial impact on a person's quality of life. Polymer-
mediated liquid exfoliation of tungsten disulfide (WS2) was explored and then coupled with 
alginate to create microspheres for bone graft substitute. Polymer-induced liquid exfoliated WS2 
was chemically characterized with different analytical techniques. The developed WS2 is 
nanometer in size and biocompatible with bone-related cells. Further, microspheres were created 
using 3% alginate and 3% alginate with WS2. The prepared microspheres were physically, 
chemically, and biologically characterized (mechanical strength, in vitro biodegradation, protein 
absorption, water uptake, and retention ability, biomineralization, and cell interaction studies). 
Microscopic image results showed that microspheres are spherical with an average diameter of 
800 µm. The results from the studies show that developed microspheres lead to excellent apatite 
formation. In addition, alginate-WS2 is biocompatible with MG-63 cells and cell proliferation. 
Hence, the developed alginate-WS2 microsphere can be a potential candidate as a bone graft 
substitute.  
 
 
Keywords: Alginate; Bone tissue engineering; Exfoliation; Microspheres; Mineralization; Nano 
tungsten disulfide. 
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Abstract 

 

Ipriflavone (IP) is a semi-synthetic isoflavone that can bind to the estrogen receptor, showing 
bone developing character with a lack of intrinsic estrogenic activity. Ipriflavone is a highly 
lipophilic molecule with extremely low water solubility and bioavailability. Nanoemulsion 
formulation is one of the methods to improve the oral bioavailability of lipophilic drugs.  

 

Miglyol 812, ethanol, tween 80, and soy lecithin were selected as oily phase, surfactant, and co-
surfactant, respectively, using solubility and miscibility testing. The concentration of the 
ingredients was optimized using Box-Behnken Design. The most desirable formulation was 
selected from the three optimized formulations based on thermodynamic stability, globule size 
(72.03±0.02 nm), PDI (0.271), zeta potential (-12 mV) and drug content (95.42±3.83 %). TEM 
images confirmed the size and morphology of the oil globules present in the nanoemulsion. The 
emulsions released 60% of ipriflavone into the dissolution medium in 10 mins indicating a rapid 
and improved drug solubility. Ipriflavone shows toxicity on MG-63 cells with an increase in the 
concentration of the drug. Alkaline phosphatase activity and calcium uptake studies on 
osteoblast-like cells indicate the positive sign of bone cell development. For the anti- osteoporotic 
activity, the drug and formulation were tested on higher animals like zebrafish. The LC50 value 
of the ipriflavone was determined at 5.7ppm and shows no signs of toxicity in the given 
concentration. 
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Abstract 

 

 

Plastics mulch films play key role towards the reduction of weeds, water loss through evaporation 
and maintaining the soil temperature. Due to the advantages it attracts the agricultural fraternity 
in the production of vegetables and other specialised crops all over the world. However, polymer 
like polyethylene (PE), which are widely used for mulch films requires removal of film from the 
field after harvesting with teared films. If not done properly it caused environmental pollution. In 
view of the above aspect it is essential to go with an alternate option of bio-degradable polymers.  
In out present study, we've developed a biodegradable film using a blends of Polylactic acid, which 
is excellent for mulching applications. A natural filler, CP(Cocopeat), was added to the film to make 
it user friendly with cost effective approach. PLA based CP filled films gives better strength with 
effective utilization of agro-waste.  
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Abstract 
 
 

Polycaprolactone (PCL) has been widely explored in biomedical applications due its good 
mechanical strength, biocompatibility, and biodegradability. It is a Food and Drug Administration 
(FDA) approved polymer that can be easily electrospun. Although PCL has many attractive 
properties but blending with hydrophilic polymer and incorporating drugs can be challenging. 
Consequently, PCL hydrophobic nature limit its usage. To overcome this problem surfactant is 
used to modify PCL nanofiber. The aim of this study, is to modify PCL nanofiber by surfactants 
(ionic and non- ionic). The developed nanofiber was characterized by SEM- EDX, FTIR, XRD, AFM 
and contact angle. The addition of surfactant successfully changes the physiochemical properties 
of PCL nanofiber including its diameter and roughness. The surfactant enhanced the hydrophilicity 
of PCL nanofiber. The addition of surfactant has improved PCL nanofiber properties.  

 
Fig: Schematic presentation of preparation of hydrophilic PCL nanofiber 
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Abstract 
 
 

In today’s economically developed world, plasticulture is pivotal in the field of agriculture and 
biopolymers are the best suitable asset for this field to minimize the environmental pollution 
caused by conventional plastics. In the current study Polylactic acid (PLA) blended films have been 
employed in order to replace the traditionally used polyethylene bags. Films of PLA and PBAT have 
been prepared using melt blending followed by blown film extrusion. Functional and barrier 
properties of the developed films were evaluated and analysed. In-depth biodegradation analysis 
of the films has been carried out after the environmental exposure in the climate of Bhubaneswar, 
Odisha. Microplastics were extracted from the soil samples to qualitatively scrutinize the film 
degradation. Also the degradation behaviour of the films has been studied under accelerated UV 
condition. 
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Abstract 
 

                Over the last few years, there has been an increase in demand for orthopaedic procedures for 
bone repair and bone regeneration. Viable treatment alternatives such as development of 
resorbable synthetic bone regeneration implants or grafts is desired. In this work, a biocompatible 
polymer i.e., PLA and a bioactive filler were used employing a low cost and stable FDM technology 
to successfully prepare bone repair scaffolds. Strontium doped natural hydroxyapatite (Sr-nHAp), 
which was derived from caprine bones were preferred as HAp that has similar properties of human 
bone (Ca/P=1.67) and increases the bioactivity of the polymer matrix, thereby mitigating the 
negative aspect of the PLA. The composite filaments with a diameter of 1.75mm were developed 
by using twin screw extrusion with a variable loading% of 3%-7% and were subsequently 3D 
printed using FDM. To assess the Sr-nHAp and the biocomposite scaffold for use in bone tissue 
engineering, various in-depth characterizations such as transmission electron microscopy, 
scanning electron microscopy, x-ray diffraction, fourier transform infrared spectroscopy, thermos 
gravimetric analysis and differential scanning calorimetry were undertaken. The loaded Sr-nHAp/ 
PLA scaffolds showed better compressive strength as compared to pure PLA scaffolds. The 
optimized samples were further taken for biomineralization and biodegradation studies using the 
SBF immersion technique wherein the formation of apatite layers were observed on the samples. 
Compared to other cutting-edge 3D printing technologies, this method proved to be more stable, 
cost effective and simple by providing customizable products for clinical applications thus 
providing a base for further research in field of bone regeneration. 
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Abstract 
 

Microplastics (MPs) ubiquitous to the environment and are produced when bigger plastics break 
which have a detrimental effect on the ecology. The primary transportation routes for MPs found 
in the seas have been rivers, which have a big impact on the marine ecology. In the current study, 
water samples were collected from upper and downstream of the Damanganga and Tapi rivers 
from Vapi and Surat respectively in Gujarat, India to investigate MPs pollution. Samples from 
Dumas Beach present in Surat were also taken in order to look for the presence of MPs. MPs were 
removed from the samples using sieving, density separation, and Wet Peroxide Oxidation (WPO) 
methods and were subsequently examined using micro-FTIR, optical microscopy, Py GCMS, 
scanning electron microscope (SEM) and micro-Raman respectively. Each section of the samples 
from Damanganga and Tapi rivers was used to calculate MPs, which was observed to be higher in 
the case of Damanganga river with flux of 3.53 pieces/Litre. 
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Abstract 
 

 
Conventional petroleum-based plastics have been a threat to the environment which resulted in 
an increased research interest on bio-based materials with desired attributes for application in 
packaging sector. In the current study a multilayer bio-based packaging film consisting of a core 
layer, barrier layer and an outer print layer has been investigated. The primary function of the core 
layer is to provide strength whereas the outer layer provides better printability. The barrier layer 
improves different barrier properties (gas, water vapor etc.) of the polymeric film. In the core layer 
constituting of the blend of polylactic acid (PLA) and polyhydroxybutyrate (PHB) was developed 
using blown film extrusion method. Pentaerythritol and joncryl were added which act as a 
nucleating agent and chain extender for the blend. The mechanical, thermal and barrier properties 
of the developed film were analyzed using Universal testing machine (UTM), Differential scanning 
calorimetry (DSC) and Water vapor transmission rate (WVTR) respectively. Additionally the barrier 
layer as well as print layer of PLA was designed and the functional properties was examined.  
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Abstract 
 

 
In the current study Sisal fibres has been used as reinforcement in polypropylene polymer matrix 
to prepare composites. The modification of interfacial adhesion forces between the hydrophilic 
sisal fibers and the hydrophobic PP matrix has been investigated to increase their compatibility 
using two different methods. The first method employed focused on the surface treatment plasma 
treatment to improve compatibility between fiber and polymer matrix. Surface of sisal fibres were 
plasma treated with mixture of oxygen and nitrogen, nitrogen, argon and atmosphere as a 
function of time and power. The optimised surface treated fibre was studied using scanning 
electron microscope (SEM). The second treatment consisted of use of maleic anhydride grafted 
polypropylene (MAPP) as a compatibilizer to improve interfacial bonding between fiber and 
polymer matrix. The composites were subsequently subjected to tensile, flexural and impact 
measurements to optimise the fibre loading and treatment type. Thermal stability was studied 
using DSC and TGA of optimised composition. The optimised samples are also studied SEM to 
evaluate the fiber/matrix interface using tensile fractured specimens. Acoustic and flame 
retardancy of composites were also discussed. 
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Abstract 
  
 

Solar energy is well known as one of the gifted replacements to fossil fuels due to its huge 
abundance that can be utilized for human civilization. Dye-sensitized solar cell (DSSC) is one of the 
photovoltaic technologies, favored most because of simple fabrication, low manufacturing cost 
and color tunability. The development of this photovoltaic technology has lasted for around three 
decades. 
 
CNT is frequently used in the cathode and anode part of DSSC, here we used SWCNT in the 
electrolyte system to ensure its effectiveness on the efficiency enhancement of solar cell. Different 
percentage of SWCNT introduced in iodine-based electrolyte. SWCNT treated and untreated 
electrolytes were absorbed by PVDF-HFP membranes. These electrolyte-soaked membranes were 
used to fabricated DSSC devices. TEM confirms the presence of CNT in electrolyte system. A higher 
efficiency of 3.75 % is realized in SWCNT treated electrolyte than untreated electrolyte (2.82 %). 
This is because CNTs in the electrolyte can act as a catalyst in the iodide/tri-iodide redox reaction 
and also suppress the charge recombination between TiO2/electrolyte interface.       
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Abstract 
 
 

 Sunlight has a broad spectrum ranging from ultra-violet to infrared, and narrow band gap 
materials are necessary to capture photons in the near infrared region (NIR) in solar cells.  
 
Two low band-gap diketopyrrolopyrrole based co-polymers with varying donor groups were 
synthesized via palladium-catalysed direct C-H arylation with high yield. We amplify the properties 
of copolymers by tuning DPP (an acceptor) with different donor moieties. The effect of donor 
groups was studied  by a variety of measurements such as UV-Vis- NIR spectroscopy and 
fluorescence to study the excitation and emission spectra of the copolymers, CV for study the 
bandgaps. The morphology and molecular packing of the thin-films of the copolymers were 
analysed by atomic force microscopy (AFM), density functional theory (DFT) calculations, and X-
ray diffraction experiments. With strong π–π stacking synthesized copolymers could be utilized as 
active materials in solar cells. 
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Abstract 
 

 
In this study, Aloe mucilage was used as a binder for the dry compaction of quartz waste at 
different compaction pressure. The quartz waste was formed using 0-16 wt% of Aloe mucilage at 
90 MPa, 100 MPa, and 110 MPa compaction pressure. The 12 wt% of Aloe mucilage is sufficient 
for dry compaction of quartz waste. The maximum green density and strength of quartz compacts 
achieved at the 12 wt % binder amounts were 62.3 % and 4 MPa, respectively, at 110 MPa 
compaction pressure. The green quartz compacts with 12 wt% of Aloe mucilage were strong 
enough for green machining. The green quartz compacts prepared at 110 MPa compaction 
pressure exhibited a minimum porosity of 21% and maximum flexural strength of 15 MPa after 
sintering at 1400°C. The Fourier transform infrared spectroscopy analysis revealed the functional 
groups present in Aloe mucilage. The binder burnout characteristic of Aloe mucilage in the quartz 
compact was determined by TGA and DTA. Additionally, Aloe mucilage acted as a binder and 
solvent simultaneously for ceramic compaction and can be used for refractory application.  
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Abstract 
 
Removal of dyes from wastewater using membrane base separation technique has recently come 
to light as an exciting problem with several benefits over traditional physicochemical methods. In 
the present study, zinc oxide (ZnO) NPs were doped in an alginate membrane to capture hazardous 
congo red dye from wastewater. A range of advanced analytical tools such as X-Ray Diffraction 
(XRD), Scanning Electron Microscopy, Dynamic Light Scattering, and Fourier Transform Infrared 
(FTIR) was used to characterize the synthesized ZnO nanoparticles and doped membrane for a 
better understanding of the material's details and mechanism involved in removing dye. The XRD 
spectra confirm the wurtzite crystal structure, and FTIR spectra confirm the functional group in 
ZnO, which is suitable for dye adsorption. It was found that the NPs were spherical and had a size 
of < 10 nm. The fabricated ZnO doped alginate membrane could effectively remove >99% of CR 
dye from wastewater within 30 minutes of contact time at a wide pH range from 2 to 10. Different 
isotherm and kinetics models were also studied for a better understanding of the removal 
mechanism and rate, which defines the Langmuir isotherm model along with Pseudo-second order 
rate kinetics. Overall, the synthesized ZnO doped membrane system shows promising and 
significant potential for removing CR dye from wastewater and can be employed as a promising 
technique for wastewater treatment. 
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Abstract 
 
 

Pitch is a viscoelastic polymer that constitutes various polyaromatic hydrocarbon chains. 
Utilization of pitch in various advanced carbon materials such as carbon fiber, carbon foam, and 
energy storage devices is a fascinating sector of interest due to its low cost and aromatic structure. 
But due to ambiguity in the structure of pitch molecules, it became difficult to completely assign 
the exact structure to the pitch. In literature, analyzing the solubility of the pitch in different 
solvents is a reliable method to characterize the pitch. 
 
In this work, the toluene insoluble part of the different pitches i.e. isotropic pitch and mesophase 
pitch has been characterized to understand the structural transformation in TI fraction of the 
molecules with different pitches. Elemental analysis, TGA, and XRD were performed to study the 
changes in the microstructure of the different pitch molecules. It was observed that an increase 
in thermal stability and crystallite size was observed in the TI fraction of the anisotropic pitch in 
comparison to the isotropic pitch.  
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Abstract 
 

 
Erlotinib, an inhibitor of the epidermal growth factor receptor, is used as the first-line anticancer 
treatment for non-small cell lung cancer. However, its low water solubility, along with adverse 
drug reactions from deposition in normal cells, limits its use in therapy. Biotin conjugated Pluronic 
F68-Polycaprolectone have been used to improve pharmacokinetics of drug and reduce its 
toxicity. In this study Block co-polymer (Biotin-F68-PCL) were synthesized and characterized for 
the structural conformation by FTIR and NMR Spectroscopy. Quality by design, a statical tool was 
applied for optimization of various parameters that impact micelle size, entrapment efficiency and 
zeta potential. Design matrix generated using Minitab software and graphical presentation via 
contour plot revealed science-based development of formulation and resulted in requisite micellar 
size of 115.1 nm and entrapment efficiency of 94 %±2.34 in ratio 1:5. Drug release of optimized 
block co-polymeric micelles was found to be slow and controlled release and is approximately pH 
dependent. The MTT cell assay and cellular uptake on A549 cell line shows better cell inhibition of 
Biotin-F68-PCL compared to F68-PCL and erlotinib drug. In nutshell, Biotinylated block 
copolymeric micelles would be platform delivery for targeting anticancer agent to treat non-small 
cell lung cancer. 
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Abstract 

Introduction and Objective: 
The study aims to develop and characterize lyophilized Biotin-Streptavidin conjugated Bovine serum 
albumin nanoparticles containing EGFR prepared by desolvation method. Bovine serum albumin 
nanoparticles as a hotspot in the field of biological therapy along with strong bridging between 
biotin-avidin and sub-cellular functionality that is known as an attractive choice for improving the 
targeting affinity with more penetration.  
 
Methods:  
Fabrication of protein nanoparticles by Desolvation technique(1), that is based on 
nanoprecipitation principle and further functionalized with Biotin-Streptavidin by non-covalent 
self-assembly technique. 

 

Results: 
The Protein Nanoparticles were found to be uniformly distributed in range of 130 ±5.131 and 174 
±3.055nm particle size. The drug loading and entrapment was found to be 14% and 76±2.14% with 
8 days of prolong release at physiological pH. Cytotoxicity studies and cellular uptake after 72 hours 
shown better cell growth inhibition and more fluorescent intensity with prolong retention and 
11.415µM IC50 shown by biotin-streptavidin conjugated bovine serum albumin nanoparticles as 
compared to plain drug as well as non-conjugated bovine serum albumin nanoparticles with 20.973 
µM and 13.187µM IC50. 
 
Conclusions: 
The study introduces a novel nano-cargo model based on self-assembly technology with 2-fold 
times more cytotoxicity as compare to drug, hence suggesting the active targeting as well as EPR 
effect and may limit the off target delivery. 
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Abstract 
 

Chronic wound healing is a severe complication that threatens the life of patients because of the damaged 
skin microvasculature and prolonged inflammation at the wound site. Despite substantial progress made 
in the development of wound dressings, wound management remains a great challenge, which compels 
significant burden to the patient and healthcare system. Moreover, generation of reactive oxygen species, 
prolonged inflammation, and bacterial infection are the main challenges of effective wound repair. An ideal 
wound care system should provide moist, breathable and antibacterial microenvironment which can 
promote wound healing. Carrageenan (CG) holds several unique properties such as high-water retention 
capability, biocompatibility, and can provide a moist environment. All these features make it a potential 
material for wound healing applications. However, it lacks antibacterial ability due to which microbial-
induced skin wound infections can happen, which would eventually facilitate chronic wound healing.  

 
 

Figure 1: (a) Chemical structure of Carrageenan, (b) Digital image of Moringa extract. 
 
Herein, a biofunctinal hydrogel membrane composed of carrageenan (CG), polyethylene glycol (PEG) and 
lecithin (LC), containing different concentration of Moringa oleifera (MO) extracts was fabricated via facile 
solvent casting methodology as a green chemistry approach, which can provide an optimal moist and 
antibacterial environment for rapid wound healing applications. The morphology and physicochemical 
properties of the developed hydrogel membranes were evaluated using SEM, FTIR, and water contact angle 
analysis. Additionally, the hydrogel exhibited superior  antioxidant properties which can effectively 
alleviated the wound site's oxidative stress and accelerated wound healing. Furthermore, in vitro 
antibacterial studies showed that CG-PEG-LC/MO hydrogel membrane exhibited significantly higher zone 
of inhibition against Staphylococcus aureus and Escherichia coli.  Bacterial adherence study was also 
performed to demonstrate the efficiency of dressings for arresting microbial invasion. Hence, the present 
hydrogel membranes hold immense potential as an excellent wound dressing material in the healthcare 
sector. 
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Abstract 
 

 
The relatively modern constitutive models like FENE-P, for polymer solutions, are known to face 
convergence problems at relatively larger flow rates. In this study, we present an efficient GNF-
based approximation to the FENE-P, which can be used for fluid flow problems to closely 
approximate the flow field. Firstly, we show differences in the flow fields predicted by FENE-P and 
an equivalent GNF model for flow around a sphere. This highlights severe deficiencies of the GNF 
model, due to the absence of effects of chain stretching, particularly near the stagnation points. 
Next, the effects due to extensional components in the flow field on the local viscosity was added 
through an equivalent GNF-X model that has been formulated recently. Although slightly better, 
this too failed to capture the asymmetry in the flow and stress profiles, while predicting extremely 
high stresses at both stagnation points, relative to the FENE-P. Hence, we added some novel 
modifications, which was able to capture the trends quite successfully. The drag correction 
coefficients computed from this modified formalism agreed well with FENE-P predictions for all 
flow rates considered. Interestingly, our proposed formulation is about an order of magnitude 
faster than the FENE-P in solving for the flow field, highlighting its superior numerical efficiency. 
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Abstract 
 
 
Renewable oil based plasticizers are sustainable, eco-friendly and non-toxic additives may be used 
to alter the plastic materials properties. They have potential to replace the commonly used toxic 
phthalate based plasticizers. In the present study, the world’s third most widely produced PVC was 
selected, to test the plasticizing effects. Poly(vinyl chloride) (PVC) was plasticized with bio-based 
plasticizer, epoxidized Cassia fistula seed oil (ECFSO) by solution cast method without any addition 
of stabilizers. The plasticization study of PVC/ECFSO was evaluated and compared with toxic 
conventional phthalate based plasticizer, dioctyl phthalate (DOP).Plasticizers, pure PVC and 
plasticized PVC films were investigated with thermal, thermokinetic, mechanical, crystallinity and 
density functional theory (DFT) studies. The plasticized PVC films with different content of ECFSO 
plasticizer showed higher mechanical properties like tensile strength, elongation at break and 
Young’s modulus. The Thermal degradation stability and activation energy values of PVC/ECFSO 
were higher than that of PVC/DOP film. Four iso-conversional methods such as Flynn-Wall-Ozawa 
(FWO), Kissinger-Akahira-Sunose (KAS), Starink (S), and Friedman (F) approach were used to 
determine the kinetic parameters.The plasticization effect by ECFSO and DOP was also manifested 
by wide angle X-ray scattering (WAXS) study, which proves there is no change in crystallinity order 
of PVC after plasticization. Furthermore, the migration and volatility resistance of PVC/ECFSO films 
was enhanced as compare to that of PVC/DOP film. Herein, we additionally investigated plasticizer 
structures and plasticization interaction mechanism of PVC with ECFSO and DOP at molecular level 
by DFT studies. Based on DFT results, because of epoxy group ECFSO showed more reactivity and 
more interaction with PVC chain than DOP. Therefore, bio-based ECFSO plasticizer could be a good 
replacement to DOP from the view of sustainable development goals (SDGs) and human health 
demands. 
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Abstract 
 
Tetrahydrofuran (THF) is a polar aprotic solvent widely used in specialty chemical and 
pharmaceutical industries. It is used as a reaction medium in organic synthesis, a solvent for 
polymers, an extracting agent, and an anti-crystallization additive to rocket and aviation fuels. The 
global THF market is expected to increase at a compound annual growth rate (CAGR) of 6.44% [1]. 
THF forms an azeotrope with water at about 94.7wt % [2]. Even though distillation is a highly 
matured technology, it is limited by vapor-liquid equilibrium (VLE) to be used for azeotrope 
separation. Azeotropic or extractive distillation is widely used to dehydrate THF-azeotrope. 
However, these processes involve a third component, an entrainer, compromising product purity. 
They also need extreme conditions (high temperature and pressure), elevating energy 
requirements. It is reported that azeotropic distillation can exhibit high parametric sensitivity, 
multiple steady-states, long transients, and nonlinear dynamics, which can limit the operating 
range and opex [3]. 
 
Pervaporation (PV), a membrane-based technology, is highly established to separate alcohols at 
their azeotropic composition with water. It follows the solution diffusion mechanism and is not 
limited by VLE. It is reported that PV led to 52.4% energy saving in EtOH production process[4]. A 
membrane being the heart of PV, it is necessary to choose a suitable membrane material for a 
particular application. Many polymers (PVA, chitosan, sodium alginate, etc.) are reported for the 
pervaporation of THF. Unfortunately, long-term stability due to solvent swelling remains a 
challenge. Polymeric membranes are crosslinked, blended, or grafted to increase their stability in 
THF. These processes are complicated and become commercially unviable. We propose  a thermo-
chemically robust poly(2,5-benzimidazole), also known as ABPBI, as the membrane material for 
THF dehydration by PV. It has high water sorption, low solvent-swelling ability, and high 
mechanical strength [5]. For PV, hollow fiber membranes are advantageous over flat sheet 
membranes. They have a high surface/volume ratio. In the present study, we investigated PV 
performance of THF-water using ABPBI-based hollow fiber membranes. 
 
 
References: 
 

1. https://www.researchandmarkets.com/reports/5308795/2021-tetrahydrofuran-thf-
market-size-share. 

2. Yi-Jen Han, Wen-Chiung Su , Juin-Yih Lai, Ying-Ling Liu, J. Membr. Sci. , 2015, 475, 496-503. 
3. Saiful Arifin, I-Lung Chien, J.Ind. Eng. Chem. Res. 2008, 47, 790-803. 
4. Azqa Khalid, In Seop Chang, et al., Renew. Sustain. Energy Rev, 2019, 105, 427-443. 
5. H.D. Chaudhari, RajithIllathvalappil, Sreekumar Kurungot, Ulhas K. Kharul, J.Membr. Sci. , 

2018, 564, 211-217. 

 
 

mailto:bgupta@textile.iitd.ernet.in
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Saiful++Arifin
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=I-Lung++Chien


 

Bio-Based Hyperbranched Polymer Nanocomposites for Coating Application 
 

Amardip M. Patil and Dhananjay H. More 
 

School of Chemical Sciences, Kavayitri Bahinabai Chaudhari North Maharashtra University, 
Jalgaon-425001, MS, India 

Email: amardipmpatil007@gmail.com 
 

 
Abstract 

 
 
In general, the coating properties of polymeric compounds are enhanced by using nanomaterials 
as fillers which are nonbiobased. In this project, the hydroxyapatite (HAP) was obtained from 
waste fish scales and the biobased hyperbranched polyol (HyBP) was synthesized from castor oil. 
The series of nanocomposites were prepared by adding various amounts of HAP (0.5% wt, 1% wt, 
and 2% wt) in HyBP along with isophorone diisocyanate (IPDI) (maintaining the NCO:OH, ratio at 
1.2:1). These mixtures were coated on mild steel panels and glass plates. The synthesized HyBP 
was characterized by FTIR, 1HNMR, and 13CNMR techniques. The HAP was characterized by FTIR, 
FESEM, and XRD techniques. The surface morphology of prepared nanocomposites was studied 
by FESEM, XRD, and AFM techniques. The nanoparticle size was determined by TEM technique. 
The thermal behavior of nanocomposites was studied by TGA technique. The coating properties 
were determined by impact strength, crosscut adhesion, and flexibility test. The corrosion 
properties of the coatings were determined by the immersion test as well as electrochemical test. 
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Abstract 
 

 
Recently there has been extensive use of polysaccharide molecules such as chitosan or cellulose 
as reinforcements or property enhancers within biodegradable aliphatic polyester such as 
polylactic acid (PLA) for hassle-free fabrication of biodegradable composites for biomedical 
applications. The surface modification of chitosan and cellulose overcomes assorted impediments 
of corresponding polymers thereby augmenting their applicability. The current work focuses on 
fabricating bio composite by incorporating Carboxymethylated chitosan (CMCh)/cellulose acetate 
(CA) as fillers in the PLA matrix. The CMCh is synthesized from chitosan (CS) with a degree of 
deacetylation (DD) of 92.3%, which is extracted from the exoskeleton of pink shrimp (Pandalus 
Borealis). The CMCh is amalgamated with the acetylated derivative of cellulose (CA) (w/w 1:1) and 
is filled in PLA matrix. The PLA/CMCh-CA composite is prepared with varying filler weight percents, 
using injection molding. The mechanical properties, Thermal properties, chemical structure, 
topography, and morphological properties of the fabricated PLA/CMCh-CA composite were 
examined.  
 
Keywords: Polylactic acid, Carboxymethylated chitosan, Cellulose acetate, Injection molding, 
Mechanical properties. 
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Abstract 
 

 
In the era of fifth-generation networks and the Internet of Things (IoT) new class of lightweight, 
ultrathin, and multifunctional electromagnetic interference (EMI) shielding materials have 
become inevitable prerequisites for the protection of electronics from electromagnetic stray 
signals. In the present work for the first time, we have designed a unique nanohybrid composed 
of Copper-based Polyoxometalates (Cu-POMs) immobilized Carbon nanotube construct having 
micron (~100 µm) level thickness through facile vacuum-assisted filtration technique. In this 
course of study total of four Cu-POMs, two of each category Keggin and Anderson bearing 
opposite charges i.e. positive and negative have been rationally selected to investigate the effect 
of the host-guest electrostatic interaction between CNT and POMs in the EMI shielding 
performance. This approach of host-guest electrostatic assembly between Cu-based polyanionic 
oxo clusters and counterly charged CNTs in the construct synergistically enhances the EMI 
shielding performance compared to the individual components dominated by 90% absorption in 
X-band (8.2-12.4 GHz) frequency regime. Further, mutable EMI SE can be achieved by tuning the 
concentration of POMs and CNTs with different weight ratios. Such type of Cu-POMs immobilized 
CNT construct demonstrating excellent shielding (~45 dB) is not amenable via any other 
conventional routes including flakes and dispersion.  
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Abstract 
 
 

Polymers have been widely used for biomedical applications such as medical devices, tissue 
engineering scaffolds, and drug carriers for drug delivery system etc. Most of the polymers are not 
biocompatable and are at times toxic in nature. Inorder to develop the biocompatability, the 
functionalization of the polymer surfaces has been deliberately introduced. Plasma treatment 
modification techniques has been used as a strategy to tune the surface properties of polymeric 
materials with the goal of enhancing their use in biomedical field. Polytetrafluoroethylene (PTFE) 
a speciality polymer, has been extensively used as a synthetic biomedical material. However, due 
to poor biocompatability, it is often restricts for wide applications in biomedical devices. Therefore 
improving the biocompatability of PTFE can suitably address this problem. Plasma treatment is a 
promising physical modification technique to alter materials surface energy of PTFE. In the current 
study, biocompatability of PTFE surfaces has been trageted to improve employing plasma 
treatment with variable gases (Ar, N and O2). The developed polymer surfaces containing various 
chemical functionalities, are subsequently used to conjugate molecules known for their potential 
to improve the polymer biocompatibility, and to obtain a selective control of the biological 
response. The hydrophilicity post plasma treatment was investigated using contact angle 
measurements.  Successful modification in each step was optimised and confirmed using Fourier 
transform infrared (FTIR) spectroscopy and X-ray photoelectron spectroscopy (XPS).  
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Abstract 
 
 
In winter and cold conditions, the requirement of lukewarm water is essential for drinking and 
gargling for throat infection. Unfortunately, the water heating equipment’s are very costly, 
consume high power and in-effective where electricity is not available. Therefore, keeping in view 
the above problems there is a need to fabricate a cost-effective solution to cater the wide 
population mainly low-income groups, students for hostels, and the people residing in hill areas.  
Therefore, the present study is dealing to investigate the feasibility of nonwoven to be use as a 
substrate material in the water heating system. For the work, nonwoven fabrics were made from 
combination of fibres with three different areal densities and fabric thicknesses. Two nonwoven 
samples have been selected from pool of samples for insertion of resistance wire between them. 
However, the selection of samples was made as per the maximum and minimum thermal 
conductivity of samples. Using textile, insulative material and heating wire a composite is formed 
and wrapped around the bottle. 
 
Change in temperature of water in container with respect to time was measured with and without 
nonwoven assembly. It has been found that the water heating system does not have an idle 
insulation, so the heat loss increases as the temperature gradient between atmosphere and 
heating system increases. With the use of textile assembly heat loss (convection and radiation) is 
reduced and water is kept warm for longer duration of time. Also heating wire embedded in 
assembly give the provision to heat the water. 
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Abstract 
 
 

During structural fire, wildfire, and uncontrolled fire, thermal protective clothing is worn by 
firefighter. The clothing protects skin from high heat, extend time of skin damage, and give some 
extra seconds to do necessary activity and save lives. Besides protection from heat, the clothing 
should be comfortable, and this make development of clothing challenging. Multilayer fabric is 
used to develop extreme heat protective clothing. Different layers fulfil different purpose. Any 
change to constituting layer changes the thermal protective performance and comfort properties. 
Due to its high resistance to temperature and chemical meta-aramid polymer, fibre and yarn has 
been used to make shell layer and thermal liner. PTFE laminate has been used to make moisture 
barrier layer and cotton fabric for face fabric. 
 
The study is to examine the effect of pick density on outer layer, number of layers of thermal liner 
and intensity of heat flux on radiative heat protection performance. The protection is measured 
using Stoll’s curve. Stoll’s curve talks about 2nd degree burn time of skin. Besides radiative heat 
protection performance, comfort properties is to be measured using sweating guard plate. The 
results show the multilayer fabric with high number of thermal liner layer have highest protection 
time.  
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Abstract 
 

The majority of hydrogen produced in our economy today is produced by steam reforming of 
natural gas. This method is thought to be the cheapest way to produce hydrogen, but it emits a 
large amount of greenhouse gases into the environment. As a result, the method is no longer 
environmentally sustainable. The electrolysis of water to produce hydrogen is a simple method 
for producing clean hydrogen. Furthermore, although low-cost alkaline water electrolysis is a 
sustainable method of producing hydrogen, it does not prevent hydrogen/oxygen mixing. Thus, 
this is an attempt to investigate the production of green hydrogen through a two-step alkaline 
electrolysis process using nickel hydroxide as a redox mediator, which is based on the basic 
working principle of Ni-MH battery and overcomes the gas mixing issue. The main goal was to 
determine the hydrogen production rates with respect to time in order to compare the efficiency 
of the process to the other current hydrogen production processes in use. During step one 
(charging), hydrogen and oxygen are present. At the cathode, hydrogen is produced by water 
reduction, and nickel hydroxide (Ni(OH)2) is oxidized to nickel oxyhydroxide (NiOOH) at the same 
time. In addition, during step two (discharging), the NiOOH formed reacts with zinc (anodic) to 
form a NiOOH-Zn battery, which can be used to produce oxygen. It can be seen that the rate of 
hydrogen generation increases with time until it reaches a certain concentration of KOH. Because 
of the slow discharge of the nickel hydroxide electrode, the rate of oxygen generation is slower 
than that of hydrogen. Separate hydrogen and oxygen production overcomes the challenge of 
hydrogen/oxygen mixing and allows alkaline electrolysis to operate even with unstable power 
inputs. Separate hydrogen and oxygen production necessitates different driving voltages (or input 
power), implying that we can use sustainable energy more efficiently, such as solar or wind power. 
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Abstract 
 
 

Globally, large bone defects affecting millions of people which is common and major challenge in 
the orthopedic. It is gradually increasing, but the treatment is limited due to lack of donor and 
vulnerability. Therefore, tissue engineering has attracted much attention in the medical felid to 
overcome the limitations, especially for the orthopedic applications. The synthetic bone cement 
with good biocompatibility, osteoconductivity and inductivity is required. 
 
In the present work, Zn-Hydroxyapatite/Carbon Nanofiber/Alginate composite is prepared by 
optimizing the ratios of hydroxyapatite and calcium sulphate. The ratio of hydroxyapatite was 
varied from 0-20 wt% in the composite. The physicochemical properties of the prepared 
nanocomposites were studied, which revealed formation of the pure hydroxyapatite and calcium 
sulphate phase with broadening of peaks. The morphological results of the composites exhibited 
the formation of rod and fiber like particles. Biocompatibility and cell proliferation of the prepared 
composites were assessed which showed that the composites as biocompatible and enhanced cell 
proliferation. The obtained results showed that the prepared composites have capacities to boost 
the cell proliferation and differentiation in a synergistic manner. 
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References: 

1. Z. Ebrahimi, S. Irani, A. Ardeshirylajimi, E. Seyedjafari, Enhanced osteogenic differentiation of stem 

cells by 3D printed PCL scaffolds coated with collagen and hydroxyapatite, Scientific Reports. 12 

(2022) 1–15. 

2. S. Elangomannan, K. Louis, B.M. Dharmaraj, V.S. Kandasamy, K. Soundarapandian, D. Gopi, Carbon 

nanofiber/polycaprolactone/mineralized hydroxyapatite nanofibrous scaffolds for potential 

orthopedic applications, ACS Applied Materials & Interfaces. 9 (2017) 6342–6355. 

3. M. Ren, X. Wang, M. Hu, Y. Jiang, D. Xu, H. Xiang, J. Lin, B. Yu, Enhanced bone formation in rat 

critical-size tibia defect by a novel quercetin-containing alpha-calcium sulphate hemihydrate/nano-

hydroxyapatite composite, Biomedicine & Pharmacotherapy. 146 (2022) 112570. 

A. Joshi, T. Kaur, N. Singh, 3D Bioprinted Alginate-Silk-Based Smart Cell-Instructive Scaffolds for Dual 

Differentiation of Human Mesenchymal Stem Cells, ACS Applied Bio Materials. (2022). 

 
 
 
 
 
 
 

mailto:deepa.ghosh@inst.ac.in


 

Graphene silica conjugate reinforced epoxy coatings for the corrosion protection 
of aluminum alloy 

 
Jesiya Susan George a, Poornima Vijayan P b and Sabu Thomas a 

 
a School of Chemical Sciences, Mahatma Gandhi University, Kottayam, Kerala 

b Sree Narayana College for Women (affiliated to Kerala University), Kollam, Kerala 
Email: sabuthomas@mgu.ac.in  

 
 

Abstract 
 
 

Coatings are the most safeguard way to protect metals from corrosion. Organic-inorganic hybrid 
coatings received considerable interest in the past decades as protective coatings owing to its 
long-term protection. In the current research work, epoxy/Graphene Oxide (GO)/silica 
nanocomposite coatings have been fabricated to protect Al substrates from corrosion.  Herein 
GO/silica conjugates were prepared through the simple aqueous mixing of GO dispersion and   3-
aminopropyltriethoxysilane modified silica dispersion. The morphology and structure of the 
conjugated filler was evaluated by Transmission Electron Microscopy (TEM), Fourier Transform 
Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), and X-ray Photoelectron Spectroscopy (XPS). 
The protection efficiency of the conjugated filler incorporated epoxy coatings in Al steel was 
monitored with Electrochemical Impedance Spectroscopy (EIS) and Tafel polarization. 
Furthermore, a plausible mechanism of corrosion protection by conjugated filler was predicted 
and discussed.  
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Abstract 
 
 

Shape memory polymers (SMPs) are one of the classes of smart materials, finds the application in 
aerospace, biomedical and soft robots etc. In this study, highly flexible, conductive and 
electroactive shape-memory polyurethane (eSMPU) nanocomposites were fabricated using in-situ 
polymerization technique with varying of GNP concentration such as 1%, 3%, 5% & 7% [1]. Shape-
memory polyurethane was synthesized from polycaprolactone-diols (PCL-diols) with molecular 
weight of 2000 g/mol, 4, 4’-methylene bis(phenyl isocyanate), and 1,4- butane diol (BDO) as chain 
extender. Functionalized, high BET surface area graphene platelets were crosslinked with co-
polymers by in-situ polymerization and formed inter polymer networks (IPN) in the 
nanocomposites [2]. Hydrogen nuclear magnetic response (1H-NMR) was used to confirm the 
chemical structure of PCLs and calculate their actual molecular weights. The chemical structure of 
made polyurethane and the functional groups interaction was further investigated using Fourier- 
Transform infrared spectroscopy (FTIR).  Differential scanning calorimetry (DSC) thermograms and 
X-ray diffraction (XRD) patterns confirmed that the incorporation of functionalized GNP does not 
change the crystalline structure of SMPUs.  The addition of GNP increased thermal stability. 
Further, FE-SEM is used in characterizing the homogeneous dispersion of GNP in a polyurethane 
matrix. All the SMPUs-GNP samples were showed more than 90% shape recovery in thermal 
actuation studies. In the case of Electrical actuation studies, SMPUs-GNP (5%,7%) sample showed 
97-98% shape recovery in less than one minute. 
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Abstract 
 

Agrochemicals are typically used to protect crops from environmental losses and provide nutrition 
to plants. Direct use of agrochemicals on plants often results in the leaching of these chemicals 
into water and air, causing damage to the environment. Microencapsulation of these 
agrochemicals can help to deliver agrochemicals in the minimum effective amount over a 
sustained period of time1. Various natural polymers, including starch, gelatine, natural rubber, and 
synthetic polymers such as polyurea, polyurethane, polyvinyl alcohol, epoxy resins, etc., have been 
employed to prepare microcapsules. However, typical core-shell polymer microcapsules provide 
a 20-30% reduction in the rate of release of active agrochemicals2. In this work, we made an 
attempt to prepare polyurea microcapsules reinforced with nanoclay platelets. In order to provide 
an extra barrier and further strengthen the sustained release of active ingredients, we embedded 
these microcapsules in another matrix3. The morphology of individual microcapsules and capsules 
encapsulated in granules was characterized by scanning electron microscopy, BET porosimetry, 
and X-ray tomography. The incorporation of 3 wt % of nanoclay in polymer provides mechanical 
stability to the microcapsules and prevents their rupture when compounded into a granular 
formulation. This also leads to a significant reduction in the initial release of active ingredients as 
compared to neat microcapsules.  
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Abstract 
 
 

Nowadays, the deteriorating environmental issues, human health and the explosion of various 
hazardous gases from industrial applications are becoming a great concern. Among various 
poisonous gases one of the most harmful and colorless air contaminants is “Ammonia” (NH3) and 
has a severe impact on both human beings and the environment1. This concern necessitates the 
monitoring of ammonia gas via high performance gas sensors which operates at room 
temperature.  
 
In this regard, we have fabricated an organic field effect transistor (OFET) based ammonia sensor 
with semiconducting polymer “Poly(2,5-bis(3-tetradecylthiophen-2yl)thieno(3,2-b)thiophene) 
PBTTT-C14” and Molybdenum disulfide (MoS2) Quantum dot (QDs) based hybrid channel, which 
is working as a sensing layer. Hydrothermally synthesized MoS2 QDs were added in polymer to 
make hybrid and is characterized by several structural and optical analytical tools. These OFETs 
channel have been fabricated by high yield and cost effective Floating Film Transfer Method 
(FTM)2. For the sensing analysis, various concentration of ammonia exposed ranging from 0.5 to 
50 ppm on OFET device, which leads to the gradually change in OFET parameters like threshold 
voltage and mobility. The sensing performance and mechanism of the enhanced sensing 
performance of polymer/QDs based hybrid is also compared with the pristine polymer based 
OFET. Gas sensing measurement OFETs represents that the incorporation of QDs in polymer 
matrix can enhance sensitivity by ~ 3 times compared to the pristine PBTTT-C14 based OFET. The 
optimized PBTTT-C14/MoS2 based OFET can shows the sensitivity of ~85% at 50 ppm NH3 with 
excellent selectivity. Hybrid based device also performed excellent selectivity towards Ammonia 
in the presence of other reductive, oxidative and volatile organic compounds (VOCs) like methane 
(CH4), carbon monoxide (CO), carbon dioxide (CO2), propane (C3H8).  
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Abstract 
 
 

Polymer blends and composites are polymer industry pioneers. A large number of rubber blends 
are produced in various rubber manufacturing industries in order to obtain a product with ideal 
properties at the lowest possible cost. Blends of Styrene Butadiene Rubber (NR) and 
polybutadiene rubber (BR) are commonly used in tyre applications (e.g. tyre treads). Rubber 
researchers all over the world are interested in the addition of reinforcing fillers and their phase 
selective localization in rubber blends. In this work influence of distribution of carbon black [CB] 
with its increasing concentration (i.e., 10, 20, 30, 40 and 50phr) on physical and static mechanical 
properties of Styrene Butadiene Rubber [SBR]/Butadiene Rubber [BR] rubber-rubber blends 
[RRB’s]in 70SBR:30BR blend ratio. Distribution of CB towards BR in CB-filled SBR/BR RRB’s is 
quantitatively determined via dynamic mechanical analysis [DMA]. DMA confirmed increased 
partitioning of CB towards BR phase with increasing CB. DMA data on the partitioning of CB 
towards BR were in good agreement with nuclear magnetic spectra obtained by solid-state nuclear 
magnetic resonance spectroscopy [SS-NMR spectroscopy]. Curing properties, relative density, 
hardness, tensile test, tear test, and transmission electron microscopy [TEM] on CB filled SBR/BR 
RRB’s were carried out to determine the effect of increasing concentration of CB on physical, 
mechanical and dispersion characteristics in comparison to neat SBR/BR RRB’s. 
 
Keywords: Carbon black concentration, Rubber – rubber blends, Partitioning,  
Physico-mechanical test 
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Abstract 
 
 
Natural rubber (cis 1, 4 polyisoprene), which has strong stereoregularity, has excellent physical 
characteristics. The scientific community investigates various fillers as reinforcements to enhance 
material properties. In the tyre industry, carbon black and silica are the two leading fillers 
employed to improve the properties of natural rubber. Petroleum-based filler carbon black is 
utilised as reinforcement in tread formulation at rates of up to 40 to 50 phr. Rolling resistance is 
an essential factor in the tyre industry. Rolling resistance is the energy a tyre absorbs as it revolves 
and deflects. The lower the rolling resistance, the less fuel is required to propel the vehicle 
forward. The loss modulus of the tread compound has a significant impact on the tyre rolling 
resistance, and its thermal conductivity affects the heat build-up that results. Compared to carbon 
black, the usage of silica can reduce rolling resistance by 20%. However, because silica possesses 
an OH group on the surface, it has a significant problem with self-aggregation caused by 
intramolecular hydrogen bonding. Incorporating graphene oxide-silica self-assembled 
nanostructured hybrid filler into the natural rubber latex via latex stage mixing improves the 
effective dispersion of the nanocomposite. It thereby enhances the mechanical strength of the 
material. Static mechanical analysis, as well as dynamic mechanical analysis were performed to 
analyse the mechanical response of the elastomeric nanocomposite to a tensile deformation and 
temperature, respectively.  The excellent dispersion of these hybrid nanostructures helps the 
efficient stress transfer and improves the mechanical strength of the matrix.  
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Abstract 
 
 
Electrospinning is considered as an efficient synthetic route for the fabrication of polymer, metal 
and metal-oxide nanofibers due to its simplicity and efficient scalability. Nonetheless, rational 
designing of advanced functional materials for energy and environment related application is still 
a significant challenge. 1,2 
 
In this study, a mesoporous metal oxide (SnO2) based carbon nanofibers (CNFs) derived from an 
immiscible polymer blend comprising of polyacrylonitrile (PAN) and polyvinylpyrrolidone (PVP) 
was explored. The low decomposition temperature polymer (PVP), served as in situ activation 
sacrificial template to generate greater mesoporosity, and provided higher specific surface area 
to the CNFs. An optimal ratio of PAN/PVP within the metal precursor was also investigated to 
obtain varying unique morphologies. Furthermore, the mesoporous SnO2 CNFs showed specific 
capacitance as high as 400 F/g at the current density of 6 A/g. The electrode was stable with 78% 
capacitance retention after 5000 cycles, and exhibited high energy density capability (∼36 Wh/kg), 
and power density (2200 W/Kg) which may serve as a high- performance electrode material for 
electrochemical energy storage applications. This study offers intriguing results to develop 
advanced electrospinning-based materials with future perspective in research fields like energy 
conversion, drug delivery, and sensors. 3 
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Abstract 
 
 
Nanostructures have become an area of interest in functional textiles due to their high surface 
area to volume ratio. They can be applied on textiles to impart various functionalities such as UV 
protection, Photo-catalytic effect, Piezo-electric effect, Anti-bacterial effect etc. Further, the 
nanomaterials gives an advantage of being synthesized in different shapes depending on its 
application. Apart from this, nanomaterials can also be incorporated in polymers to improve their 
performance in terms of mechanical strength, electrical conductivity etc. 
 
In the current study, we have investigated alternate methods, such as using microwave (MW) and 
chemical vapor deposition (CVD), for synthesis of high aspect ratio nanostructures. The 
parameters for synthesis were optimized using different techniques to achieve high quality 
nanostructure in terms of yield, diameter, aspect ratio and impurities. 
 
The challenges with unique nanostructures are the long reaction times and the difficulty in 
removal of unreacted templates (SDS) post synthesis, which makes the approach commercially 
unviable for large-scale/industrial use. 
 
 
 

 
 

 
 
 
 

 
Fig 1. FE-SEM Images of ZnO nanostructures 
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Abstract 
 

 
Numerous developing desalination technologies have been proposed to address the water 
scarcity. Membrane distillation (MD) is one of them; it captures condensed water vapour through 
a porous hydrophobic membrane (K.W. Lawson et al., 1997). As a result of an applied temperature 
differential, water vapour molecules can pass through these membranes even when they are not 
wetted by the aqueous feed liquids. 
 
In this study, a Poly(dimethylsiloxane) (PDMS) coated, Polyvinylidene Fluoride (PVDF) based, long-
lasting microporous  
 
membrane is prepared using the NIPS process for vacuum membrane distillation (VMD). Studies 
were conducted on the effects of coating polymer (PDMS) concentration, curing temperature, 
crosslink density, and quantity of coatings on membrane shape, hydrophobicity, mechanical 
properties, and performance. The morphologies and hydrophobicity of PDMS coated PVDF 
microporous membranes was investigated by scanning electron microscopy (SEM) and contact 
angle (CA) measurement. The porosity and the pore size distribution were also determined. The 
VMD experiment for a 100 g/L NaCl aqueous was conducted at a feed temperature of 70°C and a 
permeate-side vacuum of 700 mmHg. A stable flux of 15 LMH and salt rejection of more than 98% 
were observed throughout the entire testing period of 30 days, demonstrating the great potential 
of the PDMS coated PVDF microporous membranes in VMD. 
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Abstract 
 

 
3D printing has attracted a great deal of academic & industrial attention due to its exceptional 
ability to produce intricate geometries with minimal material usage. The interest toward 3D 
printable biocomposites has surged recently to overcome the stress imposed on the environment 
by synthetic non-biodegradable polymers of petrochemical origin. PLA has been widely explored 
for 3D printing because of its renewability and biodegradability. However, compared to typical 
melt-processed functional nanocomposites, the mechanical properties of such 3D-printed 
functional nanocomposites are generally inferior. This work is focused on systematic investigation 
of the mechanical properties of modified nanocellulose (m-CNF) reinforced PLA processed by 
fused filament fabrication (FFF) 3D printing. The m-CNF helps to improve the thermal stability of 
the nanocellulose which in turn enhances the thermal as well as mechanical properties of the PLA 
due to improved interfacial adhesion between reinforced nanocellulose & polymer matrix.  
Thermal analysis was carried out using TGA and DSC and type V tensile specimen was tested using 
UTM for mechanical characterization. FTIR analysis confirms the modification on nanocellulose. X-
ray tomography was used to probe the morphology of 3D printed PLA composites & properties 
such as complex viscosity, loss & storage modulus were also determined. 
 
 
References: 
 

1. T. Ambone, Enhancing the mechanical properties of 3D printed polylactic acid using 

nanocellulose, (2020) 1–14. https://doi.org/10.1002/pen.25421. 

2. S. Bhagia, K. Bornani, R. Agarwal, A. Satlewal, J. Ďurkovič, R. Lagaňa, M. Bhagia, C.G. Yoo, X. Zhao, 

V. Kunc, Y. Pu, S. Ozcan, A.J. Ragauskas, Critical review of FDM 3D printing of PLA biocomposites 

filled with biomass resources, characterization, biodegradability, upcycling and opportunities for 

biorefineries, Appl. Mater. Today. 24 (2021). https://doi.org/10.1016/j.apmt.2021.101078. 

3. P. Phanthong, P. Reubroycharoen, X. Hao, G. Xu, A. Abudula, G. Guan, Nanocellulose: Extraction 

and application, Carbon Resour. Convers. 1 (2018) 32–43. 

https://doi.org/10.1016/j.crcon.2018.05.004. 

  
 
 
 
 
 

mailto:a.gopal@ncl.res.in


 

Piezoelectric and calcium ion synergistic approach for UCMSC differentiation into 
cardiomyocytes for Cardiac Tissue Engineering 

 
Navita Salaria, Deepa Ghosh 

 
Chemical Biology Unit, Institute of Nanoscience and Technology, SAS Nagar, Mohali-140 306, 

Punjab 
E-mail: deepa.ghosh@inst.ac.in 

 
 

Abstract 
 
 

Endogenous electric fields have an impact on cellular activities such as proliferation, 
differentiation, and ion transport. The heart can generate bioelectrical cues due to its piezoelectric 
properties. Piezoelectricity is considered to be one of the key functionalities of materials to boost 
the regeneration capabilities of MSC. Cardiac stem cells CSCs have a high capability to differentiate 
into cardiomyocytes, which are ideal seed cells for the treatment of heart diseases. However, the 
clinical use of autologous CSCs is restricted by a lack of availability. In this work, we suggested an 
innovative technique based on piezotronics to stimulate cardiomyocyte differentiation of 
umbilical cord mesenchymal stem cells (UCMSCs) without the use of 5-azacytidine. CaOH-
incorporated polyvinylidene fluoride (PVDF) was used to create a hybrid nanofibrous membrane. 
UCMSCs have grown on the surface of prepared membranes and are used for cardiac 
differentiation. As a result, the piezoelectric-driven localized electric potential was generated and 
calcium ions were released. This electrical impulse creates a synergistic effect for the 
differentiation of UCMSCs into cardiomyocytes without the involvement of any external factor. 
This study offers a method for stimulating UCMSCs to differentiate into cardiac tissue via wireless 
stimulation with a piezoelectric effect. So, this approach can be used in the future for cardiac tissue 
engineering. 
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Abstract 
 
 

Nowadays, female menstrual health issues are becoming a widespread concern among 
researchers and the use of a huge amount of synthetic super absorbent acrylate in commercial 
products brings an adverse impact on both the environment and women’s health. The 
development of bio-based materials employing a conventional green synthesis technique to 
fabricate the absorbent core of the hygiene product could eliminate the threat of carcinogenic 
and skin irritation effects on female health and its easy degradability behaviour would also be a 
boon for solving the menstrual waste issues. In the current study, a bio-based cellulose acetate 
(CA) membrane modified with the incorporation of mimosa pudica hydrogel (MPH) particles has 
been developed using the phase inversion technique for the absorbent core of the female hygiene 
product. The optimized concentration of 1wt.% bio-based filler MPH particle in modification of CA 
composite membrane was confirmed from the free absorbency test. Morphological 
characterization studies confirmed the presence of porous structure leading to a higher amount 
of absorbency about 204% and 302% in distilled water and 0.9wt.% saline solution, respectively in 
10minutes of time duration. Significant degradation in 120 days and the presence of no skin 
irritation-free and carcinogenic content was confirmed by GC-MS analysis in the developed 
CA/MPH composite membrane. Thus, the membrane can be used as a potential absorbent core 
of the napkin and is an effective alternative for the current commercial acrylate-based female 
hygiene products. 
 
Keywords: super absorbent, bio-based membrane, hygiene applications 
 
References: 
 

1. Reshma, G., Reshmi, C.R., Nair, S.V. and Menon, D., Carbohydr. Polym. 2020, 248, 
116763. 

2. Capezza, A.J., Lundman, M., Olsson, R.T., Newson, W.R., Hedenqvist, M.S. and Johansson, 
E., Biomacromolecules,2020, 21(5),1709-1719. 

 
 
 
 
 
 
 
 

mailto:roshnipattanayak@gmail.com


 

Development of a novel modified Polyurethane based composite for vascular graft 
tissue engineering application 

 
Tusharkanta Nayak, Akshaya K. Palai and Smita Mohanty 

 
School for Advanced Research in Petrochemicals (SARP), Laboratory for Advanced Research in 
Polymeric Materials (LARPM), Central Institute of Petrochemicals Engineering & Technology 

(CIPET), Patia, Bhubaneswar, Odisha, INDIA-751024 
Email: tusharkantanayak1998@gmail.com 

 
 

Abstract 
 
 

Cardiovascular disease (CVD) has been a common issue in the recent years, especially in developed 
countries. According to World Health Organization (WHO), around 17.9 million recorded deaths 
occur in a single year, with a majority of the diseases affecting the heart and blood arteries such 
as rheumatic heart disease, coronary heart disease, etc. Thus, the development of biocompatible 
material is an alternative solution for the implementation of the vascular graft to resolve this issue. 
In this study, we aim to develop a biocompatible material that could be employed in the 
fabrication of a scaffold that replicates small diameter arteries in nature. The scaffold would also 
exhibit remarkable mechanical stability, good hydrophilic surface, and abundant natural 
properties for high-quality biomedical devices. In the current investigation, a polyurethane (PU)-
based polymeric flat sheet was prepared and modified with a prepolymer Poly glycerol sebacate 
(PGS) which was initially synthesized using a polycondensation polymerization reaction. 
Furthermore, nuclear magnetic resonance (NMR) and Fourier transform infrared (FTIR) were 
employed to characterize the confirmation of polymeric chains in the developed PGS/PU 
composite sheet. Water contact angle and Differential Scanning Calorimetry (DSC) were carried 
out to measure hydrophilic/hydrophobic behavior and the flexible nature of the sample. For the 
complete analysis, biological and biocompatible studies would be performed. The developed 
material showed superior mechanical and flexibility properties which may be ideal for viable 
alternative composition for the development of vascular grafts applicable in tissue engineering 
applications. 
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Abstract 
 
 

Extrusion film casting is one of the important polymer-processing operations used for producing 
films and sheets commercially. It is the goal of EFC processors to maximize the productivity by 
casting a film of uniform width and thickness at the highest production rates possible. However, 
this goal is hampered by two major defects such as necking, edge beading and a process instability 
namely draw resonance. 
 
This work was concerned with the effect of layered-silicate-based organically modified nanoclay 
fillers on controlling the extent of necking and postponing the draw resonance defect in a polymer 
melt extrusion film casting (EFC) process. The presence of melt elasticity as observed by shear 
rheology and strain-hardening as observed by uniaxial extensional rheology, contributed to the 
improved resistance to necking of the nanoclay-filled LLDPE films and also enhanced process 
stability of the nanoclay-filled LLDPE films. For necking, the work demonstrated that a linear 
polyethylene resin, such as a linear low density polyethylene (LLDPE), filled with a small quantity 
of well distributed (or intercalated) nanoclay exhibited improved resistance to the necking 
phenomena. The final film width of melt-compounded nanoclay-filled LLDPE resin formulations 
was generally higher than the unfilled LLDPE; which indicated reduction in necking. The onset of 
draw resonance was determined experimentally by performing EFC experiments on the same 
nanoclay-filled LLDPE formulations. Our results showed that incorporation of nanoclay in the base 
polymeric resin indeed enhanced the EFC process stability and thus can have important economic 
implications for processors. 
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Abstract 
 
Petroleum-based plastics are the most widely used packaging materials due to their benefits, low 
cost, and accessibility of production resources. The most popular packing materials are made of 
synthetic polymers, including polyethene, polyethene terephthalate, polypropylene, polyvinyl 
chloride, and polystyrene, which cause a significant quantity of environmental pollution.  
 
Last decade biodegradable packaging options have been gaining popularity as a substitute for 
synthetic packaging materials. Cellulosic materials are widely used in various industries, due to 
their abundance, biocompatibility and biodegradability. Hence, the production of microcrystalline 
cellulose and nanocellulose from various sources has garnered much attention in both scientific 
and industrial sectors. This is primarily due to their mechanical and thermal properties, as well as 
cost-effectiveness and versatility [1-3]. 
 
The main purpose of this study is to obtain MCC from three sources -  soybean husk, sunflower 
seed husk and rice husk using a more environmentally friendly method, as well as to establish the 
optimal value of the delignification agent. The present study continued onto the creation of CNCs 
using acid hydrolysis of MCC, followed by the production of biodegradable packaging materials.  
 
The moisture content of the fully dried MCC was determined by the ASTM D 1348-94 (2008) test 
protocol, β-cellulose content by ASTM D 588 (2000), residual lignin by ISO/DIS 21436, and 
hemicellulose content by ASTM D 5896-96 (2019) e1. The chemical structure of the obtained 
materials were studied using a FTIR FT-801 (Simex Russia), the surface morphology was 
investigated using a JEM 1400 SEM (JEOL, Japan) and the crystal structure was researched using 
an XRD X-PertPROdiffractometer (Malvern Panalytical Empyrean, the Netherlands). 
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Abstract 
 

 
Hydrogen fuel cell is widely used in transportation, aviation as well as in stationary applications. 
Hydrogen fuel cell is cleaner source of energy.  Energy is produced in fuel cell using chemical 
reaction between hydrogen and oxygen. The byproduct of hydrogen fuel cell is water and heat. 
The key components of hydrogen fuel cell are catalyst, proton exchange membrane, and bipolar 
plate.  

The bipolar plates can be made up of metal, carbon based material or composites. Bipolar plates 
are conducting channeled plate which distributes the oxidant uniformly. These bipolar plates can 
also be used to remove the heat from the fuel cell. The main objective of this work is to 
indigenously develop state of the art graphite-polymer composite bipolar plates with flow field 
suitable for fuel cell application. The indigenously developed bipolar plates are equivalent to 
foreign-make benchmark products in terms of critical properties. 
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Abstract 
 
 

The environmental concerns of the huge usage of non-biodegradable commodity plastics have 
navigated efforts to replace them with renewable plastics. Bio-Plastics are the new generation of 
plastic materials which are basically derived from bio renewable source like vegetable oils, fats, 
starch etc. The crystalline starch can be transformed into thermoplastic starch (TPS) through the 
gelatinization by converting it to an amorphous structure.1 TPS currently illustrates the most 
desirable characteristics towards making bio-based plastics. In that sense this research aims to 
synthesis and application of modified TPS based bioplastics specifically for disposable and 
packaging applications. As TPS has some drawbacks like poor water resistivity and thermo-
mechanical properties, it needs to modify by some easy, convenient and cost effective methods 
so that PET (polyethylene terephthalate) like bio-plastics can be expected. 
 
Several approaches on developing new TPS based bioplastics with advanced performance has 
been applied for expanding its applications. Specifically the preparation of completely bio-based 
polyesters using extrusion process of different carboxylic acid group containing modified non-
edible vegetable oils and TPS have been explored.2 Characterization of the synthesized bioplastics 
with different analytical techniques such as Fourier transform infrared spectroscopy (FTIR), mass 
spectroscopy, thermo-gravimetric analysis (TGA), differential scanning calorimetry (DSC), tensile 
testing etc. will be discussed in the presentation. Prepared bioplastics can be applied for making 
different packaging materials which are recyclable for several times to maintain circular economy 
and finally will go to landfill as a completely biodegradable material without any soil or 
environmental pollution.  
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Abstract 
 
 

Tissue engineering is a promising alternative to conventional therapies including the use of 
autografts and allografts for bone tissue regeneration. Bone tissue engineering is an intricate and 
dynamic process that starts with the migration and recruitment of osteoprogenitor cells and is 
followed by their proliferation, differentiation, matrix creation, and bone remodelling. It employs 
a combination of living cells, bioactive chemicals, and three-dimensional porous scaffolds such as 
hydrogels. In order to meet the changing demands for bone repair, injectable hydrogels have 
grown in favor of tissue regeneration and local drug administration applications. 
 
In this study, we propose a facile method to prepare injectable and degradable polysaccharide-
based hydrogel doubly integrated with functionalized nanohydroxyapatite (APT-nHAP) 
and Functionalized mesoporous silica nanoparticles (APT-MSN) under physiological condition. The 
mechanism of cross-linking is attributed to the Schiff-base reaction between amino and aldehyde 
groups of carboxymethyl chitosan (CMCh) and oxidized Dextran (ODex), respectively. The gelation 
time, swelling studies, morphology, and mechanical properties of the gel are performed. In vitro 
cell culture studies demonstrate that the hydrogel is biocompatible as AdMSC cells could 
proliferate and adhere to them.  
 
 
Keywords: Injectable hydrogel, CMCh, ODex, AdMSC, APT-MSN, APT-nHAP  
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Abstract 
 

 
Microbial infection is a key challenge in wound healing process which serves as the major 
economic burden on the public health. Therefore, development of infection resistant wound 
management materials with high exudate absorption has invited the attention of bioengineers. 
Biopolymers are emerging alternative material with multifunctional properties such as 
biocompatibility and biodegradability. Sodium Alginate (SA) is a naturally occurring biopolymer 
with high absorption capacity, biocompatibility, and rapid wound healing properties which makes 
it suitable for different biomedical applications. 

 
Figure: Chemical structure of (a) Sodium Alginate; (b) Tannic Acid. 

In the present study, SA based membranes with varying concentrations of glycerol were prepared 
and optimized with different physicochemical characterizations such as mechanical analysis and 
contact angle. Mechanical analysis indicated the increase in the flexibility of the membranes with 
increase in glycerol concentration due to the plasticization effect of glycerol. Further, different 
concentrations of tannic acid (TA) were added in to the optimized blend of SA:Gly followed by 
their coating on the cotton fabric by dip coating method. Antimicrobial potential of the fabricated 
dressings was studied with the help of colony count method and microbial adhesion analysis which 
indicated more than 95% viable colony reduction. Here, it can be concluded that such formulations 
hold great potential in the field of biomedical applications.  
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Abstract 
 
Recent advances in bio-nanotechnology significantly improve the essential micronutrient content 
and shelf life of fruits and vegetables. The nutritional value and quality of harvested tomato fruit 
with a short life span are greatly affected by inappropriate handling and storage conditions. 
Applying organic-inorganic nanocomposite coating solutions may improve their extended storage 
life. Thus, hydrothermally synthesized Zinc oxide nanoparticles (ZnO NPs) and biodegradable 
cellulose polymer were utilized to develop a nanocomposite coating solution. Nanocomposite 
solution of different concentrations (CA = 1mg/ml, CB = 0.75mg/ml, CC = 0.5mg/ml, UC = uncoated 
control) was then dip-coat applied to the perishable tomato at room temperature. The physical, 
proximate, and phytochemical parameters of dip-coated tomatoes were studied for 16 days at 
ambient temperature. Nanocomposite coating solution (CA = 1mg/ml) efficiently maintained the 
quality of tomato fruits by retardation of microbial growth and enzymatic degradation during 
prolonged storage time compared to uncoated and other coating solutions. Nanocomposite 
coating solution prevents the loss in harvested tomato fruit by retarding microbial spoilage and 
maintaining its quality and nutritive value till 16 days of storage. 
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Abstract 
 
 

The present study states the reducing and capping potentials of leaves extract of the plant 
Nyctanthes arbortristis for the synthesis of cadmium nanoparticles. Synthesis conditions were 
optimized for maximal and narrow size range synthesis of cadmium nanoparticles. The synthesized 
cadmium nanoparticles were characterized using various analytical techniques such as UV Visible 
spectroscopy,(UV-VIS), Fourier Transform Infrared spectroscopy, (FTIR), X-ray diffraction(XRD), 
and Scanning Electron Microscopy (SEM) with EDX. Field Emission Scanning Electron Microscopy 
was used to examine the surface morphology of the synthesised CdNPs, revealing the presence of 
spherical CdNPs with an average size of 40-75 nm. Phytochemical screening of the Nyctanthes 
arbortristis  leaves extracts in n-hexane, chloroform, ethyl acetate, methanol and water showed 
the presence alkaloids, amino acids, carbohydrates, cardiac glycosides, glycosides, flavonoids, 
saponins, steroids/ terpenes, phenolic compounds and tannins, proteins. Provisional S. 
Marcescens and P. aeruginosa (Gram -ve) and B. Subtilis and M. luteus (Gram +ve) were used as 
human pathogens for the screening of the synthesized CdNPs' anti-microbial activity, and they 
were compared to the control antibiotic Ciprofloxacin. 
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Abstract 
 
 
Gold nanoclusters have been extensively explored as diagnostic agents in cancer and drug delivery 
because of their fluorescent properties. However, there are few critical issues like stability, 
reproducibility, long term health effects, and cellular & immune response which needs to be 
addressed for getting site specific delivery along with high sensitivity. Here we have designed self-
reducing branched fluorinated polymer gold nanoclusters as diagnostic agents for cancer. These 
clusters have the ability to self-reduce themselves and get stabilized without adding any external 
reagents imparting reproducibility and stability without any toxicity to the normal cells. Along with 
fluorescent property these clusters possess fluorine moiety which imparts 19F magnetic 
resonance imaging at the same time making them dual modality imaging agents. These clusters 
were preclinically tested for acute toxicity and acute inflammation studies and no adverse effects 
were found. 
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Abstract 
 

 
Poly(vinylidene fluoride) (PVDF) is a promising candidate for piezoelectric application in smart 
textiles due to several exceptional characteristics such as good flexibility [1], processibility, and 
high mechanical strength [2]. However, the low piezoelectric properties of PVDF are challenging 
to engineering applications. Dipole stabilization by loading filler material in PVDF is an approach 
to enhance piezoelectric properties as a result of chemical/physical bonding. In this work, PVDF-
based nanocomposite loaded with biomolecule fillers of various weight fractions (0.5,1,2 and 3 
wt%) were prepared by the electrospinning technique and used for the fabrication of piezoelectric 
devices. Piezoelectric properties were measured using an oscilloscope under various mechanical 
forces. The addition of biomolecule improved piezoelectric properties due to the stabilization of 
hydrogen and fluorine molecules and showed the output voltage for 2 wt% biomolecule/PVDF 
composite increased 2 times as compared to control PVDF. In addition to piezoelectric properties, 
mechanical properties were measured by the micro tensile machine and it was observed that the 
tensile properties of the electrospun mat were almost stable till 2 wt% filler of biomolecule in 
PVDF matrix. Therefore, the prepared 2 wt% biomolecule/PVDF composite has shown improved 
piezoelectric properties without compromise with mechanical properties in comparison to control 
PVDF.  
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Abstract 
 

 
In recent years polymer nanocomposites have emerged as an area that has attracted great interest 
from a number of researchers. PP-TiO2 is one such nanocomposites with a wide range of 
applications such as automotives, home textiles etc. These nanocomposites can be prepared 
through a wide range of processing techniques such as batch mixing, twin screw extrusion etc. The 
use of supercritical fluids as plasticizer have recently gained attention as they provide improved 
processability without contaminating the polymers.[1] The plasticization effect of CO2 in its 
supercritical state has been extensively established. 
 
Used of supercritical fluids also affects the physical, morphological [2] and mechanical properties 
of the processed polymer/polymer composite. This work provides a study of use of supercritical 
CO2 on crystalline properties of Polypropylene-TiO2 films. Use of supercritical CO2 is found to 
increase the crystallinity of polymer nanocomposite with varying crystallite sizes and morphology 
depending on various processing conditions. The crystallinity of nanocomposite films was found 
to increase considerably (approx. 10%) after sc. CO2 treatment. The various crystallinity studies 
have been done mainly through X-ray diffraction analysis and Dynamic Scanning Calorimetry along 
with thermal and morphological analysis for some of the optimized samples. 
 
References: 
 

1. S. G. Kazarian, Poly. Sc. series CC/C of vysokomolekuliarnye soedineniia, 2000, 42(1), 78-
101. 

2. Y. T. Shieh, K. H. Liu, & T. L. Lin, The Journal of supercritical fluids, 2004, 28(1), 101-112.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:anupkghosh@gmail.com


 

Effect of UHMWPE blending on its foam processability using supercritical carbon 
dioxide (sc-CO2) technology 

 
Prashant Mani Shandilya 

 
Email: prashantpe4031@gmail.com 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:prashantpe4031@gmail.com


 

Biomechanical Modeling and Characterization of Kidney Tissue Surrogates 
 

Gurpreet Singh and Arnab Chanda 
 

Centre for Biomedical Engineering, Indian Institute of Technology, New Delhi-110016, India 
Email: arnab.chanda@cbme.iitd.ac.in 

 
 

Abstract 
 

 
The kidney tissue is one of the important functional tissues of the human abdomen, but its 
biomechanics have not been extensively studied due to biosafety and ethical considerations 
associated with testing of cadaveric samples. In this work, novel surrogates were fabricated using 
a castable and low-cost polymeric material system to imitate the mechanical behavior of the 
human kidney tissue. The candidate samples were fabricated by arbitrarily varying the 
composition of the four-part silicone-based polymeric material and tested uniaxially under tensile 
loading conditions. The tensile tests were conducted at different strain rates to quantify the effect 
of varying strain rates on the biomechanical behavior of the tissue surrogates. The experimental 
results were compared with the literature to determine the polymeric compositions mimicking 
the mechanical properties of the human kidney tissue. Mooney-Rivlin and Yeoh hyperelastic curve 
fit models were used to quantify the non-linear mechanical behavior of the kidney tissue 
surrogates. To date, no such kidney tissue surrogates with realistic mechanical properties of 
natural kidney tissue have been developed. The novel kidney tissue surrogates with precisely 
characterized biomechanical properties would be indispensable for surgical training and making 
medical models for educational purposes. 
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Abstract 
                                                                                         
Wound healing is a complicated and continuous process affected by several factors, and it needs 
an appropriate surrounding to achieve accelerated healing. Hydrogels have shown enough 
potential for developing wound dressings due to very high hydrophilicity and functionality. Several 
wound healing dressings have been prepared with natural and synthetic polymer combinations. 
Polyvinyl alcohol (PVA), being a synthetic polymer has gained remarkable recognition in the 
biomedical field due to its unique properties such as biocompatibility, hydrophilicity and 
biodegradability. PVA in combination with other biopolymers has come up as the most effective 
material in wound care management. Sodium alginate (SA), is a natural polymer derived from 
brown algae or bacteria, made up of repeating units of β-1,4-linked D-mannuronic acid (M) and L-
guluronic acid (G).  

 
Keeping this in view, the present study aims at the preparation of the PVA/SA based hydrogel 
membrane. Prepared hydrogel membranes were characterized by Fourier-transform infrared 
spectroscopy (FTIR) and X-ray diffraction (XRD), to find out the functionality and crystallinity of 
hydrogel membrane. Enhancement of thermal property and interaction between components of 
prepared hydrogel was evidenced by the increase in glass transition temperature by differential 
scanning calorimetry (DSC) and thermogravimetric analysis (TGA).  
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Abstract 
 

 
Nanocomposites are hybrid nanomaterials that have been widely used in bioelectronic, 
photocatalytic, biosensing and biomedical applications. The present study synthesizes novel 
ZnFe2O4@poly(tBGE-alt-PA) composite. The obtained bimetallic-semi-aromatic polyester 
composite were physicochemically and biologically characterized. FTIR analysis confirmed the 
preparation of composite. XRD analysis exhibited crystalline nature of composite. TGA and DSC 
analysis displayed the thermal stability of composite and no chemical interactions between the 
zinc ferrite nanoparticles and copolymer respectively. The novel hybrid nanomaterial is found to 
be biocompatible and hemocompatible nature and it may be used in different biomedical 
application. 
 
 
References: 
 

1. Gupta, P.K., Pappuru, S., Gupta, S., Patra, B., Chakraborty, D. and Verma, R.S. Self-
assembled dual-drug loaded core-shell nanoparticles based on metal-free fully alternating 
polyester for cancer theranostics. Materials Science and Engineering: C 2019, 101, pp.448-
463. 

2. Gupta PK, Pappuru S, Chakraborty D and Verma RS. “Enhanced anti-cancerous activity of 
dual drug loaded core-shell nanoparticles composed of metal-free fully alternating 
copolymer, Journal of Pharmaceutics & Drug Delivery Research 2018, 7, DOI: 
10.4172/2325-9604-C1-027 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:piyush.kumar1@sharda.ac.in


 

Humidity Sensing Studies of Polyaniline-Transition Metal Dichalcogenide 
Composites 

 
S. Manjunatha1, Y.T. Ravikiran2, T. Machappa3, and S. Thomas4 

 
1Department of Physics, V.V. Sangha’s Independent PU College, Ballari, 583104, India 

2Department of PG Studies & Research in Physics, Government Science College, Chitradurga 
577501, India 

3VTU-RC, Dept. of Physics, Ballari Institute of Technology & Management, Ballari, 583104, India 
4School of Energy Materials, Mahatma Gandhi University, Kottayam, Kerala, India 686560 

Email: manjusballari@gmail.com 
 
 

Abstract 
 
 
Conducting polymers like polyaniline (PANI), has generated an immense interest in the fabrication 
of humidity sensors. PANI alone, lags in specific humidity sensing parameters, change in 
impedance, LOD, response-recovery times, hysteresis, and sensing stability. In this regard, PANI 
with metal oxides, metal ferrites etc. requires either complicated synthesis procedures or high 
operable temperature. In this regard, transition metal dichalcogenides (TMDs) with their layered 
2D-structures, have attracted attention of the researchers with their unique properties and vivid 
applications. TMDs like tungsten disulphide (WS2) and tantalum disulphide (TaS2) have been used 
to prepare polyaniline composites employing in situ polymerization technique. As synthesized 
composites were structurally and morphologically characterized by various techniques like X-ray 
diffraction (XRD), Fourier-transform infrared (FTIR) spectra, field emission scanning electron 
microscopy (FESEM), and transmission electron microscopy (TEM). Composites were tested for 
humidity sensing performance in the range 11% RH – 97% RH.  PANI composites of TMDs have 
exhibited good response and recovery times, competent LOD, appreciable hysteresis and excellent 
sensing stability. PANI-TMD composites with their attractive humidity sensing characteristics, have 
emerged as the potential candidates in the fabrication of room temperature operable humidity 
sensors.  
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Abstract 
 

 
Polyaniline (PANI) prepared by in-situ polymerization method was mechanically mixed with 
different feeding mass ratios of Y2O3 to form Polyaniline/Yttrium oxide (PYO) composites. PYO-4 
composite, with 0.85:0.15 weight ratio, acquired nanorod structure with high aspect ratio as 
confirmed from TEM studies. Humidity sensing performance of PYO-4 composite in comparison 
with those of PANI and other composites revealed best results for the said composite. The 
interaction of PANI with Y2O3 regarding the formation of the composite was confirmed from FTIR 
studies. XRD studies revealed that defects and vacancies in all the composites, being maximum in 
PYO-4 composite as compared to those of PANI. Maximum porosity of PYO-4 composite nanorods 
was confirmed from SEM studies. The humidity sensing studies revealed that, PYO-4 composite 
nanorods exhibited highest sensing response of 99.99% with a short response and recovery time 
of 3 s and 4 s respectively. The PYO-4 composite nanorods exhibited low real sensitivity, low limit 
of detection (LOD), negligible hysteresis, best linearity, and good stability as against those of PANI 
and other composites.  
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Abstract 
 
Biomaterial-associated infection can occur during any surgical operation, especially when 
biomaterials are implanted. Infection of these biomaterials is a major source of morbidity and 
mortality in the healthcare system. Bacteria that cling to implant surfaces form biofilms, which aid 
colonization, inhibit phagocytosis and immune evasion, and make bacteria more resistant to 
systemic drugs. Titanium and its alloys are frequently utilized for orthopedic and dental implants 
due to its desired characteristics, including low modulus, excellent fatigue strength, formability, 
machinability, corrosion resistance, and biocompatibility. Changes in the surface topography of 
titanium implants, as well as the stabilization of bioactive molecules on their surfaces, have all 
been attempted to improve osteointegration. However, for long-term function in the body, it is 
necessary to improve the antibacterial properties of the implant surface. 
 
The current research aimed to learn more about the antibacterial and osteoblastic effects of a 
titanium surface covered with an array of titanium dioxide (TiO2) nanotubes. An anodic oxidation 
is a cost-effective and successful approach for the deposition of TiO2 nanotubes on ti-alloys [1]. 
Strontium-incorporated TiO2 nanotubes were created on the Ti6Al4V surface by hydrothermal 
treatment, and then silver nanoparticles were incorporated into the nanotubes by electrochemical 
method and subsequently reduced with ultraviolet irradiation (UV). Even though the strontium 
inclusion can make the TiO2 nanotubes even more water-friendly (hydrophilicity), the silver 
nanoparticles (AgNPs) may somehow raise the water contact angle of the modified surface [2]. In 
addition to boosting alkaline phosphatase and osteocalcin expression, Sr2+ release may also 
stimulate osteoblast adhesion, proliferation, and mineralization. However, AgNPs on Sr-
incorporated nanotubes may effectively block the adhesion and proliferation of E.coli., however, 
having no discernible impact on osteoblast cell activities [3]. Thus, the approach used in the 
current work is likely to be applicable to the surface modification of titanium with the aim of 
concurrently improving the osseointegration capability and antibacterial capacity for bone 
healing. 
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Abstract 
 

 
Typically bone surgical repair or replacement is needed because of trauma, degeneration, bone 
disease, or fracture. Due to the lack of donors in the grafting system, a tissue substitute that can 
mimic the extracellular matrix entail to be developed for the growth and regeneration of bone 
tissue at the defect site. Recently developing plant-based scaffolds have been the great interest 
to researchers for bone tissue regeneration due to their biocompatibility, easy mass production, 
and osteogenic properties with low toxic effects.    

In bone regeneration processes, plants and plant extracts have a wide and effective clinically 
proven record as natural drugs. Phytomolecules which can uplift bone tissue proliferation, 
integration, and angiogenesis can ideally encourage bone tissue regeneration at the defect site. 
For this reason, phytochemicals are loaded in the scaffold to increase its biological properties like 
antimicrobial, antioxidant, anti-inflammatory, osteogenic, and angiogenic properties. Bough of 
Broussonetia kazinoki is rich in calcium hydroxide as well as flavonoids, broussochalcone, and 
papyriflavonol-A which are showing anti-inflammatory, antifungal, antibacterial, and antioxidant 
effects. Due to its potential effect, bough extract was loaded with silk fibroin (SF) to fabricate an 
ideal scaffold for bone tissue upregulation at the fracture site. Expression of genes like COL1, OCN, 
VEGF, and RUNX2 was upregulated by BK extract on rBMSCs seeded BK/SF porous scaffold. 
Similarly, Cissus quadrangularis is the most widely used extract in bone tissue engineering. 
Phytosterols present in the stem of C. quadrangularis can mimic the structure of estrogen and 
positively regulate osteoblast differentiation. This extract is loaded in many scaffolds to improve 
their bioactivity and uplift many osteogenic differentiating genes like ALP, OCN and ONP. So, the 
current study deals with the understanding of the plant extracts used in scaffolding for improving 
its osteogenic and other required biological properties for the regeneration of naïve bone at the 
bone fracture or defect site.  
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Abstract 
 
 

The world of polymers has emerged as one of the most fascinating domains of human healthcare. 
These materials have become an integral part of the human body, where they perform as 
infection-resistant systems, wound care systems, catheters, and human organ reconstruction. 
Poly(dimethyl siloxane) (PDMS) is the most common and least expensive silicone elastomer, and 
it is widely used in implantable devices and catheters in human healthcare systems.  
 
The development of an infection-resistant catheter has been of significant interest to the medical 
fraternity for several decades due to its very high health hazards and complications in human 
healthcare. In recent work, gamma-irradiation was used to functionalize PDMS catheters and 
develop infection-resistant antimicrobial materials. A two-step approach was used to develop an 
antimicrobial catheter. The catheter was immobilized with nanosilver nanogel (nSnG) using the 
irradiation process. The nSnG was created by exposing a water-in-oil nanoemulsion to -irradiation. 
The catheter was irradiated in the presence of nSnG to allow for in-situ grafting of nSnG in the 
catheter. The functionalized catheter showed excellent antimicrobial nature in terms of biocidal 
effect against E. coli and S. aureus. 
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Abstract 
 
 
The present research work  describe the fabrication of zinc ferrite nanoparticles with varying 
stoichiometric compositions (ZnxFe3-xO4; x= 0.25, 0.5, 0.75, and 1) and their electrocatalytic 
performance for the oxygen evolution reaction (OER). Egg white was employed as a precursor 
material during the thermal decomposition process to produce the catalysts. In an alkaline 
medium (1.0 M KOH) against a Hg/HgO reference electrode, the OER performances of the 
synthesized catalysts are investigated. By using physicochemical (XRD, TEM, and SEM) and 
electrochemical (CV, EIS, Tafel polarisation) techniques, the obtained catalysts have been further 
characterized. In our study of electrocatalytic activity, we deduced that Zn0.25Fe2.75O4 exhibited the 
optimum catalytic activity throughout all four stoichiometric ratios, with a current density of 1 
mAcm-2 at an overpotential of 479 mV with Tafel slope being 107 mVdec-1. The Arrhenius plot was 
applied to determine thermodynamic parameters such as activation energy (Ea) and 
electrochemical entropy of reaction, which were found to be 54.22 KJmol-1 and -74 Jmol-1, 
respectively. 
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Abstract 
 

 
The fabrication of NiS and its photo-electrocatalytic performance towards the degradation of 
extremely stable and hazardous Methylene Blue dye under various light conditions, such as under 
darkness, visible light, and UV light, is described in the current study. Thiourea and Ni(NO3)2.6H2O 
were used as precursors in the hydrothermal method to prepare the catalyst. Three electrodes 
setup was used for the photo-electrochemical experiments. The obtained catalysts have been 
further characterized using electrochemical (CV, EIS, Mott-Schottky) and physicochemical (UV-Vis, 
XRD, TEM, and SEM) methods. In our investigation into photo-electrocatalytic activity, we came 
to the conclusion that NiS had the best catalytic activity in white light among the three different 
conditions at a photocurrent density of 1 mAcm-2 and a degradation efficiency of about 96%. This 
research provides fresh ideas for rationalizing NiS-based photo electrocatalysts for the purification 
of environmental contaminants. 
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Abstract 
 

With the growing automation, industrialization, and technology, noise generation is also increasing. Human 
can hear sound from 20 Hz to 20,000 Hz, but in the frequency range 200 to 2000 Hz, human ears are most 
sensitive [1]. Acoustic panels in the form of fibrous materials, wooden panels or composites are most used 
[2, 3, 4]. At various places, thermal insulation is as necessary as the sound insulation. In automotive textiles 
and other places where combustion engines, and air-conditions are used, the heat emission is very high 
and a material with low thermal insulation may degrade, and the heat can affect the overall performance 
of the machine. Hence, thermoacoustic materials are preferred over regular acoustic panels for such 
applications. 
 

Sound reduction can be done using absorption, damping, insulation, and vibration isolation principle. 
Fibrous materials work on sound absorption principle. Fibrous materials with interconnected pores absorb 
the sound energy and convert it into heat energy. When sound waves enter the pores on fibrous materials, 
air molecules present in the pores start oscillating at the frequency of the sound wave. Due to frictional 
and momentum loss, and the generation of heat due to the expansion and contraction of air molecules, 
sound energy is lost within the fibrous structure. Tortuosity of the material plays an important role in this. 
Hence, fibrous materials are more effective for higher frequency range [5, 6]. Fibrous materials also possess 
good thermal insulation characteristics by generating air spaces within the structure. Wide scope of 
variability in the structure of fibrous materials provide great tunability of thermal insulation as well as sound 
insulation. 
 

Many natural and synthetic fibres are used for sound insulation purpose. Natural fibres such as, Kenaf, 
Ramie, Jute, Flax, Hemp, Wool are popular and Synthetic fibres such as, Carbon, Glass, Aramid, and 
Polyester fibres are popular for sound insulation. But, for high temperature environment, the thermal 
stability is another most important function. Thus, glass fibre based thermoacoustic textiles are used in 
various forms such as, nonwoven, woven, knitted, and multiaxial fabric structures [4]. 
 

Sound insulating materials are characterized based on sound absorption coefficient (SAC) tested using 
ASTM E1050 and ISO 10534-2, and sound transmission loss tested using ASTM E2611 at different 
frequencies. Thermal conductivity is tested using both conduction, convection, and radiation method by 
following ASTM E1530 standard for conductive heat, ASTM D7140 standard for radiative and convective 
heat, and ASTM F1939 for radiative heat. 
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Abstract  

Nano-dimensional materials are helpful in several industries where environment friendly materials 
are essential for the green synthesis of cobalt nanoparticles. The study aims at simple, low-cost, 
biogenic green approach for synthesizing iron nanoparticles which utilizes an aqueous extract of 
Ficus benjamina leaves. Structural and morphological characteristics of the synthesized FeNPs' 
were analyzed. The spherical and tube-like structure was confirmed by scanning electron 
microscopy, and the crystallographic structure was confirmed by X-ray diffractograms. The 
average particle size of the synthesized iron nanoparticles was calculated and found to be in the 
range between 30 and 60 nm.  The antibacterial efficacy of the FeNPs was further  investigated 
using agar well diffusion and broth dilution experiments against pathogenic strains of S. 
Marcescens,  P. aeruginosa (Gram -ve) and B. Subtilis and M. luteus (Gram +ve). 
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Abstract 
 
 

An inexpensive, and environment friendly method for producing nickel nanoparticles (NiNPs) using 
the leaves of Ixora coccinea, to promote sustainable nanotechnology in drug delivery system has 
been investigated. The phytochemical screening of the Ixora Coccinea leaf extracts in various polar 
and non polar solvents revealed the presence of alkaloids, amino acids, flavonoids, carbohydrates, 
cardiac glycosides, glycosides, saponins, terpenes, phenolic compounds, tannins, and proteins. 
The synthesized nanoparticles were stable and dispersed uniformly throughout the solution. The 
NiNPs can be characterized by several spectroscopic techniques such as UV-Vis, FTIR, SEM, TEM 
and X-ray diffraction technique, depicting synthesis of desired nickel nanoparticle. The average 
particle size of the nickel nanoparticles, ranging  in size from 30 to 70 nm, were crystalline and 
spherical. Further testing of the synthetic nickel  nanoparticles antimicrobial efficacy was 
conducted using  E. coli and S. pneumonia bacteria at various doses. 
 
 
Keywords:  NiNPs, TEM, UV-Vis, antimicrobial, Phytochemicals. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:Email:%20meghani2301@gmail.com


 

Synthesis and study of mechanical strength in phenol-naphtholic derived epoxy 
and vinyl ester resins. 

 
Nirmal Rathore1, Jyoti Chaudhary1, Bhuvanesh Gupta2, Giriraj Tailor3 

 
1Department of Chemistry, M.L.S.University, Udaipur, Rajasthan, 313001, India 

2Bioengineering Laboratory, Indian Institute of Technology, Delhi, 110016, India  
3Department of Chemistry, Mewar University, Gangrar Chittorgarh, Rajasthan, 312901, India  

Email: rjnirmal80@gmail.com 
 
 

Abstract 
 
 
Epoxy and Vinyl Ester Resin (VER) have a versatile nature and much industrial application because 
of their excellent mechanical strength, outstanding chemical, moisture, and corrosion resistance, 
adhesive properties etc. Epoxy resins are an important class of polymeric materials, characterized 
by the presence of more than one three-membered ring known as the epoxy, epoxide, oxirane, or 
ethoxyline group. And Vinyl Ester Resins (VERs) are high-performance unsaturated resins 
synthesized by the addition reaction of various epoxide resins with α - β unsaturated carboxylic 
acids. Phenol-naphtholic derived  resin were prepared by condensing phenol derivative with 1-
Naphthol  under  basic condition .And then these resins were Epoxidized to give epoxy resin. 
Further, The Vinyl Ester Resins were synthesized by simple addition reaction of above synthesized 
epoxies and α - β unsaturated carboxylic acids like cinnamic acid, crotonic acid etc. The resultant 
resins were characterized by elemental analysis and IR spectral studies. The curing of these epoxy 
resins was monitored on a Differential Scanning Calorimeter (DSC). Based on DSC data, glass fiber-
reinforced composites of epoxy resins have been fabricated and their mechanical, chemical and 
electrical properties have been evaluated. The epoxy have a wide industrial applications such as 
laminated circuit board, electronic component encapsulations, surface coatings, potting, fiber 
reinforcement, and adhesives,etc. 
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Abstract 
 
 
Hydrogels are three-dimensional (3D) cross-linked polymeric networks with the ability to absorb 
and retain large amount of water as much as 300-1000 times their molecular mass without getting 
dissolved inside their reticulated structure. They are generally derived from various natural 
/synthetic polymeric materials. Most of these hydrogels are found as colloidal gels in which water 
is the dispersion medium.Our research work focused on the synthesis of polyacrylamide-Sodium 
alginate based hybrid hydrogels.The structure of the synthesized polyacrylamide based hydrogels 
were confirmed by FT-IR and 1H-NMR Technique.These hydrogels would be biodegradable and 
greener for environment and because of polyacrylamide these would exhibit good adhesive 
property and mechanical properties. The morphology of hydrogel and it’s mechanical properties 
have studied through SEM and Rheology. We also studied the swelling behaviour of hydrogel 
through absorption of water.Because of the excellent absorption tendency of hydrogel, it is useful 
for soil conditioning and nourishing as well as for waste water treatment. 
 
Keywords: Hydrogel, Biodegradable, Waste water treatment, Soil Conditioning, Adhesive 
Hydrogel. 
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