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PREAMBLE  
 

 

Dear fellow colleagues, 

 

It is with our greatest honor that we welcomed you to the 8th International FAPS Polymer 

Congress which was held at Bah­eĸehir University (BAU), Beĸiktaĸ Campus, Istanbul, between the 

dates 11-14 September 2023. The main focus of this congress was on the amalgamation of green 

chemistry with polymer sciences for an eco-friendlier future. We brought together scientists and many 

other important people within their respective fields from all over the globe with the aim to promote 

productive and constructive discourse, giving young and prospective researchers the opportunity to 

meet prominent individuals and creating a tightly knit community centered around polymer sciences 

and technologies. 

FAPS, or Federation of Asian Polymer Societies, is an Asia-based organization founded in 

2008 with the joint participation of members from China, India, Japan, and Korea. FAPS currently 

harbors more than 15 member societies from all over Asia and keeps on growing with each passing 

year. FAPS Polymer Congress, which is organized by FAPS itself, is a biennial international scientific 

congress that brings people from all parts of the world to discuss current and recent topics in polymer 

sciences. 

On behalf of the Organizing Committee, we wholeheartedly thank you for having joined us in 

such a grand scale scientific organization. We hope that you had a great time exploring the vast expanses 

of the Polymer Science field. 

 

Our kindest regards, 

Honorary Congress Chair 

Prof. Dr. Nuri AYDIN 

Congress Chair 

Prof. Dr. Ayĸe Zehra AROĴUZ 
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Life Cycle of Polymer Materials: Problems and Prospects 

 

Alexei R. KHOKHLOV 

Physics Department, Lomonosov Moscow State University, Moscow 119992, RUSSIA 

 

The increase in the production of synthetic polymers has led to a corresponding increase in the 

amount of polymer waste, which has a negative impact on the environment. Of particular concern is the 

issue of plastic waste with a very short lifespan, such as single-use packaging and containers. Once used, 

these items are difficult to recycle and often end up polluting coastal areas, where they can ultimately 

find their way into the oceans, causing significant harm to marine life. Important issue is the damage 

caused by the so-called microplastic (plastic particles less than 5 mm in size). In this talk the ways to 

minimize the amount of waste generated by single-use plastic will be examined and the problems 

associated with this issue, as well as potential solutions will be discussed. 
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Conjugated Polymer for Organic Solar Cells and OLEDs 

 

Ali ÇIRPAN 

Department of Chemistry, Middle East Technical University, 06800 Ankara, TURKEY 

 

Conjugated polymers (CPs) are large organic macromolecules with a repeating pattern of 

alternating ů and ˊ bonds along their main chain. They merge the advantageous characteristics of 

plastics, such as flexibility, processability, and lightweight nature, with their inherent semiconducting 

properties. Before the development of CPs, polymers were regarded as electrical insulators. However, 

CPs possess distinctive electrical and optical properties due to the highly delocalized and electron-dense 

ˊ bonds in their structure. The application of CPs has revolutionized the fields of organic solar cells 

(OSCs) and organic light-emitting diodes (OLEDs), offering a promising avenue for advancing 

renewable energy and display technologies. 

In the realm of OSCs, CPs are important in enhancing the efficiency of OSCs due to their 

distinctive electronic and structural attributes. The tunable energy levels of CPs contribute to efficient 

charge transport and separation, vital for achieving high open-circuit voltage (VOC) in OSCs. By 

tailoring CPs into donor-acceptor systems, efficient charge separation is achieved, amplifying electron 

transfer to acceptor materials and further refining device efficiency. The compatibility of CPs with 

solution-based processing techniques enables cost-effective and scalable OSC fabrication, fostering 

versatility for integration into various applications. 

Ultimately, CPs enable lightweight, flexible OSC design for wearable electronics and portable 

energy sources while offering material diversity and interface engineering possibilities, thereby 

underscoring their significance in advancing sustainable energy technologies. OLEDs exhibit smart 

features including sleek design, excellent image quality, and lightweight nature, making them self-

illuminating devices. They have gained widespread recognition due to their incorporation in 

smartphones and large TV displays. OLEDs can be made from small molecules or polymers, with 

vacuum deposition used for the former and solution deposition for polymer-based organic light-emitting 

diodes (PLEDs). The cost-effective and simplified process of PLED fabrication, often conducted at 

room temperature, has attracted attention. This method allows flexible organic substrates to serve as a 

platform for device creation. Furthermore, with the discovery of thermally activated delayed 

fluorescence (TADF) materials, research interest towards OLEDs were vitalized. 2-Component or 3-

component combinations of high performance red, green, yellow and blue colored emitters have been 

used to produce white OLEDs. Similar to OSCs, in the domain of OLEDs, CPs have emerged as 

indispensable materials for achieving efficient electroluminescence and color emission. Their 

conjugated backbone allows for efficient electron and hole injection, resulting in balanced charge 

transport and reduced exciton quenching. The tunable emission wavelengths of CPs make them versatile 

candidates for producing a wide range of colors in OLED displays. CPs have emerged as indispensable 

components in the development of high-performance OSCs and OLEDs. Their remarkable electronic 

properties and compatibility with solution processing techniques have paved the way for innovative 

approaches to renewable energy generation and advanced display technologies. 
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Polymeric Constructs as Targeted Nanomedicines 

 

Rana SANYAL1,2,3 
1Bogazici University, Department of Chemistry, Bebek, 34342, Istanbul, TURKEY 

2RS Research, Teknopark Istanbul, Pendik, Istanbul, TURKEY 

3Bogazici University, Center for Life Sciences and Technologies, Istanbul, TURKEY 

 

According to the latest reports, cancers figure among the leading causes of morbidity and 

mortality worldwide, with approximately 9.9 million cancer related deaths in 2020. Quality of life for 

cancer patients is drastically debilitated due to deleterious side effects of chemotherapy. The 

chemotherapy agents are extensively toxic to the entire body, attacking cancer cells as well as healthy 

cells, leaving the patient vulnerable to other diseases. In an effort to provide more efficacious and less 

toxic medication for cancer chemotherapy, a multitude of nanomedicines has been explored. A class of 

nanomedicines, polymer therapeutics share many properties of the biologics (proteins, antibodies, 

oligonucleotides) with a bonus of synthetic chemistry utilities: tailoring of molecular weight and 

addition of biomimetic and bioresponsive features to the man-made construct. This presentation will 

exemplify a polymer therapeutic initially synthesized at Bogazici University, moved through in vitro 

and in vivo studies at the Center for Life Sciences and Technologies in an academic setting and finally 

developed through preclinical studies and currently clinical studies by RS Research Inc, a 

pharmaceutical biotechnology start-up. Polymeric constructs of interest also carry a biological moiety 

such as a peptide or a monoclonal antibody (mab) as a targeting unit. The successful polymer-drug 

conjugates have many advantages including improved water solubility, pharmacokinetic properties and 

better toxicity profile. 

Keywords: nanomedicine, targeted drug delivery 
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Dynamic Structure-based Pharmacophore Models for Virtual Screening of 

Small Molecule Libraries 

 

Serdar DURDAĴI1,2,3 
1Computational Biology and Molecular Simulations Laboratory, Department of Biophysics, School of Medicine, Bah­eĸehir 

University, Istanbul, TURKEY 

2Computational Drug Design Center (HITMER), Bah­eĸehir University, Istanbul, TURKEY 

3Molecular Therapy Lab, Department of Pharmaceutical Chemistry, School of Pharmacy, Bah­eĸehir University, Istanbul, 

TURKEY 

 

In drug discovery, ligand-based techniques offer rapid screening, whereas structure-based 

approaches provide deeper insights but are time-consuming. Hybrid methods like structure-based 

pharmacophore models combine advantages for accurate screening of large ligand libraries. However, 

there are substantial limits to build structure-based pharmacophore models. Static models relying on a 

single co-crystallized structure or docking pose often fall short in capturing the dynamic nature of 

binding interactions. In this study, we present dynamic structure-based pharmacophore models, aimed 

at better representing physiological conditions and addressing these challenges. The urgent need for 

improved cancer treatment has led to the search for new chemotherapeutic strategies. Multifunctional 

proteins associated with tumor progression and treatment resistance in various cancers were used as 

target model structures and dynamic structure-based pharmacophores are developed. These models 

were then used in the screening of large ligand libraries. 
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Self-assembly of liquid-crystalline polymers for water and energy 

Takashi Kato1,2 
1The University of Tokyo, Department of Chemistry and Biotechnology, Tokyo, JAPAN 

2Research Initiative of Supra-Materials, Shinshu University, Nagano, JAPAN 

 

Self-organization of liquid-crystalline (LC) polymers provides various functional nano-channel 

structures [1,2]. Herein, we report molecular design and functionalization of  nanostructured LC 

polymer materials for water treatment and ion transport [3]. In addition, we report molecular dynamics 

simulation of these materials [4]. We prepared nanostructured polymeric water-treatment membranes 

by in-situ polymerization of LC monomers forming columnar, smectic, and bicontinuous cubic phases. 

These membranes have well-ordered subnano- to nano-meter level pores. They also show unique 

selectivity of inorganic ions [3]. Moreover, they exhibit significantly high removal performance against 

viruses [5]. Nanostructured self-assembled LC materials for ion transport were prepared. Ionic liquid 

crystals have been studied as electrolytes for batteries and solar cells. [1,6] In particular, smectic liquid 

crystals having a cyclic carbonate moiety complexed with lithium salts were reported to show stable 

properties as electrolytes for lithium-ion batteries. [7-9] 

Keywords: functional polymer, liquid crystal, water treatment, ion transport, lithium-ion batteries 
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Design and functions of polymeric materials formed by reversible and 

movable cross-linkers 

Yoshinori Takashima 

Osaka University, Graduate School of Science, Department of Macromolecular Science Toyonaka, Osaka, JAPAN 

 

Supramolecular materials have received much attention, owing to their effects on adhesion, 

switches, mechanical properties based on molecular recognitions. Functional supramolecular polymers 

are relevant not only for switching properties but also for a range of other applications. Our research 

group has employed cyclodextrins (CDs) as host molecules [1]. Herein, I would like to introduce our 

studies to realize self-healing and tough properties based on reversible and movable cross-linkers (Fig. 

1). Self-healing material: Adhesion between the host hydrogel with ɓCD and the guest hydrogel with 

an adamantyl (Ad) group was investigated. The ɓCD hydrogel selectively adheres to the Ad guest 

hydrogel without mismatching. The adhered materials showed almost complete recovery of the initial 

material strength [2]. Movable crosslinked materials: We prepared elastomers with movable cross-links 

by copolymerization between CD monomers and main chain monomers (single movable cross- network 

(SC) elastomers) (Fig. 2), which is the fifth method ñpolymer threading through polymerizationò. SC 

elastomers show a higher toughness and Youngôs modulus than covalently cross-linked elastomers [3]. 

Keywords: network polymers, self-healing, tough materials, mechanical properties 
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Toughening Poly(L-lactide) Blends using Sequence Controlled Star-

Branched Block Copolymers of Poly(L-lactide) and Poly(Ů-caprolactone) 

 

S. Sivaram 

Indian Institute of Science Education and Research, Pune- 411 008, INDIA  

 

 
Poly (L-lactic acid) (PLA) is the quintessential bio-derived, bio-renewable, bio-degradable, and 

bio-compatible polymer with a unique set of properties unmatched by any other polymer in its class. It 

is, therefore, not surprising that it has elicited widespread attention from both academic researchers, 

and industry. Derived from the simplest of self-polymerizable AB monomers, namely, L-lactic acid, 

PLA possesses attractive physical properties, such as, high melting temperature, high strength, high 

modulus, and optical clarity. However, the polymer has significant weaknesses, namely, poor impact 

properties, low elongation at break, poor melt viscosity, low heat deflection   temperature and slow rates 

of crystallization. These drawbacks limit the range of applications accessible to PLA. Consequently, 

substantial research efforts have been invested in devising methods to improve these properties. We 

have pursued multiple strategies for improving the properties of PLA using the principles of 

macromolecular engineering.  

Recently, synthesis of well-defined multi-arm star branched polymers and copolymer of L-

lactide, Ů-caprolactone and other cyclic ester monomers have attracted considerable attention.  Star 

shaped polymers are characterized by low melt viscosity, lower Tg, are less crystalline and more 

compact in size compared to a linear polymer of similar molecular weight.   We have examined the 

efficacy of multi- arm star branched random and block copolymers of Ů-caprolactone with L-lactide as 

additives for enhancing the toughness of PLAôs.  

Well-defined six-arm star-branched block copolymers of L-lactide and Ů-caprolactone were 

prepared using controlled ring opening polymerization and a sequential monomer addition method 

using dipentaerythritol as the initiator core and organocatalysts at low temperatures in solution. 

Sequence of enchainment was changed by reversing the order of monomer addition giving, either, a 

crystalline PLA block or an amorphous PCL block as the outer segment. Segment chain length was also 

varied. These sequence-controlled block copolymers showed interesting phase morphologies as 

evidenced by DSC studies. A six-arm poly(Ů-caprolactone-b-L-lactide) (6s-PCL-b-PLA) showed two 

Tg and two Tm, characteristic of the amorphous and crystalline blocks. 6s-PCL-b-PLA and 6s-PLA-b-

PCL with different segment chain lengths were solution blended (10 wt. %) with a commercially 

sourced PLA. All the blends were highly transparent. Structure and properties of the blend were 

examined by DSC, measurement of mechanical properties and SEM. The results show that a phase 

separated 6s-PCL-b-PLA copolymer results in two to three-fold improvement in tensile toughness 

without loss of modulus. A possible hypothesis for the mechanism of tensile toughness in the blend has 

been proposed. 
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Polymerizable Porogens - A Simple Strategy to Control Pore-Size and 

Pore-Functionality in Crosslinked Porous Polymers 

 

S. Ramakrishnan, Rounak Jana, Sunita Kumari Malla 

Indian Institute of Science, Inorganic and Physical Chemistry Department, Bangalore, INDIA 

 

Porous polymers have been extensively studied for over half a century; these have been 

primarily used as separation media, as adsorbents, and also for more specific applications, such as 

analyte detection, catalysis, stimuli-responsive gates, etc. The control of pore size, shape and their inter-

connectivity are key parameters that govern the performance of the porous polymeric materials; these 

are controlled using porogens, which are small molecules (or polymers) that serve as place-holders 

during the polymerization. The two major strategies for preparation of porous polymers are: 

polymerization-induced phase separation (PIPS) and polymerization-induced microphase separation 

(PIMS). Whereas in the former the porogen is not linked to the polymer matrix, in the latter the porogen 

becomes covalently attached to the matrix via RAFT-based chain transfer, and thus the size of pores 

becomes regulated by the porogen molecular weight; the degradative removal of the porogen leaves 

behind the porous matrix, which under appropriate conditions generates a continuously linked porous 

structure, which is a key feature for improved access to pores and high flux.  

 

We present an alternate single step process to porous crosslinked polymers, wherein the internal 

walls of the pores are lined with desired functional groups. We introduce a novel concept, namely 

Polymerizable Porogens; here, the link between the polymerizable unit and the porogen is either a 

readily cleavable covalent bond or they form an ion-pair; and thus, by a simple thermal treatment or 

acid wash the porogen can be removed to leave behind internally functionalized pores. The effect of 

various parameters, such as porogen size, polymerization-crosslinking rate, volume-fraction of the 

porogen and added non-polymerizable porogen, on the structure of the porous polymer will be discussed.  

Keywords: porous polymers, porogen, pore-size, functionality, surface area 
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Polythiophene Films for Solar-Driven Water-Splitting 

Hiroyuki Nishide 

Research Institute for Science and Engineering, Waseda University, Tokyo 169-8555, Japan. 

 

(Photo-)electrochemical production of hydrogen and oxygen from water is one of sustainable 

chemistry pinnacles. While significant efforts have focused on them using metals, metal oxides,  and 

carbon materials, those using purely organic polymers are of increasing interest but remain  in infancies. 

Polythiophene is a representative conjugated polymer that is featured with  efficient visible-light 

absorption, high exciton/hole mobility, appropriate energy levels, and  film formability. In addition, 

some of the polythiophene films are chemically robust in  acidic/alkaline and reductive/(oxidative) 

conditions.  Photocatalytic capability of the polythiophenes is discussed for electrochemical reduction 

of  water or oxygen to yield hydrogen or H2O2 in alkaline solutions, using the films both of  commercially 

available and in-situ prepared polythiophenes. Visible light-illumination on the  polymer films 

significantly reduced the reaction onset potential and enhanced the cathodic  current density, some of 

which reached the benchmark values for the electrochemical hydrogen  and H2O2 production. Sufficient 

photovoltages beyond the theoretical equilibrium potentials of  1.23 V for water-splitting and 0.70 V for 

H2O2 production were also provided by tuning the  HOMO/LUMO level, to drive bias-free reactions 

under the illumination. Hydrogen gas  evolution on films separated from the counter reaction is a crucial 

advantage of such films.  Photo-electrocatalytic water oxidation with the polymer films to evolve 

oxygen will be also discussed. 
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Graphene-Polymer Composite Materials: Synthesis and Applications 

Yuta Nishina 

Okayama University, Research Core for Interdisciplinary Sciences, Okayama, JAPAN 

 

Despite the remarkable properties of graphene-based materials, several challenges must be 

overcome to make them practical for widespread use. The primary obstacle is establishing a cost-

effective and scalable method for producing high-quality graphene materials with good reproducibility. 

There is a trade-off between the cost and physical properties of graphene materials, making it essential 

to select the most suitable preparation method for graphene toward its intended application. This 

presentation introduces graphene oxide (GO) as an example, which is obtained by oxidizing and 

exfoliating graphite. Through an optimized oxidation method of graphite using KMnO4 in H2SO4 [1], 

we have successfully achieved a laboratory-scale production of 500 g of GO and a prototype plant 

production of 10 kg. These large-scale productions were made possible by a thorough mechanistic study 

of the oxidation process using in situ analyses like XRD and XANES, allowing us to control the size, 

oxidation degree, and functional group distribution on GO. With our tailor-made GO, we achieved the 

grafting of polymers onto GO using a radical pathway [2]. The mechanism behind this grafting process 

was clarified through in situ ESR measurements with a spin trap reagent. During thermal treatment, 

radicals were generated by cleaving C-O bonds of GO (Figure 1) [3]. Redox-active molecules and 

polymers were grafted on GO and used for supercapacitor application [4,5]. 

 

Keywords: graphene oxide, grafting, radical, electrode, supercapacitor 
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Modification of polymer matrices using pressurized carbon dioxide 

Vadim V. Zefirov 1,2 

1M.V. Lomonosov Moscow State University, Faculty of Physics, Leninskie Gory 1-2, 119991 Moscow, Russia 

2A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, Vavilova St. 28, 119991 Moscow, 

Russia 

 

Polymer matrices of various types are widely used in applications ranging from biology to 

electrochemistry. Often, for the effective functioning of the matrix, it must be further modified. There 

are a large number of methods for modifying polymer matrices, among which one can distinguish 

methods associated with the use of pressurized media (including supercritical fluids). One of the most 

interesting pressurized media used to modify polymer matrices is carbon dioxide, a cheap inert gas that 

is safe for humans with a low critical point. In a series of experimental works, the wide possibilities that 

open up when using pressurized carbon dioxide were demonstrated: hydrophilic silica nanoparticles 

were introduced into a hydrophobic polypropylene matrix; tungsten oxide nanoparticles were grown in-

situ in the Nafion proton-conducting membrane; a porous polyolefin matrix was hydrophilized in 

carbonic acid under pressure and coated with chitosan biopolymer to improve the required properties. 

The results obtained show the promise of using pressurized carbon dioxide and offer new unique ways 

to modify various types of polymeric matrices. 

Acknowledgement: The study was supported by Russian Science Foundation (RSF), grant No. 21-13-

00143. 
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Continuous Flow Process: A New Paradigm in Process Intensification for 

Polymers Syntheses 
 

Anil Kumar 

Chemistry Department 
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National Centre for Photovoltaic Research and Education (NCPRE) 

IIT Bombay 

Powai, Mumbai 400076 India 

 

 
Continuous flow process provides a potential alternative to batch synthesis because of its 

inherent advantages such as very efficient heat exchange, high batch to batch reproducibility, fast 

mixing, high throughput, safety, and the ability to do multistep telescoping synthesis.  Due to these 

advantages, these processes have been referred to as the most promising ñGreen Technologyò.  In fact, 

continuous flow processes are projected to be the ñCHEMICAL FACTORIESò of tomorrow. 

Continuous flow processes also provide an ñOn-Demandò synthesis of polymers with complete control 

over critical molecular design parameters, and this can be achieved at lab to pilot to bulk production 

with excellent reproducibility. We have been exploring continuous flow processes for the synthesis of 

industrially important polymers. In this presentation, I will review some of the recent advances in these 

directions and some results from our laboratory. 
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Application of hyaluronic acid-based formulations for controlled release in 

the lung 

Dariush Nikjoo 

Division of Material Science, Luleå University of Technology, 971 87 Luleå, Sweden 

 

The majority of pulmonary drugs are designed for immediate release, leading to short-lasting 

effects. Controlled release systems offer a solution by delivering drugs at a steady rate, maintaining 

therapeutic levels for a longer duration. However, achieving controlled release in the lungs is 

challenging due to barriers like mucociliary clearance and metabolic degradation. Currently, there are 

no sustained-release formulations available in the market. Hydrogels have recently gained attention for 

their potential to overcome these challenges, allowing sustained pulmonary drug delivery through their 

swelling and adhesion properties. 

Our research demonstrates the viability of using spray drying to create inhalable powder from 

Hyaluronic Acid (HA) hydrogels, forming MicroParticles (MPs) containing Salbutamol Sulphate (SS) 

for controlled lung release. The produced drug-loaded MPs, referred to as HASS, underwent thorough 

analysis, confirming the successful encapsulation of SS within the HA hydrogel matrix. These MPs 

exhibited sizes ranging from 1.6 Ñ 0.4 ɛm to 1.7 Ñ 0.5 ɛm, with a Fine Particle Fraction (FPF) of 48ï

56%. Notably, their aerodynamic properties improved compared to unloaded HA hydrogel MPs. In 

vitro drug release assessments using a Transwell system validated the particles' capacity for sustained 

drug release. This release was consistently delayed across all formulations, with a t63 ranging from 5 to 

30 minutes, a marked contrast to the < 1-minute release observed with pure SS [1,2]. 

Keywords: Hyaluronic acid, Salbutamol sulphate, Hydrogel, Controlled release. 
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Figure 1: (a and b) SEM images of HA hydrogel MPs without drug and with drug loading (HASS) 

respectively. (c) Presents release profiles for SS and drug-loaded MPs (HASS), where the solid lines 

depict fits using the Weibull distribution function. 
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Properties of Graphene Containing Polymer Nanocomposites 

 

Nurseli Uyanēk 

Istanbul Technical University & Aerofen Co. 

 

Graphene is a two-dimensional carbon allotrope known for its exceptional strength, electrical 

conductivity, and thermal properties. Graphene nanocomposites are advanced materials that combine 

the remarkable properties of graphene with other substances, resulting in a range of novel applications. 

In graphene containing polymer nanocomposites, the graphene is combined with other polymers to 

create hybrid structures with tailored properties. These composites inherit the exceptional attributes of 

graphene while gaining additional functionalities from the incorporated components. Applications of 

graphene nanocomposites connect various fields, including electronics, energy storage, catalysis, and 

biomedical engineering. In electronics, they offer potential for flexible and high-performance devices 

due to their enhanced electrical characteristics and mechanical flexibility. In energy storage, these 

composites could lead to improved supercapacitors and batteries with higher energy densities and faster 

charging rates. Their catalytic properties make them valuable in accelerating chemical reactions for 

industrial processes. Moreover, in biomedical engineering, graphene nanocomposites might find use in 

drug delivery systems, tissue engineering, and diagnostic tools. Overall, the synergy between the unique 

properties of graphene, its insulating nature, and the versatility of polymeric materials in 

nanocomposites holds promise for revolutionizing a diverse range of technological applications. The 

intended properties of graphene can be achieved even when used in very small quantities, but only if it 

is very well dispersed within the polymer matrix. 
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Bionanocomposites Prepared via Biomimetic Mineralization of 

Biopolymers by the Sol-Gel Technique  

 

Shchipunov Y. A.  

Institute of Chemistry, Far-East Department, Vladivostok, 690022, RUSSIA  

 

Common sol-gel processing is far from biomimetic approaches because of using such precursor 

as tetraethoxysilane or TEOS. Its application needs to add an acid/alkali and organic solvent, as well as 

to heat for catalysis and acceleration of the processes. This results in protein denaturation, precipitation 

of some polysaccharides or oxidation of polyphenols. Biosilica synthesized in living nature is produced 

under mild conditions via green routes and superior control of biopolymers over its structural 

organization.  

Here, the fabrication of bionanocomposites with the help of a biocompatible precursor is 

considered. It is prepared by exchanging the alcohol residues in TEOS for ethylene glycol. The 

exchange results in complete solubility of precursor in water, while ethylene glycol issued after the 

hydrolysis, does not denature proteins or precipitate polysaccharides. Furthermore, biopolymers, in turn, 

catalyze and regulate the sol-gel processing, determine the structure and functionalize the formed silica. 

Syntheses can be performed at mild conditions in aqueous solutions without the addition of organic 

solvent, acid/alkali and any heating. They are dictated by biopolymers, but not the sol-gel processes 

that well correlate with biosynthesis of silica in living nature.  

The features of processes, structure, properties and functional characteristics of the resulting 

bionanocomposites are reviewed in this presentation.  

Keywords: sol-gel, polysaccharide, protein, polyphenol, bionanocomposite  

Acknowledgement: This work was partially supported by the Russian Science Foundation (grant No. 

22-13-00337).  
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Natural Nanotube Composite Polymeric Films to Align with Circular 

Economy to Reduce Food Waste and Losses 

 

Yusuf Z. Menceloĵlu 

Sabancē University, Istanbul, T¦RKĶYE 

 

The increasing demands for water, energy, and food due to the increase in the world population, 

the United Nations community began to implement and monitor the sustainable development goals in 

2015. In this context, the increase in food demand and the plastic packaging materials used to minimize 

food waste were also put under the spotlight. Food packaging, a protective barrier that protects food 

from spoilage, is the best tool to provide a healthy environment for transportation and storage, and to 

prevent food spoilage and waste during transfer and display period. For this purpose, active food 

packaging is developed by adding active substances, each with their own properties, to food packaging 

in order to prevent food spoilage and waste and to provide a longer shelf life for packaged foods. To 

ensure a sustainable food system and circularity, requires minimum waste, and recyclable packaging 

materials For this purpose, multi-functional monolayer polyethylene films ideal candidate for both 

circularity and food protection. In this talk we will discuss how to design and produce polyethylene 

films containing natural silica nanotube Halloysite to meet the packaging requirements, such as 

crystallinity, mechanical, antimicrobial, ethylene absorption, barrier properties of these materials were 

examined. By adding 1% antimicrobial decorated HNT to the film we obtained 99.9% antibacterial 

properties, more than 100% improvements in machine direction tensile strength, and more than 30% 

improvements in oxygen and moisture barrier properties were achieved. We obtained high ethylene 

absorption capacity (3000-8000 microliter/g) depends on functionalities These results shows that, it is 

possible to produce an ideal single-layer packaging material with PE composite film to which natural 

nanotube Halloysite. 
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Network Polymers: Photopolymerizable High Performance Polymers for 

Precision 3D Printing and Vitrimers from Upcycled Waste Plastics 

 

Xiao ñMatthewò HU1, 2, 3 

1School of Materials Science and Engineering 

2RGE-NTU, Sustainable Textile Research Centre (SusTex) 

 3Environmental Chemistry and Materials Programme, Nanyang Environment and Water Research Institute, Nanyang 

Technological University  

 

Several recent case studies on network polymers will be discussed. The work on photo-

polymerizable monomers towards high-performance polymers 3D printing will be presented. 

Discussion includes design and synthesis of low viscosity, photo/thermal dual curable and 3D printable 

benzoxazine monomers, including fully biobased benzoxazine. Discussion also includes design and 

synthesis of photo/thermal dual curable ultra-high carbon yield polymers (64% at 800°C, highest among 

all photo-curable polymers). These polymers have demonstrated superior thermomechanical properties 

and are intrinsically flame resistant. The use of such polymers for microfabrication of glassy carbon 

components has been exemplified by procession 3D printed glassy carbon mini-screws, micro-array 

electrodes and microfluidic plates. Finally, a new concept of catalytic partial depolymerization of waste 

plastic will be discussed. The partially depolymerized oligomers have been used to synthesize vitrimers, 

which belong to a class of dynamic covalent bond network polymers. These vitrimers can be readily re-

processed and recycled unlike the conventional network polymers or thermosets. This work is part of 

our initiatives to tackle plastic and textile waste challenges. 
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Investigating the Efficacy of a Microreactor and Surfactants for Protein 

Removal in Natural Rubber Latex 

 

Nanthiya Hansupalak1, Dusitporn Sarilak1, Panithi Wiroonpochit2 
1Kasetsart University, Faculty of Engineering, Department of Chemical Engineering, Bangkok, Thailand  

2 National Science and Technology Development Agency, National Metal and Materials Technology Center, Pathum Thani, 
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Allergenic proteins present in natural rubber (NR) latex products can cause allergic reactions, 

making it necessary to remove them. Urea is a low-cost and effective protein removal method [1]. This 

study aimed to develop an industrial-level protein removal method for NR latex production using a 

microreactor and to assess the effect of two solvents (ethanol and acetone), which was claimed to 

influence the efficacy of protein removal [2], and their volumetric ratios on protein removal. The 

efficacy of protein removal was measured by the percentage of nitrogen in rubber and mechanical 

properties. The study also investigated the impact of surfactant type on protein removal and the 

mechanical properties of low protein rubber films. The optimal conditions for protein removal were a 

residence time of 16.49 seconds and one wash without organic solvents. The efficacy of protein removal 

was comparable to that of the batch method. Surfactant type did not affect protein removal efficacy, but 

it strongly affected vulcanization. Ammonium laurate (AL) caused rubber coagulation during mixing 

with vulcanizing agents, while sodium dodecyl sulfate (SDS) and Triton 100-X (TRIX) did not. Both 

SDS and TRIX produced films with comparable mechanical properties to highly concentrated NR latex 

that passed ASTM D3578-18 for rubber gloves. This study's results suggest that the urea-based protein 

removal method using a microreactor could be used for industrial-scale production of NR latex products. 

Keywords: rubber deproteinization, natural rubber latex, sulfur prevulcanization, natural 

rubber films 
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Sugar-Derived Polyesters with Various Architectures and Their 

Applications 

 

Youssef Habibi 

Sustainable Materials Research Center. Mohamed IV Polytechnic University ï Morocco  

 

In conjunction with growing interest in developing circular economies through the substitution 

of fossil carbon by renewable resources, interest in biomass feedstock, including wood, does not appear 

to wane but will continue to attract considerable attention in society during the so-called 4th industrial 

revolution.  In fact, biomass is not only abundant, renewable, and sustainable but represents a limitless 

potential to supplant or at minimum complement fossil fuels resources. Therefore, the conversion of 

these resources into sustainable value-added chemicals, polymers, and materials is surfacing as a 

potential answer to face the expected scarcity of fossil resources and consequently addresses timely 

issues of sustainability and ecological consciousness. 

Herein we argue for a renewed interest in wood as a limitless resource of chemicals, polymers, 

and materials within the construct of the biorefinery for the processing, fractionation, and full recovery 

of all components to convert them to non-traditional high-added value uses. In the forest products 

industry, mainly pulping, cellulosic fibers are the main product, but numerous by-products are generated 

in the ñblack liquor.ò The latter contains mainly lignin and low molecular hemicelluloses. However, 

key challenges remain on how to increase environmental and economic stewardship through traditional 

and innovative pulping technologies to find more competitive and higher value applications for by-

products such as black liquor. Approximately 70% of the hemicellulose contained in the wood is 

extracted in the form of very low molecular weight oligomers given the harsh conditions used in the 

pulping process. Up to today, this sugar-rich fraction is unexploited. Consequently, alternatives to add 

value to these low molecular mass fractions are therefore needed. This presentation will summarize the 

key findings of our work which reflects on the polymerization of monomers obtained from the 

conversion of hemicellulose sugars. Novel polyesters with tailored architectures were synthesized and 

their molecular and thermal properties were determined. A few illustrative examples will be provided 

to show their potential for sustainable plastic materials.    
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From Tissue Engineering to Cultured Meat: Role of Biopolymers and 

Physical Conditions in Influencing Cell Fate 

 

Lay Poh Tan 
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Nanyang Technological University, 50 Nanyang Avenue, Singapore 639798 

 

 

The role of various biophysical induction methods in stem cell fate determination has been studied 

extensively. Using materials to that effect is a versatile avenue for manipulation of cell-material 

interaction which eventually leads to modulation of cellular behavior. In our laboratory, we work on 

biopolymers and surface patterning to modulate cellular morphology with the hypothesis that cellular 

morphology has an intimate relationship with cellular behavior. We also study the physical cues 

including physical stiffness, coupled with surface patterning in modulating stem cell differentiation. In 

tissue engineering, converting 2D to 3D scaffold systems is critical. We adapted the insights from the 

2D cell culture into building 3D structures and scaffold systems and explored some of the possible 

applications of these systems/platforms from tissue engineering to cultured meat. 
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Poly(2-alkyl -2-oxazoline)s: Crystallization and Self-Assembly 

 

A. Levent Demirel 

Koç University, Chemistry Department, Istanbul, Turkey 

 

Poly(2-alkyl-2-oxazoline)s (PAOX) show very rich alkyl side change dependent bulk and 

solution properties. As the alkyl side chain length decreases glass transition temperature (Tg) increases 

and bulk crystallization is significantly hindered. In aqueous solutions, PAOX having small methyl side 

chains (PMOX) are fully water-soluble while PAOX having ethyl (PEOX) or propyl (PPOX) side 

chains are thermo-responsive and exhibit lower critical solution temperature behavior. Increasing the 

alkyl side chain length yields, as expected, in hydrophobic and water-insoluble polymers. 

While PEOX crystallization in bulk couldnôt be observed, we have shown that self-assembled 

crystalline PEOX fibers form when aqueous PEOX solutions are kept above the cloud point temperature 

(Tc) for long times (days to weeks). In order to understand the role of alkyl side chain length in PAOX 

crystallization and the factors affecting the formation of crystalline fibers in aqueous solutions, we have 

investigated bulk crystallization and the self-assembly in aqueous solutions as a function of alkyl chain 

length, temperature, and ionic strength. We identified different crystallization behavior depending on 

the length of the alkyl side chain. The self-assembly into water insoluble fibers above Tc, a slow 

crystallization process, was enhanced by the addition of various sodium salts. The specific anion effects 

on Tc of aqueous PEOX solutions will be presented and the contribution of different mechanisms to 

phase separation at Tc and self-assembly will be discussed. 

PEOX forms stable hydrogen-bonded aggregates with H-donors such as tannic acid (TA) and 

carboxylic acids in aqueous solutions at acidic conditions. H-bonded self-assembly of PEOX with TA 

on solid surfaces as layer-by-layer films and restructuring of multilayers into fibers in solution will be 

presented. In addition, well-defined fibers having hollow tubular morphology will be shown to form in 

aqueous solutions by complexation induced self-assembly between PEOX and dicarboxylic acids. 
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Aliphatic polyesters are considered a sustainable alternative to petroleum-based polymers due 

to their biodegradability. Some of them, such as polylactic acids, polycaprolactone, etc., have been 

extensively explored in biological applications as delivery vehicles for their additional biocompatibility. 

Although these polymers can be easily synthesized from commercially available cyclic lactides and 

lactones by ring opening polymerization (ROP), they have limited properties due to the lack of tunable 

side chain functionalities. Moreover, being hydrophobic, they need to be conjugated with different 

hydrophilic moieties for studying their self-assembly in water. Our group has established a versatile 

and generally applicable condensation polymerization methodology for the synthesis of functional 

aliphatic polyesters [1]. The synthesis involves the transesterification of activated 

bis(pentafluorophenyl) adipate with functional diols in the presence of an organocatalyst, 4-

dimethylaminopyridine (DMAP) [1]. This methodology eliminates the need to remove by-products, 

which is still a significant challenge in the production of conventional polyesters using non-activated 

diesters. Following this methodology, positively charged, fluorescent aromatic pendant moieties with 

variation in hydrophobic chain lengths were incorporated to synthesize enzymatically degradable water-

soluble polyesters, which show great potential as broad-spectrum antibacterial agents [2]. Furthermore, 

these polyesters were found to exhibit excellent cellular uptake through the endocytosis pathway with 

prospective mitochondria targeting. 

In another area, we have explored the well-known crystallization-driven self-assembly (CDSA) 

[3] of a biodegradable aliphatic polyester, poly-L-lactide (PLLA) to achieve structurally and 

functionally diverse precision two-dimensional (2D) assemblies in a crystallizable solvent 

(isopropanol). PLLA homopolymers, end-functionalized with different dipolar chromophores such as 

merocyanine (MC) or naphthalene monoimide (NMI) and nonpolar pyrene (PY) or benzene (Bn), 

crystallize into precise diamond-shaped 2D platelets in isopropanol [4]. This causes the terminally 

attached chromophores to assemble into a 2D array on the platelet surface by either dipole-dipole 

interactions (for NMI and MC) or aromatic stacking (PY and Bn), which leads to aggregation-induced 

enhanced emission (AIEE) with tunable emission wavelengths within the 2D crystals, depending upon 

the nature of the end-capped chromophores [4]. Further, co-assembly between NMI- and PY-

functionalized PLLAs yielded similar two-component co-platelets with highly efficient Förster 

resonance energy transfer (FRET) from the donor (PY) to the acceptor (NMI) dye with remarkable 

efficiency (~80%) on the 2D surface. By incorporating the same donor and acceptor dyes that hold the 

FRET relationship at the chain ends of the two enantiomers (PLLA and PDLA), we were able to monitor 

the stereo-complex co-platelet formation in the solution phase, whose similar diamond-shaped 2D 

structure showed enhanced stability as compared to the individual homocrystals [5]. Further, we studied 

the scope of these SC co-crystals for surface decoration with external fluorescent dyes for cascade 
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energy transfer and white light emission [5]. Various aspects of these two topics will be covered in the 

talk. 
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Review on Applications of Thermal Energy Storage Method in Polymer 

and Textile Products 

 

Özgül Gök 

Hakkari University, Çölemerik VHS, Department of Veterinary Medicine, Hakkari, TURKEY 

 

Investigating applications of thermal energy storage system in polymer and textile products is 

aimed in this study. Energy is a vital need for human life. As much as energy production, the main issue 

to be considered is energy saving. Because of the limited energy resources in the world, it is very 

important to create this awareness. In recent years, thermal energy storage systems have active role in 

the integration of renewable energy sources, which are of great importance [1]. The demand for 

innovative smart textile products and production technologies increases dramatically. One of the most 

important innovations in which textile industry research continues is the development of smart textile 

products with thermal storage and thermo-regulation [2]. These textile products are produced by doping 

phase change materials to fibers or fabrics by using latent heat storage [3]. In the study, research on 

various textile products in which phase change materials are applied are presented. 

Keywords: Thermal Energy Storage, Latent Heat Storage, Phase Change Material, Polymer, 

Textile Product 
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Rapid Annealing-Induced Polymer-Directed Hierarchical Porous 

Structures for Low Carbon Applications 

 

Tae Kwan Wee 

Nanyang Technological University 

 

Hierarchically porous structured materials with multifunctional properties and higher order 

dimensional complexities are highly desirable for many applications. In this talk I will describe our 

recent synthesis approaches of directedïself-assembly with block copolymers to generate well-

organized porous hierarchically ordered structures of amorphous polymers/carbon, polycrystalline 

ceramics as well as single-crystal semiconductors. Enhanced understandings and control in the 

formation pathways of self-assembled materials via rapid nonequilibrium transient laser and Joule 

heating on sub-second timescales will be discussed. Such advanced functional self-assembly-derived 

materials are of fundamental and technological relevance for emerging low-carbon technologies, e.g., 

solid-state carbon dioxide adsorbents, separation, energy conversion and storage. 
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Preparation and Properties of Crosslinked Polymers from Precursors of 

Meldrumôs Acid Derivatives 

 

Ying-Ling Liu, Chien-Ho Huang, Du-Yuan Hung 

National Tsing Hua University, Department of Chemical Engineering, Hsinchu, TAIWAN 

 

Meldrumôs acid (2,2-dimethyl-1,3-dioxane-4,6-dione, MA) possesses acidic C-H bonds with a 

pKa of about 4.97, making the groups be chemically reactive toward aldehyde, alkyl halide, and other 

groups. On the other hand, the cyclic MA ring could perform ring-opening thermolysis reaction to form 

the corresponding ketene group with involves of CO2 and acetone. The generated ketene group is highly 

reactive in ketene dimerization, cyclization with unsaturated groups (like C=O and C=C), and 

nucleophilic additions toward amine and hydroxyl groups. Taking the advantages of chemical reactivity 

and features of MA, effective chemical routes for polymer synthesis and functionalization have been 

reported in this presentation, with a focus on crosslinkable polymer precursors and the corresponding 

crosslinked polymers. Moreover, some applications of the prepared polymeric materials are also 

discussed.   

Keywords: Meldrumôs acid, polymerization method, reactive polymers, crosslinked polymers 
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Enhancing the Biodegradable Bags Production Process: Optimizing 

Parameters for Sustainability 
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The rapid rise in global plastic production, projected to reach 600 million tons by 2025, has led 

to a pressing environmental challenge due to the accumulation of non-degradable plastic waste. Plastic 

bags, including oxo-degradable plastic bags, which further exacerbate the problem by generating 

harmful microplastics, have been a major contributor. To address this issue and reduce reliance on non-

renewable fossil fuels, there is an urgent need to explore sustainable alternatives. This research focuses 

on utilizing biodegradable materials derived from renewable feedstocks, such as polylactide from 

fermented carbohydrate waste and starch from plants, as substitutes for conventional oxo-degradable 

bags. By replacing these bags with compostable alternatives, the overall life cycle carbon footprint can 

be significantly reduced. After disposal, the compostable bags undergo natural decomposition 

facilitated by microorganisms and hydrolytic processes. The extrusion process, a well-established 

technique for plastic processing, is employed in this study, eliminating the need for additional 

equipment investment. The optimized biodegradable and compostable bags exhibit comparable 

mechanical properties, moisture resistance, and printability, making them an attractive and eco-friendly 

alternative to conventional oxo-degradable bags. This research contributes to the field of sustainable 

materials by offering a practical solution to mitigate the environmental impact of plastic waste. By 

promoting the adoption of compostable bags, this study strives to minimize microplastic pollution, 

conserve non-renewable resources, and promote a more sustainable single-use plastics industry. 

Keywords: Green chemistry, Compostable bags, Polylactide, Starch, Circular economy 
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Hydrolytic and thermal stability of functional polymer materials based on 

renewable raw materials. 

 

Milena Marinoviĺ-Cincoviĺ 

University of Belgrade 

 

Urea formaldehyde resin (UF) was modified with four different   bio-fillers: hydrochar of spent 

mushroom substrate (HCUF), chitosan (CHUF), betaine (trimethyl glycine) BUF and tannin (complex 

biomolecules of polyphenolic nature) TUF. In this work, the biofillers used were formaldehyde (FA) 

cleaners from modified UF resins. The effect of these bio-fillers on the hydrolytic and thermal stability 

of in situ prepared UF resins was investigated. The characterization samples were performed using 

scanning electron micrography (SEM), X-ray diffraction analysis (XRD), Fourier transforms infrared 

spectroscopy (FTIR), non-isothermal thermogravimetric analysis (TG), differential thermal gravimetry 

(DTG), and differential thermal analysis (DTA). Hydrolytic stability of modified UF resins was 

determined by measuring content of free FA and content of released FA in modified UF resins, after 

acid hydrolysis. 

This work showed how a UF biocomposite with reduced free FA content and increased 

hydrolytic and thermal stability can be obtained using bio-fillers. 

Keywords: adhesives, biomaterials, filler, modification, thermogravimetric analysis (TGA)  

  



 

31 

 

 

 

 

Structuring and Characterization of Novel Eco-Friendly Polycarbonate-
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All aliphatic starting reactants were used to prepare a series of eco-friendly polycarbonate-based 

polyurethane (PC-PU) composite films by one-step technique, adding different nanoparticles (silica, 

titania and zinc-oxide) in various ratios. The study of the influence of different filler distribution on the 

structure of obtained elastomers composites was performed using FT-IR, SEM and AFM. TGA analysis 

was carried out to investigate the effect of inorganic fillers on thermal stability and degradation of 

synthesized PC-PU materials. The impact of used nanoparticles on the glass transition temperature and 

melting of obtained polyurethane systems was studied by DSC and MDSC. Tensile testing was carried 

out to determine the influence of fillers on the mechanical properties of PC-PU hybrids. Based on 

obtained results, the synthesized polyurethane materials showed improved thermal stability and 

enhanced thermal and mechanical properties allowing to use them as environmentally friendly hybrid 

materials for various industrial applications. 

 

Keywords: Polycarbonate-based polyurethane, Different nanoparticles, Eco-friendly hybrid 

materials, Thermal stability, Mechanical properties  
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Material System for Practical Application Based On Poly(Propylene 

Carbonate) 
 

Xianhong Wang 
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Poly(propylene carbonate)(PPC) is an quasi-alternative copolymer from carbon dioxide and 

propylene oxide, since the current commercialized PPC generally contains 4-6% ether linkage. The 

effort to high efficient PPC synthesis represented by catalyst design never stopped since the pioneering 

work from S. Inoue in 1969, whereas pushing PPC as practical commodity polymer material lagged far 

behind. Thanks to industrial synthesis of PPC in high molecular weight, i.e., Mn over 150 kg/mol with 

PDI of 2.5-3.8 PPS based material system witnessed great progress. In this talk, we will start from PPC 

plasticizing and toughening, and then how to effectively introduce crystalline biodegradable polymer 

into PPC polyblend system via polymer compatibilizer, finally, how to process very thin film displaying 

nice water vapor barrier property in addition to compatible mechanical performance with linear low 

density polyethene, which helps to satisfy the requirement of biodegradable mulching film suitable for 

cold and drought area in China. In addition to mulching film, PPC based foam packaging compatible 

with polyethene foam has been processed using supercritical CO2 foaming, also benefiting from the 

oxygen gas barrier performance of PPC. Therefore, we have great reason to believe that high molecular 

weight PPC may open great chance for PPC being large commodity polymer material in the coming 

future. 
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The increasingly extensive usage and post-use waste of single-use plastics have brought about 

increasingly serious problems of resource waste and negative environmental consideration. 

Development of bio-based degradable polymers is one of the most important ways to solve this problem. 

Polyesters prepared from biomasses, being one of the most promising sustainable and environment-

friendly plastics, have attracted more and more attentions. Recently, with the progress of bio-refinery 

technology, the production cost of bio-based polymerizable monomers is getting lower, and more types 

of monomers are accessible, which greatly promotes the development of bio-based degradable polymers. 

However, development of commercially competitive biodegradable polymers still faces important 

challenges; a good balance of material properties, production cost, degradation conditions and products 

should be considered. In this talk, a series of bicyclic lactones with built-in cyclic acetal/ketone moieties 

were prepared from renewable triols and levulinic acid. Ring-opening polymerization (ROP) of these 

lactones generated a series of stereoregular poly (acetal/ ketal-ester)s with tunable thermal, material, 

and degradation properties. For some polyesters, closed-loop chemical recycling of monomers was 

achieved. 

 

 

 

 

 

 

Fig. 1 Design and synthesis of renewable and recyclable poly(acetal/ketal ester)s   

 

 

  
































































































