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Abstract: One of the major challenges in nanomedicine is to develop nanoparticulate systems able to serve 

as efficient diagnostic, therapeutic or theranostic tools against severe diseases, such as infectious or 

neurodegenerative disorders. In the frame of cancer therapy, efforts are currently devoted in the 

development of theranostic agents that are able to diagnose and treat at the same time a tumor. Those 

agents are mainly composed of nano-sized systems (i.e. nanoparticles, nano-rods, nanotubes, …) that have 

shown promising results leading to their selection for clinical investigation. Most common nanosystems 

are nanoparticulate systems owing to their ease of synthesis, high specific surface area to volume ratio 

which open various possibility in their functionalization. Those nano-objects can be directly functionalized 

by a targeting ligand to enhance the uptake, and combined with a polymer for stealth and drug loading-

release properties. In the first part of this presentation, in this presentation I will describe the elaboration 

and the study of non-cytotoxic responsive core/shell magnetic nanoparticles that can be used as contrast 

agent in magnetic resonance imaging (MRI). They were obtained from the growth by controlled living 

polymerization, of co-polymers based on 2-(2-methoxy) ethyl methacrylate (MEO2MA) and oligo (ethylene 

glycol) methacrylate (OEGMA) moieties which led to P(MEO2MAxOEGMA100-X) (the ratio of the both 

monomers were varied to tune the DOX release temperature). We have shown that they are able to load 

and release a model drug, i. e. the doxorubicine (DOX)1,2. Additionally, to their release properties, we have 

demonstrated that their thermo-responsive behavior is completely reversible, and their hyperthermia 

properties were studied. We have enhanced the selective binding and the delivery of the drug to the 

targeted cells via the receptor-mediated endocytosis, by grafting folic acid (FA) at the periphery of these 

NPs. Nevertheless, it has to be mentioned that one of the major limitations of nanoparticulate-based 

therapeutic systems which is attributed to the fact that when NPs are injected into the body, they are rapidly 

covered by various proteins (creating the so-called protein corona, PC)3. Indeed, many discussions 

nowadays claim that the adsorption of protein has to be prevented while in contrast, other works claim 

that adsorption of proteins could help targeting the nanomedicine and hence posit it to be favorable. This 

big discrepancy is mainly due to the fact that there is no development of real systems that would enable 

reliable ex-vivo studies in more realistic way. In the second part of this presentation, I will describe our 

work in the development of a more realistic system based on the 3D bioprinting of a tumor like model to 

be incorporated in a microfluidic system to developed a so-called cancer-on-chip device4. We are expected 

that this microfluidic system will help in the understanding of the interaction of the nanoparticles surfaces 

in biomimetic conditions. 
 

Keywords: Nanomaterials, Responsive Core/Shell Nanoparticles, 3D Bioprinting 
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Abstract: Due to ever-growing industrial revolution left behind tones of biowastes in to the nature. 

Biowastes are one such kind of wastes which need to be addressed effectively otherwise negative effects 

will spread soon. Due to their lignocellulosic nature, many oil palm based biowastes materials are having 

potential to produce porous structure in them. Here in this talk, I summarize the methods of producing 

porous nanoparticles from oil palm based biowaste materials, tuning them effectively with respect to 

temperature, time and size. These porous nanostructures are having nano sizes ranging from 20 nm to 

200nm with surface area changing from 2 to 3000 m2/g. One of the striking feature of these nanoparticles is 

their high dispersion quality as evidenced from its Zeta potential values. 

 

We tested few of these materials for energy, water and health related applications. These materials are 

highly non-toxic and environmental friendly. Present talk explains in details about using oil palm based 

biowaste materials for making porous nanoparticles and then its use in innovative applications. 
 

Keywords: Biowaste, Oil Palm, Nanoporous, Energy, Water And Health. 
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Inverse Gas Chromatography Principles and applications with Nano-

Materials 
 

Connor Hewson 
 

 

Abstract: The surface properties of a material can have a significant influence on the macro-properties of 

composites particularly when addressing nano-scale materials. Determination of a material’s 

specific surface area, surface energetics, functionality and hydrophobicity are vital for many industries in 

formulation and material optimisation. Inverse gas chromatography (IGC) is an established and versatile 

tool in determining the surface energy of solids by adsorption of vapours with known properties. The 

second generation IGC; IGC Surface Energy Analyser is proven to be an efficient and accurate energy 

mapping technique allowing for heterogeneity of the surface to be determined. Both the dispersive and 

specific (acid-base) components of surface energy can be measured for even nano-scaled materials such as 

nano-filler and carbon nanotubes. Functionalization or modification of nano-scaled surface has a 

significant and measurable impact on the surface heterogeneity and basicity on these materials often 

affecting their overall performance. 
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Abstract: Aminolevulinic acid-photodynamic diagnosis/therapy (ALA-PDD/PDT) is a promising 

alternative for treating cancer by utilizing light and ALA, particularly due to its high specificity and low 

side effect nature. We evaluated the expression of various transporters involved in ALA uptake and PpIX 

efflux, and studied how their expression affect the changes in drug accumulation and therapeutic efficacy. 

We identified the usage of inhibitors for PpIX efflux transorters could enhance efficacy of ALA-PDD/PDT 

and specific inhibition of ALA uptake transporters in normal cells may enhance specificity of ALA-

PDD/PDT. Our study suggest a novel method in improving efficacy and specificity of ALA-PDD/PDT 

towards cancer. 
 

Keywords: Photodynamic Therapy, Cancer, Porphyrin, Aminolevulinic Acid. 

 

INTRODUCTION  

Aminolevulinic acid-photodynamic diagnosis/therapy (ALA-PDD/PDT) is a promising 

alternative for treating cancer by utilizing light and ALA to treat various diseases particularly 

cancer. ALA-PDD/PDT is highly favoured over the conventional cancer treatment methods due 

to its high specificity and low side effect nature, which is due to the specific accumulation of 

protoporphyrin IX (PpIX) in cancer cells following ALA addition. PpIX accumulation contribute 

directly to the effectiveness of ALA-PDD/PDT. However, recent reports found undesirable 

phototoxicity and false positive incidences in normal surrounding cells. Through evaluation of 

changes in PpIX accumulation using high performance liquid chromatography and elucidation 

of gene and transporters expressions involved in ALA uptake and PpIX efflux using Western blot 

in both cancer and normal cell lines, we identify the culprits responsible for these phenomena 

and ways to overcome them. We observed a trend in the expression of transporters involved in 

ALA uptake and PpIX efflux among normal and cancer cells. It is observed that the usage of 

transporters’ inhibitors significantly reduce PpIX accumulation in normal cells without affecting 

that in cancer cells. Our study suggest a novel method in improving effectiveness and specificity 

of ALA-PDD/PDT towards cancer. 
 

MATERIALS AND METHODS  
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High performance liquid chromatography (HPLC): Cells (0.2×106 cells/mL) were incubated with 

1mM ALA in respective media under 5% CO2 gas at 37 °C in the dark for 24 h. Sample preparation 

was performed using perchloric acid:methanol (1:1, v/v) solution, as previously described [Lai et 

al., Photodiag Photodyn, 2019]. Extracellular PpIX was determined by recovering culture 

medium while the remains were collected for determining intracellular PpIX. Samples were 

quantitatively determined by measuring their fluorescence in a Hitachi Fluorescence 

Spectrophotometer Type F7000 (Hitachi High-Technologies, Tokyo, Japan). To measure 

fluorescence intensity, excitation and emission wavelengths of 405 and 605 nm, respectively, were 

used. Western blot analysis: Western blotting analyses and primary antibodies used were carried 

out as previously described [Lai et al., Photodiag Photodyn, 2019]. Secondary antibodies used in 

this study were horseradish peroxidase (HRP)-conjugated anti-mouse (Cell Signaling 

Technology, Beverly, MA, USA) and anti-rabbit IgG (Santa Cruz Biotechnology, Dallas, TX, USA).   

 

RESULTS AND DISCUSSION 

Cancer cells are heterogenous and therefore have difference susceptibility towards a particular 

treatment. We carried out studies on several cancer cell lines and observed different level of 

phototoxicity following ALA treatment with light irradiation. Based on Fig. 1A, we identified 

and evaluated key transporters involved in ALA uptake and PpIX efflux in cancer cells, both 

which are important factors in ensuring the effectiveness of ALA-PDD/PDT. Cell lines which are 

resistant to PDT are found to possess high expression of PpIX efflux transporter (ABCG2) and 

low expression of ALA uptake transporters (PEPT1) and vice versa. We suggest the addition of 

ABCG2 inhibitor may increase the phototoxicity of ALA-PDT. 

 

ALA uptake transporters such as PAT1, PEPT1, TauT and GAT2, were known to uptake ALA 

into cells. We hypothesized the undesirable phototoxicity and false positive incidences following 

ALA-PDD/PDT are related to expression of ALA uptake transporters in normal cells. We found 

that PEPT1 and PAT1 were highly expressed in normal cell lines but not in their canceous 

counterpart. Usage of inhibitors of these transporters successfully decrease PpIX accumulation in 

normal cells without affecting that in cancer cells (Fig. 1B). From here, we suggest potential 

method in preventing undesirable effects on cancer patients when undergoing ALA-PDD/PDT. 
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Fig. 1. (A) Role of ALA uptake transporters and PpIX transporters in affecting the effectivenss 

of ALA-PDD/PDT; (B) Inhibition of ALA uptake transporters reduce PpIX accumulation in 

normal cells without affecting those in cancer cells. 

CONCLUSIONS 

In conclusion, our study identified a potential method to improve the effectiveness of ALA-

PDD/PDT in resistant cancer cells by the deployment of ABCG2 inhibitor; and, suggested a novel 

way to increase specificity of ALA-PDD/PDT in cancer cells through the usage of ALA uptake 

transporters’ inhibitors. 
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Abstract: Highly conductive Graphene/Carbon black (G/Cb) composite electrodes were successfully 

fabricated with controllable thickness for DSSCs counter electrodes application by using simple screen-

printing technique. The fabricated G/Cb composite electrodes harness the merits of ultra-conductivity of 

graphene for rapid electron transport and high surface area for higher catalytic activity. The electrical 

conductivity, electrocatalytic activity towards I3
− ions reduction, and the interfacial charge transfer 

resistance were measured. 
 

Keywords: Dye Sensitized Solar Cell, Graphene, Carbon Black, Counter Electrode, Catalyst. 

 

INTRODUCTION   

Many different types of abundant and Pt-free CE materials have been investigated as DSSC 

counter electrode especially the carbon materials such as carbon black [1], mesoporous carbon 

[2], carbon nanotubes (CNTs) [3], and graphene-based materials and its composites [4]. 

Meanwhile, various graphene and its composites have been materialized as potential catalysts 

for DSSC cathodes, due to graphene’s high crystallinity, chemical, and thermal stability as well 

as the high electron mobility. So far, most of graphene CEs that have been used were fabricated 

primarily through reduction of graphene oxide, and they are mostly deposited on flexible 

substrates. The proposed composites might provide high conductivity from both materials, 

especially from graphene, and also a good catalytic activity from carbon black. All proposed 

materials possess a range of fascinating properties in terms of conductivity, excellent adhesion 

and a range of electrochemical activity. The most interestingly, graphene dispersion and the G/Cb 

composites shows porous nanoplatelets microstructure. This porous structure provide many 

catalytic reduction sites for reducing tri-iodide as well as the deep penetration of electrolyte [5].  
 

MATERIALS AND METHODS  

Different six graphene/carbon black composite pastes nominated as G100, CB20, CB40, CB60, 

CB80, and CB100 have been prepared using both graphene and carbon black powders with 
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different ratios for composites variation and binder material. The nomination codes generally 

consist of the letters G or CB indicating the materials i.e Graphene or Carbon black and a number 

which represents the material percentage in the paste. The powder to binder ratio was fixed 20:80. 

The six pastes were merely formulated by mixing 400 mg powders and 1.6 g binder which 

contains 5 wt% ethyl cellulose in 95 wt% of α-terpineol solution. Using a suitable vail, the amount 

of powder(s) was slightly added to the binder under continuous slow stirring. To obtain 

homogeneous and smooth pastes, the mixture was stirred at 110 rpm for 24 hours which also 

helps to facilitates good paste spreading on substrates.   

 

RESULTS AND DISCUSSION 

The results are shown in table 1 in which CB40 sample has the lowest sheet resistance while CB20 

sample has the highest conductivity.  
 

Table 1. Recorded sheet resistance measurements for G/Cb composites and Solaronix C-paste 

films deposited on glass substrates 

 G100 CB20 CB40 CB60 CB80 CB100 Solaronix C-paste 

Rs 1 (Ω/□) 72 66.10 67.85 216 361 932 132 

Rs 2 (Ω/□) 68.06 68.95 69.15 239 366 956 116 

Rs 3 (Ω/□) 76.66 66.06 63.71 288 371 916 114 

Rs 4 (Ω/□) 45.92 67.54 60.06 276 387 950 122 

Rs 5 (Ω/□) 69.03 64.41 61.89 280 331 960 101 

Average Rs (Ω/□) 66.33 66.61 64.48 259.8 363.2 942.8 117 

Avg thickness  

(µm) 
8.282 7.677 11.250 4.949 7.978 5.951 5.481 

Resistivity [Ω·cm] 0.0549 0.051 0.0725 0.129 0.290 0.561  0.064  

Conductivity  

S cm -1 
18.214 19.56 13.79 7.78 3.45 1.78 15.60 

 

CONCLUSIONS 

The obtained G/Cb composite electrodes possess high electrical conductivity and high catalytic 

activity owing to the high conductivity of both materials and to the high surface area of the carbon 

black, respectively. In terms of conductivity, the composite electrode CB40 exhibited low sheet 

resistance of 64.48 Ω/□, even slightly lower than that shown by the pure graphene of 66.33 Ω/□. 
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Abstract: This study aims to synthesize α,β-unsaturated carbonyl compounds with branched structures as 

bio-jet fuel precursors via aldol condensation of furfural with 2-butanone using magnesium–aluminum 

(MgAl) mixed oxides as heterogeneous acid–base catalysts. The most suitable catalyst, contributing the 

highest furfural conversion (63%) and selectivity of the branched-chain C9 products (77%), is the one with 

a high surface area and a large number of medium basic sites. Moreover, the study has been extended to 

synthesis of highly branched long-chain biolubricants via combined self-condensation and selective 

hydrogenation of 2-hexanone using the MgAl mixed oxide-supported palladium catalysts. 
 

Keywords: Lignocellulose, Furfural, Aldol Condensation, Bio-Jet Fuel, Biolubricant. 

 

INTRODUCTION   

Lignocellulosic biomass is an abundant and sustainable resource that is used for the production 

of renewable fuels and bio-based chemicals [1]. Among a variety of platform biochemicals, 

furfural (or furan-2-carbaldehyde) is promising for biofuel production. It is derived from 

hemicellulose or other pentose-rich polysaccharides that can be converted into furanic 

compounds [2]. Subsequently, these converted compounds are upgraded to obtain high-quality 

fuels, fuel additives, solvents, and monomers [3,4]. In this work, we aimed to synthesize bio-jet 

fuel and biolubricant precursors via cross-aldol condensation of furfural with 2-butanone (or 

methyl ethyl ketone) and self-condensation of 2-hexanone, respectively, using MgAl mixed 

oxides derived from layered double hydroxides (LDH) as heterogeneous acid-base catalysts. By 

optimizing the Mg:Al atomic ratio or the acid–base properties of the mixed metal oxide catalysts 

and the reaction conditions, the selective synthesis of branched medium- and long-chain products 

can be accomplished from these approaches.  
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MATERIALS AND METHODS  

The MgAl-LDH and PdMgAl-LDH precursors were prepared via the coprecipitation method. 

Before being used as catalysts, the dried LDHs were calcined at 500 °C for 5 h in a muffle furnace. 

In case of Pd-based mixed oxides, they were reduced under hydrogen gas flow at 350 ˚C for 3 h 

to convert Pd oxides into metallic Pd. The aldol condensation of furfural with 2-butanone was 

performed in an 80 mL stainless-steel autoclave equipped with a magnetic stirrer under N2 

atmosphere of 10 bar. The combined self-condensation and selective hydrogenation of 2-

hexanone was carried out in a 25-mL autoclave reactor under H2 pressure. The products 

identification was carried out with a gas chromatography-mass spectrometry (GC-MS). The 

reactant conversion and products selectivity were determined using a gas chromatograph.   

 

RESULTS AND DISCUSSION 

From the GC-MS analysis, at least nine organic species were detected and classified into four 

groups according to the number of carbon atoms (C9, C13, C14, and C18). The C9 products were 

further classified to straight- and branched-chain α,β-unsaturated ketones (C9S and C9B, 

respectively). It was related to the fact that because 2-butanone has two α-carbon centers with 

hydrogen atoms (i.e., the methyl and methylene groups) for the generation of enolate ions. Both 

C9B and C9S were further condensed with 2-butanone or furfural to form C13 or C14, 

respectively. Moreover, the largest C18 ketones were obtained from the condensation of the C9 

species. As shown in Fig. 1, the selectivity among these medium-to-long chain ketones can be 

controlled via optimizing the reaction temperature. A similar effect was also found in the self-

condensation of 2-hexanone to C18 over the PdMgAl-based mixed oxides.  
 

 
 

Fig. 1. Dependence of furfural conversion and products selectivity on time in the aldol 

condensation of furfural with 2-butanone. Reaction conditions: MgAl LDO (Mg:Al = 3:1) as 

catalyst; 5 wt.% catalyst loading; 1:5 furfural: 2-butanone, 10 bar N2 pressure. 
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CONCLUSIONS 

The MgAl-LDH-derived mixed oxides were promising catalysts in the aldol condensation of 

furfural and 2-butanone to produce α,β-unsaturated carbonyl compounds as bio-jet fuel 

precursors. The combined self-condensation and selective hydrogenation of 2-hexanone over 

PdMgAl mixed oxides yielded branched C12 selectively. The reaction temperature was found the 

key parameter to control the chain-length of ketone products. Their subsequent condensation 

with other aldehydes or ketones, such as furfural, resulted in highly branched products upto C22, 

which found potential precursors for high-performance biolubricant synthesis. 
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Abstract: According to Food and Agriculture Organization, roughly one-third of the food produced for 

human consumption is either lost or wasted annually, where microbial spoilage plays a significant role. 

Addressing this issue seems more challenging by the emergence of resistant microorganisms, which also 

contribute to food-borne diseases. Therefore, there is a need to find natural and sustainable alternatives to 

synthetic preservatives, for which plant phytochemicals have shown to be promising. However, the 

potential application of plant bioactives in food products is limited due to their hydrophobic nature, which 

can be overcome by encapsulating using suitable ingredients and techniques. Nanoemulsion is one of the 

most common and promising techniques that can enhance the bioactivity of the entrapped compounds due 

to the nano-size droplets as well as the high surface area. 
 

Keywords: Antimicrobial Activity, Essential Oils, Food Safety, Nanoemulsion. 

 

INTRODUCTION   

According to the Food and Agriculture Organization, an estimated 1.3 billion tonnes (one-third) 

of the food produced for human consumption is lost or wasted annually along the food supply 

chain starting from harvest to households [1]. The reduction in quality and quantity of safe edible 

food is defined as food loss and waste, which the former typically occurs at the early stages of the 

food supply chain while the latter mainly happens at the retail and consumer end. On the other 

hand, providing enough food to meet the basic needs of 7.3 billion people remains a difficult 

challenge, which can worsen as the world population is expected to exceed 9 billion by 2050 with 

projected food demand increasing by 60% [2]. Interest in food waste prevention has grown 

rapidly worldwide and also in Australia, as reflected in the Australian Government policies such 

as the National Food Waste Strategy to halve Australia’s food waste by 2030 [3].  

 

One of the major drivers of food loss/waste is the safety of food for human consumption, which 

is derived from the spoilage in food caused by poor transportation infrastructures, cross-

contamination during processing, and poor storage conditions on the consumer end. 

Furthermore, food contamination with pathogenic microorganisms can occur at any stage of the 

food production-consumption chain, which according to the World Health Organization can lead 

to over 200 food-borne diseases ranging from diarrhea to cancers [4]. Listeriosis outbreaks, for 
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example, have always been one of the leading causes of foodborne illnesses and deaths globally 

due to their ubiquitous nature and their high rate of survival and growth under a wide spectrum 

of environmental conditions. Although it has commonly been linked to meat and dairy products 

[5], produce-associated outbreaks are recently recognized. This in turn brings huge attention to 

the possible food-borne pathogen build-ups throughout the post-harvest stages. The first 

example of produce-associated food-borne outbreak took place in 2014 as a multistate caramel 

apple outbreak in USA, where cross contamination of apples by Listeria monocytogenes-

contaminated packing equipment such as conveyor belts was demonstrated [6]. 

 

Different preservation technologies have been introduced and studied to reduce not only the 

microbial spoilage along the supply chain causing food loss but also food-borne outbreaks. 

However, the undesirable changes in sensorial and nutritional properties of food, high energy 

consumption, and most importantly microbial-resistance development are among their 

recognized limitations [7]. Furthermore, the consumer demand for clean-label food products is 

constantly growing, which is due to their increased awareness about the harmful effects of 

chemical preservatives and therefore to have a more sustainable and healthy food supply. 

Therefore, natural compounds derived from plants, animals, bacteria, algae, and fungi have been 

studied and tested as antimicrobials against spoilage and pathogenic microorganisms to replace 

synthetic alternatives. Different structures of plants are rich sources of various phytochemicals 

that act in plant defense mechanisms as secondary plant metabolites and therefore possess 

potential antimicrobial effects. These compounds include polyphenols, terpenoids, organo-

sulfurs, alkaloids, lectins, polypeptides, and essential oils [8]. Many of these have been long used 

in food industry to enhance the flavor, aroma, and appearance and therefore are classified as 

generally recognized as safe (GRAS). 

 

Nevertheless, the utilization of naturally based bioactive compounds is limited due to their poor 

chemical stability and water solubility as well as undesirable impacts on sensorial attributes of 

food products [9]. To overcome these challenges, various encapsulation technologies have been 

studied and employed. In general, trapping the bioactive compound within small particles is 

known as encapsulation, which can be custom-tailored to enhance the potency of bioactivity, 

water dispersibility, or resistance to surrounding conditions [10]. Recently, nanotechnology is 

employed to develop effective antimicrobial delivery systems, which need a proper selection of 

ingredients and processing methods [11]. Among various nano-encapsulation techniques, 

nanoemulsion seems to be the most commonly used technique that is due to its reproducibility 

using natural ingredients and conventional processing methods (e.g., mixing and 

homogenization) ) [12]. Nanoemulsions (oil-in-water) involve encapsulating the bioactive 

compounds in lipid nanoparticles that are dispersed in an aqueous medium [13]. Broad 

antimicrobial activity of nanoemulsions carrying different bioactive compounds has been 

demonstrated [14, 15]. The small particle size (10 – 100 nm) and the high surface-to-volume ratio 

of nanoemulsions give rise to enhanced antimicrobial activity of the trapped bioactive compound 

by facilitating their delivery into the microbial cell, compared to its free form [13]. Moreover, 
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nanoemulsions have shown a better long-term physical stability than the conventional emulsions 

[16], which is of importance in terms of their applications in food products. Sonication is a high-

energy homogenization that is widely used to manufacture nanoemulsions, where the droplet 

breakups within the emulsifier-oil-water mixtures are promoted by the intensive disruptive 

forces generated by high-intensity ultrasonic waves [17]. The antimicrobial activity of 

nanoemulsions entrapping various natural antimicrobials such as essential oils and 

phytochemicals has been strongly demonstrated against a wide spectrum of spoilage pathogens 

[18, 19]. Therefore, a number of studies have shown the ability of antimicrobial nanoemulsions to 

prolong the shelf life of many foods by reducing microbial growth and maintaining the quality 

[13, 20] in different food matrices such as oregano oil nanoemulsion incorporated into chicken 

pate [21], curcumin nanoemulsion in refrigerated chicken fillets [22], thymol nanoemulsion in 

milk and cantaloupe juice [23], thyme oil nanoemulsion for fish and fish products [24], mandarin 

oil nanoemulsion in green beans [25], lemon oil nanoemulsion in fresh-cut Fuji apples [13], α-

terpineol nanoemulsion in maize [26]. It is noteworthy to mention that the majority of studies 

have focused on the efficacy and bioactive properties of the prepared nanoemulsions, although 

there is a lack of information about their potential toxicological effects [27]. 

 

NANOEMULSİONS LOADED WİTH ESSENTİAL OİLS FROM NATİVE AUSTRALİAN 

PLANTS  

Plant essential oils have been traditionally used for their antimicrobial and therapeutic properties, 

and consequently have gained attention as potential alternatives to synthetic preservatives. 

However, their application is limited by their poor solubility in aqueous environments, which 

affects the total concentration to be loaded in food products and in turn lower their antimicrobial 

effect. This can be overcome by loading the essential oils into oil droplets of nanoemulsion, which 

helps in enhancing their bioactivity by an increased surface area [19].  

 

Australia is known for its rich biodiverse flora that grows in harsh environmental conditions [28] 

and therefore contains phytochemicals and essential oils with potential bioactive properties. 

Tasmanian pepper (Tasmannia lanceolata) belongs to Winteraceae family and its essential oil 

contains high amounts of sesquiterpenes and monoterpenes [29]. Anise myrtle (Syzygium 

anisatum) belongs to Myrtaceae family and (E)-anethole and methyl chavicol are the main 

components found in its essential oil [30]. Lemon myrtle (Backhousia citriodora) belongs to 

Myrtaceae family with citral as the major compound of its essential oil, which is responsible for 

its lemon scent [31].  

 

Alderees and colleagues studied the antimicrobial activity of these essential oils against 

Escherichia coli, Staphylococcus aureus, Candida albicans, Candida krusei, Dekkera anomala, Dekkera 

bruxellensis, Rhodotorula mucilaginosa, Saccharomyces cerevisiae, Schizosaccharomyces prombe, 

Zygosaccharomyces bailii, and Zygosaccharomyces rouxii by measuring minimum inhibitory 

concentrations (MIC) and minimum fungicidal/bactericidal concentrations (MFC/MBC) [32]. The 

work was focused on weak-acid resistant yeasts, which are the emerging spoilage 
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microorganisms resistant to weak-acid preservatives such as acetic acid, sorbic acid, and benzoic 

acid [33] and able to survive in harsh conditions such as low pH, low temperature, low water 

activity, and high concentrations of salt or sugar. These resistant yeasts have recently posed a 

serious challenge to the food and beverage industries, in particular those manufacturing acidic 

beverages. For example, there was a microbial spoilage incident in a carbonated orangeade 

product in soft drink factory in Italy in 2001, where about 300000 bottles were spoiled by weak 

acid yeasts causing a serious economic loss to the company [34]. Therefore, there is a dire need to 

find natural and potent alternatives to control emerging resistant microorganisms.  

 

The anise myrtle essential oil did not show any antimicrobial activity at a concentration below 20 

mg/ml. However, Tasmanian pepper leaf (TPL) and lemon myrtle (LM) essential oils exhibited 

broad-spectrum activity against the bacteria and weak-acid resistant yeasts (Fig. 1). The MICs 

against bacteria ranged 0.22-0.42 mg/ml for TPL and 0.83-1.67 mg/ml for LM and the values 

against yeasts were 0.03-0.07 mg/ml for TPL and 0.07-0.31 mg/ml for LM. Overall, TPL essential 

oil showed a stronger anti-yeast activity (MICs of 0.03-0.07 mg/ml) compared to LM essential oil 

(MICs of 0.07-0.31 mg/ml). 
 

 
 

Fig. 1. Minimum inhibitory concentration (MIC), minimum fungicidal concentration (MFC), 

and minimum bactericidal concentration (MBC) of Tasmanian pepper leaf and lemon myrtle 

essential oils against bacteria and yeasts [32]. 

 

As is shown in Fig. 2, exposure to LM (Fig. 2C) and TPL (Fig. 2D) essential oils led to deformation 

and disruption of yeast cell, compared to the normal oval-shaped cell structures of the untreated 

yeast cells (Fig. 2A). Furthermore, AM essential oil did not damage the yeast cells (Fig. 2B) as no 

antimicrobial activity was observed in vitro. 
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Fig. 2. Scanning electron microscopic images of untreated Saccharomyces cerevisiae cells (A), 

and cells treated with 0.5% (v/v) essential oils from anise myrtle (B), lemon myrtle (C), and 

Tasmanian pepper leaf (D) [32]. 

 

Alderees and colleagues also developed nanoemulsions loaded with TPL, LM, and AM essential 

oils and evaluated their antimicrobial activity against the above-mentioned microorganisms  [35]. 

The authors optimized the nanoemulsion formulation to maximize the essential oil content in the 

nanoparticles of emulsion as well as the sonication condition to maintain the droplet nano-size. 

The four components of nanoemulsions include essential oil (20%), sunflower oil (10%), Tween 

80 (5 – 30%), and Milli-Q water (45-65%). The oil phase was prepared by mixing and vortexing 

the first three ingredients, followed by addition of aqueous phase and vortexing to make the 

coarse emulsion. The reduction of droplet size to nanoemulsion was conducted by sonication in 

a high-intensitry ultrasonic processor at 10-50% amplitude for 3-9 min. Results showed that the 

smallest droplet sizes of 96.6 nm for LM, 122.2 nm for AM, and 131.8 nm for TPL were produced 

by the oil-surfactant ratio of 3:1, 20% amplitude and 3 min sonication. The prepared LM and TPL 

nanoemulsions showed strong antimicrobial activity against the studied microorganisms with 

MIC values ranging 0.001-0.003 mg/ml for TPL and 0.003-0.014 mg/ml for LM and MFC values 

ranging 0.002-0.007 mg/ml for TPL and 0.005-0.027 mg/ml for LM nanoemulsions, which were 

considerably higher than the reported data for the free forms of TPL and LM essential oils.  

 

The observed stability and antimicrobial activity of TPL and LM nanoemulsions led the authors 

to apply them as potential preservatives against the weak-acid resistant yeasts in an acidic 

beverage medium such as apple juice [36]. Therefore, the clear apple juice (free of chemical 

preservatives; pH of 3.37) was challenged with Z. Bailii cells with final concentration of 103 

CFU/ml in the juice. The TPL and LM nanoemulsions were added to the juice samples 

individually (0.00125 – 0.005% for TPL and 0.01 – 0.04% for LM) and also in combination (with 
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the ratio of 1:1 and concentrations ranging 0.01 – 0.02% for TPL:LM and 0.00125 – 0.005% for 

TPL:AM) to find out if they exhibit any probable synergistic effect. As positive control, samples 

treated with sodium benzoate (500 – 1000 ppm) were also prepared. The prepared apple juice 

samples were then stored at 25 °C for 28 days.  

 

The highest concentrations of nanoemulsions, either in individual or combinational forms, 

showed an immediate reduction in Z. bailii population at day 0, and followed by a complete 

inactivation of fungi from day 4 onwards (Fig. 3). On the other hand, the complete inactivation 

of yeast cells in commercial control samples (i.e., sodium benzoate) were achieved after 12 days 

of storage (Fig. 3A). The yeast cells grew to more than 6 log CFU/ml after four days of storage, 

however nanoemulsion-treated samples were able to maintain the viable count to less than 6 log 

CFU/ml for apple juice treated with different levels of nanoemulsions were able to maintain the 

population of yeast had > 6 log CFU/ml for about 12 days of storage (Fig. 3B,D,E), while LM 

nanoemulsions showed the ability to extend it to more than 20 days (Fig. 3C). However, the 

lowest concentrations of TPL and TPL+AM nanoemulsions did not exhibity inhibitory effect 

against the Z. bailii growth. The results of this study suggested the potential of nanoemulsions 

loaded with native Australian plants essential oils to control the growth of the weak-acid resistant 

spoilage yeast 

 
 

Fig. 2. Scanning electron microscopic images of untreated Saccharomyces cerevisiae cells (A), 

and cells treated with 0.5% (v/v) essential oils from anise myrtle (B), lemon myrtle (C), and 

Tasmanian pepper leaf (D) [32]. 
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CONCLUSIONS 

Nanoemulsion is one of the most common food processing techniques to entrap the 

phytochemicals in lipid-based nanoparticles that are dispersed in aqueous medium. The nano-

sizes of droplets leads to an increased surface area that facilitates the penetration of 

phytochemicals into the cell membrane and consequently the cytoplasmic environment. This in 

turn enhances the extent of their bioactive properties, which depends on their end-use such as 

bioavailability of health-promoting phytochemicals when used to prepare functional food and 

the antimicrobial effect when used as preservatives. Results of our studies showed the substantial 

preservative efficacy of nanoemulsions encapsulating the essential oils derived from native 

Australian plants. Therefore, further research is needed to unravel the potential of various 

unknown (or under-studied) native plants. However, the probable risks and toxicity of 

phytochemical-loaded nanoemulsions are yet unknown and need more comprehensive research. 
 

ACKNOWLEDGMENT: The authors would like to express appreciation for the support of the 

sponsors including Public Authority for Applied Education and Training (Kuwait), and 

Queensland Alliance for Agriculture and Food Innovation (The University of Queensland, 

Australia).  
 

REFERENCES 

[1]  FAO. Global Initiative on Food Loss and Waste Reduction 2015; Available from: http://www.fao.org/3/a-

i4068e.pdf. 

[2]  FAO. How to feed the world in 2050. Background paper for high level expert forum - How to feed the world in 

2050. . 2009; Available from: 

http://www.fao.org/!leadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf 

[3]DCCEEW. National Food Waste Strategy. 2017; Available from: 

https://www.dcceew.gov.au/environment/protection/waste/publications/national-food-waste-strategy. 

[4]  WHO. Food Safety Fact Sheet 2020; Available from: https://www.who.int/. 

[5]  Jackson, K., et al., Multistate outbreak of Listeria monocytogenes associated with Mexican-style cheese made 

from pasteurized milk among pregnant, Hispanic women. Journal of food protection, 2011. 74(6): p. 949-953. 

[6]  Angelo, K., et al., Multistate outbreak of Listeria monocytogenes infections linked to whole apples used in 

commercially produced, prepackaged caramel apples: United States, 2014–2015. Epidemiology & Infection, 2017. 

145(5): p. 848-856. 

[7]  Teixeira, A.A., Thermal food preservation techniques (pasteurization, sterilization, canning and blanching). 

Conventional and advanced food processing technologies, 2014: p. 115-128. 

[8]  Efenberger-Szmechtyk, M., A. Nowak, and A. Czyzowska, Plant extracts rich in polyphenols: Antibacterial 

agents and natural preservatives for meat and meat products. Critical reviews in food science and nutrition, 2021. 

61(1): p. 149-178. 

[9]  McClements, D.J., et al., Nanoemulsion-based technologies for delivering natural plant-based antimicrobials in 

foods. Frontiers in Sustainable Food Systems, 2021. 5: p. 643208. 

[10]  Ferreira, C.D. and I.L. Nunes, Oil nanoencapsulation: development, application, and incorporation into the 

food market. Nanoscale research letters, 2019. 14(1): p. 1-13. 

[11]  Taheri, A. and S.M. Jafari, Gum-based nanocarriers for the protection and delivery of food bioactive 

compounds. Advances in colloid and interface science, 2019. 269: p. 277-295. 

http://www.fao.org/!leadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf


 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 21  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

[12]  Tahmasebi, M., et al., Manufacturing the novel sausages with reduced quantity of meat and fat: The product 

development, formulation optimization, emulsion stability and textural characterization. LWT-Food Science and 

Technology, 2016. 68: p. 76-84. 

[13]  Salvia-Trujillo, L., et al., Physicochemical characterization and antimicrobial activity of food-grade emulsions 

and nanoemulsions incorporating essential oils. Food hydrocolloids, 2015. 43: p. 547-556. 

[14]  Majeed, H., et al., Bactericidal action mechanism of negatively charged food grade clove oil nanoemulsions. 

Food chemistry, 2016. 197: p. 75-83. 

[15]  Li, W., et al., Influence of surfactant and oil composition on the stability and antibacterial activity of eugenol 

nanoemulsions. LWT-Food Science and Technology, 2015. 62(1): p. 39-47. 

[16]  McClements, D.J. and J. Rao, Food-grade nanoemulsions: formulation, fabrication, properties, performance, 

biological fate, and potential toxicity. Critical reviews in food science and nutrition, 2011. 51(4): p. 285-330. 

[17]  Ghosh, V., A. Mukherjee, and N. Chandrasekaran, Eugenol-loaded antimicrobial nanoemulsion preserves 

fruit juice against, microbial spoilage. Colloids and Surfaces B: Biointerfaces, 2014. 114: p. 392-397. 

[18]  Quinto, E.J., et al., Food safety through natural antimicrobials. Antibiotics, 2019. 8(4): p. 208. 

[19] Donsì, F., et al., Design of nanoemulsion-based delivery systems of natural antimicrobials: effect of the 

emulsifier. Journal of biotechnology, 2012. 159(4): p. 342-350. 

[20]  Das, A.K., et al., Application of nanoemulsion‐based approaches for improving the quality and safety of muscle 

foods: A comprehensive review. Comprehensive Reviews in Food Science and Food Safety, 2020. 19(5): p. 2677-

2700. 

[21] Moraes-Lovison, M., et al., Nanoemulsions encapsulating oregano essential oil: Production, stability, 

antibacterial activity and incorporation in chicken pâté. LWT, 2017. 77: p. 233-240. 

[22]  Abdou, E.S., G.F. Galhoum, and E.N. Mohamed, Curcumin loaded nanoemulsions/pectin coatings for 

refrigerated chicken fillets. Food Hydrocolloids, 2018. 83: p. 445-453. 

[23]  Xue, J., P.M. Davidson, and Q. Zhong, Inhibition of Escherichia coli O157: H7 and Listeria monocytognes 

growth in milk and cantaloupe juice by thymol nanoemulsions prepared with gelatin and lecithin. Food Control, 

2017. 73: p. 1499-1506. 

[24]  Ozogul, Y., et al., Antimicrobial activity of thyme essential oil nanoemulsions on spoilage bacteria of fish and 

food-borne pathogens, Food Biosci.(2020) 100635. 2020. 

[25] Severino, R., et al., Antibacterial and physical effects of modified chitosan based-coating containing 

nanoemulsion of mandarin essential oil and three non-thermal treatments against Listeria innocua in green beans. 

International journal of food microbiology, 2014. 191: p. 82-88. 

[26]  Chaudhari, A.K., et al., Assessment of chitosan biopolymer encapsulated α-Terpineol against fungal, aflatoxin 

B1 (AFB1) and free radicals mediated deterioration of stored maize and possible mode of action. Food chemistry, 

2020. 311: p. 126010. 

[27]  Chaudhry, Q., R. Watkins, and L. Castle, Nanotechnologies in food: What, why and how? 2017. 

[28]  Cock, I., The phytochemistry and chemotherapeutic potential of Tasmannia lanceolata (Tasmanian pepper): A 

review. Pharmacognosy Communications, 2013. 3(4): p. 13-25. 

[29]  Netzel, M., et al., Sources of antioxidant activity in Australian native fruits. Identification and quantification 

of anthocyanins. Journal of Agricultural and Food Chemistry, 2006. 54(26): p. 9820-9826. 

[30]  Sultanbawa, Y., Essential Oils in Food Preservation, Flavor and Safety. 2016. 

[32]  Archer, D., Backhousia citriodora F. Muell. 2004: Toona Essential Oils. 

[32]  Alderees, F., et al., Anti-Yeast Synergistic Effects and Mode of Action of Australian Native Plant Essential 

Oils. Applied Sciences, 2021. 11(22): p. 10670. 

[33]  Stratford, M., et al., Extreme resistance to weak-acid preservatives in the spoilage yeast Zygosaccharomyces 

bailii. International journal of food microbiology, 2013. 166(1): p. 126-134. 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 22  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

[34]  Ndagijimana, M., et al., Effect of aroma compounds on the microbial stabilization of orange‐based soft drinks. 

Journal of food science, 2004. 69(1): p. SNQ20-SNQ24. 

[35]  Alderees, F., et al., Formulation, characterization, and stability of food grade oil‐in‐water nanoemulsions of 

essential oils of Tasmannia lanceolata, Backhousia citriodora and Syzygium anisatum. Journal of Food Safety, 2022. 

42(5): p. e13001. 

[36]  Alderees, F., et al., Antimicrobial Activity of Nanoencapsulated Essential Oils of Tasmannia lanceolata, 

Backhousia citriodora and Syzygium anisatum against Weak-Acid Resistant Zygosaccharomyces bailii in Clear Apple 

Juice. Beverages, 2021. 7(3): p. 67. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 23  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

Fabrication of nanostructured porous anodic oxide on Ti and NbTi for 

chromium(VI) removal  
 

Nurhaswani Alias,1 , Zainovia Lockman,1,* 
 

1School of Materials and Mineral Resources Engineering, Universiti Sains Malaysia, 14300 Nibong Tebal, Pulau 

Pinang, Malaysia 

*Corresponding Autor’s Email: zainovia@usm.my 

 

 

Abstract: In this work, anodic oxidation was done on titanium, niobium and titanium-niobium alloy for 

the formation of titanium dioxide (TiO2), niobium oxide (Nb2O5) and mixed oxide Nb2O5 and TiO2, 

respectively. Anodic process was done in fluorinated EG electrolyte added to it NH4F concentration, and 

water. The anodic films on TiNb alloys were explored using electron microscope and it was found that the 

oxide formed were consisted of nanopores when the Nb content is high and nanotubes were apparent 

when the alloy has more Ti content. The anodic film is comprised of mixed oxides and the crystallinity of 

phases improved with post-annealing treatment. The effect of alloying composition was investigated and 

correlated to reduction of chromium(VI), Cr(VI) to chromium(III) under light illumination. 
 

Keywords: Nanopores, Nanotubes, Titanium, Niobium, Titanium-Niobium. 

 

INTRODUCTION   

Anodic oxidation is an electrochemical process to produce a thin layer of oxide on a surface of 

metal. The formation of the anodic film is a dependent on the anodisation parameters such as 

voltage and electrolyte composition. Anodisation of pure metal is a straight forward process 

nevertheless, anodisation of alloy can be complicate by nature of the alloy, its composition and 

also the surface roughness and modulation. In an anodisation process, electrolyte plays an 

important role in the morphology of the final anodic film formed. In here, anodisation was done 

in fluorinated solution as to produce oxide with nanopores or nanotubes. Instead of pure metal, 

we investigated series of titanium-niobium alloys formed by powder metallurgy process. The 

anodic film on the alloys was studied. Oxide formed on titanium is known to be titanium dioxide 

whereas oxide on niobium is niobium pentoxide. Both of these oxides are known photocatalyst 

which upon illumination would be able to perform redox reaction. The electrons produced in the 

catalyst under light illumination has high reducing power and can be expected to reduce ions 

such as chromium(VI), Cr(VI) to chromium(III), Cr(III). The interest in studying this reduction 

process is motivated by the toxicity and carcinogenic of chromium(VI) despite being an important 

ions for various industrial application.  
 

MATERIALS AND METHODS  

Anodisation was done using TiNb alloys with various composition from 60 – 80 V applied voltage 

for 60 min at varying anodisation bath temperature. The surface of the oxide was viewed under 
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the field emission electron microscope (FESEM). The phase purity and crystallographic data were 

evaluated using X-ray diffraction spectrometer (XRD) and Raman spectroscopy. For 

photoreduction process, Cr(VI) solution was used and the process was done by immersion the 

samples in the solution for few hours under light irradiation.   

 

RESULTS AND DISCUSSION 

Typical surface morphology of the anodic film is shown in Figure 1 as viewed under FESEM. As 

seen the surface oxide is comprised of ring structure indicating that the oxide is porous with pore 

diameters ranging from 80 – 120 nm. XRD (not shown) pattern of the anodic film shown mixed 

oxides formation for the case of anodic film on TiNb alloy.  

 

 
 

Fig. 1. Surface morphology of anodic film on Ti (a) and on TiNb alloy (b) (scale 100 nm). 

 

The photoreduction experiment showed good reduction for Cr(VI) solution, with total removal 

after 3 hours of exposure under sunlight on anodised TiNb alloy. The path for reduction was 

proposed to be due effecient electrons transfer from the oxide to the Cr(VI) ions absorbed. Higher 

surface area is expected for the nanoporous oxide and the formation of mixed oxides are thought 

to influence electrons generation and suppressing recombination. 

 

CONCLUSIONS 

Anodic process was able to produce oxide nanopores on titanium-niobium with good 

photocatalytic properties. 
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Abstract: This research aims to study the influence of loadings of kenaf fibre on mechanical  thermal   and 

acoustic properties of solid and azodicarbonamide-foamed composites of polylactic acid (PLA) reinforced 

with kenaf fibre. The composites were prepared by melt-mixing method via extrusion, and followed by 

hot-cold pressing process. Different composition of kenaf fibre were prepared, namely 0 wt% (control 

sample), 20 wt%, 30 wt%, 40 wt% and 50 wt%. Composites’ density increased as the loadings of kenaf fibre 

increased. Both of neat and foamed composites, exhibited the highest tensile and impact strength at 30 wt% 

of kenaf fibre . As the loadings of added kenaf fibre exceeded 30 wt%, it had led to decline in mechanical 

properties, irrespective of composite types either solid or foamed one. Thermal stability went downward 

as the loadings of kenaf fibre increase.  As for acoustical absorption, the foamed composites showed a better 

absorption compared to solid composites. Both neat and foamed composites showed a prominent of sound 

absorption coefficient at high frequencies than low frequencies. This foam biocomposite has good potential 

to be used as a noise barrier. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 26  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

Structural and Chemical Analysis of Edible Bird's Nest Hydrolysates  
 

Bee-Hui Yeo2, Shew-Fung Wong3, Chin-Ping Tan4, Yaya Rukayadi2, Oi-Ming Lai1,2* 
 

1Department of Bioprocess Technology, Faculty of Biotechnology & Biomolecular Sciences, Universiti Putra 

Malaysia, Serdang, Malaysia 
2Natural Medicines and Products Research Laboratory (NaturMeds), Institute of Bioscience, Universiti Putra 

Malaysia, Serdang, Malaysia 
3School of Medicine, International Medical University, Kuala Lumpur, Malaysia. 

4Department of Food Technology, Faculty of Food Science and Technology, Universiti Putra Malaysia, Serdang, 

Malaysia 

*Corresponding Author’s Email: omlai@upm.edu.my 

 

 

Abstract: The purpose of this study was to investigate the physicochemical properties of freeze-dried (FD) 

and spray-dried (SD) EBN hydrolysates. Raw uncleaned (RUC) EBN and by-products of EBN are 

enzymatically hydrolyzed to obtain EBN hydrolysates. Scanning electron microscopy (SEM) was used to 

study the structure of EBN hydrolysate. The nitrite content, antioxidant activity, total sialic acid and total 

polysaccharide were determined to study the chemical properties of EBN hydrolysates. SEM images 

showed no difference between the two freeze-dried hydrolysates. All samples contained less than 30 ppm 

nitrite. All EBN hydrolysate exhibits antioxidant activity and contains high sialic acid.  
 

Keywords: Edible Bird’s Nest, Enzymatic Hydrolysis, Sialic Acid, Scanning Electron Microscope.  

 

INTRODUCTION  

The nutritional value and pharmacological activity of EBN hydrolysate have been proven by 

scientific research. The sialic acid content and antioxidant activity of EBN have recently drawn 

research attention. Nitrite content < 30 ppm in EBN is one of the quality requirements for raw 

cleaned (RC) EBN exported to China. The purpose of this study was to investigate freeze-dried 

and spray-dried EBN hydrolysates through structural and chemical characterization.  
 

MATERIALS AND METHODS  

The EBN hydrolysate was prepared using combination of heat treatment and enzymatic 

hydrolysis (bromelain enzyme). The hydrolysates were freeze-dried (FD) or spray-dried (SD). 

Structural analysis of EBN hydrolysate was studied by using scanning electron microscope. EBN 

nitrite content was tested according APHA method 4500-NO2. DPPH assay and ABTS assay were 

used to study antioxidant activity. The periodate-resorcinol assay (Jourdian et al.,Hui Yan et al., 

2022) was used to analyse the total sialic acid content in the sample. The phenol-sulfuric acid 

method (Hui Yan et al., 2022) was used to analyse the total polysaccharide content in the sample. 

 

RESULTS AND DISCUSSION 

The EBN hydrolysate produced from (1) RUC EBN was named EBNrh; and (2) by product of EBN 

was named EBNch.  
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Fig. 1. SEM micrograph of FD EBNrh at magnification of (a) 50x, (b) 500x; FD EBNch  at 

magnification of (c) 50x, (d) 500x; and SD EBNch at magnification of (e) 50x, (f) 500x. 

 

Table 2. Chemical properties of EBN hydrolysates (Mean ± SE) 

Sample  Nitrite 

(ppm) 

DPPH Free 

Radical 

Scavenging 

Activity (%) 

ABTS Free 

Radical 

Scavenging 

Activity (%) 

Total Sialic 

Acid 

Content (%) 

Total 

Polysaccharide 

Content (%) 

FD EBNrh 12.02 ± 0.43a 19.48 ± 0.63a 99.14 ± 0.61 19.13 ± 0.43 15.48 ± 0.21a 

FD EBNch 6.62 ± 0.10 10.81 ± 0.62b 96.39 ± 0.87 18.67 ± 0.20 11.04 ± 0.17b 

SD EBNch < UDLb 17.50 ± 0.41 97.34 ± 0.22 17.47 ± 0.21 13.75 ± 0.55 

      UDL: under detection limit. Superscript a means significantly higher in the same analysis (P < 0.05), while superscript b 

means sig-nificantly lower (P < 0.05).  

 

CONCLUSIONS 

Enzymatic hydrolysis can be an optional method in EBN cleaning. This study showed that the 

enzymatically processed EBN products were free of contaminants and had a nitrite content below 

the regulation limit. In addition, EBN hydrolysate shows potential nutraceutical components due 

to its antioxidant activity and high sialic acid content. 
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Abstract: Ananas comosus (A.comosus) is widely cultivated in Malaysia and abundant of plant waste was 

created from the harvesting process. Up until today, exploration on the optimum utilization of A.comosus 

plant waste was minimumly reported.  This review was extensively revealed on the waste extract of 

A.comosus phytochemical compounds that can potentially act as reducing and stabilizing agent for copper 

nanoparticles (CuNPs) via green synthesis methods. This review also provided the antimicrobial activity 

of the synthesized CuNPs. The information gather in this review will contributed towards a further 

development in copper nanoparticles synthesized using green approach. 
 

Keywords: Ananas Comosus, Antimicrobial, Copper Nanoparticles, Waste, Green Synthesis. 

 

INTRODUCTION 

Ananas comosus waste grows correspondingly as its output increases which can results in 

microbial deterioration and major environmental issues (Hikal et al., 2021). This review paper will 

discuss on the potential of specific phytochemical constituent from A. comosus waste extracts as 

the source of stabilizing agents for green synthesis of metallic nanoparticles. The scope of 

discussion was narrowed down to the green synthesized CuNPS and their antimicrobial 

activities.  
 

1. SUSTAINABILITY OF A. COMOSUS  

A. comosus primarily has its waste in the form of crown, peel, stem, and core [1]. Utilizing A. 

comosus waste into a profitable merchandise was already acknowledged as it offers the most 

environmentally friendly technique and it is also attributed to their functional components and 

characteristics [2].   

 

2. GREEN SYNTHESIS OF NANOPARTICLES USING A. COMOSUS WASTE EXTRACT 

AND THEIR ANTIMICROBIAL ACTIVITY 

Many parts of A. comosus waste extract have been successfully used to synthesize various types 

of nanoparticles and exhibit great antimicrobial activity. The leaves were used to synthesize gold 

nanoparticles [3] while the fruit for the synthesis of copper nanoparticles [4].  
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3. GREEN SYNTHESIS OF CUNPS USING PLANTS EXTRACTS AND THEIR 

ANTIMICROBIAL ACTIVITY  

The synthesis of CuNPs is the most commonly utilized material globally and is used in 

antibacterial and antifungal processes due to their low cost and ease of synthesis [4]. Several 

studies make use of the CuNPs synthesized from various plants that show great antimicrobial 

activity such as Persea americana [5], C. vitiginea [6] and Mint leaves [7]. This shows that CuNPs 

also have a big potential to be synthesized using A. comosus waste extract.  

 

CONCLUSIONS 

Different plant extracts provide different properties of synthesized CuNPs in terms of shape, and 

particle size and portrayed different antimicrobial activities. Copper nanoparticles mediated 

from A. comosus fruit extract are portrayed among the best antimicrobial activity. 
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Abstract: Bacterial heart rot (BHR), a disease that is among the most damaging to pineapples worldwide 

and is caused  by the pathogenic bacterium Erwinia chrysanthemi, is one of the most severe diseases that 

affects them. In this study, the growth of the pathogen Erwinia chrysanthemi, which causes pineapple heart 

rot disease, is inhibited by the use of ginger essential oil nanoemulsion (in-vitro). Ginger essential oil, 

Tween 80, and water were used to make an oil in water (O/W) ginger essential oil (GEO) nanoemulsion. 

Studies on physiochemical parameters including particle size, zeta potential, polydispersity index, pH, and 

the antibacterial activity of the proposed nanobactericide against Erwinia chrysanthemi have been 

conducted. Transmission electron microscopy was used to examine the morphology of GEO-nanoemulsion 

(TEM). Zeta potential was -24 mV, PDI was 0.28, pH was 4.8, and particle size was 41 nm. The findings of 

the in-vitro investigation on the assessment of the effectiveness of nanoformulation against Erwinia 

chrysanthemi had MIC values of 31.2 l/mL and MBC values of 62.5 l/ml. The GEO-nanoemulsion disturbs 

the cytoplasmic membrane, causing it to lose its integrity and increase its permeability, according to 

morphological research utilising scanning and transmission microscopy. The GEO nanoformulation is 

capable of preventing the growth of Erwinia chrysanthemi, based on its bactericidal activity and mode of 

action. 
 

Keywords: Antibacterial Activity; Erwinia Chrysanthemi; Ginger Essential Oil Nanobactericide; Phase 

Inversion Composition; Stability. 

 

INTRODUCTION 
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Bacterial heart rot disease (BHR) is caused by Erwinia chrysanthemi, it is one of the most severe 

bacterial diseases of pineapple. The use of different treatments and foliar sprays of bactericides 

to control BHR is still being employed. Zingiber officinale are among the EOs that have shown 

potential as antibacterial agents against numerous bacterial pathogens, Ginger essential oil-

loaded nanobactericides are being used as a carrier for active ingredient delivery for various 

applications. Nanobactericides have been developed as formulations principally because of their 

slow and controlled release of active ingredients which help as protective reservoirs and carriers. 

This study aimed to develop a nanobactericide using ginger essential oil against Erwinia 

chrysanthemi responsible for heart rot disease of pineapple.  
 

MATERIALS AND METHODS  

(1) Nanobactericide from Bentong ginger essential oil as the active ingredient was prepared by 

low energy (Phase inversion composition) method [1] . (2) The physiochemical parameters of the 

nanobactericide like particle size [2], viscosity, morphology, stability, and pH were evaluate. (3) 

The morphological analysis was studied using TEM. (4) Characterization of nanobactericide was 

also done by UV-VIS Spectroscopy. (5) Determination of the antibacterial activity and mode of 

actions of the developed nanobactericide against the bacterial heart rot disease pathogen Erwinia 

chrysanthemi (in-vitro). The antibacterial activity of GEO-nanobactericide against Erwinia 

chrysanthemi was determined by disc diffusion method. The minimum inhibitory concentration 

was will be checked by micro dilution method using a 96-well microtitter plate. Minimum 

bactericidal concentration was tested using MHA plates to determine the mode of action of the 

developed nanobactericide. Mechanisms of action was examined by scanning electron 

microscope (SEM), Transmission electron microscope (TEM) and cellular leakage measurement 

[3].   

 

STATISTICAL ANALYSIS 

All the data will be analyzed using ANOVA and mean separation will be done using Tukey of p 

≤ 0.05 level.  

 

RESULTS AND DISCUSSION 

 

Fig. 1. Zeta potential distribution of the GEO-nanobactericide (A3) 
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Table 1. Physio-chemical characterizations of nano-bactericide 

Formulations 

 

Zeta Potentials 

(mV) 

 

Particle Size 

(nm) 

 

Polydispersity 

Index (PDI) 

 

pH 

 

Viscosity 

(mPas) 

 

A3 

 

-24.13 ± 0.38 

 

41.3 ± 0.53 

 

0.28 ± 0.01 

 

4.87 ± 0.04 

 

19.84 ± 0.5 

 

Mean (n=3), Mean±SE 

 

 
Fig. 2. Erwinia chrysanthemi cells (A) untreated cells (B) cells treated with GEO nanoemulsion (C) 

treated with streptomycin. 

 

CONCLUSIONS 

The efficacy of ginger essential oil nanobactericide to inhibit Erwinia chrysanthemi, verified the 

antibacterial effectiveness of ginger Eos in the nanoemulsions form. The nanoemulsions 

containing ginger EOs could be used to deliver highly volatile chemicals and sensitive 

antibacterial agents. As a result, nanoformulation is an important way of creating a long-term 

agricultural nanopesticide, especially for crop protection. However, more research is needed to 

completely understand the control mechanisms in order to justify the use of ginger essential oil 

nanoemulsions in the management of bacterial heart rot disease in pineapples. This paves a new 

insight into the advancement of plant protection with better efficacy using the nanotechnology 

platform. 
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Abstract: The Pyricularia oryzae fungus is the causative agent of rice blast disease that is responsible for 

serious yield loss in various nations across world. The application of fungicides in plant disease control has 

generated serious concern about their effect on human being and the environment. The use of 

nanoformulation is currently gaining serious attention in the agricultural sector. In this work, we have used 

four chitosan-based nanoformulations [chitosan-dazomet (CDEN), chitosan-hexaconazole-dazomet 

(CHDEN), chitosan-hexaconazole (CHEN), and chitosan nanoparticles (CEN)], and we have evaluated 

their antifungal potentialities against P. oryzae fungus. The antifungal effect of the nanoformulations 

against P. oryzae was studied (in vitro) using electron microscopes, and live-dead staining assays. The 

nanoformulations have inhibited the growth of P. oryzae. The ultrastructural investigations have shown 

mycelial breakage and damage of cell membrane in the treated cells. The seed treatment results showed 

that CHDEN was the best in terms of disease control with disease severity index, disease reduction, and 

disease incidence of 4.44, 90.69, and 6.67 %, respectively. This work reveals chitosan-based nanoparticles 

as a strong antifungal agent against P. oryzae. 
 

Keywords: Antifungal Activity, Biofilm Inhibition, Chitosan, Conidia, Mechanism Of Action, 

Nanoparticles. 

 

INTRODUCTION 

Crop disease control is very important because of the increase in world population. Rice is used 

daily to feed approximately 3.5 billion people worldwide (Mohiddin et al., 2021). Rice blast 

disease is caused by a fungal pathogen, Pyricularia oryzae. It is a serious disease that affects rice 

plant worldwide by causing a serious yield loss (Wang et al., 2015). The disease could lead to 

100% losses of rice if proper control methods are not used (Sharma et al., 2012). Up to now, no 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 35  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

studies have been conducted on the evaluation of chitosan nanoformulations for the control of 

rice blast disease. This work aimed to determine the antifungal activities of some chitosan-based 

nanoformulations for managing rice blast and to study the mod of action of the nanoformulations. 

In addition, to evaluate the effect of the nanoformulations for managing blast infection based on 

the seed treatment.  
 

MATERIALS AND METHODS  

The antifungal effect of the nanoformulations was determined against P. oryzae based on the 

poisoned medium method [1]. The PDA was amended to various concentrations; 0.001, 0.005, 

0.01, 0.025, 0.05, 0.1, 0.15, 0.20, 0.25, 0.30 and 0.35 ppm for the nanoformulations, and 1, 5, 10, 25, 

50 and 100 ppm for the ANV. The control was the untreated PDA. A mycelium disc (5) mm from 

the edge of the fungus was kept at the center of the amended PDA. The mycelial growth of the 

fungus was measured daily until 14 days after incubation at a temperature of 26 ± 1 ◦C.  The 

percentage inhibition of radial growth (PIRG) was calculated using the equation below [2]:  

𝑃𝐼𝑅𝐺 =
𝑅1−𝑅2

𝑅1
 𝑥 100    Eq. 1 

where R1 is the average for the control and R2 is the average for the treatment.   

 

RESULTS AND DISCUSSION 

The results for the mycelial growth after 2 weeks showed that the nanoformulations have 

inhibited the mycelial growth at different concentrations compared to the control. The CHEN 

was the most promising nanofungicide which had the radial mycelial growth of 73.30, 71.12, 

69.70, 67.30, 60.31, 53.70, and 31.22 mm at 0.001, 0.005, 0.01, 0.025, 0.05, 0.1, and 0.15 ppm, 

respectively. The least effective nanoformulation was CEN which had radial mycelial growth of 

78.22, 76.12, 75.30, 74.00, 72.70, 70.70, 65.00, 59.00, 50.30, and 39.11 mm at 0.001, 0.005, 0.01, 0.025, 

0.05, 0.1, 0.15, 0.20, 0.25, and 0.30 ppm, respectively (Fig. 1).  

 

 
 

Fig. 1. Radial growth of fungal mycelia treated with nanoformulations at several concentrations. 
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In terms of the results of lethal concentrations that kill 50% and 90% of the P. oryzae cells, among 

all the nanoformulations, CHEN was the most promising fungicide which had 0.06, 0.008, 0.20, 

and 0.20 ppm for LC50, LC90, MIC, and MFC, respectively. The least potent fungicide was the 

commercial ANV with 6.72, 1.15, 50, and 50 ppm for LC50, LC90, MIC, and MFC, respectively as 

depicted in Table 1. According to previous investigations, the fungicide azoxystrobin was found 

more potent than propiconazole and hexaconazole for the management of blast infection in 

Australia. 
 

Table 1. Lethal concentrations of various nanoformulations against P. oryzae. 

S/NO Fungicides LC50 (ppm) LC90 

(ppm) 

MIC (ppm) MFC 

(ppm) 

1. Chitosan-Dazomet 0.105 0.016 0.300 0.300 

2. Chitosan-Hexaconazole 0.060 0.008 0.200 0.200 

3. Chitosan-Hexaconazole-Dazomet 0.095 0.012 0.250 0.250 

4. Chitosan 0.396 0.020 0.350 0.350 

5. ANV (commercial) 6.720 1.150 50.000 50.000 

LC50 = lethal concentration of the fungicides that kills 50% of the fungal cell, LC90 = lethal concentration of the fungicides that 

kill 90% of the fungal cell, MFC = minimum fungicidal concentration, and MIC = minimum inhibitory concentration. 

 

CONCLUSIONS 

The nanoformulations (CHEN, and CHDEN) have possesed a strong antifungal activity against 

Pyricularia oryzae fungus, which gave signicant inhibition of fungal growth and reduced the 

severity of the disease even in the rice seeds. 
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Abstract: This works aims to prepare corn starch-based films containing thymol (CS/Thy) and corn starch-

based films containing nanocellulose and thymol (CS/NCF/Thy) via a solution casting technique. 

Thymol/nanocellulose emulsions were prepared prior to incorporation into CS film. The emulsion and 

films were characterized by morphology, and the antibacterial activity of the films was investigated via 

liquid culture assay. The transmission electron micrographs of NCF/thymol emulsion revealed that some 

of the thymol molecules were entrapped by the NCF fibers, enhancing thymol retention within the film 

matrix. Antibacterial activity via liquid culture assay demonstrated that CS/NCF/Thy film had a greater 

inhibitory effect compared to CS/Thy film. 
 

Keywords: Nanocellulose, Emulsion, Thymol, Starch Film, Antibacterial Activity. 

 

INTRODUCTION  

Among the various polymers, starch is a promising substitute for food packaging material owing 

to its film-forming ability, low cost, and biodegradability. There is also an increasing concern 

about maintaining the quality and safety of food products, which can be solved using active 

packaging[1]. In this work, thymol; an essential oil compound was incorporated into corn starch 

films to impart its functionality as an antimicrobial agent. Nevertheless, thymol is a volatile 

compound that may be lost during processing[2], thus, the inherent stability issues related to the 

volatility can be circumvented by incorporating nanofibers, particularly nanocellulose fibers 

(NCF).  The intercalating networks of NCF surrounding the thymol helps the retention of thymol 

within the film matrix, ensuring longer efficacy of the antimicrobial packaging. In this work, 

thymol (Thy) emulsion and thymol/nanocellulose-based (NCF/Thy) emulsion was prepared prior 

to incorporation into corn starch (CS) film. Then, the emulsion and films were characterized by 

morphology, and the antibacterial activity of the films was investigated via liquid culture assay.  
 

MATERIALS AND METHODS  

CS, CS/Thy, and CS/NCF/Thy films were fabricated via the solution casting method. Thy (and 

NCF/Thy) emulsion was prepared by dispersing 10 wt% thymol in distilled water containing 20 

wt% Tween 20 (and 1.5 wt% NCF for NCF/Thy emulsion) at 50 °C. The emulsion was then added 

to the gelatinized film-forming and underwent ultrasonication for 5 minutes at 50% amplitude 
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prior to casting. The emulsion and films was characterized by morphology using transmission 

electron microscope (TEM) and scanning electron microscope (SEM). The antibacterial effect of 

the films was tested against Listeria monocytogenes (L. monocytogenes) and Salmonella 

Thyphimurium (S. Thyphimurium) via liquid culture assay.   

 

RESULTS AND DISCUSSION 

Non-flocculated droplets were observed for Thy emulsion (Fig. 1 (a)), which was achieved by 

ultrasonication step to promote a stable emulsion stabilized by surfactant. However, surfactant 

molecules adsorb and desorb quickly, especially under thermal fluctuations[3]. The NCF/Thy 

emulsion droplets (Fig. 1 (b)) were mostly observed as compact and fully covered by fibers (NCF). 

This was due to a high aspect ratio of NCF that can form entangled networks around and within 

the droplets, preventing them from coalescence[4]. This phenomenon improved the retention of 

thymol within film matrix and facilitate the controlled release of thymol from CS film. Both films 

(Fig. 1. (c) and (d)) exhibited swollen spots due to thymol dispersion as oil droplets throughout 

film matrix, while the CS/NCF/Thy film had a smoother surface. The CS films containing thymol 

exhibited inhibitory effect against both bacteria (see Table 1), confirming the release of thymol 

from the swelled film matrix and acted upon the bacteria.  

 

 
 

Fig. 1. TEM micrographs of Thy (a) and CNF/Thy emulsion (b), and surface morphology of 

CS/Thy (c) and CS/NCF/Thy (d) films 
 

Table 1. Antibacterial activity of CS/Thy and CS/NCF/Thy films against L. monocytogenes and S. 

Thyphimurium 
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CONCLUSIONS 

The presence of an intercalating network of NCF facilitates the retention of thymol within the 

film matrix, thus allowing greater antibacterial activity of films. The developed films could be 

applied as active packaging material, and further studies should be done to evaluate their effects 

on food systems. 
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Abstract: In the last few decades, nanotechnology, a branch of science, has become the essence of research 

and developments in which metal oxide nanoparticles have significantly impacted almost all the nanoscale 

realms. Among them, tin oxide nanoparticles (SnO2 NPs) gained much attention owing to their 

interdisciplinary functions. The production was conducted via a greenly-synthesis that has successfully 

substituted the conventional methods. This review attempts to consolidate the reported studies employed 

for synthesizing SnO2 Nps using various plant extracts, accompanied by the constructed nano shape and 

size as well as its photocatalytic applications. 
 

Keywords: Tin Oxide Nanoparticles, Green Synthesis, Band Gap Value, Photocatalytic. 

 

INTRODUCTION  

Plant extracts have been used in the environmental procedure for producing metal oxide 

nanoparticles. The advantages of employing plant-extract-mediated synthesis include plenty of 

sources, safe, economical, easy handling, straightforward process, rapid rate of reaction, stable 

nanoparticles, and superior control over the structure and dimension of nanoparticles. Based on 

these good offers, numerous studies have been conducted to discover different plant species for 

their potential to synthesize metal oxide. In material science, tin oxide nanoparticles (SnO2 Nps) 

are identified as oxygen-deficient n-type semiconductors with a broad energy band gap value 

between 3.6 to 3.8 eV. It is thermally stable, highly transparent in the visible spectrum, and shows 

excellent chemically and physically interactions with the adsorbed candidate. As a result, SnO2 

Nps is a promising candidate for a potential application in lithium-ion batteries, energy storage, 

sensors, catalysis, glass coatings, and medical and environmental applications. This paper 

concentrates on the current progress and improvements in plant-mediated biosynthesis of SnO2 

Nps using various categories of plants. The optical properties and photocatalytic degradation of 

the synthesized SnO2 Nps are also discussed.  

 

RESULTS AND DISCUSSION 
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Bhosale et al. explored the growth of irregularly agglomerated SnO2 NPs in an average crystallite 

size of 35 nm using leaves extract of Calotropis gigantean under annealing at 300°C. XRD analysis 

confirmed the formation of the rutile structure, and UV-DRS obtained a band gap value of 3.1. 

The photocatalytic study indicated 80% degradation of methyl orange. Luque et al. synthesized 

SnO2 NPs using different concentrations of Camellia sinensis (1, 2 and 4%) and brought them 

under annealing treatment at 400oC. The process gave a quasi-spherical shape with a hexagonal 

structure in the rutile phase. The size of the products was recorded as 6.91, 5.2, and 4.7 nm with 

band gap values of 4.02, 3.95, and 3.79 eV, respectively, leading to complete degradation of 

methylene blue and rhodamine B, with  81% degradation methyl orange. In addition, Wicaksono 

et al. reported using Amaranthus tricolor L. to furnish spherical SnO2 NPs with a diameter of less 

than 20 nm in a polycrystalline phase exhibiting a rutile structure. With a band gap value of 3.52 

eV, the photocatalytic activity was evaluated for bromophenol blue, resulting in 99% 

degradation. Furthermore, Fatimah et al. synthesized SnO2 Nps using Pometia pinnata leaves 

extract to obtain a tetragonal rutile structure and uniform spherical shapes with a diameter 

between 8 to 20 nm. The band gap value was obtained as 3.5 eV, which has high efficiency in 

degrading the bromophenol blue at 99%. The procedure for preparing SnO2 Nps is generalized, 

as shown in Fig 1.  

 

 
 

Fig. 1. General process for synthesis SnO2 Nps from plant and its photocatalytic applications. 

 

CONCLUSIONS 

The plant-mediated synthesis of SnO2 NPs is safe, low-priced, environmentally friendly, 

trustworthy, and pertinent for photocatalytic application. The synthesized SnO2 Nps mediated 

by different plants possess unique band gap values, thus resulting in different degradation 

degrees for the dyes. 
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Abstract: This study examines the utilization of hydrophilic silicon dioxide (SiO2) and partially 

hydrophobic silicon dioxide (PH SiO2) nanoparticles in reducing the cationic cetyltrimethyl ammonium 

bromide (CTAB) and anionic sodium dodecyl sulfate (SDS) surfactant adsorption on kaolinite clay. By 

using the surface tension method and the quantification of critical micelle concentration (CMC) value, we 

observed that the lowest surfactant adsorption on clay occurred in the CTAB-PH SiO2 system, followed by 

SDS-PH SiO2 and CTAB-SiO2 systems. To conclude, the limitation of surfactant flooding can be improved 

by utilizing silicon dioxide nanoparticles, where the effect increased with the hydrophobicity of the particle 
 

Keywords: Surfactant Adsorption, Hydrophilic Silicon Dioxide, Partially Hydrophobic Silicon Dioxide, 

Nanoparticles. 

 

INTRODUCTION 

Though surfactant-chemical flooding has been applied for decades within the oil reservoir to 

reduce the oil-water interfacial tension (IFT) and wettability alteration towards a water-wetness, 

the surfactant’s adsorption on reservoir rocks along injector-producer remains a huge challenge, 

especially in high salinity reservoir and the presence of clay mineral. Other than using a similar 

surfactant and rocks’ surface charge [1], utilizing a sacrificial agent or newly using the 

nanoparticles could also minimize surfactant adsorption [2].  
 

MATERIALS AND METHODS  

The experiments of surfactant adsorption on kaolinite clay have been conducted in the absence 

and presence of nanoparticles. The concentration of CTAB and SDS ranged from 0.2–2.0 mM 

while the concentration of nanoparticles was fixed at 0.1 wt%. The mass of the surfactant solution 

was fixed at 50 g while the kaolinite/adsorbent mass was fixed at 0.5 g, i.e., 1 wt%.   

 

RESULTS AND DISCUSSION 

In the presence of kaolinite, the highest surface tension and CMC were obtained in the surfactant 

system (in the absence of nanoparticles), where the CMC of CTAB and SDS system was increased 

by 0.3 and 0.2 mM respectively. Due to the potential of zero charge (pzc) of kaolinite being pH 

4.5, hence, at pH 7.0 within this study, the basal plane and surface of kaolinite are negative 

charges. Thus, it causes significant adsorption of CTAB on the kaolinite via attractive charge [2].  
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Competitive adsorption of surfactant between the nanoparticles and kaolinite yields a reduction 

of surfactant adsorption on the kaolinite surface. By higher surfactant adsorption on 

nanoparticles surface through hydrophilic bonding (CTAB-SiO2) [2] and hydrophobic bonding 

(CTAB-PH SiO2 and SDS-PH SiO2) compared to surfactant-kaolinite interaction, hence, the 

surface tension and CMC were reduced compared to surfactant-kaolinite system. Meanwhile, the 

presence of SiO2 and PH SiO2 in the surfactant system increased the CMC. For more detail, the 

adsorption of surfactant on clay were extracted in Table 1. 
 

Table 1. Surfactant adsorption on kaolinite in the absence and presence of nanoparticles 
System CMC 

before 

(wt%) 

CMC after 

(wt%) 

ΔCMC 

(wt %) 

Adsorption 

calculation 

Adsorption (g-

surfactant/ 

g-kaolinite) 

CTAB 1.00 mM 

(0.0365 

wt%) 

1.30 mM 

(0.0474 

wt%) 

0.0110 (0.0110/100) x 50 

0.5 

0.0110 

CTAB + 0.1 

wt% SiO2 

1.20 mM 

(0.0437 

wt%) 

1.40 mM 

(0.0510 

wt%) 

0.0073 (0.0073/100) x 50 

0.5 

0.0073 

CTAB + 0.1 

wt% PH 

SiO2 

1.10 mM 

(0.0401 

wt%) 

1.20 mM 

(0.0437 

wt%) 

0.0036 (0.0036/100) x 50 

0.5 

0.0036 

SDS 1.00 mM 

0.0288 wt% 

1.20 mM 

0.0346 wt% 

0.0058 (0.0110/100) x 50 

0.5 

0.0058 

SDS + 1.0 

wt% PH 

SiO2 

1.10 mM 

0.0317 wt% 

1.20 mM 

0.0346 wt% 

0.0029 (0.0110/100) x 50 

0.5 

0.0029 

 

CONCLUSIONS 

The adsorption of CTAB and SDS on kaolinite clay was significantly reduced in the presence of 

SiO2 and PH SiO2 nanoparticles. By using the surface tension method, the lowest surfactant 

adsorption on clay occurred in the CTAB-PH SiO2 system, followed by SDS-PH SiO2 and CTAB-

SiO2 systems respectively. Hence, the limitation of cationic surfactant which has higher 

adsorption on clay has been improved in the presence of nanoparticles, where the effect was 

increased with the hydrophobicity of the particle. 
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Abstract: Cuprous oxide (Cu2O) has attracted much interest as a photoelectrode for photoelectrochemical 

(PEC) water splitting. When Cu2O is deposited on FTO substrate, it functions as a photocathode when 

subjected to light. In this study, the FTO/Cu2O or FTO/Cu/Cu2O photoelectrode was fabricated using 

electrodeposition method. Photoelectrochemical study shows that the photocurrent was increased by 

introducing a Cu layer between the FTO and Cu2O layers. This contrasts with the circumstance in which 

there was no intermediate layer. Preliminary results indicate the FTO/Cu/Cu2O demonstrates 1.4 times the 

improvement when compared to the FTO/Cu2O 
 

Keywords: Photoelectrochemical, Water Splitting, Cu2O, Cu Underlayer. 

 

INTRODUCTION   

In the field of photocatalytic hydrogen evolution, Cu2O has garnered a significant amount of 

interest due to the ideal bandgap it possesses. Copper (I) Oxide (Cu2O) is the most promising Cu- 

based semiconductor that has unique properties compatible for PEC applications [1]. Meanwhile, 

copper (Cu) has attracted a lot of interest as one of the low-cost options that may be used to 

replace the use of noble metals in order to boost the photocatalytic performance [2]. 

Electrodeposition is one of the methods that is both the most cost-effective and the easiest to use. 

As a result, it has found its way into a broad range of diverse applications, including fabrication 

of photoelectrode. This approach has been used to investigate the addition of Cu underlayer on 

Cu2O photoelectrode towards its PEC performance.  
 

MATERIALS AND METHODS  

Electrodeposition of Cu2O was carried out in copper sulfate electrolyte solution with pH adjusted 

to pH12. The Cu2O thin film was electrodeposited with cathodic potential of -0.6V for 60 minutes 

using chronoamperometric function. For Cu underlayer formation, the Cu metal was 

electrodeposited at a cathodic voltage of -0.4V for 10 minutes in an electrolyte solution containing 

0.01M CuSO4 5H2O and 0.2M Na2SO4. The photoelectrochemical (PEC) performance was 

recorded for both FTO/Cu2O and FTO/Cu/Cu2O using three-electrode configuration system.   
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RESULTS AND DISCUSSION 

The PEC performance of Cu2O photoelectrode shows evident photocurrent response. Figure 1 

shows the photocurrent of the FTO/Cu2O was enhanced from -119 A/cm2 to -164 A/cm2 at 0 V 

vs. RHE when Cu underlayer was deposited. This improvement may be related to the synergistic 

effect of the Cu metal itself [3], which leads to a significance improvement of 1.4 times between 

FTO/Cu2O and FTO/Cu/Cu2O.  

 
 

Fig. 1. Photocurrent density of FTO/Cu2O and FTO/Cu/Cu2O at 0 V vs. RHE 

 

CONCLUSIONS 

In summary, Cu2O photoelectrode with and without Cu underlayer were successfully fabricated 

via electrodeposition method. In preliminary study, the FTO/Cu/Cu2O exhibit photocurrent 

density of -164 mA/cm2 at 0 V vs. RHE, which is 1.4 times higher compared to Cu2O without Cu 

underlayer. The synergistic effect of the Cu metals has shown to improve the electrocatalytic 

activity of Cu2O photoelectrode. 
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Abstract: The safety of nuclear power plants should be assessed experimentally if necessary.  This study 

aims for a deeper understanding about the demand to qualify the safety criteria of the nuclear power plants. 

This study also concludes the analytical methods associated with the categories that shall be installed as 

well as to be consistent with the compulsory requirements. This paper review the safety criterias for nuclear 

power plants. 
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INTRODUCTION   

The Nuclear Regulatory Commission (NRC) stated that nuclear reactors initially were to be 

designed to withstand “maximum credibility accident” (MCA), but the NRC reasoned that it was 

not worth the effort to design for accidents. In   May 1979, the Advisory Committee on Reactor 

Safeguards (ACRS) proposed to consider the quantitative goals in licensing the operation of 

nuclear power plants [1]. The Commission’s statement targets to establish goals that limit the 

radiological risk imposed on the public because of nuclear power plant orientation to an 

acceptable level [2].  
 

SAFETY CRITERIA CLASSIFICATION IN NUCLEAR POWER PLANTS 

Systems, structures, and component (SSCs)  must be based on safety class which must be created, 

manufactured, installed, and tested in a way that ensures they meet the highest standards of 

inspection and testing required [3]. However, there are numerous variations in how safety 

classification schemes are implemented, leads to various standards being used in the 

development and production of SSCs [4]. This method uses an integrated decision-making 

process that integrates both risk and conventional engineering insights to assess the safety 

relevance of SSCs [5].   

 

SAFETY DESIGN FOR NUCLEAR POWER PLANTS 

It is important to keep nuclear power plant safety to prevent mishaps that could have severe 

effects due to a loss of control over the reactor core or other sources of radiation, as well as to 

lessen the effects of any incidents that do happen [8]. These objectives are applicable to all nuclear 

power plant-related tasks, including planning, building, operating, and decommissioning [9].  
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CONCLUSIONS 

There are resources and processes in place to prevent, slow down, or lessen the impact of 

accidents before they have an impact on the public, but accidents still take much longer to occur, 

release far less radioactive material than prior analyses projected [10]. 
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Abstract: This study reviewed the future of nuclear energy as one of the energy sources. The production 

of nuclear energy has been established since the 1960s. Hence, this paper discussed the a) state of nuclear 

energy today, b) nuclear energy challenges and the c) nuclear energy role in fighting climate change. It is 

found that nuclear energy will be an alternative to fossil fuels. Thus, nuclear technology has possibilities 

that go well beyond producing low-carbon energy. 
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INTRODUCTION   

Nuclear power might be the best foundation for creating clean energy in present [1]. Nuclear 

reactors were invented in December 1942 by a group of scientists led by Enrico Fermi [2]. 

Therefore, the evolution of nuclear reactors classified into different generation; Gen I, Gen II, Gen 

III, Gen III+ and Gen IV [3].  
 

THE STATE OF NUCLEAR ENERGY 

Most of the fundamental capabilities and motivations historically seen in nations introducing 

nuclear energy exist in Turkey [4]. The Middle East needs to adopt nuclear power, which will 

require enormous financial resources [5].   

 

NUCLEAR ENERGY CHALLENGES 

The greatest implications of nuclear accidents were not caused solely by radioactive 

contamination, but also by psychological and social problems arising from ignorance and fear of 

radiation [6].  

 

NUCLEAR ENERGY ROLE IN FIGHTING CLIMATE CHANGE  

Nuclear power significantly advances in lowering the carbon economy production [7]. Fission 

energy is a developed and tested non-carbon technology that has the potential to be crucial in the 

fight against global warming [8].  
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CONCLUSIONS 

It is believe that nuclear power may play a greater part in developing a sustainable energy system 

along with other sources of low-carbon power generation in future. 
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Abstract: An Ohmic contact behavior performance of graphite and carbon nanotube with titanium dioxide 

TiO2 is presented in this research work. Screen printing technique has been selected to deposit graphite and 

multiwall carbon nanotube (MWCNT)conductive paste thick film on kapton film substrate continued by 

firing at 150 0C respectively. TiO2 paste was printed as a sensing layer followed by firing at 350 0C. The 

electrical properties measurement were performed using I-V characteristics measurement at 10 V, at 

difference various temperature from room temperature to 250 0C. The results have shown that graphite 

and MWCNT produced an Ohmic contact behaviour, convincing the suitability to use as electrodes for 

sensor development with TiO2. The resistance values of both thick film graphite and MWCNT showed a 

decreasing trend with the increase input temperature operations. Both value of resistance increased after 

the layer of TiO2 was deposited using screen printing technique associated with slower electron mobility 

by introducing semiconductor layer via sensing layer of TiO2 

 

Keywords: Ohmic Contact, Thick Film; Graphite; Carbon Natotube; Resistance. 

 

INTRODUCTION  

Flexible electronic circuit have the potential to become an integral part of wearable devices due 

to good stretchability and sensitivity. Among the benefits of flexible electronics circuit compared 

to traditional and rigid alternatives are size, weight, portability, and energy efficiency. Kapton 

polyimide film is used as substrate in this work because of its flexibility [1][2]. Carbon based 

electrode is suitable to be deposited by using flexible substrate; Kapton film substrate is flexible, 

more robust, and not fragile. The screen printing fabrication process is a simple, low cost, and 

time saving method. Metals are commonly used as electrodes, such as silver, gold, and platinum, 

due to their low resistivity [3]. Among these materials, the most popular material is silver because 

it is the cheapest and most stable in the air. However, silver tends to be easily oxidized under a 

high humidity environment [4]. The purpose of this research work is to identify the capability of 
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graphite and multiwall carbon nanotube (MWCNT) as the replacement material for electrodes of 

choice in the sensor platform itself interm of Ohmic contact behaviour.  
 

MATERIALS AND METHODS  

This research work will compare the resistance value of two different interdigitated electrode 

materials prepared using the screen printing technique. Graphite and MWCNT conductive paste 

purchased from Serdang Paste Technology Sdn. Bhd. were used as materials for  electrode 

preparation. The thick film sample screen printing fabrication as shown in Figure 1. The thick 

film used in this work consists of two film layers. The first layer was the electrode conductive 

paste, and the second layer was the sensing material TiO2. First layer was firing at 150 0C for 15 

minutes and rest it before deposite second layer. Firing material TiO2 on top of first layer at 350 
0C for 60 minutes.  

 
 

Fig. 1. Thick film (a) sample after firing process; (i) carbon based layer, (ii) TiO2 layer, (iii) 

graphite and TiO2 layer, and (iv) MWCNT and TiO2 layer, (b) front view of carbon based and 

TiO2 layer on top of substrate. 

 

RESULTS AND DISCUSSION 

The resistance values of each sample are measured using the two-point probe. Graphite layer 

shows a lower value of resistance compared to that of MWCNT as an electrode. The range 

difference between graphite and MWCNT is around 31.54%, suggesting that the effect of contact 

resistance is more prominent in graphite interdigitated electrodes.  After combining graphite with 

TiO2 sensing layer, the resistance value was observed to be increased. This can be attributed to 

the high resistance value contributed by the semiconductor sensing layer. The resistance value of 

MWCNT also shows an increasing trend after the deposition of the TiO2 sensing layer. The 

increasing trend in both samples with different range values of resistance was associated with 

slower electron mobility by introducing the semiconductor sensing layer of TiO2. The Ohmic 

contact behaviour on characteristics low resistance in junction non-rectifying provides electron 

mobility from carbon based to metal-oxide semiconductor. Although the resistance value of 

MWCNT with TiO2 increased, it is still have a higher resistivity value than graphite with TiO2.  
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All the tables, images and figures should be centered. Figures and images should be numbered 

(see Fig. 1 for an example) and figure headers should be placed under the figure or image; as for 

the tables, they should also be numbered (see Table 2 for an example) and the table header should 

be placed at the top. References (if any) of the tables, figures and images should be presented 

right under the tables, figures and images in the form of author surname and publication date. 
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Abstract: In DWDM Communication system we need to more data rate to transmit one end to another end 

and more channel multiplex together and transmit via one single mode fiber. In that current scenario of the 

world to reach high data rate need high efficiency also. So, that’s why we work on finding out which 

modulation scheme is the best performance in DWDM communication system. Our work based on MDRZ 

and RZ modulation scheme analyses to finding out which modulation scheme is best performance in 

DWDM communication system. We used our previous work data to compare MDRZ and RZ modulation 

performance analyse based on Q factor and BER rate. Also, we use 100GHz, 90GHz and 80GHz channel 

spacing in both MDRZ and RZ modulation scheme to 32 channels x 40Gbps DWDM communication 

system. 
 

Keywords: DWDM (Dance Wavelength Division Multiplexing), BER (Bit Error Rate), DCF (Dispersion 

compensate fiber), Eye opening, MDRZ (modified duobinary return-to-zero), Return to Zero (RZ), Q-factor. 

 

INTRODUCTION  

The DWDM communication is the one of the best optical communication systems because of so, 

many channels multiplexed together and transmit via one single mode fiber and another end we 

use demultiplexer to receiving the singles. This DWDM optical communication system is 

revolutionary due to little size, minimal expense and low power utilization. Benefit of this 

technique is besides of SDH, SONET, Ethernet, ATM, and so on [1,3]. Our work is done on RZ 

and MDRZ modulation technique we published it but we don’t compare it so in this work we do 

it [4,5]. We use both modulation schemes with 32 channels multiplexed together and transmitting 

via one single mode fiber (SMF) and then we use 10km length Dispersion compensate fiber 

(DCF)and after that signal reach at receiving end. After signal complete their path at receiving 

end, we use 32 channels demultiplexer and then received signal we use optical receiver we show 

BER rate of signal and Q- factor to show signals performance and data errors. C-band is use in 

RZ and MDRZ modulation for central frequency and then we add modulation wise require 

optical amplifiers. RZ modulation scheme we use post-compensate EDFA amplifier then DCF 

fiber and after that we use again EDFA amplifier then signal goes receiving at demultiplexer [10]. 

MDRZ modulation scheme in modelling we use after 32 channels multiplexed together, we use 

loop controller and number of loops is five and then we use SMF length of 25km then EDFA 

optical amplifier then DCF length of 10km then we use25km of single mode fiber then EDFA 

mailto:vivekanand.mishra@alliance.edu.in
mailto:thummarruturaj@gmail.com
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optical amplifier after that signal goes in loop control module and receives at 32 channels 

demultiplexers, and receiving end. All EDFA optical amplifier have 10dBm gain only one EDFA 

has 5dBm gain and all EDFA amplifier has a noise figure is 6dBm.RZ and MDRZ all details shown 

in table 1,2,3, and 4 respectively. RZ and MDRZ modulation scheme we use three common 

channels spacing likewise 80GHz, 90GHz, and 100GHz. So, we analysed based on that Q factor 

with BER to compare data and after that we shows best performance to comparisons. A 64 x 

40Gb/s using NRZ analysis by Ruturaj Thummar and D. Dhadhal et al 2021 in [6]. By Divya 

Sharma et al A 16×40 Gb/s, 32×40 Gb/s and 64×40 Gb/s DWDM Network observed with different 

modulation like CSRZ, DRZ, and MDRZ [7]. Divya Sharma also observed at 75GHz channel 

spacing at32 and 64 channel DWDM using MDRZ modulation with -20 to 50dBm different power 

levels [8].  
 

MODELLING OF 32 CHANNELS DWDM SYSTEM OF MDRZ MODELLING AND 

SIMULATION PARAMETER 

 
 

Fig. 1. 32 X 40 Gbps Transmission System using MDRZ modulation format 

 

Figure 1 shows a block diagram of the simulation setup of a 32 channel DWDM optical 

transmission system at 40 Gb/s with the critical frequency of the primary channel = 193.1 THz. 

The fiber and simulation parameters used inside the device model are given in Tables 1 and 2 

respectively. The analysis setup is controlled of a fiber, transmitter, and receiver. The WDM 

transmitter includes a statistics modulator, CW laser array, and optical multiplexer.   
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Fig. 2. 32 X 40 Gbps Transmission System using MDRZ modulation format 

 

CW laser array has 32 output ports where the emission frequencies are equally spaced and the 

emission frequency variety is 192.1–196.2 THz with the frequency analyze three types like 

80GHz,90GHz, and 100GHz among the adjoining channels. To each o/p port of the CW laser 

array, a statistics modulator has been linked. Optical signals from 32 statistics modulators are fed 

to the 32 input ports of an optical multiplexer having bandwidth = 32 GHz. The tight channel 

spacing may additionally induce Interchannel interference due to channel spectra overlap.   
 

Table 1. Simulation parameters of 32 X 40 Gbps communication System 
 

 

                                 

 

 

 

 

 

 

 
 

To ensure separation between the channels inside the frequency area (linear cross-communicate 

suppression), before multiplexing, every channel is optically filtered with narrow transmission 

optical clear out.   

 

 

 
 

Bit Rate 40 Gb/s 

Sequence length 1024 

Samples/bit 32 

WDM Channel spacing 80/90/100 

GHz 

Central Frequency of first 

channel 

193.1THz 

 

Capacity 40Gb/s32 

channel 

Distance  50 KM 
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Table 2. Fiber parameters 

 

Here, a second-order superGuassian clear out with a bandwidth same as 32 GHz has been 

considered. The channel spacing and working wavelengths are described by way of ITU-T 

standards. The design of the transmission hyperlink range at 40 Gb/s is crucial and is designed 

certainly according with Ref. [9] This Simulation performance of this optical setup examine worth 

Q-factor, BER and eye opening. The defensible BER value of an optical link is 10-9 to 10-15 and can 

be received in phrases of Q-factor the usage of 

                                         𝑸(𝒅𝑩) = 𝟐𝟎𝒍𝒐𝒈 (𝟐
𝟏

𝟐𝒆𝒓𝒇𝒄−𝟏(𝟐𝑩𝑬𝑹) ----------------------- 1 

considering the fiber parameters of DCF and SMF in order that the first-order dispersion is 

compensated precisely (Dispersion = zero). On the accepting facet, a 1X32 demultiplexed to 

isolate the channels and a PIN photodiode to get the signs and symptoms were utilized. It is 

located that contortion is at the top well worthwhile channel setting apart is an 80GHz,90GHz, 

and 100GHz 

 

MODELLING OF 32 CHANNELS DWDM SYSTEM OF RZ MODELLING AND 

SIMULATION PARAMETER 

Figure 3 is shown a block diagram of 32 channel DWDM communication channel it consists first 

transmitters includes 32 transmitter different wavelength and second block shows an ideal 

multiplexer it's used for multiplex 32 different channel together and transmit over single-mode 

fiber, single-mode fiber length is 50km and then we deployed an EDFA optical amplifier EDFA 

length is 10m and its core radius is 2.2 um and then Dispersion compensate fiber its length 10km 

and its reference wavelength is 1550nm used in this modal and its attenuation is 0.2 dB/Km. after 

DCF we used EDFA optical amplifier and then the next block is Demultiplexer and then receiver 

block. Distance   in among   transmitters, a receiver   maybe 50 kilo meters, the number of in-line 

amplifiers is less than 10. In this paper, we will put into effect DWDM the usage of this topology. 

receiver element includes the optical demultiplexer, optical receiver, and BER analyzer. The 

optical demultiplexer is used to distribute the optical demultiplexer to wavelength selectors. The 

optical sign gets inside the optical receiver and BER analyzer identification. A low pass filter stops 

a high-frequency signal and passes the low-frequency signal. EDFA magnifier all wavelengths 

concurrently without converting first the ones to electric indicators; deliver the one's indicators 

at distinct speeds and transparently over thefiber. The transmitter consists of several output ports 

is 32 they used a reference frequency is 1550nm and CW laser power is 7.499 dBm Using Single-

mode fiber (SMF) the constancy of the signal is better retained over longer distances, and modal 

Fiber  Attenuation α  

(dB/Km) 

Dispersion D 

 (ps/km-nm) 

Dispersion Slop S 

(𝑝𝑠/𝑘𝑚−𝒏𝒎𝟐) 

Effective Core 

area 𝑨𝒆𝐟𝐟 (µ𝒎𝟐) 

Nonlinear 

refractive 

index 𝒏𝟐 

(𝟏𝟎−𝟐𝟎𝒎𝟐/w) 

SMF 0.2 17 0.075 70 2.6 

DCF 0.5 -85 -0.3 22 2.6 
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dispersion is significantly reduced. SMF has a massive facts-wearing capacity and coffee intrinsic 

loss. In the wake of structuring the 32 channel DWDM framework, the following stage is its re-

enactment and advancement. Recreation and advancement have been performed utilizing 

OptiSystem 17.0. The entire procedure has been acted in the accompanying advances Re-

enactment and improvement of the DWDM framework has been acting in the 1550nm 

transmission window. To recreate and improve the framework, initial, a recurrence dividing 

equivalent to 100 GHz; transmitter with a CW laser wellspring of line width 0.1MHz having 

transmitting intensity of 7.499dB and a perfect 32X1 multiplexer I. e. with zero addition 

misfortune has been chosen. For DWDM channel, an EDFA with 10dB addition is put after a 

single-mode fiber of length 50km. A scattering remunerating fiber (DCF) of length 10km is put 

after this and afterward again an EDFA is put yet now of 5dB increase. On the accepting side, a 

1X32 demultiplexer to isolate the channels and a PIN photodiode to get the signs have been 

utilized. It is discovered that contortion is at top worth when channel separating is 100 GHz. In 

this model, 32 channels are transmitted at 40 Gbps speed at distinct energy ranges and exceptional 

frequency spacing. The DWDM system is designed in OptiSystem software, in this model three 

portions: transmitter, communique channel, and a receiver element. The DWDM transmitter 

having an operating frequency at 191 THz and wavelength range 1530 to 1580 nm. The 

communication channel via single-mode fiber (SMF) having a period of 50km and with 

attenuation of 0.2 dB/km. EDFA having the capacity to amplifying more than one signal on 

various wavelengths with advantage 10dB. DCF is used 10km to lessen the dispersion effect. 

Other parameters are proven in Table-3 and Table-4. The simulation result is obtained in terms 

of eye height, bit Error rate (BER), Q factor using OptiSystem software. 

 

 
 

Fig. 3. Schematic Diagram of DWDM System with Post Dispersion Compensation fiber 
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Fig. 4. Modelling of 32 Channel DWDM system using OptiSystem software 
 

Table 3. Simulation Parameter 

Parameters Value 

Date Rates 40Gb/s 

Sequence 

Length 

64 

Central 

Frequency 

of first 

channel 

191 THz 

Channel 

Spacing 

100GHz,90GHz 

and 80GHz 

Capacity 32 x 40 Gbps 

Sample per 

bit 

256 

 

Table 4. Fiber Measurables 

Parameters Value 

Reference 

Wavelength 

1550nm 

Attenuation 

Effect 

50km 

Dispersion 17ps/nm/km 

Dispersion 

Slop 

0.075ps/nm^2/k 

Differential 

Group Delay 

0.2ps/km 

PMD 

Coefficient  

0.5ps/nm 
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ANALYSIS OF BER PETTERN AND Q FACTOR AT DIFFERENT CHANNELS SPACINE OF 

MDRZ AND RZ COMPARESION 

Eye diagram use to analysis the performance in digital transmission. The eye graph offers the 

non-permanent view with the aid of repetitively to accomplish clean angle on its behaviour [11]. 

Table 5 shows that RZ and MDRZ Q factor at different frequency, we use different power levels 

like -10, -5,0,5, and 10 dBm and we using in this work 100GHz,90GHz and 80GHz channel spacing 

we show batter performance in MDRZ modulation Q factor is 58.71 at 100GHz channel spacing 

at 10 dBm power level and also RZ modulation we show bast performance at 100GHz channel 

spacing Q factor is 7.81. 

 

Table 5. Q factor and power levels vs Frequency 

Frequency 80GHz 90GHz 100GHz 

Q-factor at 7.5 dBm  

RZ Modulation 
4.21943 6.62472 7.81192 

Q-factor at -10 dBm 

MDRZ Modulation 13.05 13.77 14.82 

Q-factor at -5 dBm 

MDRZ Modulation 
21.15 21.92 23.41 

Q-factor at 0 dBm  

MDRZ Modulation 
30.09 31.61 36.16 

Q-factor at 5 dBm 

MDRZ Modulation 
37.08 39.81 48.02 

Q-factor at 10 dBm 

MDRZ Modulation 
39.39 44.96 58.71 

 

 

 
 

Fig. 5. Compression between Q factor and power levels vs Frequency 
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CONCLUSIONS 

We have done simulation in both type of modulation format RZ modulation and MDRZ 

modulation comparatively analysis in this paper. Comparatively analysis of a RZ and MDRZ 

modulation using 32 channel DWDM communication system at three types of channels spacing 

used likewise 80GHz,90GHz and 100GHz and different laser power level also we used in RZ 

modulation we use7.499 dBm and MDRZ we use -10, -5, 0, 5, and 10 dBm. We show best 

performance at 100GHz channel spacing. In RZ modulation Q factor is 7.81 and MDRZ 

modulation Q factor is 58.11. 
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Abstract: Marine calcium hydroxyapatite (HAp) extracted from fish bone has been perceived as it carry 

good bioactivity and biocompatibility.  The raw HAp powder was extracted from natural sources of 

selayang fish bones.  Extraction process started with boiling, drying process and calcination process had 

been done to obtain HAp powder.  The extracted calcium was further used in syhthesis of calcium titanate 

perovskite (CaTiO3) for solar cell application. The Fourier Transform Infrared Spectroscopy (FTIR) study 

shows the functional group existed in HAP, CaTiO3 and TiO2.  Xray Diffraction (XRD) shows crystallization 

of CaTiO3 and symmetry of orthorhombic structure. 
 

Keywords: Calcium Titanate, Hydroxyapatite, Conductivity, FTIR, Perovskite. 

 

INTRODUCTION  

Perovskite solar cells had shown excellent opto-electronic properties and ability to act as both 

cation and anion exchange media had attracted much attention among researcher.  In the field of 

perovskite, metal halide perovskite such as CH3NH3PbI3 had been chosen as subject of many 

studies due to excellent efficiency which improved dramatically in relatively short period [1].  

However, the problems arise when the stability of lead in perovskite halide cannot be sustained 

due to occupancy of dispersible lead compound in the cells which also become a concern towards 

environmental.  Hence, growing demand for pollution control toward environmental and 

ecosystem stability had given an account toward production of metal oxide perovskite, CaTiO3.  

This mineral is not only safe but carries very good properties and electrical conductivity.  

 

Current study had found new potential material from marine byproduct that consist high amount 

of calcium known as hydroxyapatite (HAp).  HAp can be abundantly found in fish bone and scale 

[2].  In order to reduce marine waste, the usage of this waste can be turned into a new source of 

calcium with low cost and at the same time helping with environment conservation.  Hence, this 

project had been designed to focus on the extraction of marine calcium HAp and developing its 

potentials as substitute calcium in CaTiO3 for solar cell application.  Fish bone waste undergone 

few processes to obtain pure calcium and several analyses was carried off to ensure the purity of 

HAp before it can be used for further synthesis with TiO2 to form CaTiO3 perovskite.  Electrical 

conductivity is determined for both single layer and fully fabricated perovskite device.  Power 
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conversion efficiency of each device also is determined to examine the effect of distant ratios of 

CaTiO3 on the performance of solar cell. 
 

MATERIALS AND METHODS  

Sample Preparation 

The preparations of samples are very important in order to obtain very fine starting material for 

the whole process to ensure great performance of perovskite solar cells . The main materials used 

were fish bone, Titanium Dioxide, Graphene Oxide, emeraldine salt Polyaniline and Fluorine Tin 

Oxide (FTO) was used as well as glass substrate.  The preparation starts by extracting the main 

source of calcium from selayang fish bone.  Fish bone waste was obtained from local fish cracker 

warehouse production specifically in Gudang SEAmEQ, Kuala Terengganu.   

 

After the extraction, HAp was synthesized in conjunction with Titanium Dioxide to form 

perovskite.  At this stage, the mixture of the samples was synthesized in seven variance ratio 

between HAp and Titanium Dioxide as shown in Table 1 and Figure 1.  The best ratio showed 

fully crystallization of perovskite and the performance were determined by optical and electrical 

conductivity. 

 

 
 

Fig. 1. Perovskite samples with various ratios 
 

Table 1. Ratio hydroxyapatite to titanium dioxide in formation of perovskite CaTiO3 

Sample Hydroxyapatite Titanium Dioxiede 

H1T1 1 1 

H1T3 1 3 

H1T5 1 5 

H1T7 1 7 
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H3T1 3 1 

H5T1 5 1 

H7T1 7 1 

 

 

RESULTS AND DISCUSSION 

FTIR analysis works in a way which infra-red region of electromagnetic spectrum being absorbed 

by the molecules in the samples.  Figure 2 shows FTIR spectra from 400 to 4000cm-1 of CaTiO3 for 

sample H1T1, H1T3, H1T5, H1T7, H3T1, H5T1 and H7T1.  The spectra was divide based on three major 

functional group exist according to their wavenumber which were hydroxyl (OH-), HAp-TiO and 

CaTiO3.  

 
 

Fig. 2. FTIR spectra of sample containing functional group of OH-, HAp-TiO and CaTiO3 

 

FTIR spectra in Figure  3 shows few absorption band in the region 400 to 700cm-1 which 

correspond to the stretching vibrational of metal-oxygen bond.  The presents of these band has 

been influence by the strength of metal-oxygen covalency.  Based on the results obtained from 

various samples, the characteristic peak of CaTiO3 was detected at 457cm-1 and 590cm-1.  Ideal 

cubic structure was detected at sample H1T1 where the amount of HAp and TiO2 were balanced.  

Weak crystallization had been detected at sample with unbalance ratio of HAp and TiO2 which 

were H1T3, H1T5, H17, H3T1, H5T1 and H7T1.   This result confirms that CaTiO3 had been successfully 

synthesized from HAp and TiO2 via mechanochemical process. 
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Fig. 3. FTIR spectra of CaTiO3 peak from various samples 

 

Figure 4 shows the electrical conductivity of single layer of CatiO3 synthesized from HAp and 

TiO2. H1T1 CaTiO3 perovskite give the highest electrical conductivity with 1.37 S/cm followed by 

H7T1, H1T5, H1T3, H5T1, H3T1 and H1T7. Perovskite samples H1T1 have good stability of HAp and TiO2 

configuration based on XRD and FTIR result which resulting in better electrical conductivity.  The 

difference in the conductivity variation can be correlated to the difference in their structures and 

form of CaTiO3.  Hence, it is important to make sure that perovskite is fully formed before 

fabricating it into device. For material to conduct high electrical conductivity in transition metal 

oxides, it must contain cations of the similar component with oxidation number differing by unity 

situated at similar site in crystal structure [3] Figure 4 shows the electrical conductivity of single 

layer of CatiO3 synthesized from HAp and TiO2. H1T1 CaTiO3 perovskite give the highest electrical 

conductivity with 1.37 S/cm followed by H7T1, H1T5, H1T3, H5T1, H3T1 and H1T7. Perovskite samples 

H1T1 have good stability of HAp and TiO2 configuration based on XRD and FTIR result which 

resulting in better electrical conductivity.  The difference in the conductivity variation can be 

correlated to the difference in their structures and form of CaTiO3.  Hence, it is important to make 

sure that perovskite is fully formed before fabricating it into device. 
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Fig. 4. Electrical Conductivity of variance ratio of CaTiO3 perovskite from reaction of HAp and 

TiO2 

 

CONCLUSIONS 

In this this, marine calcium hydroxyapatite was successfully extracted from selayang fish bone 

waste.  A technique in extracting the HAp was studied with an aim to correlate their solid state 

properties and morphology with the synthetic HAp obtained from chemical synthesis.  The result 

from XRD and FTIR spectra had confirm the presence of PO43-, CO32-, OH- and H2O bending mode 

in respective peaks.  Thus, verified the extraction of hydroxyapatite from fish bone by product.  

In addition, extracted HAp also shows a better potential for various application as mentioned in 

previous study in chapter 2 and promote better way of waste management. 
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Abstract: The requirement of a good coating adhesion is mandatory to ensure long-term stability of thin 

film coating that serve targeted functional applications such as anti-static, anti-bacterial, protective layers 

as well as anti-corrosive coating. Calculating the value of work of adhesion, ⱳ𝑨 may give a good indication 

to represent the coating adhesion on substrate by measuring; i) surface free energy (SFE) of the substrate; 

ii) liquid surface tension (SFT) of the coating ink and; iii) wetting thermodynamics of corresponding polar, 

𝛄𝑷 and dispersive 𝛄𝑫  components of both substrate and coating ink. Hence, this paper discussed the usage 

of contact angle goniometry and optical tensiometry to calculate the work of adhesion, ⱳ𝑨 between 

formulated graphene-based UV-curable anti-static ink and polyimide substrate. The correlation between 

the calculated ⱳ𝑨 values and experimental peel-off tests will be compared according to ASTM 

F2252/F2252M standard. 
 

Keywords: Contact Angle; Surface Free Energy; Liquid Surface Tension; Wetting Envelope; Work of 

Adhesion. 

 

INTRODUCTION  

In order to enhance the surface wetting performance, several approaches have been used either 

altering the SFE of the substrate or the SFT of the coating ink. The substrate properties can be 

adjusted by applying surface treatments such as plasma or corona treatment, UV/O3 exposure, 

depositing self-assembled monolayers, and chemical treatment [1]. In this paper, the 

investigation of adhesion between graphene-based UV-curable anti-static ink and polyimide 

substrate has been systematically studied using contact angle goniometry and optical 

tensiometry, and then compared to the experimental peel-off test. The criteria for good wettability 

and highest adhesion was found with the value of SFT > SFE and closest polar and dispersive 

component between the coating ink formulation and substrate.  
 

MATERIALS AND METHODS  

Graphene nanoplatelets (GNP) with 5µm flake size was purchase from XG Sciences Inc. Water-

soluble free radical initiator type of UV-photoinitiator, 4,4′-Azobis(4-cyanovaleric acid) or ACVA 
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(CAS# 2638-94-0), Diiodomethane (CAS# 75-11-6) and Polyimide substrate was purchased from 

Sigma-Aldrich.   

 

RESULTS AND DISCUSSION 

The work of adhesion, ⱳ𝑨  is define as the reversible thermodynamic work that need to separate 

the interface from the equilibrium state of two phases to a separation distance of infinity. The 

calculated ⱳ𝑨 was increased with the decreased of contact angle of coating ink. These results were 

also in accordance with those observed by Madeira et. al. [2].  This was due to the matching polar 

and disperse component between coating ink and a particular type of polyimide substrate 

surfaces; i.e. Substrate Conditioning 3. It was deduced that a higher contact surface area between 

coating ink and polyimide substrate also promotes to a higher interfacial bonding during peel-

off test. Inadequate adhesion tested with 3.5 N/cm peeling force resulted in the total or partially 

removal of the coated layer, thus changing the resistivity value.  
 

Table 1. Summary of wettability properties of graphene-based UV-curable anti-static ink on 

three surface types of polyimide substrate 

 

 

CONCLUSIONS 

In accordance with calculated data from contact angle goniometry and optical tensiometry, as 

well as experimental results of peel-off test, this paper has shown a good correlation between 

both techniques in assessing substrate adhesion. This study provides insight on future related 

work for tailoring either coating formulation or substrate pre-treatment as well as a predictive 

tool for quality control before proceed to coating process. 
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Abstract: The effect of gamma irradiation doses (5-45 kGy) has been studied on the optical properties of 

[(TeO2)0.7 (B2O3)0.3]0.75 (BaO)0.25 glass. The glass densities are determined using the Archimedes principle, 

while UV-VIS Spectrophotometer was used to evaluate the changes in the optical properties before and 

after irradiation. Gamma irradiation causes structural changes due to the breaking of the network bonding. 

The decrease in optical band gap and shift of absorption edge towards longer wavelength is attributed to 

the increment of NBO atoms and increase of defect in the glass sample. 
 

Keywords: Gamma İrradiation, Optical Properties, Optical Band Gap, Absorption Edge, NBO Atoms. 

 

INTRODUCTION  

Gamma rays (γ-ray) have highly penetrating capability and negligible heat production [1]. 

Glasses are known to have pre-existing intrinsic defects like oxygen vacancies or Non-Bridging 

Oxygens (NBOs) [2]. Radiations induced atomic or electronic defects, like, displacements by 

momentum and energy transfer (valency), charge trapping (ionization) and radiolysis 

(photochemical effects) [3]. This is majorly observed when visible color of the glass samples 

changes after irradiation. Defect centers causing this are referred as color or absorption. Gamma 

irradiation may affect strong absorption extending from the ultraviolet to the visible region. The 

knowledge of the glass structure before and after irradiation is a prerequisite for understanding 

the structural evolution of glasses under long term irradiation. This work is a continuation of 

previous studies [4] with additional information on exploring the fundamental understanding of 

γ- irradiation induced structural modifications in glass material.  
 

MATERIALS AND METHODS  

Glass with chemical composition of [(TeO2)0.7 (B2O3)0.3]0.75 (BaO)0.25 was prepared by using a melt 

quenching technique. The glass density, ρ, was determined using Archimedes principle. A UV-

Visible spectroscopy SIMADSU Model UV-1650PC was used to observe the optical absorption at 

the range of 200-800 nm.   
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RESULTS AND DISCUSSION 

The values of glass density with their molar volume with the variation of gamma radiation dose 

of (0, 5, 15, 25, 35 and 45 kGy) for [(TeO2)0.7(B2O3)0.3]0.75(BaO)0.25 glass presented in Figure 1.  While, 

Fig.2 show the gamma irradiation effect on the absorption spectra.  

 
 

Fig. 1. The variation of density and molar before and after gamma irradiation 

 

All the tables, images and figures should be centered. Figures and images should be numbered 

(see Fig. 1 for an example) and figure headers should be placed under the figure or image; as for 

the tables, they should also be numbered (see Table 2 for an example) and the table header should 

be placed at the top. References (if any) of the tables, figures and images should be presented 

right under the tables, figures and images in the form of author surname and publication date. 

 

 
 

Fig. 2. Optical absorption for glasses before and after irradiated with different doses of γ-ray 

 

CONCLUSIONS 

Exposure of gamma irradiation on glass samples have affected their optical properties. The 

decrease in optical band gap and shift of absorption edge towards longer wavelength is attribute 

to the increment of non-bridging oxygen atoms. After gamma irradiation, the color of 

[(TeO2)0.7(B2O3)0.3]0.75(BaO)0.25 glass sample have become darken due to lattice defect. 
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Abstract: The effect of the extrusion mixing on the mechanical properties of polylactic acid/clay/ pineapple 

leaf fiber composites was studied. The nanocomposites were formed by melt blending using a co-rotating 

twin screw extruder followed by compression molding. The composition used in this study is fixed at 89.1 

wt% polylactic acid, 0.9. wt% clay and 10 wt% fiber. The results indicate that mixing all of the materials in 

a two-step extrusion improved tensile strength and elongation by 13.4% and 19.0% compared to single 

extrusion. This was supported by better intercalation of two-step extrusion in X-Ray Diffraction analysis 
 

Keywords: Nanocomposites,Nanoclay, Hybrid, Natural Fiber. 

 

INTRODUCTION  

Issues of raw material scarcity and depletion of fuel fossil resources have triggered researchers to 

explore an alternative solution to renewable resources. Polylactid acid (PLA), a biodegradable 

polymer has a high potential as a replacement for fossil fuel polymers. To improve the properties 

of PLA, introducing natural fiber has shown a positive increment in terms of mechanical 

properties [1]. The study of clay/PLA nanocomposites exhibited better thermal and mechanical 

properties [2].  

 

A study conducted on kenaf clay hybrid nanocomposites by [3] found that mixing PLA and 

montmorillonite (MMT) first, followed by second mixing with Kenaf fiber produced the highest 

tensile, flexural, and impact strength compared to single mixing and double extrusion PLA and 

Kenaf first, followed by MMT. Processing fiber repetitively in an extruder may result in fiber 

breakage, thus producing lower mechanical properties. In another study, [4] reported on 

extruding method of PLA, clay and wood fiber hybrid nanocomposites. Blending PLA and clay 

first in extruder, before mixing with wood fiber (extrusion) improved tensile strength and 

elongation by 18.9% and 15.6% compared to single step mixing. The author discussed that the 

extrusion of clay two times improved the dispersion of clay in the composites. 

 

One of the important issues in improving the mechanical properties of the composites is by 

ensuring good interaction between the filler and matrix. Most studies tended to focus on the 
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influence of clay loading on the nanocomposites properties. There is a lack study on the effect of 

the extrusion step on the properties of hybrid composites. This report focuses on the effect of 

extrusion mixing steps on the tensile properties of the PLA/ Cloisite 30B (C30B)/ pineapple leaf 

fiber (PALF) nanocomposites. The aim of this study is to identify the optimum mixing method to 

enhance mechanical properties of the nanocomposites. 
 

MATERIALS AND METHODS  

PLA 3251D was purchased from Natureworks Ingeo (USA). Cloisite 30B (C30B) clay, was 

obtained from Southern Clay Products, China. PALF were acquired from India, and cut to a 

length of 6 mm for this study, based on findings by [5].   

 

There are two methods used to prepare nanocomposites. The mixing were completed using twin 

screw co-rotating extruder (Thermo Prism TSE 16PC). All of the materials were dried in the oven 

for 24 hours at 80°C before mixing. The single step refers to extruding PLA, C30B and PALF 

simultaneously using the setup listed in Table 1. In the double step, PLA and C30B were first 

extruded, then placed in the oven for 8 h at 60°C. Second mixing were done by extruding 

PLA/C30B together with PALF(Table 1). The nanocomposites were then undergo compression 

moulding for 13 minutes at 180°C.  

Tensile stress were conducted on dumbell shape size according to ASTM D638-03. Testometric 

M350-10CT model set at 5 kN and 5mm/min speed were used tested with at least 6 samples for 

each composition. Xray-Diffraction (XRD) testing were conducted using XRD model D8 Advance, 

a sample between 10-15 mg were prepared. The samples undergo heating at the rate of 10°C/min 

from 30°C to 250°C, followed by cooling to room temperature and second heating until 250°C 

under a nitrogen atmosphere. 

 

Table 1. Processing properties for nanocomposites. 

Nanocomposites Unit PC30BP1 (single step)  PC30BP2 (double step) 

Materials - PLA C30B PALF PLA C30B PALF 

Weight loading wt% 89.1 0.9 10 89.1 0.9 10 

1st mixing screw speed 

2nd mixing screw speed 

rpm 60 100 

rpm - 60 

Temperature profile °C 160,175,170,165 160,175,170,165 

 Reference: Omar et. al. (2022) 

 

RESULTS AND DISCUSSION 

Figure 1(a) presents the tensile properties of PLA, PC30BP1 and PC30BP2 nanocomposites. 

PC30BP2 exhibits highest tensile strength and elongation, improved by 28.3% and 11.2% than 

PLA. Longer time of mixing C30B produced better dispersion in matrix, thus improving the 

tensile properties, as agreed in 4. This is supported by XRD result in Figure 1 (b),where PC30BP1 

produced a wide peak at lower diffraction angle, with higher d-spacing of 3.044 nm compare to 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 73  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

PC30BP1 at 2.933 nm. For PC30BP1, tensile strength and Young modulus improved by 13.2% and 

60.5% than PLA. However, elongation was reduced by 6.5%. This may happen because the 

interaction between PLA and C30B during blending may produce less bonding of PALF with 

PLA. Thus, PALF may act as a weaker point and increase the brittleness of the nanocomposites.  

 

 
Fig. 1. Properties of PLA & PLA nanocomposites: (a) Tensile properties; (b) Xrd analysis 

 

CONCLUSIONS 

The evidence from this study suggests that mixing PLA/C30B and PALF hybrid nanocomposites 

in two step method produce better tensile properties compared to single step extrusion.  Future 

work will concentrate on the effect of clay loading on the thermal and mechanical properties of 

hybrid nanocomposites. 
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Abstract: The increased interest in biosynthesis of nanoparticles has been fueled by the need for clean, 

nontoxic, chemicals, low-cost approaches, environmentally friendly solvents, and renewable materials. The 

method used to synthesize TiO2 NPs ensure the use of non-toxic materials, the absence of toxic by-products, 

and the rapid production of TiO2 NPs. The first green synthesis of TiO2 nanoparticles using torch ginger is 

described in this study (Etlingera elatior). TiO2 NPs in the sample were synthesized using a modified sol-gel 

method. FTIR, DLS, SEM and SXRD characterization methods of the TiO2NPs samples were all meaningful. 

The present study synthesizes TiO2 NPs using Etlingera elatior extract. According to the peaks identified in 

FTIR chemical fingerprint studies, TiO2NPs were formed and stabilized in the presence of the extract’s 

primary compound. According to a SEM analysis, TiO2NPs were spherical in shape and ranged in size less 

than 100nm. The crystalline nature was revealed by SXRD analysis. The study concludes that the bio-profile 

of the plant influences the nanoparticles’ properties. Thus, plant extracts can alter the properties of 

synthetic NPs. These findings may aid in our understanding of how plants produce nanoparticles for 

industrial applications. Additional research in this area may aid researchers in understanding how the NPs 

are shaped by the plant’s biochemistry. 
 

Keywords: Etlingera Elatior, Titanium Dioxide Nanoparticles, Green Synthesis. 

 

INTRODUCTION   

Nanoparticles (NPs) has caught the attention of scientists due to various applications that NPs 

can provide. For example, biosensors to detect and trace for electrochemical analysis. Besides 

that, nanoparticle plays a big role as antimicrobials, water purification, and removal of pollutants 

due to its unique physiochemical and photocatalytic properties. From size perspective, NPs range 

from 2nm-100nm depending on the type of nanoparticles that been produced as well as the 
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process that would be involved during the synthesis such as iron oxide and cerium oxide. 

Titanium dioxide or commonly known as titania (TiO2) is one of the most famous nanoparticles 

around the world due to its photocatalytic properties. The band gap for titania is around 3.0-3.2 

eV. In this research Etlinger elatior sp. well known as “Bunga Kantan” is one of the plants that can 

easily be found around Malaysia. The cost for this herb plant is inexpensive and available 

everywhere in Malaysia. There are many functional groups that can act as reducing agent to 

produce titania including the one that contain in Etlingera elatior is phenol. Due to these properties 

and not only as an antimicrobial behavior, Etlingera elatior had been chosen to be reducing agent 

to produce titanium (IV) isopropoxide (TTIP) as a precursor.  
 

MATERIALS AND METHODS  

Titanium dioxide (TiO2) was synthesized with a simple method. Then, extract of Etlingera elatior 

was prepared. Titanium (IV) isopropoxide (TTIP) was used in this experiment. 18 mL of TTIP 

was poured into a measuring cylinder and was stirred for 2 hours at room temperature at 200 

rpm. Then 2 mL of the plant extract was poured into the stirred TTIP. The solution continued to 

be stirred for 2 hours at temperature of 60°C. After the designated hours of stirring, a white 

precipitate was formed. The precipitate was filtered with filter paper of size 0.1 um. Then the 

filtered precipitate was dried in the oven at 100°C for 24 hours. Lastly, the dried white powder 

was grinded and stored in vials.   

 

RESULTS AND DISCUSSION 

Data from FTIR, there were presence of O-H stretching band and (N-H)-C=O. The indication of 

these chemical compounds establishes which compounds are responsible in the green synthesis 

of TiO2NPs as reducing and stabilizing agents. Results from SEM showed that the NPs were well-

distributed agglomeration. Besides that, DLS demonstrated that the hydrodynamic size of the 

NPs was measured to be 400nm. The outcome of the SXRD indicated that the average crystal size 

was 2.8 nm and is in anatase phase.  

 

CONCLUSIONS 

In conclusion, TiO2NPs were successfully synthesised using Etlingera elatior extract using a facile 

method. The primary benefits of the green synthesised TiO2NPs are it is environmentally friendly 

and cost effective. 
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Abstract: Hemodialysis is a common therapy for patients with kidney failure which the main element is a 

semi-permeable membrane. Dialyzer membrane with pure PES material has low hydrophilicity and 

hemocompatibility properties causing fouling. This study aims to determine the characteristics of PES 

hollow fiber membrane with the addition of PVP. The making of PES-PVP hollow fiber membrane was 

using phase inversion method with spinning technique. The PVP concentration was varied and they were 

characterized on their morphology, hydrophilicity, tensile strength, hemolysis behavior and performance. 

The morphology characteristics showed that sample with the highest PVP was suitable for hemodialysis 

membrane, which has pore diameter of 0,067-0,095 μm. The membrane was more hydrophilic as the PVP 

concentration increases. An increase of tensile value was obtained from 8,902 N/mm2 to 20,148 N/mm2 

although not yet compatible with the standard of hollow fiber tensile strength. The increase in PVP 

concentration decreased the percentage of hemolysis by 1,88%. The best result of flux value to urea was 

148,705 mL/m2 minutes while rejection value was 54,57%. The PES-PVP hollow fiber membrane has 

potential as a dialyzer membrane candidate based on its characteristics. 
 

Keywords: Hollow Fiber, Dialysis Membrane, Polyethersulfone, Polyvinylpyrrolidone. 

INTRODUCTION   

Chronic kidney disease is one of the major problems in medical world of which the incidence rate 

continues to increase. Based on data from the Indonesian Renal Registry (IRR), in 2007 there were 

about 6,862 people with CKD and increased to 15,353 people in 2011 [1]. Based on surveys from 

various hemodialysis centers, in Indonesia, there are 30.7% of patients per million inhabitants 

who require hemodialysis [2].  

 

Hemodialysis therapy aims to remove toxic residue, excess water, and fluid, as well as to improve 

electrolyte balance using external dialysis system with filtration, osmosis, and diffusion 

principles. Hemodialysis can be defined as an artificial kidney machine, consisting of a semi- 

permeable membrane with blood on one side and a dialysis fluid on another [3]. The balance 

between hydrophilicity and hydrophobicity on the membrane’s surface has a major effect on the 

character and function of the membrane [4]. 
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Synthetic polymers which are potentially developed as the basic material of hemodialysis 

membrane are polyethersulfone (PES). Using hemodialysis membranes made from 

Polyethersulfone has been widely practiced since 1980 due to its stable sterilization and minimal 

degradation toward a long-term membrane performance [5]. Polyethersulfone is one of the most 

popular polymers types used as a membrane material, because of its good mechanical character 

and easy-to-shape modules in various configurations [6]. 

 

Synthetic polyethersulfone polymers is hydrophobic. Its hydrophobic nature of dialysis 

membrane causes fouling formulation due to the protein absorbed on the membrane surface. The 

fouling causes the hollow fiber of the hollow fiber membrane to clot and affects the process of 

blood purification [7]. The fouling also makes the membrane short-lived and requires a high 

maintenance cost [8]. There are 3 modification methods to make PES more hydrophilic, namely: 

bulk modification; 2. surface modification; and 3. blending [9]. Modification by blending the 

hydrophobic polymer with hydrophilic additives and so on. Polyvinylpyrrolidone (PVP) is an 

additive serving as a hydrophilizing agent. 

 

This research focuses on the formation of polyethersulfone using blending method with variation 

of additive concentration of polyvinylpyrrolidone as a hollow fiber’s membrane dialyzer 

candidate. Membrane formation is conducted through a phase of inversion technique which is a 

process of material change from fluid to solid. Hollow fiber membrane’s printing is done by 

spinneret in a spinning process. Characterization is needed to determine the ability of the 

dialysent membrane consisting of hydrophobic and hydrophilicity test to determine hydrophobic 

or hydrophilic membrane, tensile strength test to determine the tensile strength of the material. 

SEM test to determine morphology of membrane surface. Test haemolysis to determine the blood 

compatibility of the membrane, and performance test to determine the coefficient of rejection on 

the membrane. 
 

MATERIALS AND METHODS  

Synthesis Dope Solution 

PES-PVP-DMF dope solution was prepared using PVP’s concentration variation which consists 

of 5 samples with PES/PVP/DMF compositions: Sample A (control) 18/0/82, Sample B 18/3/79, 

Sample C 18/6/76, Sample D 18/9/73, and Sample E 18/12/70. Then, the solutions were mixed by 

stirring for 9 hour at room temperature. The dope solution is allowed to stand for 20 minutes to 

remove the bubbles formed. After all the bubbles are lost then in print using spinneret tool. PES- 

PVP’s hollow fiber membrane was printed using phase inversion method, spinning technique, 

and spinneret.   

 

Morphology Test 

Phenom Prox Scanning Electron Microscopy is used for morphlogy test. Samples were observed 

in the form of cross section (to measure inside and outside diameter) and inner layer (to observe 

pore size of membrane). 
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Hydrophilic and Hydrophobic Test 

PES-PVP membranes are prepared in a flat shape to facilitate the testing process. The membrane 

surface was distilled with aquadest of 10 μl, observed, captured and determined by contact angle. 

The hydrophilic properties can be determined by the low contact angle generated and when the 

resulting contact angle is large it is hydrophobic. 

 

Mechanical Testing 

Autograph was used for tensile testing of the hollow fiber membrane which were prepared using 

a paper. Each end of the membrane is attached to the authograph and the pulling load is mounted 

on Newton's load unit. Samples are withdrawn at certain speeds until broken. The stress or tensile 

strength (σ) is defined as the magnitude of force (F) divided by the cross-section area (A) : σ = F 

/A. Strain or elongation (ε) due to attraction to the material is defined as the ratio of the length 

increase (ΔL) to the initial length (Lo), can be mathematically written: 

ε = ΔL / Lo. 

Hemolysis Assay 

Human blood samples were given anti coagulant Ethylene Diamine Tetraacetic Acid Dipotasium 

Salt (EDTA). Blood and EDTA then dissolve with saline and placed on a microtube. The sample 

was inserted into a microtube containing blood with saline and then incubated for 2 hours using 

a waterbath temperature of 37 ° C. Samples were taken and blood was centrifuged for 

supernatant removal. The supernatant measured its wavelength uptake using UV-Vis 

spectrophotometry. The value of the test results obtained then processed using the following 

formula [10]: 

% Hemolysis = 
ASample-ANegative Control 

x 100%
 

APositive Control 

 

Filtration Test 

The membrane performance test was initiated by preparing a feed solution using a urea solution 

of 25 mg / dl (urea concentration in patients with renal failure). The feed solution is fed through 

a hollow fiber membrane that has been arranged into a module. The feed solution is separated 

into permeate solution (filtration result) and random (unfiltered). The result of filtration test of 

urea solution can be used to know the value of clearance of the dialiser membrane from the 

calculation [11] : 

Flux  : 𝐽 = 𝑉 / (𝐴. 𝑡) 

Sample : 𝐶 = 
𝐴𝑠 𝑥 𝐶𝑏

𝐴𝑏
 

Concentration 

C   = Sample Concentration (permeat solution)  

Cb = Standard Concentration (feed solution)  

As = Sample Absorbance 

Ab = Feed Absorbance 

Rejection : 𝑅 = 1 −  
𝐶𝑝

𝐶𝑓
 𝑥 100% 
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Coefficient 

R    = Rejection Coefficient (%) 

Cp = Soluble concentration in permeate  

Cf  = Concentration dissolved in the feed 

 

RESULTS AND DISCUSSION 

In this research has successfully made membrane of hollow fiber polyethersulfone (PES)- 

polyvinylpyrrolidone (PVP) dialiser. Variation of PVP concentration was done with the aim to 

know the result of composite hollow fiber PES-PVP and get optimum composition of variation 

based on physical characterization and biological hollow fiber.  

 

The results of the hollow fiber membrane morphology test are presented in Table 1. Based on the 

measurement results in Figure 1, the higher PVP concentration will form the smaller pore size. 

This is because the high polymer concentration causes polymer bonding in PES and PVP which 

makes the molecule so tightly that the smaller pore structure is formed. In addition, the viscosity 

of the dope solution is a factor that may affect pore formation. The concentration in dope solution 

will affect the viscosity level where during the PVP molding process can form membrane pores 

by diffusing into water [12]. In samples D and E have the smallest pore size of 0.037 and 0.067 μm 

which fall within the pore size of the ultrafiltration membrane. The smaller pore size will increase 

the ability to pass small particles such as urea to have a high clearance value [12]. 

 

Table 1. Test result pore size hollow fiber PES-PVP 
Sample Variation of PVP Composition 

(wt%) 
Pore Size (µm) 

A 0 0,807 – 2,93 
B 3 0,523 – 1,69 
C 6 0,051 – 1,57 
D 9 0,037 – 0,095 
E 12 0,067 – 0,095 
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Fig. 1. SEM test results Pore Size Hollow Fiber PES-PVP 5000x magnification with PVP 

variation: A. 0%; B. 3%; C. 6%; D. 9%; E. 12% 

 

The morphological analysis of the shape and size of the diameter for the hollow fiber membrane 

is formed to observe the inside and outside diameters as shown in Table 2 but have been 

successfully shaped hollow fibers (Figure 2). During the membrane molding process, the water 

gap distance, the gas pressure, and the magnitude between the diameter of the coagulant needle 

and the diameter of the spinneret hole used can influence the shape and size of the resulting 

diameter [13]. 

 

Fig. 2. Cross section shape and diameter size of membrane Hollow Fiber PES-PVP with PVP 

variation: A. 0%; B. 3%; C. 6%; D. 9%; E. 12% 

 

Table 1. Morphological test results outer diameter (D) and in (d)  
Sample Variation of PVP D (mm) d (mm) 

 Composition (wt%)  
A 0 1,05 0,436 
B 3 1,14 0,708 
C 6 0,746 0,663 
D 9 0,963 0,775 
E 12 1,08 0,781 

 

Determining hydrophilic and hydrophobic characters of the hollow fiber membrane can be 

conducted by measuring the contact angle which is generated from the liquid droplets on the 

membrane surface. In hydrophilic membrane, the water will spontaneously wet the membrane, 

whereas the wetting does not occur in hydrophobic membrane [14]. Figure 3 illustrates the 

decrease of water arch during an increase of PVP concentrate. It is because PVP is a hydrophilic 

additive material [15]. Besides, the solvent used in this was dimethylformamide contained polar 
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hydroxyl (-OH) compound, so that the member can absorb water and decrease water contact 

angle. The hydrophilicity level of a membrane is divided into 5 categories, namely 

superhydrophilic (0-0°), hydrophilic (0°<θ<90°), hydrophobic (90°<θ<120°), ultrahydrophobic 

(120°<θ<150°), and superhydrophobic (θ> 150 °) [16]. 

 

 
 

Fig. 3. Water Drop Profile on Hollow fiber PES-PVP Membrane with PVP Variation : A. 0%; B. 

3%; C. 6%; D. 9%; E. 12% 

 

The mechanical quality of the PES-PVP hollow fiber membrane was determined by observations 

on elongation, tensile strength, and modulus young. The value of strain or elongation obtained 

shows the ability of a material where it has been added long before the material is broken or often 

referred to as elasticity. based on Table 3 the elongation value to five samples included in hollow 

fiber membrane range is 3.5 - 13.1%, where the lowest elongation value is in sample E of 3.7%. 

From elongation data that have been obtained, then made the graph of correlation of PVP 

concentration to elongation value as presented in Figure 4. In the graph the strain values obtained 

by hollow fiber membrane tend to decrease along with the increase of PVP concentration. 

Increased elongation or strain values indicate an increase in pore size when deformed by pressure 

[17]. 

 

Table 3. Mechanical test results : Elongatioan and Tensile Strength 
Sample Variation of PVP 

Composition (wt%) 
Elongation (%) Tensile Strength 

(N/m2) 

A 0 8,1% 8,902 
B 3 7,3% 9,397 

C 6 5,3% 10,652 

D 9 5,7% 17,234 

E 12 3,7% 20,148 
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Fig. 4. Water Drop Profile on Hollow fiber PES-PVP Membrane with PVP Variation : A. 0%; B. 

3%; C. 6%; D. 9%; E. 12% 

 

The value of stress or tensile strength indicates if the material has a high strength. In Table 3 the 

highest value of tensile strength belongs to sample E that is 20.148 N / mm2. This value is not 

includes in the standart value of tensile strength of hollow fiber membrane which is in the range 

of 23,1 - 33,8 N / mm2, but with added concentration can increase the value of tensile strength 

obtained as seen in Figure 5. This can happen because the addition of concentration causes the 

membrane formation molecules to increase so that the molecular distance becomes more 

compact. The molecular density of membrane constituents makes the pore size smaller. 

 

 
 

Fig. 5. The higher concentration of PVP causes the tensile strength to increase 

 

The highest Young Modulus is in sample E that is 544,540 MPa as shown in Figure 6. Sample E 

has the highest stress and the lowest strain among the five samples that make Young Modulus 

higher. If the Young Modulus is high it can be interpreted that the membrane can retain pore size 

when it gets pressure but selectively to certain molecules [18]. 
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Fig. 6. The higher concentration of PVP causes the young’s modulus to increase 

 

The results of hemolysis test in Figure 7 show that hemolysis percentage in Sample A was 4.18%; 

Sample B was 3.34%; Sample C was 2.71%; Sample D was 2.30%; and Sample E was 1.88%. The 

largest percentage of hemolysis was recorded by Sample A (without the addition of PVP). This 

shows that the addition of PVP influences PES-PVP hollow fiber positively by reducing the 

percentage of hemolysis. In a graph shown, the hemolysis percentage from Sample A to Sample 

E decreases along with an increase of PVP concentration. Hemolysis percentage is deemed safe if 

it is recorded at less than and similar to 5%, so that all samples are cleared for a contact with 

blood. According to ASTM 756-17 [19], there was several hemolysis levels based on hemolysis 

index, such as hemolysis index at 0-2% at non-hemolysis level; 2-5% slight hemolysis; and more 

than or similar to 5% hemolysis. 

 

 
 

Fig. 7. The influence of PVP concentrate variants on hemolysis assay, the higher concentration 

of PVP causes hemolysis to decrease 

 

The quality of membrane performance can be observed from the permeability and selectivity of 

the membrane. Hollow fiber membrane flux test using E sample formed module that has a 

working method such as hemodialysis membrane. In this flux value test using cross flow method 

and urea solution as feed solution with 3 times iteration. The value of each iteration does not have 
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a high difference as shown in table 4 with an average flux value of 148.705 mL m2.min. However, 

the resulting flux value has not corresponded to the flux value in the F60 (Frenesius Polysulfone 

Membrane) dialyzer membrane product having a value of 163 mL/min. This may occur because 

the membrane module is less in line with the actual membrane dialiser specifications, for 

example, can be seen from the number of hollow fiber membranes. In each model the actual 

dialiser membrane as much as 100 more hollow fiber with a length of 25-30 cm while on the test 

only 70 membranes with a length of 20 cm, resulting in a small surface area of 0.343 m2. The 

surface area of the hollow fiber dialysis membrane is 1.5 m2 [20]. 

 

Table 4. Test result of flux value of hollow fiber PES-PVP on PVP 12% wt 
Iteration Permeate 

Volume (mL) 
Surface Area 

(m2) 
Time 

(minute) 
Fluks (mL/m2 

minutes) 

1 50 0,343 1 145,772 
2 53 0,343 1 154,518 
3 50 0,343 1 145,772 

Average 148,705 

 

Membrane selectivity is shown in the rejection coefficient in which the membrane capability 

passes certain species and retains the other species. Rejection measurements for the urea solution 

were performed after the flux test to obtain urea solution before and after filtration. They were 

measured for their degree of turbidity using UV-Vis spectrophotometer. Based on the results 

from Table 5, the rejection coefficient of PES-PVP hollow fiber membrane of sample E was 

ranging from 52.8 to 57.2%. Smaller percentage of rejection coefficient indicates the ability of 

hollow fiber membrane to resist or hold the urea less, so that many urea molecules penetrate the 

membrane. 

 

Table 5. Results of rejection value coefficient test of hollow fiber PES-PVP on PVP 12% wt 
Iteration Dissolved 

Concentration in 
Dissolved 

Concentration in 
Rejection (%) 

 Permeat (Cp) Feed (Cf)  

1 0,1057 0,25 57,72 
2 0,118 0,25 52,8 
3 0,117 0,25 53,2 
Average   54,57 

 

CONCLUSIONS 

PVP variant composition as an additive material on PES membrane influences the pore size, 

hydrophilicity, mechanistic, hemocompatibility, and membrane performance. The increase of 

PVP concentration influences pore size which keeps growing smaller, higher tensile strength, 

higher hydrophilicity, higher, hemocompatibility, and higher membrane performance. 
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Abstract: This study presents the synthesis of the MAX phase compound Ti3SiC2 by sputtering titanium, 

silicon and graphite targets using a magnetized sheet plasma source. Ti3SiC2 thin film on stainless steel and 

polycarbonate substrates were prepared with differing deposition times of 60, 90 and 120 min. X-ray 

diffraction (XRD) scans of the samples showed the effective synthesis of Ti3SiC2 as the stoichiometric peaks 

corresponding to the (002), (104), (116) and (1013) facets of Ti3SiC2 were detected. Further, scanning electron 

micrograph (SEM) images of the samples revealed that increasing the deposition time resulted to a 

smoother surface and the formation of grain-like structures. 
 

Keywords: MAX Phase, Sheet Plasma, Sputtering System, Titanium Silicon Carbide. 

 

INTRODUCTION   

Titanium silicon carbide (Ti3SiC2), a MAX phase compound, combines the beneficial attributes of 

metals and ceramics [1-3]. This nanolaminate compound is usually synthesized via physical 

vapor deposition (PVD) using sputtering techniques [4]. However, most of the PVD methods 

employed require high deposition temperature, which limits the use of substrates that has low 

melting point and sensitive to high temperature. Hence, presented in this work is the synthesis 

of Ti3SiC2 without substrate heating nor biasing using a magnetron-configured sheet plasma 

source. The thin film was deposited onto stainless steel substrate by sputtering titanium, silicon 

and graphite targets with accelerated Ar plasma. To show that no substrate heating is employed, 

the deposition was also done onto a temperature-sensitive polycarbonate (PC) film.  
 

MATERIALS AND METHODS  

The sheet plasma negative ion source (SPNIS) facility with a magnetron configuration was 

utilized in the experimental runs [5]. Titanium, silicon and graphite targets were sputtered with 

Ar plasma generated in sheet form. Ti3SiC2 thin film was deposited on stainless steel type 316 

without heating nor biasing at various sputtering times of 60, 90 and 120 min at a gas filling 

pressure of 6.0 x 10-3 Torr. Meanwhile, the same parameters were used for the PC substrate, albeit 

its distance to the sheet plasma was set at 3 cm. After deposition, the samples were characterized 

using X-ray diffraction (XRD) for phase analysis and scanning electron microscopy for surface 

morphology examination.   
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RESULTS AND DISCUSSION 

The XRD scans of the samples in Figure 1 reveal the effective synthesis of Ti3SiC2, as the peaks 

match the (002), (104), (116), and (1013) phases of Ti3SiC2. It can be observed in Fig. 1 (a) that the 

intensity of the peaks are stronger at the 60-min deposition time implying greater content of 

Ti3SiC2. More importantly, Fig. 1 (b) indicates the successful growth of Ti3SiC2 thin film onto an 

unheated and unbiased PC substrate.  

 

 
Fig. 1. XRD scans of the Ti3SiC2-coated (a) steel and (b) polycarbonate substrates 

 

Moreover, microstructures of the steel samples preferred with sputtering times of 60 and 90 min, 

as observed through SEM, reveals that the surface of the substrate with greater deposition time 

is smoother with grain-like structures. 

 

CONCLUSIONS 

The MAX phase compound Ti3SiC2 was effectively synthesized in thin film and deposited on 

stainless steel and polycarbonate substrates using a magnetized sheet plasma source without 

substrate heating and biasing. XRD results confirmed the successful synthesis of the ternary 

compound as the peaks corresponding to (002), (104), (116) and (1013) phases of Ti3SiC2 were 

observed. Based on the intensity of the XRD peaks, the content of Ti3SiC2 is greater when the 

deposition time was set at 60 min. Also, the surface of the coated steel substrate with deposition 

time of 90 min was smoother with lesser impurities than the 60-min sample. 
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Abstract: Meniscus injury is one of the most frequently treated injuries in the world’s orthopedic surgery, 

with an incidence rate (IR) per 1000 people in one year reaches 8,27. Meniscectomy of meniscus and 

allograft implantation are the most common methods of treatment for meniscus injury. However, 

meniscectomy causes osteoarthritis, whereas allograft implantation has the potential to transmit disease. 

Tissue engineering is considered as one of the effective methods of dealing with meniscus injuries. This 

study is aimed to synthesize scaffold for meniscus with lower toxicity due to chloroform methanol usage. 

Synthesis of fiber scaffold from PLA-PCLPMMA-Collagen was carried out using a set of electrospinning 

instruments with voltage 18 kV, flow rate of 0.3 mL/h, and the distance of the syringe to the collector 

(aluminum foil coated) of 15 cm. Subsequently, scaffold characterization such as Scanning Electron 

Microscope (SEM), Fourier Transform Infra-Red (FTIR), Degradation Test and Tensile Test were 

performed. Based on the characteristic results, FTIR shows C-H stretch, C=O stretch, C-H bend, C-O stretch, 

O-H stretch, and C-O-C stretch with the exception of PLA/Collagen (20:80) found CN stretch, higher 

uniformity and lower diameter, pore size as collagen increases, high tensile strength, even while PLA / 

Collagen (60:40) and (100: 0) do not show mass degradation. Based on these findings, based on the tensile 

strength value and radial tensile strength standards, PLA / Collagen (40:60) is the most ideal variation of 

meniscus scaffold samples that meet the knee meniscus scaffold degradation rate requirements. 
 

Keywords: Meniscus Injury; Electrospinning; Meniscus; Scaffold. 

 

INTRODUCTION   

Meniscus is a fibricartilago bearing attached to the medial (inner side) and lateral/intercondilar 

(outer side), and peripheral tibial plates with shiny white and crescent shaped. The meniscus has 

an important role to resist pressure by providing a cushion on the femur and tibia, reducing 

shaking forces, joint stability, and proprioceptive function. Meniscus also susceptible to 

lesions/injuries. Meniscus injury is one of the most frequently treated injuries in orthopedic 

surgery worldwide. This is indicated by the number of surgeries in Europe reaching 400,000 and 

more than 1,000,000 surgeries in the United States to treat meniscus injuries [1]. In previous 

studies, acute meniscus injuries were recorded at 100,201 with 12,115,606 people at risk of 
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developing meniscus injuries — overall, the incidence rate (IR) per 1000 people in one year 

reaches 8.27 — with an indication that the incidence rate increases with increasing age, 

specifically 40 years and over [2].  

 

Surgical procedure of acute meniscal injury is typically performed through meniscus 

replacement. However, meniscus replacement through allograft implantation poses a risk of 

disease transmission, donor availability, high costs, difficulty adjusting to size, and decreased 

biomechanical strength of the implant due to sterilization and preservation [5]. In addition, MAT 

(Meniscal Allograft Transplant) also has the potential to cause a response or rejection of the 

patient's body's defense system [4]. 

 

As solution, the development of tissue engineering was carried out to replace allograft implants 

by synthesizing artificial meniscus from synthetic polymers such as PLA, PCL, PMMA, and 

Collagen [7]. Although the mechanical strength of PLA is less than ideal, PLA is able to increase 

the ability of cell proliferation and osteogenic differentiation [8]. PCL has high ductility with a 

modulus of elasticity of 0.21 - 0.44 GPa [9] and is a common synthetic polyester as a soft and hard 

tissue biomaterial with many advantages, for example: good biocompatibility, inexpensive, and 

easy to undergo processing [10]. In other words, PCL is able to improve the mechanical properties 

of PLA [9]. In addition to mechanical properties, a mixture of PCL and PCA is able to minimize 

the inflammatory response and local acidification [9]. In addition, PMMA has the advantage of 

mechanical properties, low toxicity, and can be used in the long run. On the other hand, collagen 

plays a role in increasing the biodegradability and biocompatibility of the material [11]. 

 

The results of the synthesis and characterization of PLA-PCL-PMMA-Collagen fiber scaffold 

previously shows as an ideal candidate as a knee meniscus scaffold, especially in the variation of 

Collagen 0.6 gram and PLA 0.4 gram [7]. However, the research conducted still uses hazardous 

solvents (DMSO) and does not perform FTIR and degradation rates. 

 

Based on the discussion, it is necessary to research along with some improvements from previous 

studies regarding the manufacture of PLA-PCL-PMMA-Collagen fiber scaffold with 0.1 gram 

PMMA; PCL 0.3 gram; PLA 1 gram, 0.6 gram, 0.4 gram; Collagen of 0 gram, 0.4 gram, 0.6 gram, 

and 0.8 gram. This research can observe changes in mechanical strength, biodegradability, and 

scaffold stability as a function of PLA/Collagen variation 
 

MATERIALS AND METHODS  

Materials 

Poly(lactic acid) 2002D (Nature Works), Poly(ɛ-caprolactone) (Mw = 80,000 g/mol – Sigma 

Aldrich), poly-methyl methacrylate (Mw = 350,000 g/mol) and collagen type I (BATAN) were 

used in this work. Chloroform, acetic acid glacial 100%, and methanol were obtained from SAP 

Chemicals. 
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Preparation of Solution 

Synthesis of the solution for the electrospinning process is carried out by dissolving PLA, PCL, 

and PMMA in 10 ml of a chloroform/methanol (3:1) for three hours, respectively. The collagen 

powder is concurrently dissolved in 10 ml of 80% acetic acid using a magnetic stirrer for three 

hours. The weight composition of PLA, PCL, and collagen is presented in Table 1. Immediately 

upon dissolving, PLA, PCL, and PMMA solutions are mixed together and stirred for five hours. 

The mixture of three polymer solutions is put into the collagen solution according to the ratio 

then stirred for 3 hours. The solution was kept for 48 hours at room temperature until an emulsion 

was formed. The emulsion is subsequently placed on a 5 mL syringe with a stainless steel needle 

of 21G for the electrospinning process [7] [11]. 

 Table 1. Polymer Scaffolds Variations  

 Sample Variation PLA PCL Collagen PMMA  
 

A 1 g 0,3 g 0 g 0,1 g 

B 0,6 g 0,3 g 0,4 g 0,1 g 
C 0,4 g 0,3 g 0,6 g 0,1 g 

 D 0,2 g 0,3 g 0,8 g 0,1 g  

 

Scaffold manufacture by electrospinning 

Synthesis of random fiber scaffold from PLA-PCLPMMA-collagen was performed using a set of 

electrospinning instruments. The solution was put into a 10 ml syringe. Upon electrospinning, 

the solution was allowed to stand for several minutes to remove air bubbles that formed during 

stirring (degassing). The syringe was subsequently mounted on an electrospinning, given a 

voltage of 18 kV, a flow rate of 0.3 mL/h, and distance of the syringe to the collector of 15 cm. 

Voltage was applied on needle tip as the anode while the collector was connected to the ground 

as the cathode. 

Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR was used to determine new functional groups that arise through reactions or bonds and 

processing experienced by PLA-PCL-PMMA-Collagen during synthesis. FTIR test samples were 

electrospinning samples measuring 10 x 10 mm. The sample was placed on the instrument until 

a specific absorption spectrum of each functional group was generated. In the FTIR test, there 

were 4 samples used with different PCL/collagen variations with 3 times repetition on each 

sample test to ensure validity [12]. 

Scanning Electron Microscopy (SEM) 

Morphological tests were carried out to determine the surface morphology and porosity of the 

scaffold fibers formed through the electrospinning process. Morphological tests were performed 

on each sample (1 × 1 cm) with SEM instrument. Morphological picture of the sample was 

obtained with an acceleration voltage of 20 kV, a current of 5 μA and magnification of 1000× so 

that the thickness of the membrane is formed [7]. Furthermore, the image is processed with 

ImageJ. 
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Tensile Test 

Tensile strength test was needed to determine the sample ability to hold the force (N) per unit 

area. Fiber scaffold samples (1 × 5 cm) used amounted to 4 with variations of PCL / Collagen. 

Each sample had 3 times test repetition. This test produced data in the form of the Ultimate 

Tensile Strength (UTS) value of each sample with different PLA / Collagen comparisons. 

In Vitro Degradation of Electrospun Membrane 

The degradation test was carried out by measuring and cutting the sample to a same size (1.5 × 

0.5 cm), weighing dry weight (W_o), and placed in vial glass that had been given 5 ml Phosphate 

Buffer Saline (PBS) solution. The samples were then stored in an incubation chamber at 370°C 

and taken on days 4, 7, 14, and 21, respectively. PBS solutions underwent replacement every 1 

week [13]. 

 

For weighing, samples that had been soaked over a period of time were removed from vial glass 

and then rinsed with distilled water and dried. Dry samples were re-weighed (W_t) to calculate 

mass decay with equation 2.3. The number of samples that experienced a degradation test were 

4 samples with 3 repetitions each [11.   

 

RESULTS AND DISCUSSION 

Fourier Transform Infra-Red (FTIR) 

FTIR test was carried out to determine the functional group of the control variable PLA-PCL- 

PMMA with other variations using the PLA/collagen ratio. The FTIR method used was the 

attenuated total reflection (ATR). PLA, PMMA, and PCL have common reflections because they 

are ester group (O = CO), while Collagen has the characteristics of amide (CN) and amine (N-H2) 

consisting of Uptake of Amides A, Amides B, Amides I, Amides II, and Amides III.  
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Fig. 1. FTIR of (a) PLA, (b) PCL, (c) PMMA, (d) Collagen 

 

 
 

Fig. 2. FTIR of (a) PLA/Collagen (2:8), (b) PLA/Collagen (4:6), (c) PLA/Collagen (6:4), (d) 

PLA/Collagen (10:0) 

 

The peak C = O stretch in Figure 2 also appeared to be shifted in the wave number as PLA 

composition increased in the biopolymer. Wave number C = O stretch on PLA / Collagen (2: 8) 

showed a shift to a value of 1724.76 cm-1 which was close to the wave number value on PCL. The 

addition of PLA in the sample variation resulted in an in-crease in the value of the wave number 

C = O stretch from 1751.79 cm-1 in PLA / Col-lagen (4: 6), 1753.26 cm-1 in PLA / Collagen (6: 4), 

up to 1754, 96 cm-1 in PLA / Collagen (10: 0). Value shift was caused by the formation of hydrogen 

bonds from the ester group (C = O) with the hydroxyl group PCL and PMMA [14]. 

 

Meanwhile, the presence of collagen in the mixture was identified by the presence of Amide III 

in the range of 1240 cm-1 in Figure 2 a. Based on FTIR results, the intensity of amide III was not 

seen in Figure 2b and 2c. Meanwhile, amide II and amide I as typical characteristics of collagen 

were not seen in the FTIR results of the PLA/PCL/PMMA/Collagen. The absence of amide I, 

amide II, and less prominent amide III groups might be caused by decreased intensity due to 

mixing of materials [15]. 

 

SEM of PLA/PCL/PMMA/Collagen Composites 

SEM test was conducted to determine the morphological characteristics of 

PLA/PCL/PMMA/Collagen electrospinning membranes based on surface structure, pore size, 

and fiber diameter. The magnification used was 1000x. 
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Fig. 3. SEM of (a) PLA/Collagen (2:8) (b) PLA/Collagen (4:6) (c) PLA/Collagen (6:4) (d) 

PLA/Collagen (10:0) 
 

Table 2. Diameter of Samples 

Variations Range of Diameter (nm) Average of Diameter (nm) 

PLA/Collagen (2:8) 1830 – 25700 1586,38, 2567,72 

PLA/Collagen (4:6) 1510 – 4890 2213,44 

PLA/Collagen (6:4) 1279 – 3180 1282,85 

PLA/Collagen (10:0) 568 – 1060 466,53 

 

Data presented in Table 2 showed decreasing fiber diameter as PLA concentration increased. This 

is made possible by the presence of collagen which increases the viscosity — an increase in the 

viscosity of the solution has an effect on increasing the continuity of the chain entanglement and 

has an impact on increasing the diameter of the fiber [16]. Collagen as an emulsifier initiates the 

emulsification process by viscosity modification — the medium experiences an increase in 

viscosity, so that deposits occur while maintaining the dispersed phase deposits. 

 

Based on the diameter value, PLA/Collagen (10:0) was rated the best compared to other variations 

because the average fiber diameter is less than 1000 nm [17]. 
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Table 3. Pore Sizes 

 

Variations Range of Pore Size (µm) Average of Pore Size (µm) 

PLA/Collagen (2:8) 2,8 – 17,2 6,65 

PLA/Collagen (4/6) 1,45 – 8,61 3,87 

PLA/Collagen (6:4) 2,87 – 7,88 5,03 

PLA/Collagen (10:0) 0,764 – 2,58 1,24 

 

Large diameter of the fiber produced a large pore size as well. This was indicated by observing 

PLA / Collagen samples (2:8) having the largest pore size as diameter increases. To determine the 

optimal scaffold pore, consideration of ability in neovascularization and fibroblast growth was 

carried out. 

 

Neovascularization and Fibroblasts are the two important parameters in tissue regeneration. 

Scaffolds are able to optimize neovascularization to support the need for transportation of 

oxygen, nutrients, and disposal of metabolic waste to support the continuity of tissue/engineered 

organ construction [18]. Meanwhile, the growth of fibroblasts is an important process in healing 

trauma experienced in surrounding tissues by involving proliferation, freezing of fibrin, 

extracellular matrix formation (collagen, elastin, laminin, and fibronectin) [19,20]. 

 

In scaffolds, the optimal pore size for neovascularization is 5 μm and fibroblast growth is 5-15 

μm [21]. PLA/Collagen (6:4) pore size of 5.03 μm is identified to be the closest to the standard 

range of scaffold pore size. 

 

Tensile Strength of PLA/PCL/PMMA/Collagen Composites 

Data obtained from the tensile test were simultaneously analyzed with the thickness of the 

membrane from the ImageJ analysis of the SEM results. Measurement of UTS values in scaffold 

is an important parameter to determine mechanical strength of scaffold when cell proliferation 

occurs in vitro, in-vivo, and tissue modeling processes. 

 

Table 4. Tensile Strength of Samples 

Concentration (%) Force 

(N) 

Thickness 

(mm) 

Area 

(mm2) 

UTS 

(MPA) PLA Colagen 

20 80 0,5 0,0064 0,064 7,813 

80 60 0,9 0,0080 0,080 11,250 

60 40 4,3 0,0074 0,074 58,108 

40 0 2,1 0,0110 0,110 19 
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Based on the results of the tensile strength test, the UTS value in PLA/Collagen (60:40) gave the 

highest value compared to other variations presented in Table 4, which is 58,108 MPa. The trend 

of the value produced seems to increase until it reaches its peak in PLA/Collagen (6: 4), then 

decreases in PLA/Collagen (10:0). Judging from the characteristics of the UTS value, the PLA 

electrospinning membrane (2.5 MPa) is still somewhat greater than Collagen (1.3 MPa) [22,23]. 

Although the UTS PLA value is greater, PLA has poor mechanical and thermal properties [24] as 

a result of high brittleness and weak crystallization [25]. Meanwhile, the magnitude of the degree 

of elongation from collagen enables the absorption of energy towards the load given to the 

scaffold [11]. In this case, the addition of Collagen resulted in an increase in the stability of 

mechanical resistance in the PLA. 

 

Microscopically, PLA / Collagen (6: 4) has advantages in microscopic characteristics (diameter, 

arrangement and orientation of fibers) [26]. Judging from the diameter, PLA/Collagen (6: 4) has 

the lowest value compared to other sample variations that use collagen. Decrease in fiber 

diameter has an impact on increasing mechanical strength [27]. 

 

 
 

Fig. 4. Fiber Orientations of (a) PLA/Collagen (2:8), (b) PLA/Collagen (4:6), (c) PLA/Collagen 

(6:4), (d) PLA/Collagen (8:2). 

 

Through observation of fiber orientation, data that had been analyzed using Orientation J shows 

PLA / Collagen (8:2) has a random orientation, whereas PLA/Collagen (6:4) has the most uniform 

orientation compared to other sample variations. Random fiber orientation results in a lack of 

ability to withstand loads from one direction — in other words, uneven stress distribution [28]. 

Too high a voltage at a viscosity that is incompatible with the viscosity should be added with a 

low surface tension of the polymer resulting in an increase in whipping which is able to form 

small diameter fibers with a low degree of uniformity [29] 
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The UTS meniscus strength values range from 50-120 MPa [30]. Based on test data, PLA / Collagen 

samples (6:4) with a UTS value of 58.108 MPa somewhat qualify the mechanical characteristics as 

a human meniscus scaffold 

 

Degradation Rates of PLA/PCL/PMMA/Collagen Composites 

The sample used is 1 x 1 cm in size with evaluations carried out at 4, 7, 14, and 21 days through 

weighing dry weight to determine the difference in mass loss due to degradation. 

 

Table 5. Degradation Rates 

 

 
 

Morphologically, the degradation of PLA/Collagen (2:8) and PLA/Collagen (4:6) sample variation 

was caused by fiber diameter and large pore size, and the amount of empty space between fibers. 

The loosening of the fiber between one another caused the sample to be semi-hydrophilic which 

allowed PBS to enter and caused polymer hy-drolysis [31]. In addition, amorphous and 

hydrophilic collagen made it easy for the scaffold to react with water [11]. 

 

In contrast to PLA/Collagen (6:4) and PLA/Collagen (10:0) samples, Figure 3 showed that the 

density level between fibers was quite high with lower pore sizes compared to other sample 

variations that inhibited water penetration in the sample. Moreover, the acidic environment 

which was not too high (pH PBS = ~7.4) yielded in a slow hydrolysis of the ester group (C = O) in 

PMMA [32]. PCL with its hydrophobic nature due to the presence of a -CH2 repeating chain was 

also semicrystalline, inhibited the penetration of PBS into the bulk polymer [33]. Another factor 

was caused by collagen as a hydrophilic polysaccharide which facilitated the absorption of water 

in the material [11,34]. 

 

Table 5. Degradation Rates  
 

 

 
Variations 

Initial 

Weight 

(Day -0) 

(g) 

Average 

of Initial 

Weight 

(g) 

 

Sample Mass in PBS (g) 

Average 

of 

Terminal 

Weight 

(g) 
 4 Days 7 Days 14 Days 21 Days  

0,0022  0,0018 0,0017 0,0017 0,0018  

PLA/Collagen 
0,0037

 0,00243 0,0034 0,0035 0,0035 0,0035 0,00233 

(2/8) 
0.0014 

 0,0014 0,0015 0,0015 0,0017  

PLA/Collagen 
0,0067

  0,0069 0,0061 0,0048 0,0052  

0,0042 0,00477 0,0034 0,0041 0,0045 0,0037 0,00420 

(4/6) 
0,0034 

 0,0035 0,0035 0,0035 0,0037  

PLA/Collagen 
0,0017

  0,0018 0,0018 0,0015 0,0014  

(6/4) 
0,0043 0,00450 0,0043 0,0043 0,0044 0,0044 0,00477 

0,0075  0,0077 0,0077 0,0095 0,0085  

PLA/Collagen 
0,0019

  0,0026 0,0026 0,0019 0,0019  

(10/0) 
0,0017 0,0018 0,0017 0,0017 0,0017 0,0019 0,00187 

0,0018  0,0016 0,0016 0,0018 0,0018  
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Timely wise, the PLA / Collagen sample (2:8) took 17 months to fully degrade, while the PLA / 

Collagen sample (4:6) only took for 5.86 months. Meniscus tissue began to show growth and 

proliferation in a matter of three months [35]. However, research shows that 30% of the strength 

of healthy meniscus tissue is still not achieved in the strength of the regenerated meniscus after 

experiencing it in 2-3 months [36]. Until re-cently, Collagen Meniscus Implant (CMI) is still the 

best meniscus scaffold with low immunogenicity characteristics and is able to induce tissue, 

although the estimated time for CMI degradation is still quite long, which is 6-12 months [35]. 

Based on these con-siderations, PLA / Collagen (4:6) was identified as having the most optimal 

degradation rate compared to other samples. 

 

CONCLUSIONS 

PLA-PCL-PMMA-Collagen knee meniscus scaffold showed the following proper-ties: the tensile 

strength value of the sample was within the standard range of tensile strength of the human 

meniscus, the morphological of the sample can be categorized as nanofiber with optimum 

porosity as a medium of neovascularization and fibroblast growth with thickness values below 

the standard thickness of the human meniscus membrane, the FTIR results did not show the 

presence of the Amide III group, other than PLA/Collagen (2:8), and the result of degradation of 

PLA / Collagen samples (4:6) was stated to meet the degradation requirements of the meniscus 

scaffold. Based on the tests conducted, each variation of the sample showed its superiority in each 

test. However, as a whole, PLA/Collagen (40:60) was the most ideal variation of meniscus scaffold 

samples in terms of tensile strength values that meet the knee meniscus scaf-fold degradation rate 

requirements and tensile strength values according to radial ten-sile strength standards, but this 

variation requires further studies related to morpho-logical characteristics and functional groups. 
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Abstract: Superconductor is known as its ability that can conduct electricity with zero resistance and zero 

energy loss. Yttrium Barium Copper Oxide (YBa2Cu3O7-δ) is a group of crystalline chemical compound and 

famous for displaying high temperature superconductivity (HTSC’s). However, YBa2Cu3O7-δ 

superconductor suffers from low grain conductivity and weak links of the grains, thus resulting in 

disruption of superconducting performance. Thus, in this research, the high temperature superconductor 

YBa2Cu3O7-δ was added with graphene oxide nanoparticles (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 wt.%) and 

synthesized via solid state method. All samples then being characterized using thermogravimetric analysis 

(TGA), X-ray diffraction (XRD) and scanning electron microscope (SEM). As a conclusion, it was shown 

that the addition of the graphene oxide nanoparticle in YBa2Cu3O7-δ increase the grain growth of YBa2Cu3O7-

δ.  
 

Keywords: YBa2Cu3O7-δ, Superconductor, Graphene, Solid State Method, Nanoparticles. 

 

INTRODUCTION   

In a superconducting state, a superconducting material shows the zero electrical resistivity. The 

resistance of the superconductor material will reduce to zero when these superconductor 

materials is cooled below its critical temperature [1] and related to the magnetic flux penetrating 

in superconductor. Superconductor cannot carry current with zero electrical resistance if the flux 

lines always moved. Hence, by the addition of impurities or other kinds of impendent, flux lines 

can be pinned. As nanoparticles were added into the sample, the behaviour of the superconductor 

critical current density in the applied magnetic field was found to increase, which can be due to 

the presence of flux pinning centres [2]. By pinning the flux line effectively, vortex movement can 

be prevented. YBa2Cu3O7-δ (YBCO) is the most desirable superconductor among the different 

types of high temperature superconductors because of its good physical properties, such as the 

higher value of superconducting transition temperature, good response to the higher value of the 
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magnetic field applied, and mechanical stability at room temperature [3]. Based on the previous 

research many additions had been conducted towards the YBa2Cu3O7-δ superconductor.  

 

Many additions of impurities had been conducted to improve the superconducting properties by 

other researchers. In this research the addition of x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 wt % graphene 

oxide (GO) nanoparticles were experimented upon the YBa2Cu3O7-δ superconductor. Graphene 

oxide (GO) is a unique material that can be viewed as a single monomolecular layer of graphite 

with various oxygen-containing functionalities [4]. The oxygen in the functional groups of GO is 

parted and GO reduced into reduced graphene oxide (RGO) when undergoes the sintering 

process with temperature more than 650 °C. Hence, the removed oxygen enters the CuO chains 

of YBCO and leads to the reduction of oxygen vacancies and increases the superconducting 

parameters [5]. 
 

MATERIALS AND METHODS  

All the samples of YBa2Cu3O7-δ were prepared via solid state method by mixing with the suitable 

amount of Y2O3, (Alfa Aesar, 99.9%), BaCo3, (Alfa Aesar, 99.8 %), and CuO, (Alfa Aesar, 99.7 %) 

referring to the stoichiometry formula of 1:2:3 for YBa2Cu3O7-δ. The mixture of powders was 

ground approximately for 1 hours in agate mortar until the powders were well blended. The 

blended powder was then calcined at 900 ⁰C for 36 hours and 45 minutes. The calcination process 

was repeated twice with the intermediate grindings. The calcined powders then were reground 

with the addition of x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 wt % of graphene oxide powder. Then the 

mixed powders were pelletized into pellets of 13 mm and 10 mm diameter using Specac 

automatic operated hydraulic press and sintered at 900 ⁰C for 15 hours before allowed to cool 

down at 1 ⁰C/min to room temperature in the furnace.   

 

All samples then being characterized using thermogravimetric analysis (TGA), X-ray diffraction 

(XRD) and scanning electron microscope (SEM).  The thermal properties of the precursor powder 

were analyzed by Mettler Toledo TGA/DSC 1 from 30 ºC to 900 ºC at a heating rate of 10 ºC/min. 

The samples of 2g were approximately placed in aluminum pans under a dynamic flow of 

nitrogen 50mL/min. The Rigaku Mini Flex II Desktop X-ray diffractometer as shown in Figure 3.9 

with Cu-Kα was used to perform the phase formation of the ground sintered samples. The 

mixture of finely ground and homogenized YBa2Cu3O7 added with graphene oxide (x = 0.0, 0.2, 

0.4, 0.6, 0.8 and 1.0 wt.%) were analyzed with XRD. The powder was placed on a glass holder and 

placed at the sample stage. The scanning was carried out from 20° to 80° at a step width of 0.02°. 

SEM measurement was performed by using JEOL JSM-6360LA. The pellets were carefully 

fractured into small pieces using a pestle and mortar. To get better imaging for the surface and 

cross section, the fractured pellets were then coated with ultra-thin coating of gold before 

analyzing the samples to increase the thermal conduction and improve the secondary electron 

that detected by SEM. The result that SEM investigate were the surface morphology, 

homogeneity, grain sizes and orientation of the samples. 
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RESULTS AND DISCUSSION 

Thermogravimetry Analysis (TGA) 

Figure 1 shows the decomposition of moisture and water from the lattice of copper oxide 

occurring at temperature below 200 °C. Then, the complete decomposition of barium carbonate, 

BaCO3 to barium oxide, BaO occurred at 760 °C and fully decomposed at 855 °C. From the graph 

it showed that there was small mass loss appeared above 900 °C which might be resulted from 

YBa2Cu3O7-δ phase formation.  

 

 
 

Fig. 1. Thermogravimetric analysis (TGA) of YBa2Cu3O7-δ powder. 

 

X-ray Diffraction (XRD) 

All the XRD results as shown in Figure 2 were being analysed using the Crystallographica Search-

Match software. It was found that all samples showed orthorhombic structure with pre-dominant 

Y-123 phase with space group symmetry for orthorhombic crystal system, Pmmm and impurities 

of the unreacted graphene appeared with addition of the x = (0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 wt.%) 

graphene oxide. The peak at plane of (013) and main peak of 2θ = 32.45⁰ were all maintained 

which indicates the orthorhombic structure. 
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Fig. 2. X-ray diffraction pattern of YBCO with various addition of graphene oxide 

 

Scanning Electron Microscope (SEM) 

Based on Figure 3 all the samples became porous and their grain sizes increased as the addition 

of graphene oxide increased. It shown that the addition of the graphene oxide nanoparticle in 

YBa2Cu3O7-δ  increase the grain growth of YBa2Cu3O7-δ [3]. It proved that as the concentration of 

graphene oxide increased, the average grain size of the samples also increased. This may be 

attributed to enhancement in superconducting volume fraction in sample, as graphene oxide 

nanoparticles resides near the grain boundary region to increase the weak link between 

superconducting grains which displays the granular structure with the enhancement of particle 

size after the addition of graphene oxide. The inter-linking among the superconducting grains is 

increased and due to the inclusion of graphene oxide [5]. 

 

Fig. 3. SEM micrographs of the cross-section of the YBa2Cu3O7-δ  when added with (a) 0.0 wt%, 

(b) 0.2 wt%, (c) 0.4 wt%, (d) 0.6 wt%, (e) 0.8 wt%, and (f) 1.0 wt% of graphene oxide. 

 

CONCLUSIONS 

The preparation of YBa2Cu3O7-δ  when added with graphene oxide (x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 

wt.%) was successfully done via solid state method. All the samples had been characterized by 

the thermogravimetric analysis (TGA), X-ray diffraction (XRD) and scanning electron microscope 

(SEM). The result obtained from the TGA shows that the thermal decomposition behaviour of 

YBa2Cu3O7-δ  during the TG measurement is analysed. From the XRD result proved that all the 

samples which demonstrated that the samples have an orthorhombic structure with Y-123 phase. 

While SEM show that there is presence of graphene oxide through the increasing of the grain size 

and porosity as the amount of graphene oxide increase. Particularly, this improvement may be 

attributed to good interlinked between the superconducting grains, as the irregularities and voids 

are filled by the graphene oxide. 
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Abstract: The treatment of burns that have been hampered by limited donors and the high cost of synthesis 

is answered by the presence of skin tissue engineering. The use of collagen and PCL in skin tissue 

engineering aims to produce a material that can resemble the properties and functions of genuine human 

skin. In this study, synthesis of collagen/PCL was done to produce artificial skin tissue using 

electrospinning. The artificial skin tissue was developed by synthesizing a PCL solution of 20% (w / v) in 

chloroform and methanol with a ratio of 3: 1, mixed together with a collagen solution with concentration 

of 8% (w / v) in acetic acid solvent of 80% (v / v) which was then left to stand for 48 hours before the 

electrospinning process was carried out. There were five variations in the ratio of collagen / PCL volume 

in this study, namely 20:80, 60:40, 50:50, 60:40, 80:20. The material produced from electrospinning was then 

characterized using the FTIR test, tensile strength test, surface morphology test, toxicity test, and 

degradation test. Results of the tests and analysis showed that there were no differences in the functional 

groups of the five samples formed by the variation of collagen/PCL ratio composition. Differences in 

volume ratio of collagen and PCL affected the viscosity and conductivity of the solution and thus affected 

the formed nanofibers and resulted in an increase in the value of Ultimate Tensile Strength (UTS) with an 

average value that is similar to the original UTS value of human skin. 
 

Keywords: Burns, Polycaprolactone, Collagen, Skin Tissue Engineering. 

 

INTRODUCTION  

In 2014 - according to WHO - burns are still among the 7 most common injuries in the world with 

an estimated death rate of 5% of all injuries. Burns can cause physical complications such as 

limited joint movement and facial tissue structures deformation. In cases of severe burns, 

especially in II and III degree burns where damage has reached dermis tissue, burns can damage 

overall skin tissue resulting in the entry of pathological microorganisms that can disrupt the 

body's immune system [1].  

 

The development of the skin graft actually existed since the 1870s. In the span of 1910-1960, the 

skin graft method re-emerged, although there is still much controversy regarding cell viability 

because skin grafts still originate from the patient's own body (autograft) or a cadaver 

(homograft). The development of skin grafts continued in the period 1981-1989, with deficiencies 
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such as low mechanical properties, expensive costs, and susceptible to microbial contamination 

still found [2]. With the advancement in science and technology field, the development of skin 

graft tissue engineering continues until today. 

 

Collagen is known as the most promising material and has found a variety of applications in 

tissue engineering because of its excellent biocompatibility and biodegradability [3]. However, 

collagen has poor mechanical properties so that in its application, collagen is often combined with 

other ingredients to produce materials with optimal biological and mechanical properties [4]. One 

of the most used polymers in tissue engineering is polycaprolactone (PCL). PCL has good 

mechanical properties and easy to fabricate also has an affordable price. In addition, some of the 

others PCL’s properties such as biodegradable, bioresorbable, and also biocompatible made PCL 

one of the most used synthetic polymers in the tissue engineering field [5]. 

 

Advances and developments in scientific technology have had a major influence in the field of 

tissue engineering, one of them is the presence of nanotechnology. Nanofibers are one of 

nanotechnology application which can be used to produce scaffolds made of polymers or natural 

matrices such as collagen, gelatin, chitosan, etc. [6]  

 

The application of nanofibers with collagen and PCL materials produced using the 

electrospinning method as a scaffold candidate has been widely carried out, but still has 

disadvantages in terms of mechanical strength. In this study, collagen/PCL nanofibers were 

formed with variations in the composition of collagen and PCL, namely 20:80, 40:60, 50:50, 60:40 

and 80:20, which are expected to increase the mechanical strength of scaffold. 
 

MATERIALS AND METHODS  

Materials  

Collagen type I was purchased from National Nuclear Energy Agency of Indonesia (BATAN) 

(Tangerang, Indonesia). Polycaprolactone (average molecular weight of 80,000 Dalton) was 

purchased from Sigma-Aldrich. Phosphate-buffered saline (PBS, pH 7,4), acetic acid glacial 

(100%), chloroform, and methanol were purchase from SAP Chemicals (Surabaya, Indonesia).  

 

Solution Preparation  

Two sets of polymer solution which differed in concentration were prepared. Collagen solution 

(8%, w/v) was made from collagen type I dissolved in acetic acid (80%, v/v) by stirring the mixture 

at 300 rpm until the mixture completely blended. In the other hand, PCL (20%) was dissolved in 

the solvent mixture of chloroform and methanol with ratio 3:1 (v/v) at 300 rpm for 4 h. Both 

polymer solutions were stirred at room temperature. After both polymer solutions were set, 

collagen solution was mixed to PCL solution at a various volume ratio, namely 20:80, 40:60, 50:50, 

60:40 and 80:20. The solution mixture then was kept for 48 h in order to give time for the collagen 

to dispersed. After 48 h, an emulsion was obtained and then used for electrospinning process [3].  
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Electrospinning Process  

Collagen/PCL nanofibers were produced by using electrospinning equipment (Electrospinning 

HK-7, Genlab) in horizontal mode. In this study, the flat collector (18 x 18 cm) was used to 

obtained random nanofibers. Before the electrospinning process began, the collector was first 

wrapped with aluminum foil in order to made it easier to collect the fibers. Collagen/PCL solution 

was put into the syringe (10 ml) and then installed to the equipment with the distance between 

the needle and collector was 15 cm. The flow rate was set at 0.3 ml/h and a high voltage which 

applied to the tip of the needle was fixed at 15 kV. The solution was electro spun for 3 hours at 

room temperature (260°C) and 48% of humidity [3].   

 

Characterization of Collagen/PCL Nanofibers  

Fourier Transform Infrared (FTIR) Spectroscopy  

The functional group in collagen/PCL nanofibers and the interaction between two materials were 

analyzed by FTIR method using Shimadzu IRTracer-100, which produced waves ranges between 

400-4000 cm-1 .  

 

Mechanical test  

The mechanical test was carried out to measure the mechanical properties of collagen/PCL 

nanofibers. The dimension of the samples used in this test was 10 mm breadth × 50 mm length, 

with the thickness were range between 0.17 – 0.98 mm. The maximum load was recorded to be 

used in further analysis to obtained the Ultimate Tensile Strength (UTS) by the following 

equation.The materials and methods section should contain sufficient detail so that all procedures 

can be repeated. It may be divided into headed subsections if several methods are described. 

 
where σn denotes the value of UTS (Pa), F denotes the maximum load required until the samples 

reach the break point (N), and A denotes the surface area of the samples (m2) [7].  

 

Morphological Characterization  

The surface morphology of the collagen/PCL nanofibers was studied with scanning electron 

microscope (Phenom Pro X Desktop), after coating with gold. Further analysis of the images was 

done using ImageJ software to calculate the mean values of the nanofibers’ diameter.  

 

Toxicity Test  

The toxicity test was done by MTT assay method. The percentage of cells’ viability was used for 

determining the samples’ toxicity. A high number of cell viability percentage means that the 

samples had low toxicity whereas a low number of cell viability percentage means that samples 

had high toxicity.  

 

In Vitro Degradability  
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Collagen/PCL nanofibers were placed in 3 ml of PBS after cut into 5 mm × 10 mm pieces and 

accurately weighed. The samples were soaked for 4,8,12, and 16 days and at each time point 

samples were dried for 24 h and then weighed again. The weight loss of samples was determined 

by the following equation: 

 
where Wo symbolize the weight of the samples at the beginning and Wt symbolize the samples’ 

weight after soaked in PBS [3]. 

 

RESULTS AND DISCUSSION 

The Characterization of Collagen/PCL Nanofiber  

Fourier Transform Infrared Spectroscopy  

There are four main bands related to the characteristic band of PCL as aliphatic polyester, which 

was found in PCL nanofibers samples. The four main bands were C=O stretch at 1722 cm-1, 

symmetric and asymmetric -CH2 stretch at 2850 cm-1 dan 2920 cm-1, and C-O-O vibrations at 1240 

cm-1 [8]. Meanwhile, from the collagen sample, O-H stretch band was found at 3279 cm-1. The C-

N and C-H stretch were also found at 1244 cm-1 and 3072 cm-1, indicates the presence of an amide 

group as the characteristic of the chemical structure of collagen [9]. Figure 1 shows the IR spectra 

of all the collagen/PCL nanofibers samples, along with the IR spectra of PCL and collagen alone. 

Characteristic bands of PCL, such as C=O stretch (1726 – 1722 cm-1), C-O-O (1240 -1238 cm-1) and 

C-O bands (1105-1103 cm-1) were found in all collagen/PCL nanofibers samples. In the other hand, 

characteristic of collagen was shown by the C-N stretch at 1163 – 1182 cm-1 and also by N-H bend 

at 1541 cm-1.  

 

 
 

Fig. 1. FTIR spectra of PCL, collagen (Col), and nanofibers collagen/PCL (C-P) with different 

ratio in volume 
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Based on Figure 1, IR spectra of collagen/PCL nanofibers were shown more similar to the IR 

spectra of PCL, indicated that characteristic PCL were more dominant than collagen. This due to 

the solution concentration used in this study, in which PCL solution (20%, w/v) had a higher 

concentration than collagen solution (8%, w/v). No new bands were found in the IR spectra of all 

collagen/PCL nanofibers, mean that collagen and PCL were bonded physically, not chemically 

[9]. 
 

Table 1. Mechanical properties of collagen/PCL nanofibers with different ratio in volume 

 

 

The ultimate tensile strength values of each collagen/PCL nanofibers were shown in Figure 2, 

ranged from 0.69 – 5.82 MPa. Sample of collagen/PCL nanofiber with volume ratio 40:60 had the 

highest value, whereas the lowest value shown by collagen/PCL nanofibers with volume ratio 

20:80. PCL as a semi-crystalline polymer was known had better mechanical properties than 

collagen (a natural polymer), so increasing the volume ratio of PCL should improve the ultimate 

strength of nanofibers [10]. On the contrary, the result in this study shown random value in each 

sample, with sample in which volume of PCL was the highest had the lowest ultimate tensile 

strength of all instead. The diverse result occurred due to differences in the physical form of the 

samples. There are two main factors – the material’s thickness and the given load - that could 

affect the ultimate tensile strength of materials [7]. The difference in thickness caused variance in 

the surface area of each sample, and thus affect the values of ultimate tensile strength – as given 

in Table 1. Differences in physical forms could occur because of the electrospinning method used 

to fabricate samples. There are several factors in the electrospinning process that could affect the 

thickness of formed nanofibers, one of them was solution viscosity [6]. As a solution viscosity 

increased, there was a chance that the stream from needle’s tip getting hampered, thus made the 

fibers could not be formed optimally [11]. Although there have been many studies before that 

stated that high viscosity in solution could complicate the electrospinning process, a solution with 

low viscosity also could affect the results of nanofibers. When the viscosity was too low, the 

solution did not have enough time to be polarized so the fibers could not be formed [6, 11]. The 

results suggested that sample of collagen/PCL nanofibers with the volume ratio 40:60 had the 

most optimal viscosity, so the fibers could form and had the best mechanical strength of all. With 

the 5.82 MPa, this number was included in the ranges of the ultimate tensile strength of human 
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skin [12]. Hence, collagen/PCL nanofibers with the volume ratio 40:60 could be potential for skin 

tissue engineering applications for burns. 

 

Morphological Characterization  

In this test, only two samples of collagen/PCL nanofibers, which had the lowest and the highest 

ultimate tensile strength were analyzed. These two samples were collagen/PCL nanofibers with 

volume ratio 20:80 and 40:60. The surface morphologies of both nanofibers’ samples – as shown 

in Figure 2 – were smooth, cylindrical, and non-porous. From the analysis done with the ImageJ, 

the diameter of the collagen/PCL nanofibers with volume ratio 20:80 ranges between 2.7 – 9.5 µm, 

with average number 5.9 ± 2.3 µm. Whereas the diameter of the collagen/PCL nanofibers with 

volume ratio 40:60 ranges between 167,8 nm – 2, 4 µm with the average number 401.7 ± 192,8 nm. 

 

 
 

Fig. 2. SEM micrographs of nanofibers collagen/PCL obtained with different volume ratio: (a) 

20:80 and (b) 40:60. 

 

The result also indicated that sample with volume ratio 20:80 had less formed nanofibers than 

sample with volume ratio 40:60. The diversity in diameter and the number of formed nanofibers 

were influenced by many factors, one of them was solution viscosity. The presence of PCL with 

large enough concentration could increase the solution viscosity so that the diameter of formed 

nanofibers become larger and wider [8]. Higher viscosity was caused by a large number of 

chemical bonds which increased along with the solution viscosity [11]. Aside from viscosity, the 

diameter of the formed nanofibers was also affected by the solution’s conductivity. Based on the 

previous experiments done by the others, the smaller amount of collagen in the solution made 

the diameter of nanofibers greater [3]. Collagen was polyelectrolyte, a linear polymer which had 

many functional groups in an ionized state. The presence of polyelectrolyte in solution could 

increase the solution’s conductivity, thus made the morphology of formed nanofibers smoother 

and had smaller diameter [13, 14]. 
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Toxicity  

Five samples were used in this test using the MTT assay method. The toxicity level was known 

from the percentage of the cell’s viability, in which that high percentage means low toxicity. 

Samples were toxic if the percentage of cell’s viability was below 60% [15]. The result indicated 

that four out of five samples were not toxic. Sample with 40:60 volume ratio of the collagen/PCL 

had highest percentage of cell’s viability, whereas the lowest percentage was owned by sample 

with 80:20 volume ratio. Figure 3 showed that from the sample with 40:60 to 80:20 volume ratio 

of the collagen/PCL, there was a trend in which the bigger volume ratio of collagen, the lower 

cell’s viability. These results could occur because of the used of acetic acid as collagen’s solvent 

in this study. Acetic acid was included in strong acid group, in which strong acid could cause 

cells’ disturbance and conduct cells’ death. Acetic acid could trigger apoptosis, where cells 

undergo the decreasing of its integrity [16]. However, samples with the lowest volume ratio of 

collagen (20:80) did not have the highest percentage of cells’ viability. This could occur due of 

several factors when the characterization test was carried out. The toxicity test using MTT assay 

was often associated with the number of living cells, although it actually refers to the reduction 

reaction of tetrazolium dyes that change color when reacting with cell metabolic activity [15]. 

Reduction levels of tetrazolium dyes could change and also influenced by the physical condition 

of the culture cell and the number of cells in each well. The ability of cell metabolism also needs 

to be considered, where there were several culture cells that could metabolize ten times more 

active than normal condition when reacting with tetrazolium, but there are also cells that undergo 

decreased metabolism [15].  

 

In Vitro Degradability  

The degradation test was carried out for 16 days. The result indicated that sample with 50:50 

volume ratio had the slowest degradation rate, (3.82 ± 1.90) x 10-6 g/hours. The other four samples 

had a relatively good degradation rate, thus made them suitable for skin tissue engineering for 

burns. The degradation rate of all samples can be seen in Figure 4. The addition of PCL should 

decrease the degradation rate of the samples. PCL as a synthetic polymer had a lower degradation 

rate – 3 up to 4 years to disintegrate - than collagen [17]. In this study, samples with the highest 

volume ratio of PCL (20:80) had the largest degradation rate instead. 

 

 
 

Fig. 3. Cell’s viability on nanofibers collagen/PCL with different volume ratio by MTT assay.  
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This could happen due to the method used in this study [18]. The samples were fabricated by 

electrospinning method, thus made a difference in the physical form of the samples. Difference 

structure of the formed fibers caused the degradation mechanism was also different in each 

sample. Based on the morphology of the formed fibers, samples with 20:80 volume ratio of 

collagen/PCL had large of a blank area and thus made the samples were hydrophilic. This 

hydrophilic characteristic promoted the occurrence of mass degradation. Mass degradation also 

occurred in samples with the highest volume ratio of collagen (80:20), because collagen was 

hydrophilic natural polymer. However, in the samples with 40:60, 50:50, and 60:40 volume ratio 

of collagen/PCL, the degradation mechanism which happened was the surface degradation. It 

developed because of the samples’ surface was hydrophilic, as a result due to the existence -CH2 

chain in PCL. The semi-crystalline characteristic of PCL could also obstruct the penetration of 

PBS liquid into the polymer bulk [19]. 

 

 
 

Fig. 4. Degradation rate of nanofibers collagen/PCL with different volume ratio 

 

Degradation was one of the most important factors in tissue engineering. The degradation of the 

scaffolds should not too fast, so the cells had enough time to undergo the proliferation. In the 

other hand, slow degradation might also disturb the biological function of the tissue, especially 

if the degradation of the samples were slower than tissue regeneration itself [20]. Slow 

degradation could trigger foreign body reaction, and thus developed the undesirable reaction in 

the human body [21]. 

 

CONCLUSIONS 

Differences in volume ratio of collagen and PCL affected the viscosity and conductivity of the 

solution and thus affected the formed nanofibers. The diameters, the amount of formed fibers, 

and the cell’s viability result in MTT assay were several factors which were affected by volume 
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ratio differences. In this study, the result showed that nanofibers with 40:60 volume ratio of 

collagen/PCL was the most suitable for the skin tissue engineering, with fiber size of 401.7 ± 192.8 

nm, UTS of 5.82 MPa, and live cell percentage of 67.38 ± 0,63 %. Other than that, results showed 

that degradation rate was (5.82 ± 1.20) x 10-6 g/hours. 
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Abstract: Background: Genitourinary tuberculosis is rare disease, and the manifestations can be variable 

and cause a variety of clinical patterns that mimic other diseases. Case Presentation: We present three such 

cases of TB presenting with haematuria, per-virginal bleeding and the other case was asymptomatic. The 

diagnosis was confirmed by growth of Mycobacterium tuberculosis in urine or tissue culture. We find the 

diagnosis were challenging and invasive. Conclusion: The Genitourinary tuberculosis can be difficult to 

diagnose. Only bacteriological or histological confirmation allows diagnosis for adequate treatment 
 

Keywords: Genitourinary Tuberculosis (GUTB), Mycobacterium Tuberculosis (MTB). 

 

INTRODUCTION   

Genitourinary tuberculosis (GUTB) makes up to 20% of all extrapulmonary tuberculosis (EPTB). 

Genitourinary tuberculosis is rare and the second most common form of extrapulmonary 

tuberculosis comprising 3-5% of all tuberculosis cases(1). Due to its insidious onset, chronic non-

specific symptoms and clinical manifestations, the diagnosis often delayed and resulting in 

disease progression. We therefore report three cases in which the diagnosis confirm of GUTB.  
 

CASE REPORT  

Case 1: A 44-year-old man, presented with productive cough with yellowish sputum for 2 

months. It was associated with intermittent fever, loss of appetite and loss of weight around 7kg 

in 2months. He has been having painless haematuria and urinary incontinence for 3 years. Chest 

radiograph suggestive of pulmonary tuberculosis. His sputum AFB was positive and urinalysis 

suggestive of sterile pyuria and urine AFB which was positive. The diagnosis of disseminated 

tuberculosis was established (pulmonary and urinary). He was then started with anti-

tuberculosis treatment.   

 

Case 2: A 71-year-old postmenopausal woman was diagnosed as myasthenia gravis underwent 

a screening for paraneoplastic syndrome. She had significant loss of weight with history of  

exposure to her daughter who was diagnosed as pulmonary tuberculosis 5 years ago. Otherwise, 

no history chronic cough, fever, and night sweats. Her abdominal and pelvic ultrasound showed 

echogenic fluid within the uterine cavity suspicious of hydrometra. A pap smear and 

hysteroscopy biopsy showed chronic necrotizing granulomatous tuberculous endometritis with 

few AFB presence. Pus for mycobacterium culture and sensitivity was positive and patient was 

started on antituberculosis treatment.  
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Case 3: A 55-year-old, postmenopausal woman presented with per vaginal spotting for 2 weeks 

associated with abdominal pain, loss of appetite and loss of weight. There was no history of fever, 

cough and short of breath. Pelvic ultrasound revealed a bulky uterus with hydrometra CT 

abdomen pelvis suggestive of a tubo-ovarian abscess and endometritis/ pyometra. A pap smear 

sample taken showing necrotizing granulomatous inflammation and pipelle sampling revealed 

MTB complex detected. She was then started on treatment and responded well. 

 

RESULTS AND DISCUSSION 

Diagnosis of GUTB is often delayed due to the insidious nature of the disease, non-specificity of 

symptoms, poor health-seeking behaviour of patients, and lack of clinician awareness[1]. 

Confirmatory investigation of GUTB includes collection of three consecutive first-void morning 

urine samples for acid fast bacilli (AFB) culture. Tissue samples RT-PCR are highly recommended 

to screen the MTB[2]. Radiological imaging for GUTB is rarely pathognomonic and highly 

variable. Abnormal chest radiographs were found in less than half of GUTB cases[3].Treatment 

with antituberculosis chemotherapy comprising 4-drugs and a standard treatment course of 6 

months is usually sufficient [4].  

 

CONCLUSIONS 

These cases demonstrate EPTB presenting genitourinary symptoms and can be asymptomatic. 

GUTB should be suspected in patient although the absence of lung symptoms or a positive 

contact history in patients from tuberculosis-endemic areas. A delayed in diagnosis put the 

patient at higher risk of disease progression with higher morbidity and mortality rates. With aim 

to add to the collective literature and raise awareness of GUTB. 
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Abstract: Owing to high electroactivity and good biocompatibility of conducting polymer in human body, 

there is increasing reported biomedical works utilizing the polymer, among which is in wearable devices. 

In this study, the interaction between conducting polymer and human skin is discussed. Polymer was 

coated on solid microneedle, as a skin-penetrating device and immersed in skin lysate, as alternative for 

skin medium for 24 hours. Different oxidation states of polymer were included in the experimental works 

for more comprehensive findings. Surface analysis showed chemical alteration on the coating which would 

be significance factor in future dermal applications. 
 

Keywords: Conducting Polymer, Microneedle, Skin, Wearables, XPS. 

 

INTRODUCTION 

This paper aided fundamental knowledge of electrical responsive, organic conducting polymer 

in human body, specifically in human skin which has been less explored despite increasing 

reports in skin wearable devices [1]. This work described conducting polymer interaction within 

skin like environment represented by skin lysate especially the chemical changes of the polymer 

coating on microneedle by using surface sensitive X-ray photoelectron spectroscopy (XPS) 

technique. Different oxidation states of polymer coated microneedle were immersed in the skin 

lysate for 24 hours and the presented elemental concentration on the surface coatings were 

discussed.  
 

MATERIALS AND METHODS  

Conducting polymer was represented by poly(3,4-ethylenedioxythiophene) (PEDOT) due to its 

high conductivity [2]. PEDOT doped with tosylate was coated on laser cut, solid PMMA 

microneedle by vapor phase polymerization(VPP)[3] and immersed in skin lysate[3] for 24 

hours.Oxidized and reduced PEDOT microneedles were prepared using three electrodes 

electrochemical system by applying 1V and -1V to previously made VPP PEDOT:TOS in 0.1mM 

NaTOS, respectively. Samples were then analyzed using XPS at parameters in [3].   

 

RESULTS AND DISCUSSION 
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Microscope image on microneedle in Fig.1 showed bluish surface which is the common color for 

PEDOT coating. Characterization using XPS showed presence of Na and Ni on the PEDOT 

micorneedles after immersion in lysate with none observed at untreated sample (without 

immersion). The concentration of Ni was highest at reduced PEDOT, followed by oxidized 

PEDOT and control (as prepared VPP PEDOT). However, the concentration of Na was highest at 

control, followed by oxidized and reduced. This indicated no correlation between oxidation states 

of PEDOT to elements adsorp on coating surface, where resulted different concentrations 

probably just due to physical adhesion. However, in S2p two peaks which contain information 

between PEDOT and TOS,[4] the absence of TOS peak hinted leaching of the dopants into skin 

lysate. Hence not only there was foreign biochemicals adhesion to PEDOT microneedle surface, 

there was also removal of the PEDOT dopants from the microneedles.  

 

 
Fig. 1. PEDOT:TOS coated PMMA microneedle made with three sectional areas, bulk, neck and 

tip. XPS was conducted just at the tip, the only area which will be in human skin. 

 

CONCLUSIONS 

In generals, the oxidation states of PEDOT does not affecting types of cations/anions attached to 

the polymer surface. Also, when PEDOT coated microneedles immersed in skin lysate, there was 

possibility of the dopants leaving off from polymer coating out into the skin. Hence future work 

need to include biosafety of the polymer in actual excised human skin. 
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Abstract: The development of antibacterial, economical, biosafe, and effective materials for bleeding 

control is becoming increasingly important in the clinical field. Therefore, the study is to explore novel 

antibacterial composite-reinforced propolis prepared by crosslinking chitosan (CS), and carboxymethyl 

cellulose (CMC) with various ratios following an improved vacuum freeze-drying method. The 

characterization composites were investigated by FTIR, water absorption capacity test, mechanical 

strength, antibacterial assay, and cytotoxicity test. The molecule interactions between CMC, propolis, and 

CS (as determined by FTIR analysis) significantly resulted in higher evaluated for water absorption 

capacity and lower mechanical strength. Composite of CS/CMC/propolis presented a greater antibacterial 

activity against Staphylococcus aureus and Escherichia coli in comparison to CS/CMC without propolis. 
 

Keywords: Propolis, Antibacterial activity,  Hemostatic Composite, Chitosan, Carboxymethyl cellulose. 

 

INTRODUCTION (Heading Palatino Linotype MS, 11 font size, bold)  

In general, 20% of total blood volume is lost during surgical hemorrhage. Severe traumatic 

hemorrhage and also reasons uncontrolled hemorrhage is a major causes of mortality [1-3]. 

Therefore, the development of antibacterial, economical, biosafe, and effective hemostatic 

materials for bleeding control is becoming increasingly important in the clinical field. For these 

materials to be efficacious, they need to make proper contact with the bleeding surface, promote 

rapid absorption of blood, keep the wound from infection and be easy to handle. Sponge-type 

hemostatic agents can absorb larger amounts of blood than other forms and can be removed 

easily from the wound. Therefore, the study is to explore a novel antibacterial sponge composed 

of natural materials; namely chitosan (CS), carboxymethyl cellulose (CMC), and propolis (bee 

resin) as the antibacterial drug. CS has been used for its hemostatic properties in that it binds to 

platelets and red blood cells to form a gel-like covering of blood vessels [4,5] CMC  as a 

Hydrofiber [6,7] , and propolis is used for great  antibacterial activity and has been widely used 

in pharmaceuticals [8],  due to its biocompatibility, biodegradability, non-toxicity. Opmosite 

sponges with various ratios following an improved vacuum freeze-drying method. The 

characterization composites were investigated by FTIR, water absorption capacity test, 

mechanical strength, antibacterial assay, and cytotoxicity test.  
 

MATERIALS AND METHODS  
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Sodium Carboxymethyl Cellulose (CMC-Na) (Whelthy Co., Ltd, China, Shrimp shell Chitosan 

(degree of deacetylation >75%), (Himedia, India), Calcium Chloride, Acetic Acid, Sodium 

Hydroxyde 25%, , Ethanol 70%, were purchased from Chemical Indonesia(Surabaya). Raw 

Propolis was purchased from the Kelanceng Bee Farm, Kediri, East Java. 

 

Raw propolis from honeybee colonies collected from the Kediri region in East Jawa was extracted 

using the ethanolic extraction method. Preliminary qualitative phytochemical tests were held out 

for aqueous extract of propolis to identify different phyto-constituents. The composite sponges 

were prepared by chitosan 1% (w / v) dissolved in 1% (v / v-100 mL)  acetic acid reached a (pH 5-

6), CMC 2% (w / v) dissolved in distilled water reached a (pH 7), and 1 mL of propolis aqueous 

ethanolic solution with different ratios(3: 1, 1: 1, 3: 1p, and 1: 1p), named CSC3, CSC1, CSC3p and 

CSC1p. The air bubble-free was poured into Petri dishes, then was stored frozen at −40∘ C for 24 

h followed by freeze drying to obtain a composite sponge. The chemical structure of CS/CMC 

with and without propolis composite sponges was evaluated using Fourier transform infrared 

(FT-IR) to examine the changes in the molecular structure during the carboxymethylation and ion 

exchange processes. Mechanical observation of the sponge composites material was done, 

followed by analyzing its compressive strength and tensile strength The water absorption time is 

defined as the time required for the droplets to become even on the surface of the nonwoven. The 

water droplet volume is 3 mL and the water absorption time is measured five times. The water 

absorption capacity of the composite sponges was determined by incubating the composite 

sponges in phosphate-buffered saline (PBS) at pH 7.4 at 37∘C for 2 hours. Cytotoxicity of sponge 

composites performed on human dermal fibroblasts (HDF) by the indirect MTT method. 

Measurement of the antimicrobial effect of composite sponges was carried out by the agar 

diffusion method using bacterial strains of E. coli and S. aureus. Each sponge sampel piece was 

placed in the center of the culture dish and then were incubated 24h at 37˚C, the diameters of 

clear circle zone were measured and recorded for analysis.   

 

RESULTS AND DISCUSSION 

The phytochemical analysis of the ethanolic aqueous extract obtained from raw propolis revealed 

the presence of triterpenoids, flavonoids, sugars, quinines, tannins, phenols, and acids. The 

presence of much more groups of phytochemicals diversity gives synergic effects in many 

biological applications. Flavonoids and phenols are naturally occurring chemical compounds 

with beneficial antibacterial activities to be used in traditional and modern medicine. 

 

The pH of the composite mixture prior to freeze-drying was 7-8. In the study reported by Tu et 

al., cyanine-dyed CMC/CS sponges within the pH range of 4–8, demonstrated that the sponge 

could perform as a visual pH sensor with high sensitivity [9]. The CS/CMC hemostatic composite 

sponges prepared in spongy circular disk-shaped were white CMC/CS/propolis composite 

yellowish, and pliable with good flexibility. Compressive strength average of 0.1-0.2 MPa, and 

tensile strength of 12,5-15.2 MPa. The sponges with high-content CMC (CSC3) the water 

adsorption capacities were significantly increased. This is because hydrophilicity CMC relatively 
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higher. The Propolis release low CMC content sponges CSC1 decreased water capability in the 

prepared sponge. This is because the hydrophilicity of propolis was relatively lower.  On the 

other hand, CSC3 and CSC3p immediately absorbed a drop of water as soon as it was dropped. 

These are expected to have better blood absorption characteristics and consequently enhanced 

blood clotting rates than CSC1 and CSC1p. MTT results demonstrated cell viability showed that 

the composite sponge CMC/CS/propolis did not show any toxicity after contact with HDF cells 

for 24 hours, and the CSC1 group showed a decrease in viability at 24 hours (p<0.01). The ability 

of cells to filter the inside of the sponsor will be very helpful for early stage healing. Sharaf et al 

reported the selected concentration of CS/Propolis (25 g/mL) was safe because it showed about 

89.46% cell viability also showed that if we increase the concentration of free propolis above 25 

g/mL, they will increase the concentration of free propolis above 25. g/mL, toxic to normal cells. 

However, lower concentrations can safely reduce inflammation and increase epithelial cell 

proliferation [10]. 

 

From the results of the antibacterial assay of composite sponges against E. coli and S. aureus, it 

can be seen that the inhibition zone is larger in CSC1p and CSC3P composite sponges than that 

of CSC1 and CSC3. The inhibition zones were 23,1 mm and 19,7 mm for propolis-reinforced 

CSC1p and CSC3P. As reported by Cai et al., the antibacterial properties of the composites were 

also attributed to chitosan, which has natural antibacterial activity due to its ability to neutralize 

negative electrons in bacteria with positively charged amino radical groups (-NH2) [11].The great 

antimicrobial efficiency reported by Sharaf and Merez et al., of the propolis-loaded cotton fabrics, 

is against S. aureus, P. aeruginosa, and the fungus Candida albicans [10]. 

 

The FTIR spectra results of the CS peaks s show characteristic absorption bands at 1653, 1378, and 

1317 cm−1 corresponding to the C–O stretch of the amide, C−H, and the C−N stretch of the amide. 

For neat CMCs, the C–O stretching band of the carboxyl group (COOH) was observed at 1580 

cm−1, in addition to other characteristics. In the case of CMC/CS and CMC/CS/propolis 

composites, the C-O stretching band of the amide group is shifted to a lower wavenumber, 1640 

cm−1. We also observed a band corresponding to the COOH group of CMC, and the appearance 

of a common peak at 1550 cm−1 (N−H stretching vibration), which indicates an electrostatic 

interaction between chitosan as opposed to CMC. Regarding the interactions between CS and 

CMC, no new vibration was observed because, according to Wang et al., this interaction does not 

involve chemical bonds but electrostatic formation only [7].  

 

CONCLUSIONS 

In this work, antibacterial CMC/chitosan/propolis composite sponges as hemostatic composite 

were successfully prepared by the freeze-drying process. In addition, the low pH sample 

presented a more uniform distribution and dimensional regularity than the high pH sample. The 

FTIR results confirmed the formation of intermolecular hydrogen bonds between the two 

polymers. The sponges CSC3 and CSC3p presented the best water absorbance performance.  The 

great antibacterial properties were shown by CSC3p and CSC1p composites with propolis 
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content effect on inhibiting growth Escherichia coli and Streptococcus aureus. Based on these 

results, it is recommended that the synthesized hemostatic composite is needed to improve 

mechanical characters add plasticizer and further developed to be applied and used as hemostatic 

agents in the future. 
 

ACKNOWLEDGMENT: The authors acknowledge and  would like to thank thethe financial 

support for this study received from the PTN/LLDIKTI [Project Number =0008046902] Indonesian 

Goverment.  
 

REFERENCES 

[1] Khoshmohabat H, Paydar S, Kazemi HM, Dalfardi B. Overview of agents used for emergency 

hemostasis. Trauma Mon. 2016, 21,1.  

[2]   Zheng C, Zeng Q, Pimpi S, Wu W, Han K, Dong K, et al. Research status and development potential 

of composite hemostatic materials. J Mater Chem B. 2020, 8, 25 pp:5395–410.  

[3]  Khan MA, Mujahid M. A review on recent advances in chitosan based composite for hemostatic 

dressings. Int J Biol Macromol. 2019, 47, pp 124:138.  

[4]  Hu Z, Zhang DY, Lu ST, Li PW, Li SD. Chitosan-based composite materials for prospective hemostatic 

applications. Mar Drugs. 2018, 16(8) pp 1–25.  

[6] G. Richetta A, Cantisani C, W. Li V, Mattozzi C, Melis L, De Gado F, et al. Hydrofiber Dressing and 

Wound Repair: Review of the Literature and New Patents. Recent Pat Inflamm Allergy Drug Discov. 2011, 

5(2), pp, 150–4.  

[7]  Wang Y, Zhao Y, Qiao L, Zou F, Xie Y, Zheng Y, et al. Cellulose fibers-reinforced self-expanding porous 

composite with multiple hemostatic efficacy and shape adaptability for uncontrollable massive 

hemorrhage treatment. Bioact Mater. 2021, 6(7), pp 2089–104.  

[8]  Oryan A, Alemzadeh E, Moshiri A. Potential role of propolis in wound healing: Biological properties 

and therapeutic activities. Biomed Pharmacother. 2018, 98, pp 469–83.  

[9]  S. Sharaf, Mehrez E. El-Naggar, Wound dressing properties of cationized cotton fabric treated with 

carrageenan/cyclodextrin hydrogel loaded with honey bee propolis extract, International Journal of 

Biological Macromolecules, 2019, 133, pp 583-591 

[10]  Cai B, Zhong T, Chen P, Fu J, Jin Y, Liu Y, Huang R, Tan L. Preparation, characterization and in vitro 

release study of drug-loaded sodium carboxy-methylcellulose/chitosan composite sponge. PloS one. 2018 

Oct 22;1 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 121  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

Characterization of Green Synthesis Silver Nanoparticles Conjugated 

With Neem (Azadirachta Indica A. Juss) Extract  
 

Noor Rasyila Mohamed Noor1, Siti Zulaiha Ghazali3, Khairul Mohd Fadzli Mustaffa3, Saidatul 

Husni Saidin1 and Hada Masayu Ismail2 
 

1Herbal Product Development Program, Natural Products Division, Forest Research Institute Malaysia, (FRIM), 

52109 Kepong, Selangor 

2Biological Resources Program, Natural Products Division, Forest Research Institute Malaysia, (FRIM), 52109 

Kepong, Selangor. 

 3Institute for Research in Molecular Medicine, (INFORMM), Health Campus, Universiti Sains Malaysia (USM), 

16150 Kubang Kerian, Kelantan 

*Corresponding Autor’s Email: rasyila@frim.gov.my 

 

 

Abstract: Azadirachta indica A. Juss or commonly known as neem has been used for centuries as a source of 

Ayurvedic medicine to cure measles, improve body's immune system, reduce malaria fever, foot fungus, 

muscle joints treatment and threat to the termites. Green synthesis of metallic nanoparticles such as silver 

nanoparticles has become one of the most important branches in the field of nanotechnology and its 

commercial demand increasing due to their widespread application. 

 

Problem statement: However, heterogenicity of the nanoparticle size produced using chemical treatment 

has limit it use especially in health industry.  

 

Therefore, this study focuses on reducing the size of silver nitrate (AgNO3) to silver nanoparticles (AgNP) 

by green synthesis approach using a water extract of A. indica leaf. Neem plant was obtained from Maran 

FRIM Research Station (SPF Maran), Pahang and has undergone the authentication process. Neem water 

extract acts as a particle size reduction agent of 1 mM AgNO3 solution through the synthesis process. The 

characteristics of the silver nanoparticles were evaluated using ultra violet visible (UV-Vis), dynamic light 

scattering (DLS) and scanning electron microscope (SEM). The synthesized silver nanoparticles showed a 

UV-Vis maximum absorption wave peak at 419 nm with a size distribution obtained through DLS 

technique between 31-43 nm. Study on size and morphology through a combination of SEM and UV-Vis 

analysis show that synthesized silver nanoparticles have a spherical shape with a diameter of 35-45 nm as 

compared to  previous study (in the range of 20–50 nm).  This nano silver characterization study using 

neem leaves can demonstrate that the synthesis of silver nitrate is a very simple and efficient lab scale green 

chemistry method. It is because neem leaf extract can promote the formation of nanoparticles quickly 

through the use of safe chemicals in the environment. Furthermore, this study can be used as a comparative 

reference in terms of nanoparticle quality for neem leaves 
 

Keywords: Neem, Reduction Agent, Silver Nanoparticles, UV-Vis, SEM, Green Chemistry. 

 

INTRODUCTION  
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Neem (Azadirachta indica A. Juss) is part of a traditional ingredient that is very popular among 

Ayurvedic medical practitioners since 5000 years ago. Neem leaves have more than 130 

biologically active compounds that can act as anti-viral, antibacterial, and strong immune 

stimulants. Based on Ayurveda therapies, it can be used as a wound healing agent; for eye pain 

such as itchiness, redness and tiredness; headaches and skin diseases. It is also used in 

aromatherapy because of its pleasant smell (1). 

 

Silver metal is used in various fields, including in pharmaceuticals as an antimicrobial. Based on 

nanotechnology, the size of silver particles can be reduced to the nano scale with a greater surface 

area per volume ratio to help increase the effectiveness and facilitate the penetration of silver 

particles through the microbial membrane. Nanoparticle formulation using essential oil and 

water extract is a green technology that replaces polymers as adhesion agents. Synthesis of 

nanoparticles is becoming a field of research that is expanding due to its potential applications. 

The green synthesis of nanoparticles using plant extracts has recently attracted the interest of 

scientists due to the low cost of synthesis and non-toxicity. Plant extracts that contain flavonoids 

and terpenoids are able to act as agents for reducing particle size and also adhesion naturally (2)-

(3).  
 

MATERIALS AND METHODS  

Sample preparation 

Fresh leaves from Azadirachta indica A. Juss with authentication number A1001/15 were 

collected from Maran FRIM Research Station (SPF Maran), Pahang, Malaysia. The collected leaves 

were washed and dried for two days at 60°C. After drying, the samples were finely ground and 

packaged before storage.  

 

Preparation of Neem Leaves Water Extract 

The water extraction method from the study results of (4) was used with some modification of 

the sample weight and the reflux technique. Dried neem leaves were weighed 10 g and 100 ml of 

distilled water was added to a round flask. The sample was heated for 60 minutes through the 

reflux method. Then, the sample was filtered with filter paper Whatsman No. 1 after it cooled 

down. The filtrate is ready to be used for the next AgNP synthesis process or can be frozen for 

storage. 

 

AgNP Synthesis Using Neem Leaves Water Extract 

AgNP synthesis was prepared using 1 mM aqueous silver nitrate (AgNO3) in an Erlenmeyer flask. 

Next, 5 mL of neem leaves water extract was added with 95 mL of 1 mM AgNO3 into a 250 mL 

round flask to reduce the size of Ag+ ions. The mixture of the two materials was synthesized for 

60 minutes at 90°C with 2 more flasks containing AgNO3 solution and neem leaves extract, which 

act as a positive and negative control. The biological reduction of Ag+ ions in the mixture of neem 

leaves extract and AgNO3 was observed and confirmed to occur through the change in the color 

of the solution from yellowish to dark brown (5). The solution undergoing complete size 
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reduction is centrifuged at a speed of 5,000 rpm for 30 minutes. The supernatant was discarded 

and the pallet was mixed again with deionized water. The centrifugation process is repeated 2–3 

times so that any other dissolved material on the AgNP surface can be cleaned (4). 

 

Silver Nanoparticle (AgNP) Characterization 

The presence of AgNPs in the aqueous solution was examined using a UV-Vis 

spectrophotometer. Resolution of 1 nm between 200-800 nm with a scanning speed of 240 nm/min 

of UV-Vis absorption spectrophotometer was used. The AgNP solution were placed into a quartz 

cuvette after sonication and vortexed so that the nanoparticles were dispersed evenly before the 

AgNP were analyzed. Zetasizer analyzer is used to measure the size of the nanoparticles by 

providing the average diameter (d.nm) reading of the nanoparticles. Meanwhile, a scanning 

electron microscope (SEM) was used to detect the size and shape of AgNPs in neem leaves.   

 

RESULTS AND DISCUSSION 

Synthesis of AgNPs Using Neem Leaves Water Extract   

AgNO3 was synthesized to AgNPs using a size reduction agent, which is a water extract of neem 

leaves at 90°C and the formation of AgNPs was observed through color changes and confirmed 

using UV-Vis spectroscopy. As a result of the synthesis reaction, the color of the solution changed 

from yellowish to dark brown (Figure 1). The resulting dark brown color is caused by the surface 

plasmon resonance phenomenon (6). The same color change was also observed, from colorless to 

yellow to brown and dark brown (7)-(8). This shows that biosynthesis has occurred, forming 

AgNPs quickly by reducing the size of the ions silver (Ag ions to Ag+). Studies showed that the 

phytochemical compounds that act as particle size reduction agents in neem leaves are 

terpenoids. This particle size reduction component also acts as an adhesive and stabilizing agent 

as evidenced through FTIR studies (9).  
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Fig. 1. Biosynthesis before (I) and after (II) heating for 60 minutes at a temperature of 90°C 

 

No color change occurred in the 2 control samples which are extract only (Fig. 1. b) and AgNO3 

control only (see Fig. 1.c). Control samples were prepared to ensure the pure nanoparticles were 

formed through the biosynthesis of extracts with aqueous AgNO3. 

 

Characterization of Nano Silver 

Characterization was done using UV-Visible spectrophotometer, particle size analysis by 

dynamic light scattering (DLS) and scanning electron microscopy (SEM). UV-Vis spectroscopy is 

an important and easiest technique in confirming the formation of nanoparticles that can 

generally identify the size and shape of nanoparticles suspended in solution. In addition, it also 

acts as one of the methods to study the formation and aggregation of nanoparticles (10). The 

maximum UV-VIS absorption wavelength peak at 419 nm can be seen in the range of 200–800 nm 

(see Fig. 2 and Table 1). This indicates a high probability that the extract solution and AgNO3 

contain AgNPs compared to the controls, which respectively do not show any wave peaks. 

Aqueous characteristics of silver can be detected through the formation of plasmon vibrations 

that cause free oscillations of electrons on the metal surface located at 400–450 nm for silver metal, 

540 nm and 560 nm for gold metal and 360 nm for TiO2 metal (11). 

 

 
 

Fig. 2. UV-Vis spectra of neem leaves silver nanoparticles at 200–800 nm wavelength 
 

Table 1. Maximum wavelength (nm) and absorbance (A) of silver nanoparticles, AgNO3 

(positive control) and neem leaves extract only (negative control) 

SAMPLE MAXIMUM WAVELENGHT PEAK (nm) ABSORBANCE 

AgNO3 (Control) ND ND 

Extract only (Control) ND ND 

AgNO3 + Extract 419 3.412 

       ND : Not detected 
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The dynamic light scattering (DLS) pattern of silver nano suspension is shown in Figure 3. The 

size distribution obtained through DLS is between the range of 31–43 nm and this is in line with 

the study reported by Ahmed et al. (5). 

 

 
 

Fig. 3. Size distribution of biosynthesis using neem leaves extract 

 

According to (10), DLS is a commonly used analytical technique for the characterization of 

nanoparticle size distribution based on the hydrodynamic radius. The particles required for DLS 

are those that are less than 1 µm in size so that they can be suspended homogeneously in a liquid, 

whether aqueous or organic. The Z-average (d.nm) of silver nano (d.nm) is 40.91 while the 

dispersion index (PDI) is 0.359. The results of the study by (12) on the other hand, the average Z-

average (d.nm) of silver nanoparticles processed is 155.4. However, according to (13), the 

difference in the average value of Z-average for plant extracts may be due to several factors 

including the concentration and intubation time of plant extracts that affect the formation of 

nanoparticle size. The higher the reaction temperature, the more homogeneous the Ag+ and the 

smaller the particles produced (7). 
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Fig. 4. (I) 100,000 × magnification SEM image of aqueous extract of neem leaves and (II) 100,000 

× magnification SEM image of neem silver nano 

 

At a magnification of 100,000×, Fig. 4 shows the SEM analysis image of the aqueous extract of 

neem leaves larger than the silver nanoparticles. The diameter size of the synthesized extract is 

100 nm, while the size of nano silver neem is smaller which is 35-45 nm. This also proves that the 

neem leaves extract has experienced a size reduction of AgNO3 to AgNP during the synthesis 

process. Most extracts and silver nanoparticles are spherical in shape. In addition, the size of the 

nanoparticles obtained through SEM is in line with the size predicted from UV-Vis at 419 nm, 

which is an average diameter of 40 nm. Therefore, it can be concluded that most of the silver 

nanoparticles synthesized using neem leaves extract are spherical and between 35–45 nm in size. 

Previous research by (14) also stated that the observation of nanoparticles using SEM is in the 

range of 20–50 nm and most of them are spherical in shape. 
                                 

CONCLUSIONS 

The characterization of silver nanoparticles has been proven through the synthesis of neem leaves 

extract with AgNO3. The process then continued with detecting the formation of AgNP, 

confirming the morphology and the particles size between the range of 35-45 nm spherical in 

shape based on DLS and SEM. The synthesis method for the production of nano silver neem is 

quick, simple, economical and without using harmful chemicals as reducing  or adhesion  agent. 

In addition, this study  also can be used as a comparative reference from the aspect of the quality 

of nanoparticles for neem leaves (Azadirachta indica A. Juss) that have been authenticated. 
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Abstract: This study aimed to determined chemical characterization of demineralized freze dried bone 

bovine nanoparticle scaffold for enhance bone repair. Demineralized Freeze-dried Bone Bovine Xenograft 

Nanoparticle (DFDBBX-NPs) was extracted from Bovine. Characterizations of demineralized freeze dried 

materials were performed by FTIR, WCP (Water Content Percentage), and Enzimatic Degradation. Based 

on FTIR, there are 29 characterization absorpsion bands, including hydroxyapatite absorption, collagen, 

and carbonate apatite. Water content percentage result showed about 201,98% on day 3, 201, 19% on day 

7, 214,5% on day 14. Meanwhile enzymatic degradation percentage showed 0,0979% on day 4, 0,207% on 

day 7, and 0,24 on day 14. 
 

Keywords: DFDBBX-NPs, FTIR, WCP, Enzimatic Degradation, Bone Repair. 

 

INTRODUCTION   

There are several conditions in which injured bone may not be capable of healing itself. The 

current gold standard for the treatment of these critical-sized defects is autogenous bone grafting. 

The use of bonegrafts as regenerative materials is expected to fulfil three main attributes: 

osteogenic, osteoinductive, osteoconductive. Osteogenic means that they contain living cells 

which can differentiate into osteoblasts. Osteoinductive describes the ability to stimulate local or 

added cells to differentiate into osteoblasts and thereby increase bone healing. Bone grafts also 

act as scaffolds: on their surface new bone material can be generated [1].  

 

Demineralized Freeze-Dried Bovine Bone Xenograft Nanoparticles are bonegrafts produced from 

the demineralization process of cow bones, leaving organic components containing growth 

factors such as BMP. The ideal scaffold should have good compatibility, biodegradable, and not 

toxic to cells. For this reason, it is necessary to observe the chemical characterization of DFDBBX-

NPs. 
 

MATERIALS AND METHODS  

Synthesize of DFDBBX-NPs 
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Demineralized freeze-dried bone bone comes from the part of the bovine bone, then separates it 

from the soft tissue. The bone cut 3 mm x 3 mm, then washed using H2O2/peroxide solution until 

clean from blood and free of fatty tissue. After that it was rinsing using NaCl/aquadest solution 

to remove residual peroxide, the soaked in 1% HCL solution until the minerals disappear. The 

sample put in deep freze and dried through a lyophilizer system. 

 

Characterization of DFDBBX-NPs 

FTIR (Fourier Transform Infrared) 

The FT-IR spectra of the samples were recorded by Thermo Scientific, Nicolet iS10. The scanning 

range was 400-4000 cm-1 at a resolution of 4 cm-1. For the preparation of the pellets. KBr was used 

as a spectroscopic quality diluent, melted and then stored in an oven. The spectrum of the AEA 

was collected from the commercial ethanolic solution of the endocannabinoid using ZnSe 

windows. FTIR test results will be in the form of a graph. 

 

Water Content Percentage 

The scaffold used as a sample is weighed to determine initial weight / dry weight (Wd). The 

scaffold was put into an Eppendorf tube and immersed in 1 ml phosphate buffer saline solution 

(PBS, pH = 7.4) for 24 hours, 3rd day and 7th at 37oC. The scaffold is taken slowly using small 

tweezers so that it is scaffold undamaged, then dry using filter paper then weighed to determine 

the final weight / Wet weight (Ww). Then it is calculated using the formula [2]. 

 

Enzimatic Degradation  

The scaffold used as a sample is weighed to determine the initial weight (Wo). The scaffold was 

immersed in 1 ml of solution (phosphate buffer saline and 50 μg/ml collagenase enzyme) for 3 

days, and 7 days. Then the scaffold was taken from the medium and washed with distilled water. 

Then frozen at -80oC and freeze-dried for 2x24 hours. The dry scaffold is weighed to determine 

the final weight (Wt). This procedure was repeated for 3 days and 7 days. The degradation rate 

is calculated based on the formula [3]. 

 

RESULTS AND DISCUSSION 

Bovine bone xenograft is often an alternative because it has structures and physical and chemical 

characteristics that resemble human bones. In addition, it is also an unlimited source of raw 

materials when compared to allograft [4-5]. An ideal scaffold has several criteria or characteristics 

of biomaterials that must be met, including biocompatible, biodegradation, mechanical 

characteristics, scaffold structure, and manufacturing technology [6]. Physical and chemical 

characteristics and crystallinization of a material can affect the osteogenic properties of cells in 

the formation of new bone [7]. Xenograft comes from a different species from humans, so it is 

necessary to examine the osteological characteristics. In the process of making a material, it will 

go through chemical processes and temperature changes, this will affect the physical and 

chemical properties. For this reason, it is necessary to check in every preparation of xenograft 

material whether it has approached the physical and chemical characteristics suitable for bone 
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regeneration. Bone grafts that have undergone a demineralization process are expected to further 

accentuate their osteoinductive properties. For this reason, in this study the researchers  

investigated the chemical characterization of a new nanoparticle namely Demineralized Freeze 

Dried Bone Bovine Xenograft.  

 

Observations using Fourier Transform Infrared (FTIR) aim to see the composition of the scaffold. 

It is known that the main composition of human bone is collagen and hydroxyapatite carbon 

which are very good at absorbing light from FTIR waves. A bone graft is expected to approach 

the structure and composition of human bones. In the DFDCBBG spectrum, 29 characteristic 

absorption bands at frequencies 3539.38, 3485.37, 3375.43, 319.49, 302.13, 3223.05, 3203.76, 3165.19, 

3084.18, 3068.75, 2960.73, 2879.72, 2318.44, 2268.29, 2131.34, 2090.84, 1990.54, 415.75, 1336.67, 

1234.44, 1205.51, 11.86, 35, 991.41, 960.55, 873.75, 752.24, 601.79, and 569 cm-1 (Fig 1.) 

Hydroxyapatite absorption bands are in the range of 500-700 cm-1 and 900-1200 cm-1. Meanwhile, 

the absorption bands of collagen are in the range of 1200-1700 cm-1 and 2800-3700 cm-1. Apatite 

carbonate appears at 870-880 cm-1 (as a single band) and at 1400-1450 cm-1 (as a double band). 

Based on the results of the FTIR, most of the absorption bands 1336.67, 1234.44, 1205.51, 3539.38, 

3485.37, 3375.43, 3223.05, 3203.76, 3165.19, 3084.18, 3068.75, 2960.73, 2879.72 cm-1 are collagen. 

Specifically, type I collagen has waves as an amide group. There is amide A (close to 3300 cm-1), 

amide B (close to 3100 cm-1), amide I (1600-1700 cm-1), amide II (1500-1600 cm-1), amide III (1200-

1300 cm-1), amides IV-VII (500-750 cm-1). The demineralization process of this scaffold remain 

collagen. On the other hand, freeze dried process still contains protein and minerals. 

 

 
 

Fig. 1. Graphic of FTIR 
 

Testing of water content or Water Content Percentage (WCP) in the scaffold was carried out to 

determine the ability of the scaffold to absorb water, by calculating the initial weight of the 

DFDBBX-NPs scaffold. The research time was determined for 3, 7, and 14 days. At each specified 

research time, the final weight of the scaffold was measured. After the initial weight and final 
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weight, the proportion of water content is calculated using the formula. The average value of the 

research results for the proportion of water content is shown in table 1. A scaffold that exhibits a 

higher proportion of water content or Water Content Percentage (WCP) has a greater ability to 

filter cells. The average proportion of water content in the DFDBBX scaffold on the 3rd day it was 

201%, on the 7th day it was 201.19%, and on the 14th day it was 214%. 

 

Table 1. Water Content Percentage of DFDBBX-NPs on Day 3, Day 7, and Day 14 

Time W0 (mg) Wt (mg) Water Content Percentage (%) 

Day-3 12,65 38,2 201,98 

Day-7 15,25 45,95 201,19 

Day-14 13,1 41,2 214,5 
 

Water content percentage (WCP) is the ability of the scaffold to bind water. In this study the 

results of the swelling ratio graph with WCP were similar. The natural hydrophilic ability of the 

scaffold is important in the interaction of biological fluids to aid cell migration to the interior of 

the scaffold. The results showed that the largest WCP was in the scaffold of the third day 

treatment group 61.17%. The hydrophilic ability of the treatment group was significantly greater 

when different tests were carried out between the two groups on the first, third and seventh days. 

There was an increase in the control group from the first to the third day, but it was not significant. 

On the seventh day, the ability to absorb water is no longer increasing. The ability of the scaffold 

to absorb water is not only a medium for cell transfer, it also facilitates the distribution of 

nutrients, metabolites and growth factors through the extracellular media.7 Therefore, 

hydrophilic properties are necessary for the success of bone regeneration. Hydrophobic nature 

itself causes higher protein adsorption than hydrophilic. Protein adsorption is useful on the 

surface of the scaffold as a mediator of cell attachment, signaling to cell through cell adhesion 

receptors (especially integrins). However, if it is too hydrophobic it will cause a thick deposition 

of protein on the surface of the scaffold [8]. 

 

Observation of scaffold degradation was carried out to determine the degradation rate of the 

DFDBBX-NPs scaffold. The initial weight calculation was carried out for each sample. The study 

time was determined at 4, 7 and 14 days. At each specified research time, the final weight of the 

scaffold was measured. After obtaining the initial weight and final weight, the weight 

degradation of the scaffold is calculated using a formula. DFDBBX-NPs scaffold degradation on 

the fourth day of immersion was 0.0979%, on the seventh day it was 0.207% and on the fourteenth 

day it was 0.24%. The average value of the research results for the analysis of the rate of heavy 

degradation of the scaffold is shown in table 2. 

 

Table 2. Percentage of Enzimatic Degradation on Day 4, Day 7, and Day 14 

Time W0 (g) Wt (g) Enzimatic degradation (%) 

Day-4 19,2 17,55 0,0979 

Day-7 19,1 16,4 0,207 
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Day-14 27,75 23,2 0,24 
 

The rate of biodegrability is also an important parameter to avoid a second surgery to remove the 

scaffold. The successful regeneration of a defect requires at least 6 months which determines the 

rate of biodegradation of a scaffold. In order to act as a barrier, a resorbable scaffold must at least 

last for 3-4 weeks.  

 

Biodegradation is an important parameter in the occurrence of regeneration. The rate of 

biodegradation must be in line with the rate of formation of new bone, so that when bone 

regeneration has been completed the scaffold material has all been degraded. The rate of 

degradation is influenced by hydrophilic properties, chemical composition, degree of 

crystallinization, and scaffold geometry [9]. The main composition of the scaffold is collagen as 

shown in the FTIR results. The combination of scaffold with nanostructure is known to slow 

down the rate of degradation, because it neutralizes the acid degradation products [8]. The rate 

of degradation can be controlled by modifying the chemical composition and surface structure. 

By adding some cross-linking materials it can also restrain the rate of degradation [10]. 

 

CONCLUSIONS 

DFDBBX-NPs contain of collagen, hydroxyapatite, and carbonate apatite. Water content 

percentage of DFDBBX-NPs on day 14 is 214,5%, meanwhile the rate of degradation showed that 

DFDBBX-NPs is slow (0,24% on day 14). 
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Abstract: Hydroxyapatite/montmorillonite nanocomposite drug carrier was prepared by the powder 

sintering technique at a sintering temperature of 800 C. Methotrexate (MTX) drug was loaded into the 

nanocomposite carrier using the adsorption method by soaking the nanocomposite in the methotrexate 

solution at different loading temperatures. The amount of drug loading was found to increase with the 

increase in loading temperature for both hydroxyapatite (HA) and nanocomposite carriers. However, the 

amount of drug loading was reduced with the addition of montmorillonite clay. The release of MTX from 

HA was found to be governed by the Pseudo-second-order kinetic model compared to Korsmeyer-Peppas 

kinetic model for the nanocomposite. The addition of MMT into HA has prolonged the release time of MTX 

from the nanocomposite carrier, which suggested the potential use of the nanocomposite for a slow drug 

release system. 
 

Keywords: : Hydroxyapatite, Montmorillonite, Methotrexate, Drug Delivery, Kinetic Release. 

 

INTRODUCTION   

Methotrexate (MTX) is a drug that is normally used to treat bone cancer. The administration of 

MTX into the body is usually by injection or oral. However, MTX gives adverse side effects such 

as vomiting, nausea, anemia, diarrhea, dermatitis, bruising, hepatitis, pulmonary fibrosis, and 

bone marrow depression [1]. A controlled drug release system can be used to reduce the severe 

side effect of MTX. Hydroxyapatite-based drug carrier is one of the most studied materials due 

to their similarity with bone mineral. In this work, HA/MMT nanocomposite was prepared to 

study its potential use as a drug carrier for MTX.  
 

MATERIALS AND METHODS  

The HA/MMT nanocomposite carrier was prepared by mixing the HA and MMT powders (with 

the ratio of HA:MMT 50:50 and labeled as 50M) on a rolling mill at 50 rpm for 26 hrs, then molded 

into a cylindrical pellet of 3 mm thickness x 6 mm dia and sintered at 800 C for 2 hrs in an electric 

furnace. Drug loading was done by soaking the carrier in MTX drug solution at 30 – 70 C for 24 

hrs. The Van’t Hoff equation was used to evaluate the dependency of drug loading amount on 

the loading temperature. Drug release was done in a phosphate-buffered saline solution at 37 C.   

 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 134  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

RESULTS AND DISCUSSION 

The amount of drug loaded increased with the increase in loading temperature (Fig. 1a). The 

increase in temperature increased the active site of the carrier for drug adsorption, therefore, 

increasing the drug loading amount. The dependency of drug loading amount on loading 

temperature was confirmed by the Van’t Hoff plot (Fig. 1b). MTX took a longer time to reach its 

maximum release from the nanocomposite carrier compared to the time it took to release from 

the HA only as the carrier (Fig. 1c and d). This is due to the strongly adsorbed MMT in the 

nanocomposite to MTX [2], therefore prolonging the release of MTX from the nanocomposite 

carrier. It is found that MTX loaded at higher temperatures showed a lower maximum release 

compared to MTX loaded at a lower temperature. The release of MTX from HA followed the 

pseudo-second kinetic model whereas the release of MTX from the nanocomposite followed the 

Korsmeyer-Peppas kinetic model as shown by the higher value of the correlation coefficient.  

 

 
 

Fig. 1. (a) The amount of drug loaded at different temperature, (b) the Van’t Hoff plot for drug 

adsorption, drug release for HA (c) and from 50M (d). 

 
Fig. 2. Fitting plots of MTX release from HA and its nanocomposite using various mathematical 

models. 
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CONCLUSIONS 

The addition of MMT reduced the amount of MTX loading but prolonged the release time of 

MTX. The increase in loading temperature increased the amount of MTX loading but reduced the 

percentage release of MTX from the carriers. 
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Abstract: Red Guava has health benefits since it has a short shelf life. Developing a method to produce 

guava products in practical preparations in effervescent tablet preparations is necessary. Aim: To design 

and formulate the Red Guava effervescent tablet. Methods: Three formulations with acid and base in 50%, 

60%, and 70% of the total tablet weight were then prepared by wet granulation methods and characterized. 

Results: The formulations were desirable for physiochemical characteristics except group A (50% acid-

base) in the friability test. Conclusion: The characterization of Red Guava Effervescent Tablets is satisfying, 

and further investigation needs to be conducted. 
 

Keywords: Characterization, Effervescent Tablet, Red Guava. 

 

INTRODUCTION  

Red guava (Psidium guajava L.) usually grows in tropical and subtropical regions but is more 

adaptable in dry areas and is acknowledged to have come from Central America or Mexico. Due 

to its nutritional content and benefits, especially for health, guava is widely grown in various 

countries, including Indonesia [1]. Based on statistical data, guava production globally reached 

6.5 million tons in 2017, the highest production of other minor tropical fruits [2]. Based on data 

from the National Central Statistics Agency in East Java province in 2020, Red guava production 

reached 90,000 tons, growing from the previous year. 

 

Red guava is known as ethnomedicine because of its benefits in herbal medicine, particularly in 

ministering dysentery and diarrhoea, healing wounds, ulcers, skin and soft tissue infections, and 

rheumatism, coughs, canker sores and dengue fever [3,4]. It contains a broad spectrum of 

phytochemicals, including polysaccharides, alkaloids, essential oils, enzymes, proteins, 

polyphenols, vitamins, carbohydrates, fats, and minerals [5,6]. The vitamin C of Red Guava is 

three to six times higher than in oranges, which is about 260 mg/100 g of fresh guava fruit [7].  

 

Furthermore, Pusporini et al. (2022) conducted a preliminary in silico study and confirmed that 

the vitamin C content in guava has the potential as an antiviral Sars-CoV-2 by inhibiting ACE-2 

activity [8]. Meanwhile, Red Guava has a short shelf life, which only lasts one-week post-harvest 

with a short harvest season [9]. Therefore, developing a method to produce guava products in 
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practical preparations is necessary without reducing their benefits and contents. Effervescent 

tablets are tablets formulated to dissolve in water by releasing carbon dioxide (CO2), produced 

by compressing the material as a powder into a solid mass and packaged in blister packs or 

airtight containers. It consists of a combination of acids and bases, which are often used especially 

in pharmacology because of their advantages: fast onset of action and optimal compatibility [10]. 

This research aims to characterize red guava effervescent tablets with various formula 

combinations.  
 

MATERIALS AND METHODS  

Red guava powder preparation 

The ripe fresh guava fruit was from the Materia Medika Laboratory, Batu City, East Java, washed 

beneath running water until clean and then weighed to determine the initial weight. The guava 

was cut into small pieces and chopped using a knife of the same size, placed in a vacuum oven at 

60°C, weighed the dried guava, and then the powdering process was carried out using a grinding 

machine and sieved. Then the guava powder was packaged. 

 

Water content test of red guava powder  

Guava powder was weighed as much as 5 grams and then put into a moisture balance device at 

110°C for 10-15 minutes. The moisture content value in the guava powder sample is seen in the 

moisture balance tool screen. The ideal water content for an effervescent tablet is < 10%. 

 

Effervescent tablet preparation 

This study used three effervescent tablet formulas on different combinations of acid (citric and 

tartaric acid) and base (sodium bicarbonate) with concentrations of 50%, 60%, and 70% of the total 

tablet weight, respectively, to produce effervescent tablets weighing 2 grams. 

The method used is wet granulation, by dividing into two masses, with the following steps: all 

ingredients are weighed, then mixed the base phase (lactose and sodium bicarbonate (NaHCO3)) 

is with a mortar and stamper until homogeneous; mixed the acid phase (tartaric acid, citric acid, 

guava powder, and PVP) used a mortar and stamper until homogeneous. Then mix the acid and 

base phases using a mortar and stamper until homogeneous; add saccharin and place on a tray; 

put in an oven at 40°C for 6 hours. As the mass was dry, it weighed 2 grams and moulded into 

effervescent tablets.   

 

RESULTS AND DISCUSSION 

To avoid nutritional loss and add value to the final product developing methods for preserving 

and processing guava fruit can be done [11]. With advances in technology, people expect a more 

suitable product. Therefore, designing a method to create guava products in practical 

preparations, such as effervescent tablets, is necessary.  
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The oral drug delivery system has been known as a systemic route of drug administration 

through diverse preparations, one of which is effervescent tablets. It is a product of the 

compression material in the form of a powder into a solid mass, packaged in blister packs or 

airtight containers with a desiccant on the lid. Generally, powder materials are granulated before 

being made into tablets [10]. Effervescent tablets are produced and controlled the same as 

conventional tablets. These controls are included physicochemical properties such as hardness, 

weight variation, friability, solution time, pH and content uniformity [12]. As seen in table 1 and 

table 2, the weight and size uniformity between the samples is satisfying, indicating that the 

preparation and moulding are qualified. 

 

Effervescent tablets possess acids and bases, which will react rapidly because they dissolve in 

water by releasing carbon dioxide (CO2) gas [10]. Acids commonly used in effervescent reactions 

are citric, malic, tartaric, adipic, and fumaric acids. The most commonly used acids are citric acid, 

while tartaric, adipic and fumaric acids are used in small amounts due to their low water 

solubility [12]. Generally, a combination of citric acid and tartaric acid is used instead of one alone 

to obtain an effervescent salt. Because using a single acid alone can cause difficulties; for example, 

using citric acid alone will result in a sticky mixture that is difficult to granulate. In comparison, 

using single tartaric acid causes the resulting granules to lose their strength and agglomerate 

quickly. 

 

Table 1. The hardness, friability, and disintegration time test 

 
Requirements: the tablet is claimed to be good and has a hardness of 4-10 kg. All formulas satisfy the specifications; the tablet 

friability must be < 1%, group A does not meet specifications; all formulas meet the specifications because they satisfy the 

requirements no more than 15 minutes before the tablet must dissolve. (Group A: The group of effervescent tablets with a pH 

variation of 50%; Group B: The group of effervescent tablets with a pH variation of 60%; Group C: The group of effervescent tablets 

with a pH variation of 70%) 

 

Table 2. The size and weight uniformity test 
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All the formulas are meet the requirements in size and weight uniformity test. (Group A: The group of effervescent tablets with a 

pH variation of 50%; Group B: The group of effervescent tablets with a pH variation of 60%; Group C: The group of effervescent 

tablets with a pH variation of 70%)  

 

Table 1 shows that the friability of tablets was satisfactory, except for group A with a friability of 

more than 1%that did not meet the requirements. It is claimed to be good and has a hardness of 

4-10 kg. It is also attributed to the acceptable hardness; all tablets are 4.046 kg. Meanwhile, the 

disintegration time for all formulas also meets the specification since they satisfy the 

requirements of no more than 15 minutes before the tablet must dissolve. 

 

Furthermore, the bases often used are potassium carbonate and bicarbonate, as well as sodium 

carbonate and bicarbonate [13]. Sodium carbonate is often used because of its relatively low cost, 

high solubility and reaction intensity. Sodium bicarbonate is influential in producing CO2 when 

reacted with acid. Sodium bicarbonate is the largest carbonate source with free-flowing 

properties, significant water solubility, and non-hygroscopic. Both carbonate and bicarbonate are 

used in a 50:50 ratio. Citric acid is a trivalent which has an excellent neutralizing effect. Fumaric 

acid is divalent and more effective than citric acid but reacts more slowly and is less soluble than 

citric acid. In terms of stability, fumaric acid is better than citric acid. The total acid-to-base weight 

ratio is 1:1, which is ideal for effervescent tablets. 

 

Polyvinylpyrrolidone (PVP) is used as a binder in effervescent, dry powder or wet form from 

aqueous or hydroalcoholic solutions. Other effective binders are also Mannitol and PEG 

(Polyethylene Glycol) 6000 [12]. In solid effervescent tablets, 10-20% binders, including 

maltodextrin, lactose and sorbitol [13]. According to Patel, an effervescent tablet's reaction to 

neutralizing one molecule of citric acid requires three molecules of sodium bicarbonate [10]. To 

neutralize one molecule of tartaric acid requires two molecules of sodium bicarbonate. 

 

Effervescent tablets are used because they provide the correct dose, optimal compatibility, fast 

absorption, and increased fluid intake (Maher & Brayden, 2021). When organic acids and 

bicarbonates collect in water, carbon dioxide is released. The breakdown process occurred at a 

temperature of 17–20°C. The acid will neutralize the carbonate salt, which in turn releases carbon 

dioxide gas and produces fizzing. If there is no water in the medium, the acid or carbonate cannot 

dissociate, and the reaction cannot emerge. Effervescent tablets should be produced in an 

optimum environment, packaged carefully, and stowed in a dry environment with a relative 

humidity ratio of less than 10%, as moisture can damage the tablets. The packaging material of 

the effervescent tablet must also have a relatively stable shelf life. Because of its lower water 

permeability, aluminium is usually used as a substitute for polymer blister materials [13]. 

 

CONCLUSIONS 

All studied formulations were desirable for all physiochemical characteristics, including weight, 

size, hardness, friability, and disintegration time. Only group A with a 50% pH combination was 
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unsatisfying in the friability test. Further investigation need to be conducted to determine the 

vitamin C content and antioxidant activity of the effervescent tablets, to predict its potential for 

health supplements. 
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Abstract: Using a portable hand-held radiation survey metre (RADOS), terrestrial gamma dose rates 

(TGRD) were measured at 1,212 distinct sites in Katsina State. The measured TGRD rates ranged from 45 

to 271 nGyh-1, with an overall mean value of 116±1 nGyh-1, which is roughly twice the UNSCEAR-reported 

global average value of 59 nGyh-1. The geological formation G8 (Silicified Sheared rock) and soil type S5 

(Lithosols Ferruginous Crusts and Ferruginous Tropical Soils) have the highest mean TGRD values of 

163±5 nGyh-1and 134±2 nGyh-1, respectively. The population's annual effective dose was also determined 

to be 0.71 mSv. Using ArcGIS software, the obtained data was used to create a radiological map depicting 

the distribution of TGRD in the state. 
 

Keywords: TGRD, In-Situ, Soil Type, Geological Formations, Mapping. 

 

INTRODUCTION  

Naturally occurring radionuclides are usually categorized into two distinct forms: Cosmogenic 

or Extra-terrestrial; originated from the high-energy cosmic ray and/or particles (from Sun, stars 

and from galactic and intergalactic plasma) incident on the earth’s atmosphere, and Terrestrial 

origin; arising from the earth crusts. (Al-Sulaiti, 2011; Canbazoğlu and Doğru, 2013; Faanu, 2012; 

UNSCEAR, 2000). Terrestrial radioisotopes are also referred to as primordial radionuclides 

because of their source in the solar nebula or primordial dust cloud.  
 

MATERIALS AND METHODS  

Terrestrial Gamma Dose (TGRD) rates Measurements 

Terrestrial Gamma Radiation Dose (TGRD) rates measurements were carried out in situ at 1m 

above the ground based on the geological formations and soil types of the study area. The 

measurements were carried out using a handheld radiation survey meter (RADOS, ROS36).each 

measurement was repeated three times and the mean was recorded in order to minimize error. 
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The meter readings were in micro roentgen per hour and the mean TGRD readings were then 

converted into nGyh-1 using the recommended conversion procedure. A total of 1,212 

measurements were carried out from different parts of the study area which was widely covered. 

GARMIN Global Positioning System (GPS) device was used to record the geographical 

coordinates of each survey point.   

 

RESULTS AND DISCUSSION 

The study area has overall measured TGRD mean value of 116 nGyh-1 (with a range between 43 

nGyh-1 to 271 nGyh-1) which is about two times higher than the world average TGRD value of 59 

nGyh-1 (Mukhtar et al., 2021; UNSCEAR 2000).  

 

Radiological mapping of the study area 

Radiological map of the study are was produced using ArcGIS 9.6 software. The coordinates of 

each point were converted into degree decimal using the recommended method of conversion. 

It can be observed that, about sixty percent (60%) of the total area of the state has TGRD values 

higher than the world average value of 59 nGyh-1 reported by UNSCEAR, (UNSCEAR,2000)  

with the remaining forty percent (40%) having values that are below the world average value of 

59 nGyh-1.  

 

 
Fig. 1. Radiological map of Katsina State 
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Abstract: The biological application of graphene oxide (GO) is hindered by poor physical and chemical 

instability, with significant toxicity in biological milieu. In the present study, nanographene oxide 

(NanoGO) was functionalized with Pluronic block copolymer (PF) to enhance the stability and 

biocompatibility, as well as its ability as a carrier for hydrophobic compound. The GO, NanoGO and PF 

loaded nanographene oxide (NanoGO-PF) were characterized by dynamic light scattering, UV-Vis 

spectroscopy, Raman spectroscopy, FT-IR, scanning electron microscopy coupled with EDX, PF assay and 

stability. The toxicity of NanoGO-PF was monitored using zebrafish embryonic model. The ability of 

NanoGO-PF as a carrier for cucurmin (CUR) was also evaluated. A significant reduction in the size of 

NanoGO (~119 nm) and increase in size after functionalization with PF (~230 nm) were observed. NanoGO 

contains similar functional groups with GO based on UV-Vis and FT-IR spectra. The attachment of PF onto 

NanoGO was found to be ≥50%. NanoGO-PF was stable in storage and in physiologically relevant media. 

NanoGO-PF demonstrated an improved toxicity profile in zebrafish embryos, and was shown to be able to 

load CUR at different ratios. Collectively, the data in the present study provide fundamental basis for the 

development of a stable and biocompatible NanoGO for delivery of hyrophobic compounds, which 

warrants further investigation. 
 

Keywords: Graphene Oxide, Nanographene Oxide, Pluronic, Stability, Toxicity. 

 

INTRODUCTION   

GO has poor dispersity and tends to agglomerate in buffered saline or in biological media [1]. 

This limits the biological application of GO as it would lead to reduced cellular uptake, inept 

coupling with biomolecules, and compormised delivery efficiency [2]. To circumvent this 

limitation, a stable aqueous GO solution can be obtained by making nano-scale GO and conjugate 

it with amphiphilic copolymers, such as PEG or PF that provides steric stabilization. To date, 

several studies have demonstrated the application of smaller size GO (NanoGO), as well as 

incorporating surfactants that modifies the surface to enhance the stability for a broad range of 

biological applications [3].  
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In the present study, Poloxamer or commercially know as Pluronic (PF) was exploited to modify 

the surface properties of GO and investigate their ability to stabilize aqueous dispersions of 

NanoGO. NanoGO-PF was characterized, while the stability in terms of storage and in biological 

mileu were investigated. The biocompatibility of NanoGO-PF in zebrafish embryonic model, and 

its ability as a carrier for hydrophobic compound, CUR were also evaluated. 
 

MATERIALS AND METHODS  

The suspension of nanosize GO sheet (NanoGO) was prepared by ultrasonication as previously 

reported by Angelopoulou et al. [4] with some modifications. The yield of NanoGO was 

determined to be about 80 %. Briefly, PF  was added into aqueous solution of NanoGO (1 mg/mL) 

and the mixture was stirred for 30 min at room temperature. Unbound free PF was removed by 

spin filtration using an Amicon Ultra-15 MWCO 100 kDa (Merck, Millipore) centrifugal filter at 

3000 rpm for 10 min.  

The electronic structures of GO, NanoGO and NanoGO-PF were assessed by ultraviolet-visible 

spectrophotometer (Jenway 7315 Spectrophotometer). The Raman spectroscopic analysis of GO 

and NanoGO samples was conducted using a Raman spectrometer, Alpha 300R (WITec GmbH, 

Ulm, Germany). The surface functional groups of the GO, NanoGO and NanoGO-PF  were 

investigated using Fourier transform infrared spectroscopy (FT-IR)  using Thermo Nicolet Model, 

Nicolet 6700 (Thermo Scientific, Waltham, MA, USA). The particle hydrodynamic diameter (HD), 

polydispersity index and zeta potential of GO, NanoGO and NanoGO-PF  were assessed by using 

Malvern Zetasizer Nano ZS instrument (Malvern Instruments, Malvern, UK). Films for GO, 

NanoGO, and NanoGO-PF were prepared for SEM and EDX analyses. Quantification of PF was 

measured using pluronic assay according to Ghebeh et al [5]. The stability of NanoGO-PF  upon 

storage under laboratory conditions for 90 days and in physiologically relevant media was also 

evaluated. 

The survival rate of the zebrafish embryos were monitored for 96 hpf upon exposure to different 

concentrations of NanoGO and NanoGO-PF (0-100 µg/mL). CUR dissolved in methanol was 

mixed with NanoGO-PF at different ratios and bath sonicated for 1 h. The resulting NanoGO-PF-

CUR samples were then characterized by UV-Vis and FTIR analyses.   

 

RESULTS AND DISCUSSION 

NanoGO with an average size of 119.44 nm and a negative zeta potential of -44.73 mV was 

obtained.  NanoGO-PF showed a  slight increase in size (~ 230.68 nm) and zeta potential (-3.69 

mV). UV-visible spectrum shows an upward shift and higher absorbance in the NanoGO-PF  than 

NanoGO. In the Raman spectra of NanoGO (Figure 1a), there was a broaden graphite lattice (G 

band) at 1604 cm-1 and a structural disorder band caused by the graphite edges (D band) at 

approximately 1365 cm-1. The G-band positions shifts to higher frequencies from 1594 cm-1 to 

1604 cm-1 after oxidation and the D-band shifts from 1354 cm-1 to 1365 cm-1 in NanoGO compared 

to GO. NanoGO-PF consists of only  carbon (59.36%) and oxygen (40.64%). The FTIR spectra 
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(Figure 1b) presents oxygen functionalities groups in where a strong absorption band was 

observed in NanoGO. Similar spectrum of NanoGO-PF  to that of PF, was observed, while the 

characteristics peak of GO decreased.  NanoGO appeared as a homogenous nano-sheet with 

significant wrinkled surface compared to GO, while masking of PF onto NanoGO was observed 

using SEM. NanoGO-PF exhibited good stability on storage at room temperature over 60 days. 

NanoGO-PF  was stable in DMEM with 10% FBS, while showing an increase in size in PBS, which 

reflects the charge screening by the high concentration of salts in this buffer that caused 

significant agglomeration. NanoGO-PF demonstrated an improved toxicity profile in zebrafish 

embryos and was able to load CUR at different ratios.  

 

 
 

Fig. 1. a) Raman spectra of GO and NanoGO, b) FTIR spectra of NanoGO, PF and NanoGO-PF. 

SEM micrographs of c) GO, d) NanoGO and e) NanoGO-PF 

 

CONCLUSIONS 

NanoGO-PF with enhanced stability and biocompatibility was succefussly prepared using a cost-

effective method. NanoGO-PF has also shown promising potential a a carrier for hydrophobic 

compound, CUR. Further study is warranted to investigate the efficacy of NanoGO-PF loaded 

CUR in vitro and in vivo. 
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Abstract: Introduction Tuberculosis may mimic systemic autoimmune diseases like ANCA associated 

vasculitis (AAV). Microscopic polyangiitis (MPA) is the most common subtype andoften positive for anti- 

MPO antibodies with a P-ANCApattern. Case report A 36-years-old woman presentedwith haemoptysis, 

chronic cough with constitutional symptoms and acute kidney impairment. She had history of smear 

positive tuberculosis (TB). Her TB workout was negative, and she was treated as Antineutrophil 

cytoplasmic antibodies (ANCA)-associated vasculitis (AAV), likely Microscopic polyangiitis (MPA). This 

case illustrates the difficulty in distinguishing between tuberculosis and AAV due to similar clinical, and 

radiological features, with previous history of pulmonary tuberculosis. 
 

Keywords: ANCA Associated Vasculitis (AAV), Microscopic Polyangiitis (MPA), Tuberculosis. 

 

INTRODUCTION   

Tuberculosis is known to have diverse clinical presentations, some of which may mimic systemic 

autoimmune diseases like ANCA associated vasculitis (AAV). The association between TB and 

vasculitis has been described, but generally uncommon. Microscopic poly angiitis (MPA) is the 

most common subtype in AAV and kidneys are the most affected organs. The serology is often 

positive for anti-MPO antibodies with a P-ANCA pattern.  
 

CASE REPORT  

A 36-years-old woman with history of previous smear positive TB presented haemoptysis for 4 

days duration. She was having chronic cough and significant weight loss for past 3 months. She 

had intermittent fever and short of breath. Upon examination, her temperature was 37 0C, blood 

pressure of 130/80mmHg, pulse rate of 101beat/minute and oxygen saturation was 90% under 

room air. Auscultation of the lungs revealed bilateral crepitations. The initial blood test showed 

urea of 10.8 mmol/L, creatinine 374 mmol/L, CRP 118 mg/L, procalcitonin 0.18 ng/mL (normal < 

0.05 ng/mL) and urine FEME RBC 3+. Chest radiograph showed pulmonary infiltrates bilaterally 

and CT thorax suggestive of infectivelung changes with no evidence of pulmonary haemorrhage. 

Sputum culture, AFB smear, Gene-Xpert and TB PCR were negative. 

Patient was initially treated as pneumonia with antibiotic and hydration however she got worsen. 

Further workout showed Antinuclear antibody (ANA) titters were detected (1:80), with negative 

for anti-double-stranded DNA (dsDNA), ENA (extractable nuclear antigen) and complement 

levels were normal. Specific antibody positive test for MPO antibodies and a positive p-ANCA, 
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and negative PR3 and GBM antibodies. She was plan for renal biopsy however she declines. 

Patient was given IV methylprednisolone 160mg OD for 3 days followed by a tapering dose of 

oral prednisolone. Her condition fortunately improved significantly.   

 

RESULTS AND DISCUSSION 

This case illustrates the difficulty in distinguishing between tuberculosis and AAV due to similar 

presentation and previous history of pulmonary tuberculosis. GeneXpert test is accurate in 

diagnosing pulmonary TB with 95.9% sensitivity and 94.4% specificity and overall diagnostic 

accuracy of 95.5%(1). 

ANCA autoantibodies may be present in both diseases. The prevalence of ANCA in patients with 

tuberculosis have been conflicting. One of the studies showed ANCA were present in 20 (44.4%) 

of 45 tuberculosis patients by IIF (16 c-ANCA, four p-ANCA) and in 18 (40%) patients by ELISA 

(15 PR3-ANCA, three MPO-ANCA)(2). In another study, ANCA was detected in 30% cases, with 

52.4% showed perinuclear pattern (p-ANCA), 38.1% cytoplasmic (c-ANCA) and 9.5% showed an 

‘atypical’ pattern(3). In contrast, a Brazilian study found no patients with detectable ANCA in a 

cohort of 50 patients with confirmed TB(4).These was also similar with a China study in which p- 

ANCA was detected in 4.8% (5/103) of patients, and c-ANCA was not observed in any patients(5).  

 

CONCLUSIONS 

In summary, pulmonary TB and AAV can present with overlapping features and clinically 

difficult to distinguish. Here we review the diagnostic considerations between differentiating 

AAV and tuberculosis in patients from endemic regions. TB should be actively excluded in 

patients with a positive ANCA before initiating high-dose immunosuppression therapy. 
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INTRODUCTION   

The term "radiation" refers to any process in which energy released by one body passes through 

a substance or through space before being absorbed by another body. Radiation protection helps 

to decrease the detrimental effects of ionising radiation by reducing excessive radiation exposure. 

The objective of radiation protection is to give individuals the appropriate amount of protection 

while not unreasonably restricting the beneficial activities that lead to radiation exposure. The 

International Radiation Protection Association (IRPA) has developed specific criteria about the 

level of awareness, attitude, and performance of employees to minimise the adverse effects of 

radiation. These rules are intended to restrict the dose received by radiation workers. This paper 

review the radiation protection among radiation workers.  
 

LITERATURE REVIEW 

Everyday health care workers are exposed and always in contact with many radiology 

interactions through various radiation waves that can cause severe complications such as hair 

loss. Besides, long term complications such as skin problems and cancer can affect them due to 

the impairment in the DNA. Therefore, a systematic review study was done based on the 

Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) checklist, a 

prepared protocol to investigate required criteria within the health care workers.   

 

There’s study pointed out how Malaysia’s authorities took a lot of initiatives to ensure the status 

of radiation protection framework in Malaysia is enhanced and relevant by time. Most workers 

who have been in contact with ionizing radiation needs radiation protection. Without a proper 

application of prevention principles, no safe work practices, lack of knowledge and training, or 

even poor management can result in more dangerous conditions for them. This is because the 

most influential factor that is responsible for these workers' health and safety is radiation 

protection [3]. In Malaysia, some commonly used methods are dosimetry which function to 

measure and record the amount of occupational radiation dose received by an individual. Other 

than that, there are routines and collective systematic data on individual categorized by their 

work activity. This is important as it helps to identify focused areas in order to reduce doses and 

efforts assessed to sustain ALARA doses. 
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Additionally, some employees are exposed to radiation from the environment. The dosage limits 

for the general public are 1 mSv/year and 20 mSv/year for personnel exposed to radiation while 

doing their jobs. Based on a research of International Labour Organization (ILO), as required by 

the Organization's Constitution, radiation protection is a component of the ILO's action on the 

protection of employees against illness, disease, and damage deriving from employment. The 

Radiation Protection Convention, 1960 was approved by the International Labour Conference in 

June 1960 and it governs all actions that subject workers to ionising radiation while performing 

their jobs [4]. 

 

Another study review about Radiation Protection among Health Care Workers where they 

determined 3 vital components towards radiation protection which are knowledge, attitude and 

practice among the workers. The researchers collected and examined almost 1848 studies 

between the years of 2002 to 2019. They came from different backgrounds such as radiologists, 

dentists, surgeons and nurses, cardiologists and even medical students. The result obtained 

showed that more than 50% of them had an average knowledge of radiation protection. While 

60% of them had a positive attitude, most of them had average radiation protection practice. 

Higher knowledge, better attitude and excellent practice is important as it is the main factor in 

short-term and long-term complications for the workers [5]. 
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Abstract: Zinc oxide nanowires have been successfully synthesized via a novel hybrid microwave-assisted 

sonochemical technique at optimized parameters of 12.5 mM solution concentration, 600 W microwave 

power, and a rapid deposition time of 60 minutes. Different precursor of zinc salts was used namely zinc 

acetate dihydrate and zinc nitrate hexahydrate and the effect on properties of the ZnO nanowires found 

that FESEM images present an aligned, uniformly distributed hexagonal wurtzite structure having very 

small average diameter size. XRD graph indicates highly crystallinity of samples, exhibiting the sharpest 

and narrowest peak intensity of (002) peaks whereas UV-Vis analysis obtained high transmittance spectra 
 

Keywords: Zinc Oxide Nanowires, Precursor,  Zinc Acetate, Zinc Nitrate, Microwave-Assisted. 

 

INTRODUCTION   

Previous studies had shown that the physical and chemical properties, as well as functions of a 

given material, are dictated by its structure and/or morphology hence controlled synthesis of 

materials at the micro- and nanoscale has been of research interest although met by many 

challenges [1-2]. Consequently, solution synthesis methods using alkoxides or simple salts as 

precursors specifically zinc acetate dehydrate (ZA) and zinc nitrate hexahydrate (ZN) has become 

a favored bottom-up synthesis route for metals/metal oxides as they allow for the fine-tuning of 

growth parameters and influences the parameters of crystal growth and hence crystal 

morphology [3].  Thus, we would like to study the comparison of using zinc salts by employing 

our very own modified novel Hybrid Microwave-Assisted Sonochemical Technique (HMAST) 

where the sonification process of the precursor solution assisted with microwave heating process 

enablesa  homogenous reaction process between the precursor and stabilizer and provide better 

overall control of the nanostructure’s growth process.  



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 152  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

MATERIALS AND METHODS  

Zinc oxide nanoparticles (ZnO NPs) thin film is prepared using an ultrasonic-assisted sol-gel spin 

coating process, yielding ZnO NPs arrays. A deposition solution was then prepared using ZA 

and ZN as precursors where the seed layer substrate will then be immersed into and go through 

a microwave heating deposition process to produce ZnO NWs.   

 

RESULTS AND DISCUSSION 

FESEM images indicate that the use of ZA as a precursor is more favorable in producing smaller 

diameters of aligned ZnO NWs as compared to using ZN as a precursor. XRD analysis had shown 

the intensity of the (002) peak was observed to be very strong and narrow increasing with the use 

of ZA. This is further supported by the transmittance spectra obtained by UV-VIS which had 

shown that ZnO NWs obtained by this method have higher percentage of transmittance.  

 

 
 

Fig. 1. FESEM images (30k and 100k magnification) of ZnO NWs by HMAST method with the 

different precursor of (a) ZA and (b) ZN, (c) XRD analysis of samples and (c) UV VIS spectra 

 

CONCLUSIONS 

It can be concluded that highly crystalline ZnO NWs having hexagonal wurtzite structure with 

preferable c-axis orientation was successfully synthesized using the HMAST at an optimum 

microwave power of 600 W, 12.5 mM concentration of the solution and rapid deposition time of 

only 60 min using both ZA and ZN as precursors. 
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Abstract: Zinc oxide nanostructures have been successfully synthesized via a novel modified microwave-

assisted sonochemical deposition method at different solution concentrations of 6.25 to 75 mM maintaining 

optimized parameters of 600 W microwave power with a rapid deposition time of 60 minutes. The 

morphological, structural, and optical properties of the ZnO nanostructures produced had also been 

studied where FESEM images present clear differences in the structures produced. XRD graph indicates 

high crystallinity for the samples exhibiting sharp and narrow peak intensities of (100), (002), and (101) 

whereas UV-Vis analysis obtained more than 90% transmittance spectra. 
 

Keywords: Zinc Oxide, Nanowires, Nanostructures, Microwave-Assisted, Sonochemical. 

 

INTRODUCTION   

The production of high-quality ZnO nanostructures (ZnO NSs) had been extensively studied due 

to their remarkable properties [1]. However, a few of the downsides would be the process is very 

complex, time-consuming, and highly costing [2]. Alternatively, methods such as the microwave-

assisted technique had been suggested due to their many advantages such as low cost, ease of 

handling, low energy consumption, and scalability [3]. In order to attain higher quality ZnO NSs 

at a simpler, cost-effective method, and with rapid growth, our study introduces our novel 

modified microwave-assisted sonochemical deposition (MMASD) method by integrating 

ultrasonic sol-gel immersion technique with microwave assistance.  
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MATERIALS AND METHODS  

The research approach is divided into three parts. The initial step would be to prepare and clean 

the glass substrates. The zinc oxide nanoparticles (ZnO NPs) thin film is then developed using an 

ultrasonic-assisted sol-gel spin coating process, yielding ZnO NPs arrays. Deposition solution is 

then prepared at different concentrations using a sonochemical technique and afterward goes 

through a microwave heating deposition process to produce ZnO NSs.   

 

RESULTS AND DISCUSSION 

Figure 1 shows zinc oxide nanostructures (ZnO NSs) morphologies which were successfully 

produced by the MMASD method in nanoparticles, nanowires, and nanosheet-type formation 

which might be attributed to the higher concentration of Zinc acetate dihydrate which controls 

nucleation and supersaturation rate during the formation mechanism of ZnO nanoparticles [4].  

 
 

Fig. 1. FESEM images of ZnO NSs by MMASD method at 50k X magnification deposited at 

solution concentrations of (a) 6.25 mM, (b) 12.5 mM, (c) 25 mM, (d) 50 mM, and (e) 75 mM 

 

CONCLUSIONS 

In conclusion, the successful production of ZnO NSs by novel MMASD  method with distinct 

hexagonal wurtzite structures and different morphologies and sizes are highly dependent on the 

change of deposition solution concentration. 
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Abstract: A high level of nitrate (𝑁𝑂3
−) ions from over-fertilization may affect plant growth and potentially 

harmful pollutant in drinking water.  Thus, various materials used as sensing electrodes have been studied 

to detect these ions. In this study, a bilayer composite titanium dioxide-polyvinyl butyral (TiO2-PVB) thin 

film could detect nitrate ions using an extended gate field-effect transistor (EGFET) method. The bilayer 

composite showed sensitivity and linearity of 41.8 mV/dec and 0.6419 in the range of 10 to 100 ppm. The 

surface morphology showed agglomerated particles on the bilayer composite thin films. 
 

Keywords: Polyvinyl Butyral, Titanium Dioxide, Bilayer Composite, EGFET Nitrate Sensor, Spin-Coating. 

 

INTRODUCTION   

Nitrate is one of the nutrients in fertilizer needed for plant growth, however, this may give an 

effect on the environment if it is applied in excess. Therefore, it is necessary to monitor the nitrate 

levels.  An electrochemical sensor is one of the methods that can be used to detect nitrate ions [1]. 

The EGFET-based electrochemical sensing consists of a reference electrode (RE) and sensing 

electrode (SE) in which the result obtained from the potential difference between RE and SE 

immersed in a solution using the Nernstian relation. There are several nanomaterials including 

metals [2], metal oxide [3], conductive polymers [4] and carbon nanomaterials such as graphene 

[5] have been studied as a modification of the electrode surface to improve the detection 

performance of nitrate. However, study on metal-oxide based sensor is still lacking for EGFET 

nitrate sensor. In this work, the TiO2-PVB bilayer composite showed potential to be used as 

sensing electrode to detect nitrate ions.  
 

MATERIALS AND METHODS  

The bilayer composite thin film was formed with PVB on top of the TiO2 thin film. The TiO2 

solution was prepared using titanium isopropoxide (TTIP), glacial acetic acid (GAA), triton X-100 

and ethanol absolute. The film was deposited on the substrate with a spin speed of 3000 rpm for 

the 60s. The PVB solution was prepared by dissolving PVB powder in a solution of ethanol and 

DI water. The PVB solution was deposited on top of TiO2 thin film with a spin speed of 3000 rpm 
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for the 60s. Lastly, the thin films were dried at 100 ᵒC for 10 min. The nitrate detection was 

performed using the EGFET method in the range of 10, 30, 50, 70, and 100 ppm.   

 

RESULTS AND DISCUSSION 

Figure 1 represents the output voltage versus logarithmic nitrate concentration of TiO2 and TiO2 

bilayer-composite thin films. Inset in Fig. 1 shows the surface morphology of the thin films, where 

an agglomerated surface thin film was observed for the bilayer composite thin film. The TiO2-

PVB bilayer composite thin film (Fig. 1. (b)) shows better sensitivity behavior with 41.8 mV/dec 

and linearity of 0.6419 compared to the TiO2 thin film. These findings suggested that the 

modification of the sensing electrode with PVB thin film did improve the nitrate sensing 

performance due to the presence of C = O sites in conducting polymer, PVB to sense the nitrate 

ions [1]. Further study needs to be done since the linearity value is still low compared to the 

theoretical Nernst equation.  

 

 
 

Fig. 1. Output voltage versus logarithmic nitrate concentration of (a) TiO2 and (b) TiO2-PVB 

bilayer composite thin film 

 

CONCLUSIONS 

The TiO2-PVB bilayer composite is a promising material to be employed as a sensing electrode 

for nitrate detection using the EGFET method. The bilayer composite showed a sensitivity of 

41.8mV/dec and linearity of 0.6419 in the range of 10 to 100 ppm. The surface morphology of the 

thin films was characterized using field-emission scanning electron microscopy (FESEM). 
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Abstract: Titanium dioxide (TiO2) sensing electrode and silver/silver chloride (Ag/AgCl) reference 

electrode were deposited on indium tin oxide (ITO) substrate and refer as an integrated all-solid electrode 

(IASE) for pH sensing application. TiO2 and Ag/AgCl thin film was fabricated using the sol-gel spin coating 

method and thermal evaporator. After the deposition process, the thin films were dried at room 

temperature, 50 oC, and 100 oC to study the influence of the drying process on the pH sensitivity and 

linearity of IASE. It was found that the sample dried at 100 oC shows high sensitivity and linearity with 67 

mV/pH and 0.9827. 
 

Keywords: Drying Temperature, Ph Sensitivity, Integrated All-Solid Electrodes (IASE). 

 

INTRODUCTION 

pH is one of the most significant characteristics to be considered in a variety of applications such 

as agriculture [1], medical [2], and food processing [3]. The most popular pH determination 

method is using a glass electrode. Titanium dioxide (TiO2) is one well-known metal oxide 

material due some advantages. TiO2 has been widely used as a pH sensor to detect H+ ions [4]. In 

this work, we present the study of the drying temperature effect on IASE for extended gate field 

effect transistor (EGFET) pH sensing application. The EGFET sensor was characterized for its 

transfer characteristic to analyze the sensitivity and linearity of IASE.  
 

MATERIALS AND METHODS  

The TiO2 was prepared with the following mixture of absolute ethanol, glacial acetic acid (GAA), 

titanium (IV) isopropoxide (TTIP), Triton X-100, and deionized (DI) water based on previous 

group work [5]. The 300 nm of the Ag layer was done by using a thermal evaporator (TE) followed 

by a 5-second chlorination process using FeCl3 to form Ag/AgCl RE.   

 

RESULTS AND DISCUSSION 
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Fig. 1 shows the graph output voltage versus pH at (a) room temperature (b) 50 and (c) 100 oC. 

This graph was carried out from the transfer characteristic (drain current versus reference 

voltage) in different buffer solutions. The reference voltage was measured at 100 μA of drain 

current. The sensitivity and linearity value was extracted from the slope and regression value of 

the graph in Fig. 1. As a result, the sensitivity and linearity value of IASE was around 66.1, 67.3, 

and 67 mV/pH for room temperature, 50 and 100 oC respectively. Increasing the drying 

temperature from room temperature to 100 oC, has improved the linearity from 0.9561 to 0.9827. 

The detailed values are tabulated in Table 1.  

 

 

 

Fig. 1. The graph output voltage versus pH at (a) room temperature, (b) 50 oC, and (c) 100 oC 
 

Table 1. Sensitivity and linearity value of IASE 

Materials RT 50 oC 100 oC 

Sensitivity (mV/pH) 66.1  67.3 67 

Linearity 0.9561 0.9211 0.9827 

 

CONCLUSIONS 

In conclusion, the IASE-based TiO2 sensing electrode and Ag/AgCl reference electrode have been 

successfully fabricated on an ITO-coated glass substrate. The deposited IASE has been proven to 

be sensitive to pH. Increasing drying temperature has improved both sensitivity and linearity of 

the IASE. The highest sensitivity and linearity achieved in this work were 67.3 mV/pH and 0.9827. 
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Abstract: In the newest technology, thin-film types of RTDs are now replacing in the temperature 

measurement of workpieces in industrial applications. However, there are fewer studies reported for 

semiconductor materials as thin film RTD sensing-based elements. Therefore, in this study, TiO2 thin films 

were deposited on a glass substrate via the spin coating technique to study the effects number of coatings 

on the structural properties of TiO2 thin films by means of X-ray diffraction (XRD) and investigate the 

temperature coefficient resistance (TCR) behavior as one of the main characteristics of RTD. The number 

of TiO2 coating layers varied from 1, 3, 5, and 7 layers fabricated by the spin coating technique and data 

collected for resistance change while the temperature increased from 10°C to 100°C. The XRD analysis 

confirms that TiO2 has an anatase phase structure with an orientation of (101) for 7 layers coated sample. 

1, 3, and 7 layers of the coated sample show a linear correlation between 40°C to 100°C with a large TCR 

value, 4490 ppm/°C for 7 layers of the coated sample suitable for RTD application, while 5 layers of the 

coated sample show the least squares regression linear correlation between 60°C to 100°C. 
 

Keywords: Tio2 Thin Films, Spin Coating, TCR, RTD. 

 

INTRODUCTION   

The temperature coefficient of resistance (TCR) is a physical and electrical property of the 

material that describes the average resistance change per unit of temperature [1]. There are no 

limits or standard to the TCR that is achievable but the higher the TCR value indicate the higher 

precision of the device. For RTD applications, the resistance change per unit of temperature 

should have good linearity to minimize error in measurement [2-3]. The testing temperature may 

have a specified range but this is not to say that the resistance to temperature curves is truly linear 

over the specified temperature range. Therefore, in this study, the TCR behavior of TiO2 Thin 

Film was investigated for RTD application.  
 

MATERIALS AND METHODS  
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TiO2 solution was prepared by dissolving 0.2M titanium isopropoxide, (TTIP) as a precursor in 

absolute ethanol, glacial acetic acid, Triton X-100, and deionized (DI) water under constant 

stirring of 200 rpm for 1 hour at room temperature. TiO2 nanostructures were deposited onto 

cleaned glass substrates by spin coating technique. Then, the samples were dried at 100°C for 10 

minutes before being annealed at 500°C for 1 hour. The process of deposition, drying, and 

annealing is repeated to achieve 3, 5, and 7 layers of coating.   

 

RESULTS AND DISCUSSION 

Structural Properties 

The phase composition and the structure of the film were studied by X-ray diffraction analysis. 

XRD analysis was characterized by radiation (CuKα radiation, 40 mA, 40 kV) with a step size of 

0.02°/5s in the range 2θ= 10° to 90°. Fig. 1 shows the measured and fitted XRD spectra of the TiO2 

thin film. From the figure, the anatase peak was obtained at 25.32° at plane orientation (101) for 

TiO2 films prepared at 7 coated layers on glass substrates via spin coating. The other 1, 3, and 5 

layers of the coated sample show an amorphous, indicating low crystallinity.  

 
 

Fig. 1. XRD spectra of 1, 3, 5, and 7 coated layers of nanostructured TiO2 thin film 

 

Temperature Coeficient Resistance, α (TCR) 

To testify the temperature sensitivity of the TiO2 thin film, vary-temperature I-V measurement 

was conducted at a variable temperature. The TCR value is defined as the ratio of resistance 

change between different temperatures. The resistance data were collected every 10s while the 

temperature increased from 10°C to 100°C for 1, 3, 5, and 7 coated layers of TiO2  thin films. The 

TCR value was calculated by the following formula; 

 

𝑇𝐶𝑅 = 𝛼 =
𝑅1 − 𝑅0

𝑅0(𝑇1 − 𝑇0)
𝑥 10^4 
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Where R1 is the resistance at temperature T1, R0 represents reference electrical resistance at 

reference temperature T0 (defined at 10°C), α is the temperature coefficient of resistance (TCR), 

and T1 is the actual measured temperature. 

 

TCR results are shown in Fig. 2. We found that from 40°C to 100°C a linear TCR was observed in 

1, 3, and 7 coated layer samples, and a linear TCR was found from 60°C to 100°C for 5 coated 

layers sample; 3284 ppm/°C for 1 coated layer, 394 ppm/°C for 3 coated layers, 9494 ppm/°C for 

5 coated layers and 4490 ppm/°C for 7 coated layers sample. The higher absolute value of TCR 

represents a greater change amount with temperature. All samples show a linear TCR. This 

confirms that the sensor can be used to make precise measurements without complicated data 

reduction procedures. However, even though 5 coated layers of TiO2  thin film show the larger 

TCR value measurements, the operating temperature was lesser than the other 1, 3, and 7 coated 

layers of TiO2  thin film. The improvement in TCR value might be due to carrier mobility of 

recombination in the TiO2 thin films which we will focus on in our next work. 

 

 
 

Fig. 2. The TCR test results of TiO2  thin films with different numbers of coated layers. (a) 1 layer 

(b) 3 layers (c) 5 layers (d) 7 layers 

 

CONCLUSIONS 

In conclusion, we have successfully fabricated TiO2 thin films on a glass substrate via the spin 

coating technique at various coated layers to study the physical properties and investigate the 

TCR behavior for RTD application. Results showed that an anatase phase of a nanostructured 

TiO2 thin film could be seen in the XRD spectra,  a linear correlation between resistance and 

temperature, and a large TCR value at 4490 ppm/°C with an operating temperature of 40°C to 

100°C for 7 coated layers TiO2 thin films. The influence of number of coating layers studied has 

an effect on the values of TCR and operating temperature. The TiO2 thin film’s TCR behavior 

showed a promising result for RTD application for the fact that they had a large TCR value and 

there was a linear correlation between resistance and temperature. 
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Abstract: The SiO2 nanoparticles have been extracted from clay by the sol-gel method and mixed with 

magnesium oxide. The prepared samples were characterized using XRD, IR, and XRF. Their 

thermoluminescence properties were examined using an ultraviolet (UV) source of 254nm. The samples 

display two peaks at 203oC and 307oC for 0.1% SiO2 whereas for 0.7% (SiO2) at 236°C and 357°C. The dose-

response was linear with UV energy in the range from 100µJ/cm2 up to 7700µJ/cm2. Clay is a natural, low-

cost material, available in large quantities in the south of Libya, and has the potential to be used as a TL 

material. 
 

Keywords: Thermoluminescence,  Clay , SiO2,  Dosimetry, TL Linearity. 

 

INTRODUCTION   

Thermoluminescence (TL) can be defined as the emission of light from a semiconductor or 

insulator when it is heated, due to irradiation energy being absorbed and stored [1,2]. Minerals 

are becoming increasingly important in many industrial areas, including radiation dosimetry, in 

which thermoluminescence is the most important application. The term "clay" refers to a 

naturally occurring material composed primarily of fine-grained minerals, which is generally 

plastic at appropriate water content and will harden when dried or fired [3]. Clay minerals are 

mostly composed of oxygen, silicon, hydrogen, and aluminum, as well as calcium, sodium, 

potassium, magnesium, and iron [4]. Recently, studies have been carried out to identify and 

characterize adequate radiation-sensitive materials that can be used as emergency dosimeters [5]. 

This study aimed to investigate the structure and thermoluminescence properties of Magnesium 

Oxide doped with Silicon Oxide after it's subjected to UV energies.  
 

MATERIALS AND METHODS  

A group of clay samples found in many places in southern Libya that include Sabha, Al-Bawanis, 

Ubari, and Temsan were collected. The clay samples were heated at 680 °C for an hour inside the 

oven, after grinding the clay and sifting it with a sieve of 0.052 mm in diameter for the purpose 

of activating silica content in clay. 1 gram of magnesium oxide was added to the silicon oxide 

sample with different weight concentrations of wt% (0.1 & 0.7). 0.1g of the prepared powder was 

placed in a cylindrical mold with a diameter of 0.85cm to press about 1.5 tons using a hydraulic 
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press to make a pellet-shaped sample. XRF, XRD, and IR were used to characterize the MgOSiO2 

samples. Harshaw Model 3500 TLD Reader was used to test the glow curves of the samples from 

50 oC to 400 oC at a linear heating rate of 25 oC/sec.   

 

RESULTS AND DISCUSSION 

The glow curve is one of the important features for a better understanding of TL phenomena 

which plots light intensity against the temperature. Fig. 1 shows the glow curves for MgOSiO2 

(0.1%) and MgOSiO2 (0.7%) after being exposed to UV radiation. The two main glow peaks can 

be seen, the low-temperature first peak  appears at 203 oC for 0.1% and at 236 °C for 0.7%, and the 

second peak appears at 307 oC for 0.1% and at 357 °C for 0.7%. The dose–response behavior of 

MgOSiO2 was linear when exposed to UV radiation between 100 and 7700 µJ/cm2 with correlation 

coefficients (R2), which came out to be 0.97 and 0.98 for the concentration of 0.1% & 0.7%. The 

fading is about 66% in a period of up to 25 days for 0.1% and 57% for 0.7% concentration.  

 
 

Fig. 1. The characteristic glow curve and fading of MgOSiO2 (0.1% & 0.7%) 

 

CONCLUSIONS 

The SiO2 was successfully extracted from clay by the sol-gel method and mixed with MgO. The 

main dosimetric properties such as glow curve, dose response, and fading show that the  

MgOSiO2 samples can be used for UV-dosimetry, taking into account their thermal decay at room 

temperature. 
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Abstract: Preparation of reference electrode for electrochemical sensor application were completed by 

depositing the Ag/AgCl layer on top of the ITO substrate. The deposition process involved two steps which 

was thermal evaporation and chlorination process. The purpose of the study is to develop Ag/AgCl layer 

as reference electrode for electrochemical pH sensor device. The performance of the reference electrode 

were studied by performing the electrochemical measurement with variation of pH buffer solutions in 

range of pH2 to pH12. Highest sensitivity value of 66.34 mV/pH was obtained in this study. 
 

Keywords: Reference Electrode, Electrochemical, Ph Sensor, Sensitivity, Linearity. 

 

INTRODUCTION   

Electrochemical based pH sensor has been known for its outstanding performance in providing 

reliable and fast response in pH sensing application. One of them is extended gate field effect 

transistor (EGFET) that offers simplicity in fabrication process and flexibility in miniaturization 

device [1]. Generally, only two important components were focused in EGFET pH sensor which 

are known as sensing electrodes and reference electrode. These electrodes deliver the potential 

reading that results to the sensitivity measure of the sensor device. To this date, many researchers 

put great effort focusing on the material, structure, physical, etc of the sensing electrode [2]–[5]. 

However, less had discovered the importance and also potentiality of the reference electrode in 

improving the sensitivity performance of the device [6], [7]. The purpose of the study is to 

investigate the influence of heating treatment on the fabricated solid state Ag/AgCl reference 

electrode electrochemical sensivity behaviour.  
 

MATERIALS AND METHODS  

Fabrication of Ag/AgCl reference electrode was started by thermal evaporation of Ag (300 nm) 

on indium doped tin oxide (ITO) glass substrate. For chlorination process, the electrode was 

dipped in 0.1 M ferric chloride (FeCl3) and immediately cleaned with DI water. The sample was 

treated with heating process for 20 minutes in hot furnace at 100°C and 200°C. For electrochemical 
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measurement setup, the reference electrode was connected directly to the source measure unit of 

B1500 Keysight, while the sensing electrode was connected to the gate of CD4007UBE MOSFET 

device. Titanium dioxide (TiO2) sensing electrode was used in this study to perform complete 

pH sensor measurement .   

 

RESULTS AND DISCUSSION 

Fig. 1 shows the sensitivity and linearity of Ag/AgCl reference electrode. The sensitivity value of 

52.01, 64.18, and 66.34 mV/pH were obtained for as-deposition, 100°C and 200°C sample 

respectively. The heat treated samples produced sensitivity value that is considered near to super 

nernstian. Some of the study also reported the similar sensitivity output for the reference 

electrode [8]. The result indicates that high application of heat temperature results in high pH 

sensing performance. Meanwhile, the linearity value exhibited by all samples achieved more than 

0.9 which certified the capability of Ag/AgCl as reference electrode.  

 

 
 

Fig. 1. Sensitivity and linearity performance of Ag/AgCl reference electrode 

 

CONCLUSIONS 

The fabrication of Ag/AgCl reference electrode was successfully presented in this study. The 

influence of different heat temperature treatment applied to the sample after the chlorination 

process was also revealed with the increased in the sensitivity value. 
 

REFERENCES 

[1]  Yusof KA, Rahman RA, Zulkefle MA, Herman SH, Abdullah WFH, J. of Sensors, 2016, 2016.  

[2]  Rasheed HS et al., J. Electron. Mater., 2017, 46, 10.  

[3]  Mishra AK, Kumar DJ, Mukherjee B, Kumar A, Ratan S, and Jit S, IEEE Sens. J., 2020, 20, 9.  

[4]  Zulkefle MA. et al., J. Teknol., 2021, 83, 4.  

[5]  Sharma N, Kumar M, Kumari N, Deep A, Goswamy JK, and Sharma AL, Mater. Res. Express, 2020, 7, 

3.  

[6]  Kim TY, Hong SA, and Yang S, Sensors (Switzerland), 2015, 15, 3.  

[7]  Huynh TM, Nguyen TSV, Doan TCD, and Dang CM, Adv. Nat. Sci. Nanosci. Nanotechnol., 2019, 10, 1. 

[8]  Al-Hardan NH et al., Sensors (Switzerland), 2016, 16, 6 

 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 168  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

Performance of Mg0.8Zn0.2Co0.1Fe2O4 Spinal-ferrite with calcium 

titanium oxide CTO for Microwave absorption in X-band 
 

Yusuf Sani1,3, Raba’ah Syahidah Azis1,2*, Ismayadi Ismail1, and Yazid Yaakob2 
 

1Materials Synthesis and Characterization Laboratory (MSCL), Institute of Nanoscience and Nanotechnology 

(IONS), Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia. 

2Department of Physics, Faculty of Science, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor Darul 

Ehsan, Malaysia. 

3Department of Pure and Applied Physics, Federal University Wukari P.M.B 1020, Taraba state Nigeria. 

*Corresponding Autor’s Email: rabaah@upm.edu.my 

 

 

Abstract: In this study, we report on a new, low-cost, and effective composite made of Mg0.8Zn0.2Co0.1Fe2O4 

and Calcium Titanium Oxide (CTO) using a two-step hydrothermal and coprecipitation method. The 

nanocomposites have a single-phase cubic spinel structure and exhibit considerable improvement in 

microwave absorption with reflection loss of -20.05 dB at 9.16GHz, with an effective absorption bandwidth 

(RL ≤ 10dB) of 2.0 GHz (from 9.16 to 11.17 GHz) at 2.0 mm thickness. The prepared nanocomposites are a 

perfect candidate for high-efficiency microwave absorption. The better performance is attributed to a novel 

structural design, which has strong interfacial polarization and a variety of reflections. As a consequence, 

this method may be used to create a novel, highly effective microwave absorber. 
 

Keywords: Microwave Absorption, Coprecipitation Method, Hydrothermal Nanocomposites, And 

Polarization. 

 

INTRODUCTION   

Electromagnetic pollution is the main cause of physical pollution and a major threat to public 

health The best way to deal with this is to develop high-performance microwave absorption 

materials [1-2]. These materials can transform electromagnetic energy into thermal energy 

without causing any other pollution [3]. Best microwave absorber should have a high absorption 

capacity, a wide absorption bandwidth, a light weight, a thin thickness, and resistance to 

corrosion [4].The only known material that can absorb microwaves better than any other is spinel 

ferrite. Spinel ferrite's main benefits are its low weight and thinness, which give it a wider range 

of absorption. This could make it useful for things like stealth and space technology [5].  In this 

study, we used coprecipitation and a two-step hydrothermal method to synthesized a 

Mg0.8Zn0.2Co0.1Fe2O4 @CTO (C3) nanocomposite aims to investigate the composites effects on 

wave absorption, magnetic properties, and electromagnetic parameters in the nanocomposite 

material. In this case, spinel ferrite is a magnetic absorber, and calcium titanium oxide (CTO) is a 

dielectric absorber material. The synthesized (C3) nanocomposite seems to be ideal for a variety 

of real-world applications, including radar, stealth, camouflage, communications, automotive, 

medicinal, and navigation.  
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MATERIALS AND METHODS  

Co-precipitation technique was used to synthesize Mg0.8Zn0.2Co0.1Fe2O4 nanoparticles. An 

appropriate quantity of mineral salt was dissolved in 100ml of distilled water to make an aqueous 

solution. After 30 minutes of constant stirring at 100°C, the mixture was diluted with deionized 

water and aged for 6 hours at room temperature. It was then decanted and washed to produce a 

suspension, which was dried at 200° C for 5 hours. In an automated muffle furnace, the powder 

samples were sintering for 4 hours at 900°C [6].   

 

calcium titanium oxide powder with a CaTiO3 component composition was synthesized using 

coprecipitation-hydrothermal technique. In the beginning, TiCl4 and CaCl2H2O were dissolved 

in de-ionized water at 0–5 °C in a 1:1 ratio and stirred for three hours. The pH of the indicated 

combination was progressively increased to 11 by adding 8 M of sodium hydroxide solution. The 

mixture was continuously swirled for 12 hours. and then calcined at 700°C for 2 hours [7]. 

 

RESULTS AND DISCUSSION 

Figure  1. presents the return loss (RL) of the samples for the various compositions of C1, C2 and 

C3 nanocomposite over the frequency range 8-12 GHz. The samples thickness varies from (1-

3mm) thickness. It can be observed that the plots of RL versus frequency indicate good 

microwave absorption. Table 1 shows lowest RL value and the bandwidth change with different 

loadings of manganese and zinc spinel ferrite nanoparticles. A minimum RL of −20.05 dB at 9.16 

GHz with a bandwidth of 2.0GHz (RL < −20 dB) was obtained in C3 nanocomposite.  

 

 
 

Fig. 1. Reflection loss curve (RL) for C1, C2, and C3 nanocomposite at 1-, 2- and 3-mm thickness 
 

Table 1. Sample codes, composition, thickness, and microwave absorption performance. 

S/N Sample code Feq. (GHz) RL (dB) Thickness Bandwidth 

1 C1 10.7 -5.26 2.0mm 1.2(10.7- 11.94) 

2 C2 11.96 -10.05 3.0mm 2.3(9.48-11.96) 

3 C3 9.17 -20.05 2.0mm 2.0(9.16-11.17) 
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CONCLUSIONS 

XRD and VNA investigations revealed the effective development of nanocomposites based on 

C1, C2 and C3. The C3 nanocomposite showed a minimal return loss of − 20.05 dB at 9.16 GHz 

with a sample thickness of 2 mm. As a result, C3 nanocomposite showed the best microwave 

absorption characteristics out of the three samples. 
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Abstract: This work examines the effects of the CIGS layer on the performance of a CIGS photovoltaic cell 

through numerical simulation using AMPS – 1D software. The band gap energy and thickness of the CIGS 

layer were varied while keeping the properties of the CdS and ZnO layers constant. The optimum value 

obtained for the band gap energy of the CIGS layer was 1.2 eV, while the thickness was 2500 nm. These 

optimum values were used to simulate a CIGS solar cell with 83.2% fill factor, 0.718 V open circuit voltage, 

28.8 mA/cm2 short circuit current density, and conversion efficiency of 17.197%. 
 

Keywords: CIGS PV Cell, AMPS – 1D Simulation, Band-Gap Energy, Layer Thickness, Conversion 

Efficiency. 

 

INTRODUCTION   

CIGS solar cell is regarded as a highly efficient thin film solar cell (~21.7 %) [1]. The development 

of techniques to attain the maximum efficiency at the least production cost is a significant issue 

in the field of solar cell development [2]. Reduction of layer thickness in thin film solar cells is 

crucial in reducing expensive active materials, energy input, and production costs while 

shortening the deposition time [3]. To achieve these, optimizing the manufactural parameter of 

these solar cells via simulation for a convenient and cost-effective approach is needed.  

 

Numerical simulation has proven to be a crucial tool for solar cell research and optimization [4]. 

Baig et al. (2020) have used a numerical simulation tool to theoretically enhance the performance 

of an experimentally fabricated Sb2Se3-based solar cell [5]. The present work optimizes the 
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performance of CIGS thin film photovoltaic cells through numerical simulation using Analysis of 

Microelectronic and Photonic Structures (AMPS – 1D) by varying the band gap energy and 

thickness of the CIGS layer while keeping other layers' thicknesses fixed at some default values 

and observing the changes in the device performance. The device performance is mainly 

attributed to the conversion efficiency, open circuit voltage, short circuit current density, fill 

factor, and quantum efficiency. 
 

MATERIALS AND METHODS  

This study utilized the numerical simulation software called AMPS – 1D beta 1.00 version, for the 

simulation procedure. A PV cell must have three distinct layers in AMPS-1D for modeling. As 

long as the number of grid points stays within the restriction of 400 grid points, additional layers 

may be added as required. The three layers used in this modeling are the n-type ZnO, n-type 

CdS, and p-type CIGS. The band gap energy of the CIGS layer and its thickness is altered, while 

the characteristics of the ZnO and CdS layers are kept constant.   

 

RESULTS AND DISCUSSION 
 

Table 1. Effect of band gap energy variation on fill factor, open circuit voltage, short circuit 

current density, and efficiency 

Band gap 

energy (eV) 

Fill Factor 

(%) 

Open circuit 

voltage 

(V) 

Short circuit 

current density 

(mA/cm2) 

Efficiency 

(%) 

1.04 80.7 0.560 28.907 13.076 

1.08 81.5 0.599 28.859 14.094 

1.13 82.4 0.648 28.843 15.406 

1.18 83.1 0.698 28.833 16.736 

1.24 83.9 0.758 28.820 18.315 

1.30 84.2 0.817 28.805 19.814 

1.37 83.7 0.881 28.781 21.212 

1.44 81.0 0.911 28.758 21.207 

1.52 75.3 0.915 28.719 19.788 

1.60 66.3 0.916 28.669 17.419 

1.69 56.6 0.916 28.307 14.842 

 

CONCLUSIONS 

AMPS – 1D has been used to study the effects of the band gap energy and thickness of the CIGS 

absorber layer on the CIGS PV cell performance. It is concluded that for an improved CIG PV cell 

performance, the band gap energy as well as the thickness of the CIGS absorber layer, plays a 

crucial role. 
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Abstract: Metal Oxide (MOX) is commonly used in mobile olfaction application. However, the sensor 

suffers drawbacks such as high operating temperature and power consumption. Thus, Reduced Graphene 

Oxide (RGO) is proposed to be used in this research. Hector-SLAM and Kernel DM algorithm is used for 

SLAM-GDM merged map to localize the gas source in the environment. Ethanol solution is placed in a 

petri dish and open for 5 minutes to evaporate in the environment. Two trial of different mobile robot speed 

(0.1 and 0.15 m/s) is set to analyze the capability of RGO to locate the gas source. The results shown that 

RGO were able to locate the gas source with predicted distance errors of 17.45 cm and 46.96 cm respectively 

with low power consumption in range of 8 – 9 mW. 
 

Keywords: RGO gas sensor, Mobile Robot, SLAM, GDM, Gas Source Localizations. 

 

INTRODUCTION   

Mobile robot with gas sensor, or officially known as mobile olfaction have been research 

continuously by various researchers. The sensor commonly used in mobile olfaction is Metal 

Oxide (MOX) due to its high sensitivity, high reliability, inexpensive cost, and simple circuitry 

make its viable choice for mobile robot. However, the sensor also suffers from drawbacks such as 

high operating temperature and high power consumption [1][2]. Hence, in this research we 

proposed on using graphene-based sensor, Reduced Graphene Oxide (RGO) to study the sensor 

capability in localizing the gas source in the environment.  
 

MATERIALS AND METHODS  

The RGO is prepared from reduction of Graphene Oxide (GO) with referencing the method from 

the research [3]. GO, mixed with de-ionized (DI) water is sonicated by water-bath sonicate for 30 

minutes, then mixed with 100mg Ascorbic Acid (AA). The solution is then stirred rigorously with 

magnetic stirrer for 1 hour under 85 oC. The reduced solution is then centrifuged and washed 

with DI water to remove residual of unreacted GO.   

 

Hector-SLAM from Simultaneous Localization and Mapping (SLAM) method and Kernel DM of 

Gas Distribution Mapping (GDM) algorithm is used for mapping and localizing the gas source. 

Map from SLAM and GDM is merged to create gas distribution map obstacles feature in the map. 

 

RESULTS AND DISCUSSION 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 175  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

The experiment is conducted in a closed indoor environment with room temperature 25 – 27 oC 

and 69 – 71% RH humidity. The gas source, Ethanol 95% solution is placed in a petri dish and 

open for gas spreading for 5 minutes before running the mobile robot. The results as shown in 

Table 1, shows the mean gas distribution with 2 trial of different mobile robot speed in reference 

of previous works [4] which also used different mobile robot speed parameters. Trial 1 (0.1 m/s) 

shows the best results out of the 2 trials, with the least errors of 17.45cm distance. The results 

shows that RGO is able to detect ethanol and localized the gas source location with the operating 

temperature under room temperature without the need of heating circuit. The power 

consumption of the RGO is also measured in range of 8 - 9 mW throughout the experiment.  

 

Table 1. SLAM-GDM merged-map using RGO gas sensor 

 
 

CONCLUSIONS 

The RGO gas sensor is able to successfully locate the gas source location in the environment with 

improvement in low operating temperature of room temperature and low power consumption. 

However, futher research is still need to be done in order to lower the measured distance errors 

by reducing the noise from the gas sensor reading. 
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Abstract: Conventional metal oxide gas sensor (MOX) has been widely used and investigated for the past 

decades. However, due to some drawbacks such as high operating temperature, high power consumption 

and high cost, new hybrid materials to improve the sensing performance was investigated. Previous 

studies have shown that the gas sensing process is strongly related to the surface reactions. Ternary hybrid 

nanocomposite materials hold a great promise towards improving the performance of gas sensor. 

Consequently, the hybridization of Iron Oxide (ɣ-Fe2O3)/polyaniline (PANI)/reduced graphene oxide 

(RGO) nanocomposite is expected to enhance gas sensing behavior in terms of operating temperature, 

response, recovery time and sensitivity. The nanocomposite was synthesized using in-situ hybridization 

method and the ratio of the materials is set at 10wt%. The sensing material was coated on 5mm x 5mm 

Interdigitated Electrode (IDE). The sensing result of the hybrid nanocomposite sensor shows improvement 

working temperature towards 100ppm acetone compared to the conventional MOX sensor. 
 

Keywords: MOX Sensor, Hybrid Materials, Room Temperature, Acetone. 

 

INTRODUCTION   

Air contamination brought by numerous sorts of volatile organic compounds (VOCs) has turned 

into a significant issue, along with the improvement of the current industry, legitimately 

influence human's wellbeing [1]. Since VOCs are easily evaporated at room temperature, many 

reports have been published regarding the impact of the air pollution on the burden of short- and 

long-term adverse health effect. Therefore, it is vital to develop a highly sensitive gas sensor that 

is able to detect VOC.  

 

The application of the ternary hybrid nanocomposite materials have been investigated for many 

application. The fabrication of ternary hybrid nanocomposite has shown a great performance 

which enhanced the detection behavior of acetone at room temperature [2]. In this study, the 

fabrication of ternary hybrid nanocomposite material of RGO/Iron oxide/PANI is investigated for 

gas sensing application to improve the working temperature of the conventional MOX sensor. 
 

MATERIALS AND METHODS  
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Three materials were prepared in this experiment using method from previous study [3]. The 

hybrid material was prepared using in-situ method where 10wt% of iron oxide and PANI were 

dissolved in GO paste with ascorbic acid solution and heated up for 1 hour at 75˚C before being 

centrifuged and washed for few times.   

 

RESULTS AND DISCUSSION 

Figure 1 shows the iron oxide and hybrid nanocomposite response towards 100ppm acetone at 

300°C and room temperature resoectively. The response/recovery time for the iron oxide and the 

hybrid nanocomposite are 112.3s/28.5s and 2.09min/3min respectively. The result shows 

improved working temperature has been reduced tremendously using the hybrid materials. 

response and recovery time for hybrid materials shows the fast charge transfer where the 

interaction of the hybrid materials via van der Walls bonds and practical capability of the 

materials to distinguish the different concentration of acetone vapor.  

 

 
 

Fig. 1. (a) Sensing response of iron oxide towards 100ppm acetone at 300°C. (b)Sensing response 

of hybrid nanocomposite for 100ppm acetone at room temperature 

 

CONCLUSIONS 

The hybrid of RGO and PANI to the metal oxide has improved the working temperature of the 

sensor towards 100ppm acetone. However, further studies need to be done to improve the 

response and recovery time. 
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Abstract: The role of noble metal in developing high sensitivity fiber Bragg grating (FBG) based sensor for 

health monitoring applications is reviewed. Few crucial parameters have been studied such as types of 

noble metal and their thicknesses, the thin film deposition techniques, applications in health monitoring 

and the sensor’s sensitivity. It was found that 37% of plasmonic FBG has been used in cancer diagnosis, 

followed by the protein detection. Most of the sensors exhibited excellent sensitivity as 50nm of gold thin 

film is coated on the FBG. FBG sensors based on SPR phenomena is one of the promising sensing 

technologies for health monitoring applications due to its ability to diagnose at real time response and less 

complexity structure. 
 

Keywords: Fiber Bragg Grating (FBG), Optical Sensor, Noble Metal, Health Monitoring. 

 

INTRODUCTION   

This work reviews the design and applications of plasmonic based Fiber Bragg Grating (FBG) for 

health monitoring applications. More modern configurations of FBG photo-inscribe in the fiber 

core permits light coupling to the surrounding medium. This review focused on the 

characteristics of FBG and SPR, and their important roles in monitoring human health.  
 

MATERIALS AND METHODS  

This review study focused on recent research of noble metal coated fiber Bragg grating sensor 

based on SPR phenomena for health monitoring applications from 2018 until 2022. Various 

parameters have been studied such as types of noble metal, thin film thicknesses, types of thin 

film deposition techniques on the substrate, application in various fields of health monitoring 

and their sensitivity.   

 

RESULTS AND DISCUSSION 

Based on this review, we found that several types of FBG have been used for health monitoring 

applications. The applications cover cancer diagnosis, respiratory system,glucose detection and 

protein detection. Since the substrate is a glass fiber optics, the preferable operating wavelength 

is 1550nm (infrared laser) to avoid large light attenuation. Obviously, 50nm thickness of gold or 

silver thin film is the most preferable. Note that, at this optimum thickness, maximum excitation 

of surface plasmon polaritons have been successfully generated. If the film is too thick, part of 

the SPR signal will be absorbed by the film itself which limits the percentage of incident light to 
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be converted into SPR. Meanwhile, the usage of a very thin film of noble metal will result the 

electrons damping issue. For the thin film deposition, sputtering is the most favorable technique 

due to its simple process and easy to control the thin film’s thicknesses. Figure 1 displays the 

analysis of recent studies on the usage of plasmonic FBG in health monitoring applications. It was 

found that 25% of the FBG based plasmonic sensors have been used in cancer diagnosis, 

meanwhile 21% of the applications are focused on protein detection. This sensor has an excellent 

selectivity in differentiate different types of analytes which make it suitable to be used as 

biosensors to distinguish various types of viruses including coronavirus (Covid19). Analysis on 

types of plasmonic materials that had been used in plasmonic sensing FBG for health monitoring 

is investigated. Obviously, 50nm thickness of gold is the most preferable thickness that has been 

used in SPR sensors. This respective thickness able to generate excellent SPR signal due to strong 

evanescent field and high penetration depth. For the silver, various thicknesses between 20nm to 

50nm have been deployed.  

 
 

Fig. 1. Various application fields of plasmonic FBG for health monitoring 

 

CONCLUSIONS 

Most of the researchers utilized TFBG as the tilted angle generate more evanescent waves and 

enhance SPR excitation. Plasmonic material used has its maximum thicknesses about 50 nm for 

the optimum SPR wavelength shift. We believe that the plasmonic FBG based sensors will become 

one of the promising technologies in biosensing for early detection of disease due to its ability to 

diagnose real time response, highly sensitive and less complex structure. 
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Abstract: Particle dimensional size of nanomaterials are important characteristics influencing product in 

the broad range of industrial sectors. The applications of these materials in consumer products including 

handling in workspace, and the management of their eventual environmental fate are likely to become 

subject to standard and regulations. These will need to be underpinned with metrological infrastructure to 

enable nanometer dimensional scale measurements that are traceable to national standards within the 

Internationational System of Units (SI). This paper was aimed to define a standardisation of protocol for 

evaluating particle size of nanomaterials by atomic force microscopic technique to achieve its validation to 

be used for carbon nanofiber size determination. 
 

Keywords: Validation, Particle Size, Atomic Force Microscopy, Accreditation, Nanomaterial. 

 

INTRODUCTION   

Even though nanoparticle is one of the most promising creations of science, it could be hazardous 

to environment, health and safety in some way (1). Both dimensional size and material properties 

of nanoparticles are especially important among many challenges for developments in 

nanotechnology, due to environmental and human health concerns over their frequent use in 

industries and laboratories. Engineered nanomaterials (ENMs) are among the subgroups of 

nanomaterials which also includes natural and unintentionally produced nanomaterials (2). 

Therefore, the harmonization of measurement and regulations are highly demanded either to 

enhance continuous development of nano-products or to evaluate the possibility of hazard to 

environment, human health and safety(3). Among those characterizing measurands identified by 

OECD, particle size is an essential property of nanoparticles. This paper documented the 

execution of validation for particles size characterization in nanodimensional with new adjusted 

deposition technique prior performing characterization.  
 

MATERIALS AND METHODS  

Nanoparticles size measurement has been executed using atomic force microscope-AFM (Bruker, 

Innova) employing tapping mode technique. AFM utilizes a cantilever with a sharp probe to scan 
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a specimen surface. The subjected nanomaterials were measured on it’s diameter in term of 

maximum height (Dh) and pitch (Dp) as in Figure 1. New deposition technique involving variation 

of colloidal solutes was also exercised. Several criteria on validation such as repeatability, 

reproducibility, linearity, range and limit of detection and quantification were performed in 

accordance to subjected criteria requirements. The robustness, precision and trueness were also 

investigated using standard reference materials of polystyrene particles with size in the range of 

20 to 500 nm.   

 
Fig. 1. Measurement method for nanoparticle diameter: (a) Dh as the maximum height of a 

nanoparticle, (b) Dp as the pitch of any two adjacent nanoparticles 

 

RESULTS AND DISCUSSION 

This paper presents a methodology to perform a validation of a measurement protocol on AFM 

for engineered nanomaterial characterization. Using the two types of standard material of 

polistyrene and titanium dioxide ranging from 20 to 500 nm, this method was proven to be robust 

and suitable for determination nanoparticle diameter of maximum height and pitch of two 

adjecent. Relative standard uncertainties of repeatability, intermediate precision and trueness 

were below the threshold defined by the standard International Standard Organisation (ISO). The 

proposed protocol was found to be precise under repeatability and reproducibility conditions 

and defined intermediate precision conditions. The trueness was found to be within acceptable 

limits of international harmonisation of test results (ICH).  

 

CONCLUSIONS 

The method was proven to be robust, accurate, consistent with standard of ISO and suitable for 

determination of polymer based engineered nanomaterial including carbon nanofiber at different 

particle size. Uncertainty of the size determination was found to be ranging from 10 to 12 % for 

particle size of 20 to 500 nm proving the reliability of results and approving the validity of the 

method used. 
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Abstract: In the present study, the performance of a new model of organic photodetectors (OPDs) are 

reported by incorporating silver nanowires (AgNWs) with vanadyl 3,10,17,24-tetra-tert-butyl-1,8,15,22 

tetrakis(dimethylamino)-29H,31H phthalocyanine (VTP) and [6,6]-phenyl C71 butyric acid methyl ester 

(PC71BM) as the photoactive layer. The influence of the presence of AgNWs on the performance of OPDs 

was compared to that of devices without AgNWs. Our results indicate that the improvement in the OPDs 

with the presence of AgNWs performance such as responsivity and detectivity was markedly improved to 

almost three times with the integration of AgNWs on the VTP:PC71BM active layer. Our results also shows 

that the OPDs produced is on par with some of the conventional inorganic PDs, 

 

Keywords: Organic Photodetectors; Nanowires; Responsivity; Detectivity; İnorganic Photodetectors. 
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Abstract: This study reports the comparison of radiation dose response of (ZnO)x(TeO2)1-x thin film based 

real time gamma sensor prepared by chemical spray pyrolysis method. The chemical synthesis of the film 

precursor solution was performed with zinc acetate dehydrate, tellurium dioxide, methanol and 

hydrochloric acid. The results indicates that the measured currents exhibited roughly linear relationships 

with applied voltage for all thin film samples. The current density increases quite linearly with high energy 

X-ray radiation doses for all film prepared at all applied voltages considered. These results can be relevance 

in the production of cheap and reliable X- ray and gamma detector. 
 

Keywords: High Energy X- Ray Radiation, Thin Film, Zinc Oxide, Tellurium Dioxide. 

 

INTRODUCTION  

The International Commission on Radiological Protection (ICRP) offers recommendations for the 

maximum permissible dose of radiation to which people should not exceed (1 mSv/yr for general 

public and 20 mSv/yr for radiation workers) [1]. Previous investigations revealed promising 

results on the I-V characteristics of a wide range of gamma radiation dose induced current in the 

mixed oxide thin film for its dosimetric potential [1-4]. Therefore, in order for thin film device to 

attain its full potential as gamma radiation detector, a detailed study on film microstructure and 

how the film’s parameters such as doping ratio, film thickness, and pre- deposition temperature 

affects the sensitivity and performance  of the thin films device [3, 5].  
 

MATERIALS AND METHODS  

The thin films of (ZnO)x(TeO2)1-x was  prepared  by  spray pyrolysis method. A thin film 

containing 1.2 ml of the atomised (ZnO)x (TeO2)1-x (for x = 0, 0.2, 0.4, 0.6, and 1 wt%) precursor 

solution synthesised were prepared. For the purpose of radiation dosimetric evaluation and 

application, the prepared ZnO doped TeO2  thin film gamma sensors were irradiated singly to 6 

MV photon beam of 0, 50, 100, 150, 200, and 250 cGy at a dose rate of 400 Gy/min using an Elekta 

Linear accelerator. The computer monitor in the control room displays the readings on the 

electrometer with the help of CCTV installed in the bunker.   

 

RESULTS AND DISCUSSION 
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The linear and bias-symmetric current- voltage (I-V) relationships of (ZnO)x(TeO2)1-x thin film 

gamma sensors are indicative of ohmic contacts between the graphite electrodes and the films. 

The measured bias currents exhibited roughly linear relationships with applied bias voltage. It is 

observed that the I-V characteristics of the thin film are found to be in the order (ZnO)0.6(TeO2)0.4 

> TeO2 > (ZnO)0.2(TeO2)0.8 > (ZnO)0.6(TeO2)0.2 > ZnO. These indicates that doping metal oxide films 

in the right proportion can enhance the conductivity of the film as reported herein.  

 

The current- voltage measurements were performed for each thin film devices exposed to high 

energy X-ray dose of 0, 50, 100, 150, 200, and 250 cGy respectively. Clearly, the current density 

has been found to increase quite linearly with the radiation dose over a range (0- 250 cGy) for all 

the thin film samples studied. During the transmission of X-ray through the thin films, the defect 

are induced resulting in the disordered structure of the films. These is attributed to the energy 

transfer from the X-ray radiation dose to the electrons that makes the electron to move from 

valence band to conduction band creating electron- hole pairs which increases the conductivity 

of the films. 

 

CONCLUSIONS 

This work involves the synthesis, film deposition and study of the current- voltage characteristics 

during high energy X-The findings revealed that the current density has been found to increase 

quite linearly with the X- ray dose over a range of 0- 250 cGy for all the films investigated. The 

semiconducting behaviour of the film indicates that the irradiation with high energy X-ray 

enhances the conductivity of the film. 
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Abstract: A passively Q-switched thulium-doped fiber laser (TDFL) at 1.96 μm region based on multi-

walled carbon nanotubes (MWCNTs) as the saturable absorber (SA) by using a bi-directional pumping 

configuration has been demonstrated. The SA is fabricated by sandwiching the MWCNT embedded in 

polyvinyl alcohol (PVA) thin film between two fiber ferrules. The proposed laser utilizes a 4 m-long 

thulium-doped fiber by OFS (TmDF200) which is pumped by two laser diodes operating at 1550 nm with 

a maximum combined pump power of ~440 mW. The bi-directional pumping scheme allows for a higher 

gain and lower noise performance of the TDFL. The resulting Q-switched is able to generate a wide range 

of repetition rate, starting from 11.39 kHz to 49.45 kHz, starting at the Q-switching threshold of 102.74 mW 

up to a maximum of 196.82 mW. The corresponding pulse width can be tuned from 6.51 μs to 3.81 μs by 

increasing the pump power. The maximum average output power and pulse energy of the Q switched 

TDFL is 1.28 mW and 25.93 nJ respectively. The proposed laser also generates a relatively high signal-to-

noise ratio of 64.07 dB as measured from the radio frequency spectrum analyser, indicating a stable Q-

switched pulsed operation. 
 

Keywords: Thulium-Doped Fiber, Fiber Laser, Q-Switched Pulse, Saturable Absorber. 

 

INTRODUCTION   

Two-micron fiber laser has become a highly interest topic among researchers in photonics field 

due to its ruggedness, compactness and reliability to satisfy a wide range of demands in the 

industry [1]. The thulium-doped fiber laser (TDFL) has a broad wavelength range from 1800 nm 

up to 2200 nm, which falls in the ‘eye-safe’ laser region due to its high absorbance of water or 

liquid [2]. For instance, the TDFL is applicable for ophthalmic medical technology specifically for 

laser eye surgery [3.4]. A significant interest has also emerged on Q-switched TDFL since their 

high pulse energies are particularly useful for application that does not require ultrafast pulse 

such as material processing and remote sensing. In this work we introduce a passively Q-

switched TDFL at 2 μm region based on bidirectional pumping scheme operating at 1550 nm with 

a maximum total pump power of ~440 mW by incorporating MWCNT as the saturable absorber 

(SA). The Q-switched TDFL yields 11.39 kHz repetition rate at the Q-switching threshold of 102.74 

mW and 49.45 kHz repetition rate at 196.82 mW pump power, with the corresponding pulse 

width of 6.51 μm and 3.81 μs respectively. The maximum average output power and pulse energy 

of the Q-switched TDFL is 1.24 mW and 37.45 nJ respectively.  
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MATERIALS AND METHODS  

 
 

Fig. 1. Experimental setup of bididrectional-pumped Q-switched TDFL 

 

RESULTS AND DISCUSSION 
 

 
 

Fig. 2. Q-switched TDFL output spectrum 

 

 
 

Fig. 3. Q-switched pulse train at 49.45 kHz 

 

CONCLUSIONS 

A passively Q-switched TDFL at 1.96 μm region utilizing bi-directional pumping scheme by 

incorporating MWCNT-PVA thin film as the SA has been demonstrated. The Q-switched TDFL 

exhibits high repetition rate, starting from 11.39 kHz to 49.45 kHz, with the corresponding pulse 

width of 6.51 μm to 3.81 μs. A broad 3-dB bandwidth of ~6 nm is obtained. The high signal-to-

noise ratio of 64.07 dB indicates a stable Q-switched pulsed operation. This proposed work with 
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the bidirectional pumping scheme exhibits a better Q switched laser performance over the single 

pumping scheme, based on comparison with other works on Q-switched TDFL. 
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Abstract: In this paper, the effect of gate oxide dielectric strength-dependent performance of graphene 

nanoribbon field-effect transistor (GNRFET) is studied. Here, we have examined the transfer 

characteristics, on-current, off-current, current ON/OFF ratio (ION/IOFF), drain-induced-barrier-lowering 

(DIBL), subthreshold slope, transconductance and transconductance generation factor (TGF) of the device. 

The results are obtained by solving the NEGF formalism and Poisson’s equation self-consistently in 

NanoTCAD ViDES environment. The obtained results indicate that the device parameters have a strong 

dependence on the dielectric strength of the oxide-material. 
 

Keywords: Graphene Nanoribbon (GNR), Field-Effect-Transistor (FET), Non-Equilibrium Green’s 

Function (NEGF), High-K Dielectric. 

 

INTRODUCTION  

Graphene, a two-dimensional material, is concerned as a promising channel material that 

experiences a new path in electronic applications due to its high carrier mobility and velocity 

saturation [1,2]. Though graphene has high mobility, it is inappropriate to be used in electronics 

application because of low on-off current ratio. To increase on-current to off-current, a band gap 

is induced by a narrowed strip of graphene recognized as graphene nanoribbon (GNR). There are 

more methods for enlightening the electrical performance of a conventional GNRFET device. 

Changes in the work function of gate material, channel doping, the thickness of the dielectric 

materials, and the voltage difference method are examples of these techniques [3-6]. Apart from 

these techniques, the dielectric with the high-k process has been the most popular technique for 

researchers since the last decade in electronics applications due to its capability to reduce the 

boundaries in scaling significantly [7].  

 

MATERIALS AND METHODS  

Device Structure & Simulation 

The 12- armchair GNR FET device structure having a bandgap of 0.6 eV is depicted in Figure1. 

The gate length of of the device is considered as 10 nm, whereas the drain and source reservoirs 

are of 5 nm [8].  

 

The Green’s function is conveyed as [9], 𝐺(𝐸) = [𝐸𝐼 − 𝐻 − Ʃ𝑆 − Ʃ𝐷] −1 (1)  
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where E denotes the energy, I is the identity matrix, H is the Hamiltonian of the material, Ʃ𝑆 and 

Ʃ𝐷 represents the self-energy matrix for the source and drain contacts, respectively. After G(E) 

calculation, the drain current (ID) is calculated using the Landauer formula [9].  

 
 

Fig. 1. The simulated device structure 

 

RESULTS AND DISCUSSION 

 

 
 

Fig. 2. (a) Transfer characteristics of GNR FETs at VDS =0.5 V. (b) Variation of 𝑔𝑚 and TGF as a 

function of VGS at VDS = 0.5 V. (c) CB profile of the GNR FETs at OFF state. (d) Variation of 

transmission probability with energy, E (eV) at OFF state. 
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Abstract: Bisphenol A (BPA) is an organic compound found in plastic products that is found throughout 

many aspects of our daily life.  It is mostly transferred into foods and drinks including water bottles, lining 

of food cans, and dental fillings. It is also reported as an endocrine-disrupting compound which related to 

various kinds of health concerns such as the development of cancers and reproduction problems. Concerns 

regarding food safety are raised because of the wide use of BPA in food packaging. It may migrate to water, 

sediments, soil, food, or other everyday products. Based on that the development of a reliable analytical 

approach for the detection of BPA is an urgent issue. In this study, electrochemical sensor based on 

modification of screen-printed carbon electrode (SPCE) with Au-nanoparticles/carbon dots-chitosan 

(Au/CDs-CS) nanocomposite for BPA detection has been described. SPCE modified with Au/CDs-CS 

provide good electro-catalytic application which offer extraordinary electronic properties and large 

enhancement in electrical conductivity. In investigating the optimum parameters to elevate the 

performance of the developed sensors, 1:1.5 volume per volume (v/v) AuNPs to CDs-CS ratio and 3µL 

volume of Au/CDs-CS for drop casted on the SPCE were recorded.  The results showed that the developed 

sensor has a great electrocatalytic features for detecting BPA in the concentration range of 0.4 µM to 10 µM 

with sensitivity of 0.46 µA/µM (R² = 0.9937) and limit of detection (LOD) of 0.1 µM. 
 

Keywords: Bisphenol A, Carbon Dots, Nanocomposite, Electrochemical, Environmental. 

 

INTRODUCTION   

In Jan 2015, European Food Safety Authority (EFSA) has proposed the temporary tolerable daily 

intake (t-TDI) of BPA must not exceed 4 µg kg-1 bodyweight. day-1 [1], while based on Malaysian 

standard, permission level of phenol should not exceed 2.0 μg/L-1 for raw water [2]. 

Commercialize technique has been used such as High-Performance Liquid Chromatography 

(HPLC), Liquid Chromatography– Mass Spectrometry (LCMS) and Gas Chromatography 

Coupled-Mass Spectrometry (GCMS) for BPA detection but the procedure involve is complicated 

and hardly employ for on-site measurement [3]. Thus, a technique for detection of BPA with 

rapid, simple, sensitive and selective is urgently needed. Therefore, in this study a simple and 

sensitive electrochemical sensor for the detection of bisphenol A (BPA) based on gold 

nanoparticles/carbon dots/chitosan (AuNPs/Cs-CS) modified screen printed carbon electrode 

(SPCE) has been proposed [4,5].  
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MATERIALS AND METHODS  

Electrochemical measurements were performed with Model Autolab Type III (Eco Chemie B. V., 

Netherlands). Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) data analyses 

were conducted via the Nova 1.11 software. The CV analysis was implemented within the −0.4 

and 0.65 V potential range at a 100 mV/s scan rate for five cycles to evaluate the performance of 

the modified SPCE by employing 5 mM of 𝐾3[Fe(𝐶𝑁)6] and 0.1 M KCl.   

 

RESULTS AND DISCUSSION 

In this work electrochemical characterization of the modified SPCE was performed by using 

Differential Pulse Voltammetry (DPV). Figure 1(a) shows the oxidation peak current for Au/CDs-

CS/SPCE towards various concentrations of BPA from 0.4 µM to 10 µM with linear regression 

equation Ipc (µA) = 0.2829 (µM) + 7.9769; R² =0.9937 and LOD of 0.1 µM. It can be observed that 

the peak current increase linearly proportional as the concentration of BPA increase (Fig. 1b). The 

results showed that the developed sensor has a great electrocatalytic features for detecting BPA 

in the concentration range of 0.4 µM to 10 µM with sensitivity of 0.28 µA/µM (R² = 0.9937) and 

limit of detection (LOD) of 0.1 µM.  

 

 
 

Fig. 1. Differential pulse voltammograms towards different concentrations of BPA (0.4 to 10 

µM) in PBS (0.1 M, pH 7.4) with a) AuNPs/CDs-CS/SPCE, b) linear relationship between DPV 

peak current with the different concentration of BPA under optimized conditions 

 

CONCLUSIONS 

A simple and sensitive electrochemical sensor for an effective detection of bisphenol A (BPA) by 

using gold nanoparticles/carbon dots/chitosan drop casting onto SPCE was successfully 

developed. The developed sensor demonstrated potential applications for the sensitive and rapid 

determinations of BPA levels in aqueous systems. 
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Abstract: Radiation shielding has been developed years ago and has been an important role to protect 

humans from radiation exposure and making the workplace a safe zone. A suitable radiation shielding 

material must consider several important factors, including cost, size, and weight. Tungsten and bismuth 

are the best material that can replace lead to absorb radiation exposure as they have the best properties 

compared to lead. This paper review a modification in radiation shielding materials. 
 

Keywords: Radiation Shielding, Lead-Free Radiation Shielding, Tungsten, Bismuth. 

 

INTRODUCTION   

Radiation shielding has been developed to protect people from the harmful effects of radiation 

while also protecting their surroundings [1]. Researchers are interested in investigating 

alternative, more effective materials to Pb because of its well-known toxicity as a radiation-

shielding material [2].  
 

THE IMPORTANCE OF MATERIAL SHIELDING 

Radiation has been giving benefits to humankind as it is used to advance the field of medicine by 

treating and saving patients’ lives and also in academics and industry [3]. To prevent radiation 

exposure, experts have developed radiation protection [4]. Lead composite and lead-free 

radiation shielding are two substitute materials that can be modified into a better shield [5].   

 

LEAD-FREE RADIATION PROTECTION 

Concern about the safety and health risks associated with lead as a radiation-shielding material 

has recently grown [6]. Bismuth is one of the best materials to replace lead because it has many 

of the same properties such as high density and atomic number (Z). The use of tungsten or 

bismuth-based shielding poses no harmful or environmental risks [7]. Researchers have 

discovered nanomaterials that protect against radiation without the use of lead [8].  

 

BENEFITS OF USING TUNGSTEN AND BISMUTH 

Tungsten can establish the As Low As Reasonably Achievable (ALARA) goals in the workplace 

and guarantee less radiation exposure [9]. Bismuth material is environmentally free while lead 

poses a sneaky threat to human health because it produces dust particles that interfere with 

biological processes [10]. 
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CONCLUSIONS 

Finding the best shielding solution requires knowledge of the available materials based on their 

affordability, usefulness, and physical characteristics for radiation protection of individuals and 

their surroundings. 
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Abstract: Cobalt oxides nanostructures are comprehensively studied due to its many applications in 

several different fields. In this work, an effective attempt is going to made for the synthesize and fabrication 

of Cobalt oxide (Co 3 O 4) nanostructures by using atmospheric pressure micro plasma technique. 

Moreover, this technique does not entail any poisonous means. So, it is an efficient and environmental 

friendly method with strong potential for the growth of plasmonic structures for variety of application. 

Scanning electron microscope (SEM) images show that the average particles size of Cobalt oxide is found 

to be around 44.89 nm by using Scherrer relation and is consistent with reported value. The structural 

properties are studied by X-ray diffraction (XRD) technique, and it shows that the diffraction peaks related 

to Cobalt oxides nanostructures with cubic symmetry. Fourier transform infrared (FTIR) spectra confirm 

the growth of Co 3 O 4 nanomaterials. The peak at 570 cm -1 corresponds to stretching vibration Co 3 O 4 

bond. UV-Vis spectra show a sharp absorption peak at 220 nm which clearly indicates the absorption in 

UV region. The energy band gap of as obtained Co 3 O 4 nanostructures is calculated to be 3.80eV. 
 

Keywords: Cobalt Oxide; Micro-plasma; Nanostructures. 
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Abstract: This study's aim was to develop materials that absorb microwaves using recycled hematite (α-

Fe2O3) nanoparticles and polytetrafluoroethylene (PTFE). Recycled α-Fe2O3/PTFE nanocomposites were 

fabricated by blending recycled α-Fe2O3 nanoparticles with PTFE in various weight percentages (5, 10, and 

15% wt.). The microwave absorption as well as the complex permittivity of the prepared nanocomposites 

were measured using a vector network analyzer and a rectangular waveguide in the 8–12 GHz frequency 

range. The power loss (dB) of the material at 10 GHz ranged from 12.3 to 13.4 dB, while at 12 GHz, the 

value peaked at 14.82 dB for the 15 % wt filler. 
 

Keywords: Power loss, recycled hematite, PTFE and nanocomposite 

 

INTRODUCTION   

In recent years, there has been tremendous growth for electromagnetic wave applications in 

industries. On this note, it is important to synthesize microwave absorbent materials that have a 

high absorption rate and excellent mechanical, chemical, and magnetic properties [1]. By 

incorporating non-conducting polymer matrices such as polytetrafluoroethylene (PTFE), which 

is easily blended with metal oxides, the permittivity of recycled α-Fe2O3 nanoparticles can be 

increased [2]. The effect of nanofiller loadings on the power loss (dB) and complex permittivity 

of the prepared material was studied in the X-band frequency range.  
 

MATERIALS AND METHODS  

Khamis et al. [3] describes the synthesis of hematite α-Fe2O3 and the fabrication of α-Fe2O3/PTFE 

nanocomposites.   

 

RESULTS AND DISCUSSION 

Figure 1 appears to suggest that increasing the amount of nanofiller above 15% of the total weight 

may result in an even more significant increase in the nanocomposites' capacity for absorption. 

For weights of 5, 10, and 15%, the power loss for recycled α-Fe2O3/PTFE nanocomposites at 12 
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GHz was 13.2, 13.7, and 14.82 dB, respectively. The total weight for each composition produced 

was 30 g, and the nominal ratio for each composition is shown in Table 1.  

 

 
 

Fig. 1. Power loss (dB) from 5, 10, and 15% wt. for α-Fe2O3/PTFE nanocomposites 

 

Table 1. Composition of recycled α-Fe2O3 /PTFE nanocomposites 

Recycled α-Fe2O3  

Nanopowder                                                        PTFE 

(%) Mass ± 0.0005 g        (%) 

 

Mass ± 0.0005 g Total Mass  

± 0.0005 g 

5.0 1.5        95.0 28.50   30 

10.0 3        90.0 27.00   30 

15.0 4.5        85.0 25.25   30 
                                

CONCLUSIONS 

The power loss and complex permittivity properties of α-Fe2O3/PTFE nanocomposites were 

investigated in the 8–12 frequency range using rectangular waveguide and VNA. The related 

values of power loss were correspondingly higher and ranged between 11.25 and 14.82 dB 

throughout the 8–12 GHz frequency band. The α-Fe2O3/PTFE nanocomposites are potential 

material candidates for microwave noise suppression at the X-band due to their biodegradability, 

low density, and effective absorption properties. 
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Abstract: Pandanus amaryllifolius leaves extract was utilized to mediate the green approach known as the 

biosynthesis method in preparing purely tin oxide nanoparticles. The calcination temperatures varied 

between 300oC to 900oC, respectively. A rutile tetragonal structure of tin oxide was obtained in highly 

crystalline spherical shape. The dominating effect of the calcination temperature was observed in which 

the increment led to the growth of the crystallite size, probably promoted by a decrease in the lattice 

distortion ratio. The energy band gap values were heightened as the temperature increased due to the 

influence of quantum confinement. 
 

Keywords: Tin Oxide Nanoparticles, Pandanus Amaryllifolius, Biosynthesis, Structural, Optical. 

 

INTRODUCTION   

In gas sensors application, tin oxide nanoparticles (SnO2 Nps) are recognized as the significant 

material in which the performance was measured by its sensitivity, selectivity and strength 

attributed from the high surface area. The introduction of high temperature during the calcination 

process directs the crystallite size increment accompanied by the surface area decrease due to the 

particle growth and affects the optical properties [1]. This article aims to systematically 

characterize the nanocrystalline SnO2 synthesized via a biosynthesis method mediated by 

Pandanus amaryllifolius leaves extract.  
 

MATERIALS AND METHODS  

A mixture of leaves extract of Pandanus amaryllifolius and tin chloride solution was left to stir at 

30oC for 3 hours. The jelly-formed precipitate was collected and dried before being brought to 

calcination within 300 to 900oC [2].   
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RESULTS AND DISCUSSION 

Based on the XRD analysis, a drop in lattice distortion ratio follows the rising of the calcination 

temperature. The temperature increment lowered the defect concentration by decreasing the 

percentage of surface atoms. As a result, it improves the crystallization level in SnO2 nanoparticles 

[3]. The drop accompanied by dislocation density leads to increased crystal growth and decreased 

crystallite defects, rapidly decreasing from 300 to 500oC [4].  

 

 
 

Fig. 1. Relations between crystal lattice distortion ratio and dislocation density on the 

calcination temperature 

 

CONCLUSIONS 

The crystallite size is calcination temperature dependent, in which the crystallite size of the 

samples increased from 2.79 to 16.09 nm as the calcination temperature increased from 300 to 

900oC. With increasing calcination temperature, the crystallinity of SnO2 Nps possibly is 

improved by decreasing the lattice distortion and dislocation density. Various calcination 

temperatures influenced the direct band gap value of SnO2 Nps, suggesting the quantum 

confinement effect by obtaining an enhanced value when the temperature increases. 
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Abstract: Herein, an easy to use and inexpensive paper-based sensor for Fe2+ ions in aqueous solution was 

developed using blue luminescent graphene quantum dots (GQD) embedded into filter paper. The 

potential of GQDs embedded filter paper as sensing probe has proven with the quenching of fluorescence 

in the presence of Fe2+ ions with different concentrations. It opens new opportunities for simple and fast 

screening of heavy metal ions and greatly useful in remote settings where sophisticated analytical tools are 

not always available. 
 

Keywords: Paper Based, Fe2+ Sensor, Fluorescence, Graphene Quantum Dots. 

 

INTRODUCTION   

Heavy metal ions are categorized as a typical class among water pollutants, which extremely 

harmful to the biosphere if exposure limit is exceeded. Currently, various analytical methods 

have been utilized in heavy metal ion sensing such as AAS, ICP-AES, ICP-MS, etc. Although these 

methods provide accurate and reliable results, i) they are not suitable for on‐site measurements, 

ii) they need expensive instruments and expertise to operate. Compared with different detection 

methods, fluorometric approach attracted great attention due to its unique potential like high 

sensitivity and short response time. Moreover, recently, paper-based sensor devices have been 

widely investigated due to the low-cost, ease of use, portability, and disposability[1]. This work 

reports a highly sensitive fluorometric paper-based sensor for the determination of Fe2+ ion in 

water samples. The blue luminescent GQD obtained from direct pyrolysis of citric acid embedded 

into filter paper used as sensing probe. It was found that there is a good linear relationship 

between the fluorescence quenching and concentration of Fe2+ ions in the range of 0.2 mM to 

0.8 mM.  
 

MATERIALS AND METHODS  

The GQDs were synthesized via direct pyrolysis of citric acid according to [2] with no 

modification. The prepared 4 µL of GQDs solution were added separately on each filter paper 

strips and let it dry at room temperature. Then, 4 μL of the Fe2+ ion solution at different 

concentrations were added to the as-prepared fluorescent paper strip. After drying at room 
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temperature, the paper strip was placed under the UV lamp (365 nm wavelength) and all the 

pictures were taken with a Redmi Note 10.   

 

RESULTS AND DISCUSSION 

From the inset of Fig. 1 (a), it can be observed that the blue fluorescence fades as the concentration 

of Fe2+ ions increase from 0 mM to 0.8 mM. To further validate the visual observation, the 

photoluminescence (PL) intensity of the paper strips measured by PL spectroscopy. The PL 

intensity decreases as the concentration of Fe2+ ions increased from 0 mM to 0.8 mM.  In Fig. 1 (b), 

the ratio between the PL intensity of the probe before and after adding Fe2+ ions linearly decreased 

with Fe2+ ions concentration. Strong electrostatic interaction between Fe2+ ions (positive charged) 

and GQDs (negatively charged) causes the decline in PL intensity of the GQDs. Active adsorption 

site on cationic Fe2+ promotes adhesion of GQDs, thus resulting in blocking of radioactive 

recombination of electron holes through an effective electron transfer process, and subsequently 

leading to quenching of fluorescent GQDs[3].  

 

 
 

Fig. 1. (a) PL spectra of GQD paper sensor in different concentration of Fe2+ ions; (b) The linear 

relationship between the PL quenching and the Fe2+ ions concentration 

 

CONCLUSIONS 

This study demonstrated that the GQDs embedded fluorescence paper strip can be used to detect 

Fe2+ ions, which is easy to use and low cost. The fluorescence of GQDs was dramatically quenched 

by interaction with the Fe2+ ions. Thus, highly fluorescent GQDs along with paper platforms were 

exploited in the development of presented probe, towards new generation of simple and 

inexpensive paper-based sensor with versatile applications. 
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Abstract: This experiment study the reinforcing ability of nanofibrillated cellulose (NFC) of Gigantochloa 

scortechinii (Buluh Semantan) for paper production in the aspect of mechanical properties (tensile and tear) 

and physical properties (porosity). Paper from Buluh Semantan pulp was made and incorporated with 

NFC from the same species. In this study, Refiner Mechanical Pulp (RMP) and chemi- mechanical pulp 

(Hybrid) was used for comparison. The incorporation of 5 and 15 wt. % of NFC improved the tensile index 

properties of the RMP paper as much as 12% and 40% respectively while for hybrid, the properties 

increased as much as 50%. For tearing index, NFC improved 14% for RMP paper and 27% for hybrid paper. 

However, the present of NFC decreased the porosity significantly. 
 

Keywords: Nanofibrillated Cellulose, RMP, CMP, Reinforcing Agent 

 

INTRODUCTION   

Increased human population leads to increased energy demand, necessitating significant 

increases in plant-derived bioenergy and associated high-value products in global markets [1]. 

One of the major energy consumer is the global pulp and paper industry. As a result, the pulp 

and paper industry contributes to climate change and resource depletion, as well as other global 

environmental issues [2]. Therefore, the search for alternative raw materials to wood has 

intensified. A suitable raw material should be inexpensive, fast-growing, and easily available, 

with physical and mechanical properties comparable to wood and bamboo could be the 

alternative material [3]. In addition, cellulose is the most abundant component of biomass 

resources, and efficient utilisation of this component in a high-value-added manner may open a 

new door to a bright future for biomass resources while nanocellulose is a cellulosic material with 

dimensions in the nanometre range and has gained attention of many researchers [4]. In this 

study, NFC was produced from Buluh Semantan and used as reinforcement agent to improve the 

mechanical properties of paper product from Buluh Semantan pulp.  
 

MATERIALS AND METHODS  

In this study, NFC was produced from Buluh Semantan bleached pulp using supermass colloid 

grinder. Buluh Semantan was harvested from Hulu Langat area, and Sodium Hydroxide Pellets 

– AR (NaOH) for bleaching purchased from Chemiz. The fabrication of nanocellulose was done 
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first then followed by the papermaking process. Fig. 1 and Fig. 2 shows the process flow of 

producing NFC and paper from Buluh Semantan pulp and NFC in this study.   

 

 
Fig. 1. Process flow of producing NFC 

 

 
Fig. 2. Process flow of producing paper from Buluh Semantan pulp and NFC 

 

RESULTS AND DISCUSSION 

Figure 3 shows the results for tensile test. The presence of nanocellulose in RMP B exhibit better 

performance than RMP A (without nanocellulose). Also in CMP B (hybrid pulp with 

nanocellulose exhibit better tensile properties than CMP A (hybrid pulp without nanocellulose). 

This phenomenon can be explained as nanocellulose covering the surface of the fiber and improve 

the fiber-to-fiber contact at molecular level and it also filled the voids and pores for each fibres 

bond and increase the possible bonding area [5].  

 
Fig. 1. Tensile Index Graph 

 

CONCLUSIONS 

This study has revealed the reinforcing ability of NFC from Buluh Semantan in improving the 

mechanical properties of paper products. More mechanical test should be include in the future 

assessment such as burst and crush test for more comprehensive report. 
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Abstract: This study offered a methodology to synthesize Ti2C using the same etching method but with 

two different enchants, namely, hydrofluoric acid (HF) and in situ generated HF. The results show that 

Ti2C-HF and Ti2C-HCl have 2D multilayered nanostructures with thicknesses ranging from 10 nm to 20 

nm. EDX and FTIR results recorded the presence of Ti, C, and a few Al functional groups. The UV-Vis 

analysis shows the absorption band at about 200 to 250 nm. The thermal stability of both MXenes and the 

nonlinear optical properties of the as-synthesized MXenes were also studied. 
 

Keywords: MAX Phase, Mxenes, Etching, Nonlinear Properties. 

 

INTRODUCTION   

2D materials have been studied and used in various applications over the past centuries due to 

their structural diversity and tunable chemical compositions, which differ from their bulk form. 

Very recently, a new 2D transition metal carbides, nitrides, and carbonitrides family have been 

augmented and explored due to its excellent properties such as excellent thermal stability, larger 

interlayer spacing, easily tunable structure, and high surface area [1]. The earliest etchant used 

for the etching method is hydrofluoric acid (HF), followed by an intercalation and delamination 

process to produce single-layer MXene. Later, in 2014, in situ HF enchant significantly simplified 

the synthesis method using lithium fluoride (LiF) salt and hydrochloric acid (HCl). In this work, 

Ti2C was successfully prepared by etching the Ti2AlC MAX phase with two different enchants: 

HF and in situ HF. The ultimate goal of this study is to compare the characteristics and properties 

of the fabricated MXenes.  
 

MATERIALS AND METHODS  

Two different etchants were used to etch the Al out of Ti2AlC selectively: synthesis using HF and 

in situ HF, as described in the study [2], with some modifications applied. 

HF etching method: In the first method, 0.5 g of Ti2AlC powder was weighed and added to 10 ml 

of HF acid with constant magnetic stirring. The prepared mixture was left under continuous 

stirring for 72 hours at room temperature for the etching process. Next, the powder was washed 

a few times with a total of 1 L of deionized (DI) water by centrifugation (5 min, 6000 rpm) until 

pH 6 was achieved. For delamination, constant stirring was applied to the mixture for 12 hours 
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at room temperature. The solution was centrifuged at 3500 rpm for 5 minutes until it achieved a 

pH value of 7.   

 

In situ HF etching method: For the second method, 0.8 g of lithium fluoride (LiF) was added to 10 

ml of HCl and stirred continuously for 5 minutes. Next, 0.5 g of MAX phase powder was added 

and mixed with constant stirring for about 48 hours at room temperature. The mixture was then 

washed by centrifugation at 3500 rpm for 5 minutes and the black slurry Ti2C was collected, and 

50 ml of DI water was added to delaminate the product further. The mixture was shaken and 

were centrifuged. Lastly, the solution was filtered via vacuum filtration and let dry. 

 

 

RESULTS AND DISCUSSION 

Both Ti2C synthesized exhibit a unique 2D material structure, and the nanosheet layers produced 

were relatively thin with accordion-like multilayered nanostructure can be observed. both 

samples show the existence of a few layers of Ti2C nanosheets with a thickness of about 1.88 nm 

to 300 nm and a width of between 20.70 nm and 100 nm for Ti2C-HF and Ti2C-HCl MXene, 

respectively. Almost all of the Al functional group from the Ti2AlC precursor were removed, 

leaving Ti and C as the main elements. Comparing the elemental percentage of Al that remained 

in the as-etched MXenes, Ti2C synthesis from HCl enchant eliminates a higher percentage of Al 

functional group than that by HF. Comparing the TGA curves of both MXenes, the Ti2C-HCl has 

better thermal conductivity than that of Ti2C-HF. The absorption curves of both Ti2C MXenes are 

almost the same but Ti2C-HCl shows a slightly stronger absorption compared to MXene 

synthesized from Ti2C-HF. The findings from the nonlinieartiy study show that the synthesized 

MXenes can generate either mode-locking or Q-switching fiber pulses in both 1.5 μm and 2.0 μm 

wavelengths.  

 

CONCLUSIONS 

In summary, Ti2C MXenes were successfully synthesized from the Ti2AlC MAX phase by using 

HF and in situ HF enchant. The thicknesses obtained was in the range of 10-20 nm. Ti, C, and a 

few Al functional groups were found in both MXenes. The absorbance spectrum of Ti2C was 

analyzed, and the absorption of Ti2C synthesized from HCL is higher than that of Ti2C 

synthesized from HF. TGA curves of both MXenes were compared, and it was obvious that HCl-

synthesized MXene exhibits better thermal stability than HF-synthesized Ti2C. Lastly, the 

nonlinear optical properties of both MXenes were studied, where the results obtained explains 

the capability of the as-synthesized MXenes to generate ultrashort pulses. From the study, 

synthesizing MXene using HCl led to many advantages compared to risky HF. 
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Abstract: A bioglass system SiO2-Na2CO3-CaO-P2O5-CaF2-Al2O3 derived from waste materials of soda lime 

silica (SLS) and eggshells (ES) as the silica and calcium oxide source was synthesized at various 

temperatures (RT, 650, 750, 850, and 950 °C) using the conventional melt-quenching technique. The 

physical, structural and morphology of the sample are highlighted on this study. The physical properties 

like density and linear shrinkage were found to vary linearly with increasing sintering temperature. X-ray 

diffraction (XRD) results showed the presence of fluorapatite as a main phase existed in all samples 

meanwhile chemical bonds of Al-O, Si-O-Si, P-O confirm by Fourier transform infrared (FTIR) analysis. 

Morphology of fluorapatite form on the samples surface was identified through scanning electron 

microscopy (SEM). Overall, results promoted the bioglass-ceramics samples were identified as a high 

potential candidate for bone application. 
 

Keywords: Bioglass, Bone Regeneration, Crystallize, Heat Treatment, Grain Size. 

 

INTRODUCTION (Heading Palatino Linotype MS, 11 font size, bold)  

Bioactive glass (bioglass) and glass-ceramics are used in bone repair application. 45S5 Bioglass 

was the fundamental basis in bioglass. 45S5 bioglass is made up of 45% SiO2, 24.5% CaO, 24.5% 

Na2O and 6% P2O5 (in weight percentage, wt%) [1]. Due to their versatile properties, bioglass are 

very attractive materials for producing scaffolds devoted to bone regeneration which can be 

properly designed depending on their composition. However, typical silicate bioactive glasses 

have significant drawbacks despite their bond forming abilities.  

 

The purpose of this research is to synthesize SiO2-Na2CO3-CaO-P2O5-CaF2-Al2O3 based bioglass-

ceramics derived from soda lime silica (SLS) glass and Eggshells (ES) as a raw material of SiO2 

and CaO. The main objective of this study is to investigate the effect of different temperature 

(room temperature, 650, 750, 850. and 950 °C) on physical, structural, and morphology of 

synthesize bioglass-ceramics samples. 
 

MATERIALS AND METHODS  
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SLS glass bottle chilli sauce ‘Life’ brand was collected from a restaurant near UPM and ES was 

collected from a cafe at UPM, Serdang. Meanwhile for the chemical materials are sodium 

carbonate (Na2CO3) (99.5%) from Alfa Aesar, aluminum oxide (Al2O3) (99.5% ) from Chemiz, 

phosphorus pentoxide (P2O5) (99.99%) from Alfa Aesar and calcium fluoride (CaF2) (99.5%) from 

R&M Chemicals were used for CFAS bioglass composition. ES was calcined in electrical furnace 

with temperature of 900 °C for 2 h to obtain CaO by removing CO2 during calcination process. 

Both CaO and SLS were gone through milling process until a fine powder was formed. 44SLS-

11Na2CO3-24CaO-6P2O5-6CaF2-9Al2O3 in weight% was then uniformly mixed and melted in a 

furnace at 1400 °C for 4 hours.  The molten mixture was taken out from the furnace and quench 

immediately in a cooled water to obtain a glass frits. The glass frits were dried for 24 hours. Then, 

crushed and sieved to a 45 µm size. Then the powder mixture was added polyvinyl alcohol (PVA) 

solution before pelletizing using a hydraulic press with diameter of 10mm and 1 mm thickness. 

Finally, the pellets were sintered at 650, 750, 850, and 950 °C for 4 hours.   

 

RESULTS AND DISCUSSION 

The highest density of the sample is 2.734 g/cm3 when sintered at 950 °C while the lowest density 

is 2.212 g/cm3 which is sample at room temperature. The density of the samples increased as 

sintering temperature increased. The higher the sintering temperature, the higher the shrinkage 

percentage of the sample. The highest intensity phase of diffraction peak belongs to fluorapatite 

(FA), and the intensity of peak increased with increasing of sintering temperature. As sintering 

temperature increased, the grain size increased. When the sintering temperature was applied, the 

glass phase began to crystallize through glass phase separation and an increase in the sintering 

temperature caused the nucleation and growth of new phase occurred [2]. On the other hand, 

FTIR measurements revealed that there are various chemical bonds such as Si-O-Si, P-O, and Al-

O in samples indicating bioglass-ceramics formation.  

 

 
 

Fig. 1. Density and shrinkage percentage at different sintering temperature 
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CONCLUSIONS 

The results of this study show that the high sintering temperature (950 °C) of 44SLS-11Na2CO3-

24CaO-6P2O5-6CaF2-9Al2O3 gives the best results. The high density of sample with the highest 

linear shrinkage of the sample indicates that the particles experience grain growth and 

densification at this temperature. This can be supported by XRD analysis showing the growth of 

FA as the predominant phase in the sample. Phase formation of FA in samples also supported by 

the SEM and FTIR analysis. 
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Abstract: Globally, the increased use of plastics has created serious environmental problems due to their 

inherent properties as a non-biodegradable material. Researchers and industry players are now 

concentrating their efforts on developing low-cost, lightweight, and biodegradable materials that are also 

environmentally friendly. Polylactide (PLA) is a biodegradable thermoplastic material that exhibits 

superior mechanical properties, excellent transparency and processability, non-hazardous degradation, 

and renewability. Due to the synthetic nature of biodegradable polymers, current production of 

biodegradable plastic is expensive. PLA has notable demand because of inherent versatility of applications 

in various fields. These issues have precluded the use of PLA plastic in applied products in the market. 

Thus, PLA must be combined with other components such as green nanocomposite that enable the 

production of high-quality products while utilising low-cost materials. 
 

Keywords: Polylactide, Green Nanocomposite, Biodegradable, Food Packaging. 

 

INTRODUCTION (Heading Palatino Linotype MS, 11 font size, bold)  

Recently, the advancement of science and technology has increased demand for natural resources 

(1). According to Thyavihalli (2), concerns have been raised about environmental conservation 

and natural resource scarcity. Additionally, the depletion of oil reserves, the greenhouse effect, 

and the widespread use of non-biodegradable materials have prompted researchers to investigate 

new biodegradable, renewable, and recyclable materials (3). Polylactide (PLA) has been 

suggested as a viable alternative to synthetic plastics derived from petroleum by-products. PLA 

is a renewable and biodegradable plastic made from agricultural products such as sugar beet and 

corn. It possesses high mechanical strength and stiffness, and its composites can be manufactured 

using conventional manufacturing techniques (4,5). As a result of these factors, PLA is an 

excellent material for fabricating biodegradable composites. PLA's inherent properties enable it 

to stand alone. Salehiyan (6) demonstrated that PLA is brittle in nature due to its low thermal 
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stability, low crystallisation rate, low impact resistance, and low impact resistance. PLA's inherent 

characteristics and properties make it an attractive candidate for use as a blend component or as 

a matrix material in composites. Nevertheless, due to minimal glass transition temperature, poor 

thermal dimensional stability, as well as mechanical ductility, its scope of application is restricted 

(7).  

 

RESULTS AND DISCUSSION 

The review on PLA reinforced by green nanocomposites is expected to elucidate the effect of 

surface modification on the compatibility of polymers during processing by substituting new 

hydrophobic groups on certain fillers. The greater the degree of enzymatic substitution, the 

stronger the interfacial adhesion between the nature fillers and the PLA matrix. It was anticipated 

that the optimal blend composition would enhance the compatibility of the fillers reinforced 

polymer composite.  

 

CONCLUSIONS 

Green nanocomposites technologies are now growing rapidly and expanding along with 2030 

Agenda for Sustainable Development Goals (SDGs) and 10-10 MySTIE Framework. Targeting on 

main TWO (2) areas; good health and well-being, and affordable and clean energy, polymer 

composites with the proposed biodegradability and less usage of plastic seems promising enough 

to contribute to the aim progress by the United Nations (UN). The development of green 

nanocomposites (biodegradable materials) will benefit the society as its ability to move towards 

sustainable green and become a strong basis in producing such materials. 
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Abstract: In this study, chitosan nanoparticle-thymol (CNP-T) was incorporated in starch-based films 

(starch/CNP-T films) to produce active packaging films. The study aims to optimize the combination of 

factors that result in films with good mechanical properties. The Central Composite Design (CCD) 

technique was employed to formulate the films and 42 runs were generated based on two factors at five 

levels, which comprised of concentration of glycerol (V1: 0, 6.25, 12.5, 18.75, 25% w/w of starch), the 

concentration of CNP-T (V2: 0, 12.5, 25, 37.5, 50% w/w of starch), and three replications. The optimized 

values for V1 and V2 are 25% and 50%, respectively, whereby the predicted values of tensile strength (TS) 

and elongation at break (EAB) are 17.4133 MPa and 40.9490% respectively. 
 

Keywords: Central Composite Design, Chitosan Nanoparticle, Encapsulation, Essential Oil, Thymol. 

 

INTRODUCTION (Heading Palatino Linotype MS, 11 font size, bold)  

The incorporation of encapsulated essential oil (EO) such as CNP-T in active food packaging films 

emerged as a new alternative to control the release of highly volatile EO in the active food 

packaging system, thus maintaining the quality of food. Medina et al. [1] and Mohsenabadi et al 

[2] reported that the addition of encapsulated EO at optimum amount into quinoa starch and 

corn starch films increased the TS and EAB of the films. However, too low or too high 

concentration of encapsulated EO in the films can lead to a decrement in TS and EAB values. Note 

that, TS and EAB values are also affected by the concentration of glycerol added to the films 

which acts as a plasticizer that increases the elasticity of the films. Therefore, this study is directed 

to investigate the best combination factors of concentration of glycerol (V1) and concentration of 

CNP-T (V2) that can produce good mechanical properties of starch/CNP-T films using the CCD 

technique. The ANOVA analysis and optimization were also carried out.  
 

MATERIALS AND METHODS  

CNP-T was produced by encapsulating the thymol into chitosan nanoparticles via ionic gelation 

method, then incorporated into the starch-based films solution according to the formulation of 

V1 and V2 as generated by CCD. TS and EAB were determined by a tensile test performed using 

a texture analyzer (TA.XT2 Stable Micro Systems, UK) following the ASTM D882. Film strips (100 
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mm x 15 mm) were cut and located between the grips. Test speed and initial grip separation were 

set to 0.5 mm/s and 60 mm, respectively [3]. Analysis of variance (ANOVA) was carried out to 

determine the significance of the factors.   

 

RESULTS AND DISCUSSION 

The ANOVA (data not shown) reveals that both V1 and V2 had significant (p<0.05) effect on the 

TS while only V1 had significant (p<0.05) effect on EAB of starch/CNP-T films. The contour plot 

(Fig. 1) reveals that TS decreased but EAB of the films increased with the increase in the V1. 

Increasing the V2 at V1 = 0 – 25% decreased the TS of films, from >80 MPa to the range of <20 MPa 

(Fig. 1a). Meanwhile, there was no change of EAB when the V2 was increased at V1=0–25% (Fig. 

1b) thus indicating that V2 is insignificant on EAB (p>0.05) as revealed by ANOVA. The targeted 

mechanical properties of the films were determined based on the TS and EAB values of 

commercial LDPE (16.2 MPa and 68.7%, respectively) [4]. From the optimization results, the 

values of V1 and V2 were 25% and 50% respectively, when the predicted values of TS and EAB 

were 17.41 MPa and 40.95% respectively.  

 

 
 

Fig. 1. Effects of concentrations of glycerol (V1) and concentrations of CNP-T (V2) on (a) TS and 

(b) EAB 

 

CONCLUSIONS 

A significant effect of the V1 on the mechanical properties of starch/CNP-T films was proven by 

the CCD and ANOVA analysis. Meanwhile, V2 had only significant effect on the TS and 

insignificant on the EAB of the films. This study provide the formulation of starch/CNP-T films 

that resulted in the optimized values of TS and EAB films (comparable with the commercial 

LDPE). Further study on the other parameters that affect the properties of starch/CNP-T films 

should be embarked on to ensure the promising application of the produced starch/CNP-T films. 
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Abstract: The ginger essential oil-loaded chitosan (GEO-CS) nanoformulation was formed using the ionic 

gelation method. At various sodium tripolyphosphate (TPP) concentrations, the diameters of GEO-CS 

nanoparticles (NPs) were 464.8, 28.32, 35.53, 47.63, and 499.8. The loading capacity and encapsulation 

efficiency were 46.6% and 33.9%, respectively. The transmission electron microscope (TEM) revealed a 

spherical shape and consistent distribution. The nanoformulations' FTIR spectrum profiles overlapped 

with a lower wave number. The nanoformulation X-ray diffractogram revealed a broad high-intensity 

peak. Nanoformulations' antibacterial activity against B. glumae (Bg) was found to be 7.5 - 11.8 mm. Hence, 

it was determined that the GEO-CS was effective against Bg. Bacteria. 
 

Keywords: Antimicrobial Activity, Encapsulation, Ginger Essential Oil, Nanoparticles. 

 

INTRODUCTION   

Ginger essential oil has received a lot of attention, with a particular emphasis on its antioxidant, 

antifungal, and antibacterial properties (Zhang et al., 2018). The compositions, structures, and 

functional groups of EOs play a role in determining their antibacterial activity (Barrera-Ruiz et 

al., 2020). However, it is known that the GEO's antibacterial activity is ineffective due to its 

instability in the air (Wang et al., 2021). GEO encapsulation could significantly improve stability 

due to its volatility and instability when exposed to the environment. Various encapsulation 

techniques have been developed to load the EOs. The main purpose of this work is to synthesize 

GEO-CS nanoencapsulation as an effective bactericide against Bg. To the best of our knowledge, 
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the novelty of this work lies in the usage of GEO as a natural active ingredient against Bg, which 

causes the bacterial panicle blight in rice. Furthermore, natural-based hosts and guests were 

chosen in this work to develop a green pesticide that is eco-friendly and safer. Various sizes of 

GEO-CS were prepared by adjusting the concentration of TPP. Both physicochemical and in-vitro 

analyses assay were carried out to study the effectiveness of the developed nanoformulation 

against Bg in this work.  
 

MATERIALS AND METHODS  

Preparation of GEO-CS nanoformulation 

The GEO-CS nanoformulation was developed using ionic gelation method. CS powder was 

dissolved in a 1% (v/v) acetic acid solvent to make a 1% (w/v) CS solvent. TPP solutions of 0.5, 1, 

2, and 4% concentrations were prepared by dissolving them in distilled water. The GEO/tween 

80 solutions were formed by dropwise addition of tween 80. TPP solutions were added to  

GEO/Tween 80 solutions after the 1% CS solution was added. Finally, a Dimethyl sulfoxide 

solution was added and a magnetic stirrer was used to homogenize the mixture. 

 

Nanoformulation Characterizations 

Transmission electron microscope model JEM-2100, Japan, was used to examine the morphology 

and particle size diameter of nanoparticles (NPs) in formulations. A Zetasizer nano series ZS 

particle size analyzer (Malvern, UK) was used to evaluate nanoformulation particle diameter. 

The FTIR was used to perform the infrared spectroscopic analysis (Vector 22, Brooke 

Spectrometer Company, Karlsruhe, Germany). Raman measurements were carried out using a 

handheld Raman spectrometer, (DXR Raman microscopy, Thermo Fisher Scientific, Waltham, 

MA USA), equipped with a 532nm Nd: YAG laser. Cu Kα radiation wavelength of 1.54 A at 40 

kV was used for the diffraction analysis. The UV-Vis spectra of the diluted formulation were 

measured using a UV-Vis double beam Perkin Elmer Lambda 35 UV-Vis spectrophotometer 

(Perkin Elmer, Inc., Waltham, MA, USA).   

 

RESULTS AND DISCUSSION 

The average particle size (PSD), polydispersity index (PDI), and zeta potential of 

nanoformulations were determined using dynamic light scattering (Table 1). In this study, the 

amount of TPP was increased while the amounts of CS, GEO, and Tween 80 remained constant. 

The addition of TPP into the system changed the dispersity characteristic of the solution from 

monodispersed to polydispersed as the PDI values were increased. The less stability of greater 

PDI values is due to the NPs suspension having a greater tendency to aggregate and eventually 

sediment.  The net charges of zeta potential also changed from positively to negatively charged 

as more TPP content was added. The NP suspension had become increasingly turbid as the 

quantity of TPP increased due to the formation of GEO-CS nanoformulation. As a result, 0.5% 

TPP is thought to be a suitable concentration for the preparation of GEO-CS NPs.  
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Table 2. The effect of TPP concentration on the average PSD, size intensity, PDI, and ZP of the 

GEO-CS nanoformulations 

Formulation Mean size 

(nm) in 

TEM 

Average size 

(d.nm) 

(PSD) 

Size (d.nm) 

Intensity 

Percentage PDI Zeta 

Potential 

(mV) 

GEO CS 0 - 464.8 1537 58.1 0.572 1.23 

   368.6 40.2   

GEO CS 0.5 32 28.32 31.35 96.9 0.198 1.29 

   431.2 3.1   

GEO CS 1 62 35.53 36.3 87.4 0.375 -0.385 

   418.6 9.4   

GEO CS 2 72 47.63 37.07 68 0.523 -1.09 

   449.0 24.2   

GEO CS 4 - 499.8 31.78 79.9 0.565 -1.33 

   430.9 20.1   

 

The FT-IR findings provide important information about GEO entrapment within CS 

nanoformulation. (Fig. 1) shows the FT-IR spectra from 500–4000 cm−1of CS, TPP, GEO, and GEO-

CS 0 nanoformulation. In the CS spectrum the broad bands were observed at 3362, and 2869 cm -

-1  connected with the stretch of the O-H and N–H bands. The band at 1656cm-1 connected to 

alkane C=C bonds. The prominent absorption bands at 1060, 1025, and 991 cm-1 were visible in 

the CS FT-IR spectrum, which related to the amine, and alkane in C–N, C=C bonds.  For GEO, the 

strong and sharp absorption peaks at 1678, 1440, and 1378 cm-1 were assigned to the C=O 

stretching vibration peak, O-H bending vibration peak in carboxylic acid, and O-H bending in 

phenol, respectively. For the FTIR spectra for the TPP, a peak at 1127 cm˗1 corresponds to the 

stretching vibration of C-O. The peak at 1211 and 1097 cm-1of TPP was observed corresponding 

to C−O starch in the alkyl aryl ether and aliphatic ether group. A peak at 887 cm˗1 was assigned 

to the alkane vibration of the C=C bending. 
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Fig. 1. FT-IR spectrum of (A) starting material (CS, TPP, and GEO), and the nanoformulation 

GEO-CS 0 
 

 

CONCLUSIONS 

Z. officinale EOs were isolated, and a bioactive GEO-loaded chitosan nanoformulation was 

successfully prepared. GEO was successfully encapsulated with TPP and chitosan via ionic 

gelation techniques, according to FTIR, UV-vs, XRD, PSA, Raman, and TEM characterizations. 

The findings suggested that GEO-CS nanoformulation could be employed as an antibacterial 

agent in B. glumae. 
 

ACKNOWLEDGMENT: The authors would like to thank Universiti Putra Malaysia (UPM) for 

the facilities and the Malaysian Ministry of Higher Education for funding the research through 

the Long-term Research Grant Scheme (LRGS/1/2019/UPM/01/2/2).  
 

REFERENCES 

[1]  Barrera-Ruiz DG, Cuestas-Rosas GC, Sánchez-Mariñez RI, Álvarez-Ainza ML, Moreno-Ibarra GM, 

López-Meneses AK, Plascencia-Jatomea M, Cortez-Rocha MO, Food Sci. Technol., 2020, 40, 568–573. 

[2]   Wang H-H, Li M-Y, Dong Z-Y, Zhang T-H, Yu Q-Y, Foods, 2021, 10, 2268. 

[3]   Zhang Y, Zhang H, Wang F, Wang LX, Coatings, 2018, 8, 305. 

 

 

 

 

 

 

4000 3500 3000 2500 2000 1500 1000

0,8

0,6

0,4

0,2

0,0

8
8
7

1
0
1
3

7
1
2

1
4
4
0

1
1
2
7

1
6
7
8

2
8
6
3

2
9
3
0

GEO-CS 0

GEO

TPP

In
te

n
si

ty

Wavenumber

CS

3
3
9
1 A

 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 220  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

Graphene Derived from Waste Engine Oil via Thermal Chemical Vapor 

Deposition 
 

Nurul Afaah Abdullah1,2,, Wan Marhaini Wan Harrum1,2,, Rabiatuladawiyah Md Akhir1,2,, 

Nurfazianawatie Mohd Zin1,2,, Nurfarhana Rosman1,2, Hafsa Omar1,2,, Noor Asnida Asli1,2, 

Mohamad Rusop Mahmood1,3,i and Zuraida Khusaimi1,2,j * 
 

1Centre for Functional Materials and Nanotechnology, Institute of Science, Universiti Teknologi MARA (UiTM), 

40450 Shah Alam, Selangor, Malaysia 
2Faculty of Applied Sciences, Universiti Teknologi MARA (UiTM), 40450 Shah Alam, Selangor, Malaysia 

3NANO-ElecTronic Centre (NET), School of Electrical Engineering, College of Engineering, Universiti Teknologi 

MARA (UiTM),40450 Shah Alam, Selangor, Malaysia 

*Corresponding Autor’s Email: zurai142@uitm.edu.my, afaahabdullah@yahoo.com 

 

 

Abstract: This article presents waste engine oil (WEO) as a carbon precursor and the effect of precursor 

temperature to the growth of graphene synthesized via TCVD method. TGA of waste engine oil revealed 

the vaporization phase at below 350°C and the cracking phase at higher than 350°C. The XRD results 

indicate that graphitic reflection peak of (002) is observed from all the samples except from the sample 

prepared at RT as there is no carbon species vaporizes. The maximum absorption peak for graphene from 

300°C is red-shifted (249nm) attributes to the of π→π* transition of aromatic C-C bonds revealed better sp2 

conjugation in the graphene layer. TEM image revealed a six-fold hexagonal pattern with brighter inner 

diffraction spots of single layer graphene sheet. 
 

Keywords: Graphene, Waste Engine Oil, TCVD, TGA, TEM. 

 

INTRODUCTION   

Graphene based materials have been attracted much concern in the scientific society due to its 

outstanding electrical, optical and mechanical properties [1]. Apart from that, graphene has 

attracted considerable research interest due to its potential application to future electronic 

devices. These device applications desire established synthesizing route to obtain graphene films 

with large area and high crystallinity [2]. Graphene layers were successfully synthesized using 

waste engine oil (WEO) as carbon source grown by thermal chemical vapour deposition (TCVD). 

Under flowing argon atmosphere, WEO was vaporized at different vaporization temperatures of 

RT, 250, 300, 350 and 400 °C and the graphene layers were synthesized with an optimum synthesis 

temperature.  
 

MATERIALS AND METHODS  

The carbon precursor, waste engine oil (WEO) was collected from local Perodua service centre as 

raw material. The oil was used for 20, 000 km mileage. The synthesis of graphene layer was done 

using thermal chemical vapour deposition which equipped with double furnaces. Some amount 
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of WEO was vaporized at different vaporization temperature of RT, 250, 300, 350 and 400 °C and 

graphene layer was synthesized at an optimum synthesis temperature. TEM characterization was 

deliberated using Jeol (JEM- 2100F).   

 

RESULTS AND DISCUSSION 

The TEM characterization of prepared graphene is exposed in Fig. 1. A six-fold hexagonal pattern 

with brighter inner diffraction spots a character of single layer graphene (SLG) sheet [3]. Mustafa 

K. Bayazit et al. (2021), stated that intense diffractions of (-1100)−(10-10) compared to the (-

2110)−(11-20) diffractions, indicative of SLG [4].  

 

 
 

Fig. 1. TEM characterization of graphene layer synthesized from WEO; (a) the high-resolution 

TEM imaging of graphene layer (b) the SAED pattern of graphene, (c) the magnified image 

showing the hexagonal lattice of graphene 

 

CONCLUSIONS 

The present study clearly revealed that graphene layer was obtained even at very low 

vaporization temperature of 250 °C. From the result obtained, the vaporization temperatures of 

250 300, 350, and 450 °C promote the growth of graphene layer compared to the sample prepared 

at RT. 
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Abstract: Conductive electrospun or non-woven mats for flexible electronics have a promising future in 

human life. Nanocellulose's mechanical properties and biocompatibility make it ideal for the fabrication of 

flexible nanodevices. Other properties, such as high specific surface area, excellent mechanical strength, 

low density, chemically modifiable surface, biodegradability, availability, renewability, low coefficient of 

thermal expansion, high axial modulus, flexible, transparent, sustainable, and functional material, 

distinguish nanocellulose as a special choice for this project. For this project, we expect to achieve high 

conductivity and high mechanical strength of flexible electrospun beneficial for flexible electronic devices. 

Conductive electrospun fabricate with successful and high conductivity can be used in flexible electronic 

applications such as sensor and actuators, supercapacitor, smart skin sensor, e-textiles, luminescent films, 

volumetric display, and so on. 
 

Keywords: Conductive Electrospun, Flexible Electronics, Nanocellulose's, Nanodevices. 

 

INTRODUCTION   

In recent decades, the demand for conductive electrospun or non-woven mats for flexible 

electronics has grown significantly. According to [1], nanocellulose combined with conducting 

polymers is a promising sustainable material for electronics. Combining the ecofriendly 

properties, strength, and flexibility of nanocellulose with the conductivity and thermal stability 

of conducting polymers has opened the door to the development of a new class of advanced 

materials for a more sustainable future [2; 3]. This contributed to the rapid expansion of 

nanocellulose's use in the electronics industry as a sustainable substrate for advanced 

applications. Combining nanocellulose with carbon base can enhance the composite's mechanical 

and conductive properties. Nanocellulose properties such as higher mechanical strength, better 

optical transparence, smoother surface. low cost, light weight, flexibility, and environmental 

friendliness. This factors make nanocellulose are promising candidates for fabrication of novel 

composites and energy devices [4]. Carbon black is an amorphous form of carbon that is not 

graphitic. It offers cheap, small particle size and high surface area, chemical and ultraviolet 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 223  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

stabilisation, darkness, distribution, and aggregation behaviour [5] are additional attributes. Due 

to its higher electrical conductivity, high surface area, and stability, carbon black is commonly 

used as a reinforcing and supporting material for metal catalyst. Conductive electrospun 

nanofiber can be utilised in a wide range of applications, including electromagnectic shielding, 

energy storage, electronic components, tissue engineering and cell growth, Dye-Sensitive Solar 

Cells, hydrogen evolution, and sensors, among others [6].  

 

RESULTS AND DISCUSSION 

Conductive electrospun fabricate with successful and high conductivity can be used in flexible 

electronic applications such as sensor and actuators, supercapacitor, smart skin sensor, e-textiles, 

luminescent films, volumetric display, and so on.  

 

CONCLUSIONS 

Using nanocellulose and carbon, the new knowledge is producing smart fibre with low cost and 

green material. The new discoveries are size and surface modification technology needed to 

produce smart fibre in a short time and with less raw material waste. This advancement will be 

useful in the future manufacturing of flexible nanodevices. 
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Abstract: The purpose of this study is to demonstrate the reduction of graphene oxide (RGO) using a simple 

one-pot technique that does not require the use of toxic reducing agents. The present study describes the 

environmentally friendly synthesis of RGO using cocoa pod husk (CPH) extract as the natural reducing 

agent. X-ray diffraction (XRD), UV-Visible spectroscopy (UV-Vis), and Raman spectroscopy are used to 

analyse RGO. When refluxed for 4 hours with a 1:1 ratio of graphene oxide to plant extract (GO:PE), pH 

11, the GO peak diminished and a new hump appeared, indicating that the GO is completely reduced. UV-

Vis data indicated that GO and RGO have distinct absorption peaks. This discovery sheds new light on the 

enormous potential for green GO reduction of CPH extract. As a result, this environmentally friendly 

method can potentially be used in biomedical fields such as biosensor, drug delivery, and bioimaging. 
 

Keywords: Artermia Salina, Toxicity, Nanoparticles, Iron (III) Oxide, Graphene Oxide, Titanium Dioxide, 

Zinc Oxide. 

 

INTRODUCTION   

Graphene is a highly desirable nanoparticle (NPs) that has been nicknamed a "wonder material" 

attributed to its exceptional physical and chemical capabilities [1]. Its unique electrical, thermal, 

and mechanical properties allow it to be used in a wide range of applications. Chemical vapour 

deposition [2], mechanical exfoliation [3], and annealing single crystal SiC [4] can all be used to 

create graphene. However, this method have a number of drawbacks, namely high-power 

consumption, limited output, the use of dangerous, and explosive materials, high manufacturing 

costs, and instrument restrictions that prohibit them from being widely employed [5]. An 

inexpensive, easy, and sustainable method of producing graphene is by chemically oxidising 

high-quality graphite to form graphene oxide (GO), which is then chemically reduced to obtain 

graphene [6].  Presently, the most popular GO reduction approach is chemical, which employs a 
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caustic and toxic molecule known as hydrazine hydrate [7]. It is highly volatile and toxic, making 

it difficult to manage and use for mass RGO synthesis. As a result of the fact that it is hazardous, 

there is a growing desire for a reductant that is less detrimental to the environment [1]. Hence, to 

overcome this problem, the reduction of GO were conducted using plant extract namely cocoa 

pod husk (CPH).  
 

MATERIALS AND METHODS  

Graphene oxide was synthesised using improved hummer method. Then, CPH extract was 

prepared. The GO was exploited for 1h using tip sonicator. Next the GO suspension was mixed 

with the CPH extract and was reflux using three variables: reflux time (1, 4, and 8h), pH (5, 8, 11) 

and ratio of GO to CPH extract (v:v) (1:1, 1:3, and 1:6).   

 

RESULTS AND DISCUSSION 

Data from XRD, UV-vis, and Raman confirmed the successfully reduction process. XRD verifies 

that the RGO is formed throughout the synthesis process since the peak at 11o vanished and only 

the broad hump at 22o remained hence verified that the GO had been completely reduced. The 

UV-vis shows lambda max is 265 nm when GO is refluxed at 100 oC for 4 hours at a GO:CPH ratio 

of 1:1, which is the nearest to RGO synthesis via chemical method, indicating the successful 

reduction of GO. Raman spectroscopy confirmed the deoxygenation of the RGO and the 

formation of abnormalities.  Additionally, given that the ID/IG intensity ratio is inversely 

proportional to the average size of the sp2 domains, a rise in the ID/IG intensity ratio implies the 

formation of smaller in-plane sp2 domains demonstrating an effective decrease of the size for the 

RGO sp2 domains.  

 

CONCLUSIONS 

In conclusion, RGO were successfully synthesized using CPH extract at 100oC, at 1:1  ratio of GO 

to CPH extract at pH 11. The primary benefits of our environmentally friendly green RGO 

reduction procedure are that it is non-toxic, efficient, simple, and cost-effective. 
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Abstract: A straightforward approach that uses Clinacanthus nutans leaf extract as a bio-reduction agent 

reported to anchor silver nanoparticles onto graphene oxide (rGO-Ag). Spectroscopy and morphology 

techniques were used to describe the nanocomposite. The as-synthesized sample was tested for 

antimicrobial, eco-toxicity and cytotoxicity assays. The results demonstrated that rGO-Ag nanocomposite 

shows excellent antibacterial and anticancer activity, and biocompatible with A. salina at a low dosage. This 

work offers a guide for establishing the properties of nanocomposite materials that show promise as 

cutting-edge components for biomedical applications. 
 

Keywords: Applications; Leaf; Nanocomposite; Silver; Techniques. 

 

INTRODUCTION   

The integration of graphene with other organic and inorganic materials to produce a variety of 

useful properties has been the main focus of recent breakthroughs in graphene nanotechnology. 

Silver nanoparticles (AgNPs) are among the most well-known and possess biological properties 

linked to reports of anti-inflammatory, antibacterial, antifungal, and anti-cancer [1]. 

Phytoconstituents make great replacements for conventional hazardous substances [2] due to 

their non-toxic nature and environmental friendliness. Clinacanthus nutans (C. nutans), also 

known as "Belalai gajah" in Malaysia [3] are rich in phytochemicals [4]. This study recommends 

C. nutans leaf extract as a nontoxic reducing agent to create reduced graphene oxide decorated 

silver (rGO-Ag) nanocomposite. The as-produced nanocomposite was examined using a variety 

of microscopic and spectroscopic techniques. The cytotoxicity, ecotoxicity, and antibacterial 

properties of the nanocomposites were also studied. The research helped to generate green rGO-

Ag nanocomposite, which has potent antibacterial and anticancer capabilities. The hatching assay 

demonstrated that the rGO-Ag nanocomposite is biocompatible with A. salina cysts at lower 

concentration.  
 

MATERIALS AND METHODS  
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To synthesize rGO-Ag nanocomposite,  GO solution was added to 0.1 M aqueous solution of 

AgNO3 in a flask. The mixture combination was then stirred continuously as the aqueous C. 

nutans leaf extract was added dropwise. The as-synthesized sample was tested for UV-Vis, XRD, 

FESEM and EDS analysis. The antibacterial activity of the as-synthesized sample was tested 

against the gram-negative bacteria and the gram-positive bacterium. The eco-toxicity was done 

by monitoring the hatching of the brine shrimp cysts. Cytotoxicity studies was conducted 

towards human adenocarcinoma cell lines using XTT assay.   

 

RESULTS AND DISCUSSION 

The UV-vis absorption spectrum of the rGO-Ag nanocomposite exhibits peak at 263 nm and 425 

nm associated with the excitation of the π-plasmon graphitic bond and surface plasmon 

resonance absorption of AgNPs. The XRD pattern of rGO-Ag nanocomposite at 2Ɵ values of 

38.14°, 44.28°, 64.57°, 77.42°, and 81.40°, which corresponded with the standard card of Ag (JCPDS 

04-0783). From the FESEM image, it was observed AgNPs decorated on the surface of the 

crumbled GO sheet with curved edges. The antibacterial studies conducted against both E. coli 

and S. aureus bacteria, shows inhibition zones of 11.86 ± 0.29 mm and 11.99 ± 0.26 mm. For the 

ecotoxicity hatching assay, nanocomposite showed a dose-dependent decrease in the hatching 

rates. The cytotoxocity study of nanocomposite demonstrated dose-dependent cytotoxicity effect 

towards both A549 and Caco2 adenocarcinoma cell lines.  

 

CONCLUSIONS 

In this study, we have synthesized rGO-Ag nanocomposites using extracts of leaf and 

characterized using UV-vis, XRD, FESEM and EDS. rGO-Ag nanocomposite may be a potent 

antibacterial and anticancer substance. In addition, the present study provides evidence of the 

potential risks of rGO-Ag nanocomposite again aquatic organism and their effect on public 

health. 
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Abstract: Studies on chelation of titanium alkoxides to form coordinated titanate precursors for fabrication 

of SiO2-TiO2 system by sol-gel method has been executed. Titanium tetrabutoxide has been reacted with 

chelating agents of acetylacetone (acac) prior introduction into silica sol solution from the hydrolysation of 

tetraethoxysilane with H2O in the presence of HCl as catalyst. High absorption peak in UV-Vis spectra at 

346nm for acetylacetone with titanium ions indicated that films exhibit active photosensitivity to UV light 

due to presence of chelated ring for titanate precursor. UV curing involving light irradiation from high 

pressure Mercury lamp was applied and optical properties showed the decreased in film thickness and 

increased in refractive index indicated UV irradiation promoted thin film matrix compaction. FTIR spectra 

confirmed that UV irradiation facilitated cleavage of the chelated titanium ions. 
 

Keywords: Sol-Gel, Chelate, Thin Film, Thickness, Refractive İndex. 

 

INTRODUCTION   

The sol-gel process has been selected as a versatile process to control refractive index and 

thickness in the production of glass based thin film product especially optical thin film suitable 

for optical applications[1]. Recently, many works on sol-gel derived films based on SiO2-TiO2 

system has been extensively investigated for applications such as active or passive optical planar 

waveguides, channel waveguides, interference filters, weather resistant optical memory discs 

and bone-bonding interfaces for load-bearing implants due to their excellent optical transparency 

[2].  
 

MATERIALS AND METHODS  

Silica sol solution was prepared by hydrolyzed tetraethoxysilane with deionised water in the 

presence of hydrochoric acid and ethanol. Molar ratio for the reaction TEOS:EtOH:H2O{HCl,pH 

2.0} is 1:4:4. Titania sol solution was chelated with acetylacetone in molar ratio TTBu:acac 1:4. 

Both sol solutions were mix and stirred for 24 hours before spin coating applied. Spin coating has 

been performed on oxidized Si wafer at 2000rpm for 30s. UV irradiation were performed using 

high pressure Mercury lamp with experimented irradiation time of 10, 20, 30, 40, 50 and 60 

minutes. Sensitivity of thin film toward UV light was observed using UV-Vis Spectrophotometer 

(Perkin Elmer, Lambda 35). Changes in chemical and structural properties for the thin films was 

investigated using Fourier Transform Infrared spectrometer (Perkin Elmer, Frontier). Elongation 
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on film thickness and refractive index were carried out using spectroscopic reflectometer 

(Filmetrics, F50). Surface topography of roughness by line profile analysis was observed by 

confocal microscope (ZEISS, LSM 800).   

 

RESULTS AND DISCUSSION 

Sol-gel solution from mixing of hydrolyzed silicon alkoxide with chelated titanium di-keto 

complex exhibit yellowish transparent solution without precipitation. Crack-free and smooth 

surface films were successfully fabricated where thickness was controlled to be nearly 1m by 

spin coating at spin speed of 2000 rpm at 30 s spinning time. High absorption peak in UV-Vis 

spectra at 346nm for acetylacetone with titanium ions indicated that films exhibit active 

photosensitivity to UV light due to presence of chelated ring for titanate precursor. Under the UV 

irradiation by high pressure Mercury lamp, changes in reflectance spectra as in Figure 1 indicated 

the optical properties of refractive index was increase from 1.464 to 1.489 within 60 minutes UV 

curing applied. In contrast, film thickness was indicated to be reduced moderately from 979 to 

860 nm with the same curing condition. Reduction of FTIR absorption peak at 1573 and 1534 cm-

1 indicated the dissociation of titanium beta di-keto complex by UV light and increase of 

absorption peak at 970 cm-1 assigned to Si-O-Ti vibration bonds concluded that UV irradiation 

contributed to facilitation of SiO2-TiO2 inorganic networking integration.  

 

 
 

Fig. 1. Reflectance spectra of Ti(acac): SiO2 thin film indicates changes in optical properties for 

before UV and after 60 minutes UV irradiation 

 

CONCLUSIONS 

Dissociation of titanium beta di-keto complex within SiO2 matrix by UV irradiation has induced 

chemical and structural changes  by formation of Si-O-Ti and altered optical properties by 

reduction of film thickness and increased the refractive index. This composition has great 
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potential as candidates for ease integration process of titanium within silica matrix for alternative 

fabrication of transparent thin film. 
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Abstract: A low-cost fabricated inverted organic solar cell (IOSC) has received attention from several 

communities because of its potential in green energy harvesting. In this research work, the SnO2 

nanostructure was prepared using a wet chemical method and used as the electron transporting layer 

(ETL). The structural and morphological properties of the ETL in the function of different spin coating rate 

was evaluated. The device performance of the samples was also measured. From the result, the sample 

prepared from 1350 rpm recorded the highest photovoltaic efficiency (PCE) of 0.95%. This result provides 

an alternative approach to improve the device performance in IOSC. 
 

Keywords: Power Conversion Efficiency (PCE), Organic Solar Cell (OSC), Spin Coating Rate, Tin Oxide 

INTRODUCTION  

A lot of work has been put into creating effective and economical solar devices over the past few 

decades in order to harness sustainable green energy application, particularly in solar energy. 

Researchers have focused on the organic solar cell (OSC) because of its potential for mass 

manufacture at low cost. There is an effort to invent novel materials and device architectures in 

order to improve device performance. To date, researchers are focusing on the surface 

modification of ETL, aiming to improve the carrier transport rate and reduce surface trap 

recombination in the OSC [1]. There are several novel metal oxide materials have been reported, 

and Tin oxide (SnO2) is mostly used as the electron transporting layer because of its exceptional 

electrical characteristics and good chemical stability [2]. This new composite has also shown high 

electron mobility, smaller work function and less surface defect, which that increases the charge-

collection efficiency and prevents molecular recombination in the OSC [3]. A report has observed 

that different microstructures of SnO2 used as ETL in OSC could increase carrier mobility as 

compared to ZnO-fabricated OSC [4]. However, the carrier transport efficiency of the device 

strongly depends on the thickness of the ETL [5]. Therefore, this project is focusing on the study 

of the device performance on the function of ETL thickness. The thickness of the ETL is controlled 

using different spin coating rates. 

 

In this research work, SnO2 nanostructure was prepared using a wet chemical method [6] and 

used as the electron transporting layer (ETL). The structural and morphological properties of the 
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ETL in the function of different spin coating rate was evaluated. The device performance of the 

ETL prepared from different spin-coated rates was also measured. From the result, the ETL 

prepared from 1350 rpm recorded the highest power conversion efficiency (PCE) of 0.95%. It is 

believed that the optimum thickness of the ETL is obtained from the spin coating rate of 1350 

rpm, which provides a better charge transport and eventually increases the current density of the 

device. This result provides an alternative approach to improve the device performance in 

inverted organic solar cells (IOSC).  
 

MATERIALS AND METHODS  

In this project, the inverted organic solar cell was fabricated using a wet chemical approach [6]. 

The FTO-coated glass substrate with a resistance of 7 𝛺 was used as the substrate. Silver (Ag) was 

used as the top electrode. The bilayer SnO2 nanostructure which consists of amorphous and 

crystalline layers was used as the electron transporting layer (ETL). In detail, amorphous SnO2 

was prepared by mixing the SnCl2.2H2O in ethanol. The solution was then dropwise onto FTO 

glass before it was spun coated for 30 seconds at different rates of 1000, 1350, 2000, 3000, and 4000 

rpm. The sample was then subjected to heat treatment at 190° for 1 hour. Meanwhile, the 

crystalline SnO2 was prepared by mixing the 15% colloidal dispersion in the deionized water. The 

solution was swirled before being subjected to the spin-coating process for 30 seconds. The 

sample was then post-baked for 1 hour at 150°. The active material of the sample was prepared 

by using the equimolar of P3HT: PCBM that dissolve in the chlorobenzene. The solution was then 

stirred for 22 hours under 60° with an 800 rpm spinning rate to get a homogenous solution. It was 

then layered onto the sample using the spin coating technique at 1150 rpm for 60 seconds. Later, 

the sample was dried using a hot plate for 10 minutes at 120°. 

The structural properties of the sample were tested using the x-ray diffraction analysis (XRD, 

Shimadzu LabX XRD-6000) and measured using the CuK𝛼 from 20° to 60°, with stepsize of 0.02°. 

The morphology and the elemental analysis of the sample were tested using the field emission 

scanning electron microscopy with energy dispersive x-ray spectroscopy (FESEM-EDX, Merlin) 

at the accelerating voltage of 3 keV. The J-V characteristic of the device was measured using the 

Keithly 2401 under light illumination of 1000 W/m2 equipped with AM 1.5G filter.   

 

RESULTS AND DISCUSSION 

The compound in ETL was determined using the XRD and the diffraction pattern of the SnO2 

layer was depicted in Fig.1. From the result, all the diffraction pattern was successfully indexed 

to the SnO2 compound with a database of (Ref. COD: 96-153-3659). There are four diffraction 

peaks appeared at 2𝜃 of 27.1°, 34.3°, 38.4° and 52.1° which are denoted to (110), (101), (111), and 

(211) lattice planes, respectively. There are no secondary and impurity peaks observed, signifying 

the high purity state of the prepared sample. This result also proved that SnO2 thin film is 

successfully formed.  
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Fig. 1. (a)  XRD pattern, (b) top view and (c) cross-section FESEM images of SnO2 ETL 

 

The sample's morphology was measured using field emission electron microscopy (FESEM). 

From the top images (refer to Fig. 1(b)), it is found that the particles are distributed uniformly on 

the surface, validating the homogeneity of the sample prepared using the spin coat method. On 

another note, it is observed that different spin coating rate has influenced the thickness of the 

ETL. The higher rotation speed of the spin coating forms a thinner film due to its high central 

angular speed. The cross-section images of the SnO2 layer are presented in Fig. 1(c). The thickness 

of the sample was recorded in the range of 120 nm to 180 nm. The elemental composition of the 

sample was measured using EDX and the result is listed in Table 1. There are three elements 

detected which are Tin (Sn), Oxygen (O), and Carbon (C). Sn elements were detected between 3.5 

keV to 4.0 keV, the highest intensity being at 300 counts. The C element was detected at 0.2 keV, 

at the intensity of 700 counts. The highest intensity count of O element was at 4.9k which is 

detected at 0.5 keV. The element Sn and O is originated from the SnO2 layer, while the C is from  

the active material of P3HT: PCBM. This result is consistent with the XRD analysis. 

 

Table 1. Elemental composition of SnO2. 

Element Measured data (wt%) 

C 0.700 

O 19.100 

Sn 80.200 
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The J-V characteristic of the SnO2-based IOSC was measured under light conditions and the 

results are tabulated in Table 2. From the results, it is observed that different thicknesses of ETL 

influenced the device performance of IOSC. Among the sample, the ETL spin coated at 1350 rpm 

recorded the highest PCE at 0.95% with open circuit voltage (Voc), short circuit current density 

(Jsc), and fill factor (FF) of 0.40 V, 5.13 mA/cm2, and 0.46 respectively. It is hypothesized that the 

SnO2 layer prepared from 1350 rpm with a thickness of 130 nm had created a smooth and 

homogeneous surface which increases the surface coverage of active material during the device 

fabrication. These cases indirectly reduce the pinhole on active material coating and promote 

better charge transport in the ETL layer. Therefore, the optimum sample prepared at 1350 rpm 

recorded the highest FF and PCE. 

 

Table 2. Device parameter of the prepared SnO2 sample. 

Spinning rate Voc (V) Jsc (mA/cm2) FF PCE (%) 

1000 0.36 7.04 0.37 0.93 

1350 0.40 5.13 0.46 0.95 

2000 0.16 7.26 0.26 0.30 

3000 0.24 7.81 0.28 0.52 

4000 0.20 6.51 0.40 0.52 

 

CONCLUSIONS 

A different thickness of SnO2 layer was successfully prepared using different spin coating rate of 

1000, 1350, 2000, 3000, and 4000 rpm via wet chemical approach. Among the sample, the SnO2 

layer spin coated at 1350 rpm recorded the optimum device with the highest PCE, Voc, Jsc and 

FF at 0.95%, 0.40 V, 5.13 mA/cm2, and 0.45, respectively. It is suggested that the optimum 

thickness of the ETL is obtained at 130 nm, which provides coverage of active material and 

eventually improves the fill factor of the solar device. This outcome offers a different strategy for 

enhancing the device performance in inverted organic solar cells. 
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Abstract: A new fast-growing 2D materials MXene family called Ti2C was successfully synthesized by 

selective etching method. This study offered the same etching method but with two different enchants 

used, namely, hydrofluoric acid (HF) and in situ generated HF using hydrochloric acid (HCl) and lithium 

fluoride (LiF) salt. The characteristics and properties of the synthesized MXenes were investigated and 

compared. The results indicate that the synthesized Ti2C-HF and Ti2C-HCl have 2D multilayered 

nanostructures with thicknesses ranging from 10 nm to 20 nm. EDX and FTIR results recorded the presence 

of Ti, C, and a few Al found, which suggests the success of the etching process. The UV-Vis analysis shows 

the absorption band at about 200 to 250 nm. In addition, the thermal stability of both MXenes were 

observed, and the nonlinear optical properties of the as-synthesized MXenes were also studied. This 

material can find numerous exciting applications for example, as a saturable absorber in pulsed laser 

generation for future photonics applications. 
 

Keywords: MAX Phase, Mxenes, 2D Material, Etching, Delamination, Nonlinear Properties. 
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Abstract: Curcuma longa extract has been used as a bioreducing agent to synthesis silver nanoparticles (Ag- 

NPs). UV-Vis spectroscopy, FTIR, FESEM, TEM, XRD and EDX were used to characterize the 

biosynthesized Ag-NPs. The production of Ag-NPs was evident from the colour changes and an absorption 

peak in the UV-Vis spectrum at 440 nm. The morphology and shape of Ag-NPs were generally spherical. 

The Ag-NPs have antibacterial activity against methicillin-resistant Staphylococcus aureus (MRSA ATCC 

43300), Staphylococcus aureus (ATCC 23235), and Cutibacterium acnes (ATCC 6919) bacteria, as shown by the 

inhibition zones of the disk diffusion technique (DDT). Moreover, the biosynthesized Ag-NPs also showed 

good photocatalytic activity by degrading p-nitrophenol (PNP) in the presence of NaBH4 as a control. 
 

Keywords: Silver Nanoparticles, Curcuma Longa, Antibacterial Activity, Photocatalytic Degradation 

INTRODUCTION   

Silver nanoparticles (Ag-NPs) with particle size 1 to 100 nm have many practical applications in 

medicine, food quality and safety, and the cosmetics industry [1]. Ag-NPs offer therapeutic 

properties such as antimicrobial, antiviral, antifungal, anti-inflammatory, anti-parasitic, 

anticancer, and insecticidal potentials [2]. The Ag-NPs also have advantages in combating 

environmental problems such as the degradation of a toxic chemical compound like p- 

nitrophenol (PNP). PNP has been used to produce drugs, insecticides, fungicides, and dyes [3]. 

Therefore, Ag-NPs could promote the performance of photocatalytic degradation due to their 

nano size. Therefore, the aim of this study was to synthesize Ag-NPs using a local C. longa extract 

and to investigate their antibacterial activity against MRSA and their degradability against PNP.  
 

MATERIALS AND METHODS  

For the biosynthesis of Ag-NPs, 8 mL of the C. longa extract solution was added to 10 mL of 0.1M 

silver nitrate (AgNO3) solution. The reaction mixture was left at room temperature (27°C) for 24 

hours. The presence of colour change indicated the formation of Ag-NPs and then further 

analysed using UV-Vis spectroscopy. Characterization of the prepared Ag-NPs was carried out 

using FTIR, FESEM, TEM, XRD and EDX. The antibacterial assay of Ag-NPs was performed 

against MRSA (ATCC 43300), S. aureus (ATCC 23235), and C. acnes (ATCC 6919). The 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 238  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

photocatalytic activity of Ag-NPs was examined using the degradation of PNP in the presence of 

sodium borohydride (NaBH4) as a control (Abdul et al., 2022).   

 

RESULTS AND DISCUSSION 

The biosynthesized Ag-NPs has these characteristics: (1) UV-Vis absorption peaks, which were 

acquired at 430 to 450 nm, validated the formation of Ag-NPs, (2) The formation of the observable 

peaks in FTIR specra for Ag-NPs was influenced by the presence of bioactive compounds such as 

curcumin in the C. longa extract, (3) The peaks at 2θ values of 32.50º, 46.84º, 62.89º and 81.43º in 

XRD pattern corresponded to (111), (200), (220) and (222) planes for silver, respectively and 

according to the XRD patterns, the Ag-NPs were crystal in nature and their particle size was about 

7.78 nm, and (5) the morphology and shape of Ag-NPs were generally spherical as shown by 

FESEM and TEM images. The samples show antibacterial activity against the studied bacteria.  

 
Fig. 1. (a) FE-SEM micrographs, (b) XRD pattern, (d) TEM image, (e) VIS spectra of the AgNPs 

with different volumes of C. longa extract, and inhibitory zones around the sample discs 

containing (a) MRSA bacteria, (b) S. aureus, and (c) C. acnes bacteria 

 

CONCLUSIONS 

In conclusion, the biosynthesis of Ag-NPs using the aqueous rhizome extract of C. longa was 

successfully performed, proving that the bioreducing method is easy, simple, and inexpensive to 

obtain. Ag-NPs proved to be a promising antibacterial agent against aerobic and anaerobic 

bacteria as shown by its antibacterial activity. In fact, the biosynthesized Ag-NPs were shown to 

act as a photocatalyst for PNP degradation. 
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Abstract: Experiments were conducted to determine the effect of Barium Titanate (BaTiO3) incorporation 

within the chitosan (Ch) polymer composites on the microwave absorption properties. The influence of this 

filler on electrical behavior and microwave properties was studied. The findings revealed that varied 

BaTiO3 filler concentrations substantially impacted the microwave absorption capabilities. Thus, increasing 

the thickness of the film with an increase in BaTiO3 concentration in the chitosan polymer composite is 

recommended, and the best shielding properties of 5.18 dB were attained. 
 

Keywords: Microwave Absorption, Barium Titanate, Chitosan, EMI Shielding. 

 

INTRODUCTION   

Their concentration regulated the attractive absorption and shielding capabilities of dielectric-

conductor composites derived from the diversified dielectric and conductive material. Several 

microwave absorption materials, such as ferrites, magnetic metals, conductive macromolecules, 

and dielectric materials have been intensively explored to overcome these challenges. Various 

materials also have been utilized as polymer matrices. Chitosan is desirable since it is 

environmentally safe, inexpensive, widely accessible, and has excellent mechanical and chemical 

stability1. However, chitosan has poor electrical behavior, implying that a filler is required to 

achieve excellent microwave absorption. As a result, BaTiO3 is regarded as a suitable choice for 

this application as a dielectric absorber due to its high permittivity and large propagation 

constant2, which leads to a high attenuation constant, making it a desirable material for 

microwave absorption. Thus, the influence of BaTiO3 concentration and film thickness on the 

microwave absorption properties of polymer composites was studied.  
 

MATERIALS AND METHODS  

Medium molecular weight chitosan (C12H24N2O9) with a deacetylation degree of between 75 and 

85%, in addition to acetic acid (CH3CO2H), glycerol (HOCH2CH(OH)CH2OH), and the chemicals, 

Barium Titanate (BaTiO3) purchased from Sigma Aldrich, were used to fabricate the polymer 
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composite. All of the chemical reagents involved were of analytical quality and were not purified 

further. Furthermore, deionized water was utilized throughout the synthesis procedure. 

Medium molecular chitosan flakes (0.5 g) with a deacetylation degree of 75–85% (Sigma Aldrich) 

were added to 25 ml of a 100 mg/l Chitosan solution. The solution was then treated with 2% acetic 

acid and stirred for 24 hours to get a homogenous solution. 1 wt% glycerol was then added to the 

chitosan solution, which was stirred for 2 hours. A variety of BaTiO3 filler concentrations were 

mixed with the produced chitosan solution, sonicated for 2 hours, then stirred for another 24 

hours. The final solution was directly cast and let dry for 24 hours at 60 °C. 

Four samples were fabricated to support the microwave absorption properties finding, and each 

polymer composite's electrical properties were measured. As a result, the shielding efficiency of 

each polymer composite is calculated using S-parameter data (Vector Network Analyzer) and the 

following formula: 

𝑆𝐸 (%) = [1 − (10
−𝑆𝐸

10 )] 100  (1) 

RESULTS AND DISCUSSION 

Four Ch/BaTiO3 polymer were made at different weight ratio of 1:1, 1:2, 1:4, and 1:8 BaTiO3 filler.  

All polymer were free standing and thickness range from 0.0143 cm to 0.0402 cm. The Nyquist 

plot for the four samples of Ch/BaTiO3 composites with varying filler concentrations is shown in 

Figure 1(a). Using appropriate fitting, each polymer's bulk resistance (RB) value is calculated from 

this graph. The diameter of the semicircle significantly broadened with the increased BaTiO3 

concentration, thereby increasing the bulk resistance value from 31752.20 Ω up to 268797.30 Ω. A 

higher concentration of BaTiO3 will contribute to an increase in the number of electric dipoles in 

the matrix. As a result, as the thicknesses increase, strong interfacial polarisation occurs, resulting 

in charge accumulation at the interfaces to exhibit better dielectric, which leads to a higher 

shielding efficiency. Figure 1(b) shows that up to 69.15% shielding efficiency is achieved at the 

highest concentration. The polymer composite with the highest concentration of BaTiO3 shows a 

minimum of 50 % EM power shield.  
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Fig. 1. The nyquist plot (a) and the shielding efficiency (b) for Ch/BaTiO3 polymer composites 

with different concentrations of BaTiO3 filler 

 

CONCLUSIONS 

The electrical properties reveal that adding BaTiO3 to the chitosan polymer increased the RB value. 

The increased thickness and concentration of the BaTiO3 resulted in a high percentage of 

shielding efficacy up to 69.15% which achieve the minimum requirement for shielding 

application, 3 dB. 
 

ACKNOWLEDGMENT: We would like to acknowledge the Ministry of Education Malaysia 

under the Fundamental Research Grant (FRGS/1/2018/SRG07/UPM/02/6) for supporting this 

work.  
 

REFERENCES 

[1]  Yavuz, Ayse & Uygun Oksuz, Aysegul., Polysaccharides: Development, Properties and Applications, 2010, 

395-408. 

[2]  Zhu, Y.-F., Ni, Q.-Q., & Fu, Y.-Q., RSC Advances, 2015, 5(5), 3748–3756.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 242  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

Study of Thermal Diffusivity of Liquid Nano Reduced Graphene Oxide 

Using Mode-Mismatched Thermal Lens Method  
 

Ting Lee Mon, Nor Kamilah Sa’at**, Raba' ah Syahidah Azis, Md Shuhazlly Mamat@Mat Nazir, 

Nur Quratul Aini Ismail 

 

Department of Physics, Faculty of Science, Universiti Putra Malaysia, Malaysia 

*Corresponding Autor’s Email: kamilah@upm.edu.my 

 

 

Abstract: Mode-mismatched thermal lens method has been proven to be greater in signal-to-noise ratio. 

Greater signal-to-noise ratio will ensure the penetrating of the beam source to the sample studied in thermal 

diffusivity study. In this study, the commercially available Nano reduced graphene oxide is chosen to be 

used as it has a stable thermal diffusivity reading which can be used to compare with the experimental 

results. 
 

Keywords: Thermal Diffusivity, Graphene Oxide, Thermal Lens Method. 

 

INTRODUCTION   

Thermal lens spectrometry (TLS) is first explained by Gordon et al. (1965). According to Zamiri 

et.al (2011), thermal lens spectrometry (TLS) is one of the precise photothermal methods, which 

is based on the temperature slope due to retention of optical radiation and non-radiative 

relaxation of the excited atoms. It is proven by Shahriari et.al (2016) that mode-mismatched 

thermal lens method provide larger signal-to-noise output. Thermal diffusivity studied using 

gold nanofluid is carried out by Shahriari et.al, (2016), but because of the gold nanofluid has a 

high cost in preparing the samples. Hence, in order to study the thermal diffusivity with a lower 

cost, graphene derivatives nanofliud is chosen. In this study, an experiment setup is built to study 

the thermal diffusivity of graphene oxide in nanoliquid form by using photodiode sensor.  

Thermal diffusivity obtained will then use to compare with the theoretical values to prove that 

the setup gives better signal acquisition. The samples used in this study will be in nanoliquid 

form.  
 

MATERIALS AND METHODS  

Characterization of the beam profile is carried out to optimize the suitable laser beams (green 

laser or blue laser) to be used as excitation laser beam and probe beam laser in dual-beam mode-

mismatched thermal lens method as shown in Figure 2.   
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Fig. 1. Schematic diagram of optimization of beam profile. 

 

 
 

Fig. 2. Schematic diagram of the dual mirror (M1 and M2) of dual-beam mode-mismatched 

thermal lens method to determine the thermal diffusivity of GO and rGO. (Zamiri et.al, 2011). 

 

In the PPE setup, measurement of standard liquid is done before carrying out measurement of 

thermal diffusivity of GO and rGO. This is because the standard liquid will be used to compare 

with the theoretical values. This is an extremely important step as it will be referred as reference 

setup and reference value for dual-beam mode-mismatched thermal lens method. 

 

RESULTS AND DISCUSSION 

The study of beam profiling is successfully carried out and blue laser is chosen as excitation beam 

due to its high power. Thermal diffusivity values of standard liquids are determined and 

compare to the theoretical values as reference values for dual-beam mode-mismatched thermal 

lens method.  
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Fig. 3. Beam profile of blue laser 

 

 
Fig. 4. Beam profile of green laser 

 

CONCLUSIONS 

Study of beam profile is done. Thermal diffusivity values of standard liquids are done. 
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Abstract: : In this study,  a novel α-MoO3/ZnO/PVDF (IM) hybrid film for methyl blue (MB) photocatalytic 

degradation was prepared. The hybrid film were characterised using several solid-state methods. The 

porosity, density, and photoactivity of the α-MoO3/ZnO/PVDF hybrid film depend on MoO3/ZnO loading. 

Due to the excellent dispersion of α-MoO3/ZnO particles on the PVDF surface and their stable suspension 

in water, a 98% MB removal (10 mg/L) after 200 min was obtained for an 8 wt.% (IM4) hybrid film. This 

type of IM hybrid film is a potential photocatalyst for the removal of water organic pollution. 
 

Keywords: Membrane Hybrid Film; Methylene Blue; Polyvinylidene Fluoride; Photocatalytic Degradation. 

 

INTRODUCTION  

Rapid urbanisation and industrialization worsen water scarcity and quality. To solve this 

problem, advanced technology should create environmentally friendly, safe, low-cost, and stable 

photocatalysts before discharging waste into waterbodies. Combining ZnO and MoO3 

semiconductors to form α-MoO3/ZnO increases the separation of photogenerated electron holes 

for efficient photocatalytic activity [1]. This study explored hybrid film photocatalysts 

incorporating the optimal amount of α-MoO3/ZnO into PVDF, as well as its synergistic benefits 

in photocatalysis and to minimise post-recovery treatment and light absorption restriction during 

photoreaction.  
 

MATERIALS AND METHODS  

The hybrid thin film was prepared by dissolving PVDF in NMF solvent, followed by the 

dispersion of various amounts of α-MoO3/ZnO hybrid in the resulting polymeric solution. The 

casting solution was continuously stirred for 24 hours at 25oC to ensure the homogeneous 

dispersion of the hybrid in the PVDF solution. Each polymeric solution was cast on a glass plate 

(10 cm × 8 cm in dimension) by a film casting knife to a thickness of 100 µm. The prepared film 

was immersed in a coagulation bath at 25°C. After the primary phase separation, the films were 

stored in fresh distilled water for 24 h to a complete phase separation and removal of the residual 
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solvents. The film was then dried at room temperature for 24 h before being used for the 

photocatalytic degradation activity studies.   

 

RESULTS AND DISCUSSION 

Fig. 1a shows the XRD patterns of pristine PVDF and α-MoO3/ZnO coated PVDF membrane 

hybrid film containing 4 to 10 wt.% of α-MoO3/ZnO nanoparticles. The crystalline structure of 

the α-MoO3/ZnO hybrid film was discovered to have a mixed crystalline structure composed of 

ZnO with a hexagonal wurtzite structure marked as asterisks (JCPDS no. 01-079-0207, space 

group P63MC (186)) [2] and MoO3 with an orthorhombic structure marked with hkl symbols 

(JCPDS no. 05-0508, space group Pbnm (62)) [3]. The α-phase PVDF polymer is represented by 

the diffraction peaks at 2θ = 20.8o & 18.56o. The PVDF peaks were also seen in the modified α-

MoO3/ZnO/PVDF.  

 

 
 

Fig. 1. (a) XRD of  IM0, IM2, IM4, and IM5. Effect of (b) MoO3/ZnO (c) Films (d) pH (e) MB 

Concentration 

 

The photocatalytic activity of MB using hybrid film increased with increasing amounts of 

immobilised α-MoO3/ZnO up to 8 wt.% (IM4), yielding the highest degradation efficiency of 98% 

(Fig.1b). However, at a higher α-MoO3/ZnO (10 wt.%), the rate of degradation decreased due to 

the agglomerated α-MoO3/ZnO. Fig.1c clearly demonstrates that the rate of degradation 

increased as the number of films increased to 2, due to the increasing availability of α-MoO3/ZnO 

particles for the degradation process. photodegradation was low at acidic pH and rises as the 

solution pH increases ( Fig. 1d). At a higher pH of 12, the maximum is attained. The trends are as 

a result of pH point of zero charge (pHpzc) which was determined to be 5.86 and the pKa value 

of the MB dye is 3.8. At pH higher than 5.86, the MB has a positive charge whereas the 

photocatalyst has a negative charge, owing to electrostatic attraction, resulting in a faster reaction 

rate, and enhanced photocatalytic degradation efficiency.  As the MB concentration increased 

from 10 to 20 mg/L, the degradation efficiency decreased with highest degradation at 10 mg/L 
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(Fig. 1e). This is because the greater the number of MB molecules adsorbed on the surface of the 

α-MoO3/ZnO/PVDF photocatalyst, the fewer active sites are accessible for .OH adsorption [4]. 

 

CONCLUSIONS 

The phase inversion approach was used to develop visible light active α-MoO3/ZnO/PVDF 

hybrid film photocatalysts to solve filtration problem. The application in photocatalytic MB 

degradation demonstrated that the visible-light photocatalytic efficiency of the hybrid film 

increased as MoO3/ZnO content increased. The loading of the α-MoO3/ZnO on PVDF has been 

shown to influence the porosity, density, and photoactivity of the photocatalyst films. The 

MoO3/ZnO/PVDF hybrid film, containing 8 wt.% MoO3/ZnO, demonstrated efficient MB 

degradation of 98% MB (10 mg/L) after 200 min. 
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Abstract: The introduction of a biosynthesis method presents simplicity, a safer and inexpensive approach 

suitable for the conventional approach. In this study, the fabrication of tin oxide nanoparticles (SnO2 Nps) 

was carried out by mixing the leaves extract of Aquilaria malaccensis with tin chloride pentahydrate, 

followed by a calcination process at 800C. The structure was found to be tetragonal with 14 nm crystallite 

size, while the morphological discovered a tiny cluster of spherical shape. The photodegradation analysis 

of reactive methylene blue effectively degraded 91% of the dye within 70 min at a rate constant of 0.0285 

min-1 under UV irradiation 
 

Keywords: Tin Oxide Nanoparticles, Aquilaria Malaccensis, Biosynthesis, Photocatalytic, Methylene Blue. 

 

INTRODUCTION  

Industrial and provincial water effluents have threatened human health and the ecosystem since 

they contain organic and toxic pollutants which are photo-stable and non-biodegradable thus 

making it hard to be degraded. Several traditional methods are utilized to perform water 

treatment such as activated carbon, ozone treatment, electrolytic technique, and electron beam 

process. Still, these methods resulted in incomplete dyes degradation and produced other toxic 

and hazardous side products. Currently, the use of nanoparticles in the photocatalysis process 

has been carried out due to its high surface-volume ratio and high surface energy [1]. In this 

study, Aquilaria malaccensis leaves containing flavonoid molecules were used in the biosynthesis 

process to mediate the fabrication of SnO2 Nps as the replacement of the harmful conventional 

methods such as hydrothermal, sol-gel, laser ablation, solvothermal method etc [2]. SnO2 Nps has 

been discovered to be one of the highly efficient photocatalysts with a tetragonal n-type crystal 

structure and band gap value of 3.6 eV. Hence, this stimulates the exploration of its photocatalytic 

capabilities for the degradation of dyes in water by having methylene blue (MB) as the simulated 

dyes.  
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MATERIALS AND METHODS  

The leaves extract of Aquilaria malaccensis was added dropwise to tin chloride solution with 1:1 

ratio and left to stir at ambience for three hours. The gel formed in this process was collected and 

dried, followed by two hours calcination of 800oC [3].   

 

RESULTS AND DISCUSSION 

As the duration of UV irradiation increases, the concentration of MB decreases because the 

surface of SnO2 NPs is functionalized and has affinity to MB molecules, which leads to 

photochemical degradation (Fig 1). After 70 minutes of irradiation, the samples reached 91% 

degradation with 300 mg loading of SnO2 Nps. To obtain the accurate kinetic data, the methylene 

blue degradation rate constants were calculated by first-order kinetic reaction as -ln(C/Co)= -kt. 

The obtained first-order kinetics results gave the best K value of 0.0285 min-1, indicating that the 

degradation of methylene blue 0.0285 per minute.  
 

 
 

Fig. 1. Kinetic plot and rate constant (k) values for the photodegradation of methylene blue 

 

CONCLUSIONS 

With these results, the phytochemical compound in Aquilaria malaccensis is proven to be an 

excellent capping and reducing agent for bio fabrication of SnO2 Nps. The biosynthesized SnO2 

NPs reached a high percentage of methylene blue degradation (91%) under exposure to UV 

irradiation. The result exhibits an optional method that promotes to environmental concern by 

eradicating contaminants in the water. 
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Abstract: Cellulose acetate/graphene oxide (CA/GO) nanofibers were successfully functionalized with p-

sulphonated calix[4]arene (SOCX). Functional group analysis by FTIR supports the presence of p-SOCX 

within the fiber matrix. Apparent changes in the morphology with increasing SOCX were observed under 

scanning electron microscope. Initial adsorption experiments demonstrated that CA/GO/SOCX 1% showed 

outstanding performance for the methylene blue removal. Other effects, namely, pH, dosage, 

concentration, and contact time was also investigated and reported herein. The sample exhibited 

adsorption capacity up to 88 mg/g. Adsorption isotherm and kinetics data showed that adsorption followed 

the Langmuir isotherm and was best described by the intraparticle diffusion model. 
 

Keywords: Cellulose Acetate, Graphene Oxide, Calixarene, Nanofiber, Methylene Blue. 

 

INTRODUCTION   

The increasing demand for organic dyes in industrial activities, namely, textile, cosmetic, tanning 

and others has resulted in large quantities of dye released to the environment [1]. Methylene blue 

(MB) dye, which is cationic in nature, is mainly used for dyeing and also in medical applications 

as a chromophore due to its polar characteristic and strong resistance towards biodegradation [2, 

3]. Unfortunately, prolonged exposure may lead to health issues such as mental confusion, 

vomiting, eye burn, shock and increased heart beat rate [4]. Due to its relevance and wide range 

use, MB is chosen as the targeted dye for this study [5]. 

  

To date, various technologies such as membrane filtration, flocculation, chemical oxidation, 

ozonation, ion exchange, irradiation and adsorption are accessible [6]. However, most of these 

methods have disadvantages such as lack of reusability which may hinder their widespread 

usage for large scale operations [7]. Meanwhile, adsorption technique offers advantages such as 

low development cost, easy to handle and simple design [8].  
 

Utilizing source abundant materials as adsorbent materials such as cellulose acetate (CA) is 

desired, however, its direct use in wastewater treatment is unsatisfactory due to the limited 



 

 

 

 

 

_______________________________________________________________________________ 
 

Institute of Nanoscience and Nanotechnology  | 251  

 

International Symposium on Advanced Materials  

and Nanotechnology (iSAMN2022)  

December 7-8, 2022 

adsorption capacity of pristine CA. However, through modification such as, by grafting the fibers 

with functional groups of carboxyl (-COOH), amine (-NH₂), and sulfonate (-SO₃H) and also by 

addition of graphene oxide, (GO) the dye adsorption capability can be enhanced [6].  

 

Calix[n]arenes have received considerable attention due to their unique structure of three-

dimensional (3D) cavity-type that can be used as molecular platforms having selective interaction 

with cations, anions, or neutral molecules [9, 10]. In addition, presence of benzene rings renders 

calixarenes effective for benzene-based pollutants extraction such as MB and many others [11]. 

However, majority of calixarenes are soluble only in non-polar organic solvents such as toluene 

and chloroform, thus are non-environmentally friendly. Considering the feasibility for 

functionalization, hence, in this study, water soluble calixarene bearing negatively charged 

sulphonate groups were selected for this study (Fig. 1). 

 

 
 

Fig. 1. Calix[4]arene bearing sulphonate groups on the upper-rim which upon 

hydrolysis/dissociation of proton yields negatively charged SO3- 

 

Remarkable adsorption of MB was reported by using porous calix[4]arene based polymer in 

which maximal adsorption capacities of 625 mg/g was attained [7]. The aim of this study is to 

assess the adsorption behavior and critical analytical variables affecting the adsorption of the 

synthesized nanofibrous mat of CA/GO with SOCX toward the MB in aqueous solution. The 

prepared composite material was thoroughly characterized using FT-IR, CHNS and SEM and the 

operating parameters for dye removal from aqueous solution was studied. 
 

MATERIALS AND METHODS  

CA (M.W.: 264.23 g/mol, 29-45%) and acetone (M.W.:58.08 g/mol, 99.5%) were supplied by R&M 

Chemicals, Malaysia. N, N-dimethylformamide (M.W.:73.09 g/mol, 99.9%) was purchased from 

Chemiz, Malaysia while GO and SOCX (M.W.: 744.74 g/mol, 4-10% edge-oxidized) were obtained 

from Sigma-Aldrich. MB (M.W.: 319.00 g/mol, 96%) was purchased from BDH Laboratory 

supplies. Sodium hydroxide (NaOH, M.W.: 40.00 g/mol, 99%) and hydrochloric acid (HCl, 37%) 

was purchased from Merck. Distilled water was used throughout the experiments. 
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1 g of CA was first dissolved in an acetone and DMF mixture solvent system until a clear solution 

was obtained. Next, 0.05 g of GO and 1%, 3% and 5% of p-SOCX were added into the solution 

and mixture was left until complete dissolution. A 10 mL syringe was then used to feed the 

mixture solution for the fiber-making step via electrospinning. A collector plate covered with 

aluminium foil was used as a substrate to collect the electrospun nanofibers. The operating 

voltage was set to 19 kV with flow rate of 2.0 mL / h. The distance between the nanofiber collector 

and the tip of the needle was fixed at 10 cm.   

 

RESULTS AND DISCUSSION 

Key IR peaks of the starting materials were also observed in the nanofiber composite which attest 

to the successful process of integrating the materials together.  For instance, FTIR spectra for CA 

closely resembles the composite nanofiber (CA/GO/SOCX1%) albeit with slight shifting and 

differences in peak intensity as shown in Figure 2a and b. The different functional groups has 

been spotted from the analysis in which the O–H stretching vibrations is visible in both CA and 

CA/GO/SOCX 1% nanofiber at 3350 and 3470 cm-1, while bands at 1697 cm-1 and 1724 cm-1 can be 

assigned to unconjugated C-O stretching vibrations accordingly [12]. CA nanofiber main bands, 

namely, C–H, C–CH3, and C–O are discernible at 2929 cm-1, 1375 cm-1 and 1232 cm-1 respectively. 

With the addition of GO and SOCX, the resultant shows band shifting to 2940 cm-1, 1360 cm-1, and 

1203 cm-1 for C–H, C–CH3, and C–O groups vibrations, respectively. C-H out-of plane bending of 

the benzene rings and S-O vibrations were observed at 893 cm−1 and 608 cm-1 which correlates to 

the SOCX spectrum [13]. Appearance of some band shifting and differences in peak intensity for 

newly synthesized nanofiber CA/GO/SOCX adsorbent clearly shows that GO and SOCX has been 

successfully functionalized with CA as the calixarene cavity is fitted for the neutral guests 

inclusion which suitable for MB dye adsorption.  

 

 
 

Fig. 2. a) FTIR of starting material CA, GO, SOCX and CA functionalized GO with 1% amount 

of SOCX, b) FTIR of CA, CA functionalized GO, CA functionalized with GO and different 

amount of SOCX (1%, 3% and 5%) nanofiber. 
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CONCLUSIONS 

CA/GO/SOCX nanofiber was successfully prepared using the electrospinning technique 

featuring good adsorbency compared to CA and CA/GO towards MB removal from aqueous 

solutions. The optimum conditions obtained for pH and dosage were at pH 8 and 20 mg 

respectively. In addition, SEM, FTIR and CHNS analysis confirmed the presence of CA, GO and 

p-sulphonated calix[4]arene in the nanofiber sample obtained. 
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Abstract: In this study, iron oxide (Fe2O3) nanoparticles (NPs) were prepared using the sol-gel method, 

modified with 3-Aminopropyl tri-ethoxy silane (APTES). Then, neat and modified membrane blended with 

functionalized Fe2O3 NPs were fabricated via the non-solvent induced phase inversion technique. The 

resultant fabricated membranes were analyzed by the contact angle, FESEM, EDX., surface zeta-potential, 

porosity, flux, resistance to fouling, and Bisphenol F (BPF) rejection. The membrane blended with 1.5 wt.% 

of modified Fe2O3 NPs displayed a remarkable performance with fluxes of 125.47 L/m2.h and 117.31 L/m2.h, 

least contact angle of 58.5° and superior BPA rejection (90.69%) compared to other membranes. 
 

Keywords: Sol-Gel Technique, Hematite Nanoparticles, Permeability, Anti-Fouling. 

 

INTRODUCTION   

Over the last few years, there has been growing global concern over the quality of freshwater 

resources owing to an expanding discharge of noxious chemicals into the environs as a 

consequence of the rapid expansion of industrial and agricultural operations. With the 

expeditious advancement in industrialization and the growing economy, the purification of 

drinkable water is becoming increasingly important in our society since water quality is 

deteriorating daily due to the superfluous exploitation of harmful chemicals, including emerging 
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contaminants [1]. Among these compounds, Bisphenol A (BPA) (2,2-bis (4-hydroxyphenyl) 

propane), is the most essential industrial chemical, mainly used as a monomer to manufacture 

unsaturated polyester-styrene resins, epoxy resins, flame retardants, and polycarbonate. 

However, effluent from wastewater treatment facilities, landfilled plastic waste leachate, BPA 

production units, paint industries, and plastic industry effluent, as well as e-waste, remains the 

main source of BPA pollution [2]. Similarly, BPA can trigger multidimensional harmful effects, 

including immune toxic, hepatotoxic, carcinogenic, mutagenic, and breast cancer in living 

organisms [3]. At present, the utilization of a functionalized Fe2O3 nanocomposite PVDF-PEG 

membrane to reject emerging plasticizer EDCs, particularly BPA from water has not been 

investigated. In light of this, the current research concentrates on transforming the composition 

of an in-house manufactured PVDF-PEG membrane at varying concentrations of functionalized 

Fe2O3 NPs. The influence of the embedded Fe2O3 NPs was investigated based on the 

hydrophilicity, surface charges, porosity, morphological variations, the flux permeability flux, 

and fouling recalcitrance of the resultant membranes. Besides, the removal of BPF was also 

examined.  
 

MATERIALS AND METHODS  

The synthesis of hematite nanoparticles was conducted using the sol-gel auto-combustion 

method, as a precursor, as previously reported [4]. The synthesized hematite nanoparticles was 

functionalized with 3-aminopropyltrimethoxysilane (APTES) to prepare Fe2O3-NH2, and applied 

as a nanofiller during the fabrication of the membrane. Further, a non-solvent-induced phase 

separation (NIPs) procedure was used for membrane preparation [5]. The membrane permeation 

and BPF rejection were evaluated employing a dead-end stirred cell lab scale filtration system. 

Initially, the membranes were dispersed in the feed solution for a complete 2 h to exterminate the 

impact of adsorption before filtration experiments. The laboratory-scale dead-end stirred cell 

filtration setup with an effective membrane area of 2.87x10-3m2 (Amicon 8400, Millipore, 

Germany) connected to an N2 gas cylinder was used to evaluate the filtration performance at 

ambient temperature. A suction pressure was supplied to the membrane by compressed air in (0-

2.5 bar). The composition of the dope matrix solution is presented in Table 1.   
 

Table 2. Chemical Composition of pristine PVDF-PEG and nanocomposite membranes 

fabrication 

Membrane samples PVDF-PEG 

(wt.%) 

LiCl.H2O 

(wt.%) 

DMF (wt.%) Fe2O3  (wt.%) 

Pristine (M1-0.0) 18/2 1.0 79.0 0.0 

Sample 1 (M2-0.5) 18/2 1.0 78.5 0.5 

Sample 2 (M3-1.0) 18/2 1.0 78.0 1.0 

Sample 3 (M4-1.25) 18/2 1.0 77.75 1.25 

Sample 4 (M5-1.50) 18/2 1.0 77.5 1.50 
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Fig. 1. Experimental setup composed of nitrogen gas cylinder, pressure regulator, membrane 

stirred cell, and permeate tube 

 

RESULTS AND DISCUSSION 

Fig. 2(a) reveals the permeability results in pure water and feed water solution for the fabricated 

pristine and nano-Fe2O3 modified membranes at a static pressure of 0.3 MPa at room temperature. 

Noticeably, the modified membranes exhibited superior permeability flux in pure water and the 

feed solution. The transformed membranes with 0.5 wt.%, 1.0 wt.%, 1.25 wt.%, and 1.5 wt.% nano-

Fe2O3 concentration had water fluxes of 79.53, 90.52, 113.75, and 125.47 L/m2-h, respectively, 

while, the pristine membrane demonstrated the minimum flux of 67.21 L/m2-h. The result of the 

rejection of BPA by pristine and modified membranes is presented in (Fig. 2b). The transformed 

membrane with 1.5 wt.%-Fe2O3 loadings exhibited considerable BPA rejection with 90.69%, 

whereas the pristine membrane had 36.11% BPA removal. Given this, it can be inferred that a 

uniform blend of Fe2O3 in the membrane matrix was achieved owing to the prior APTES 

functionalization procedure, which is crucial to attaining better rejection efficiency.  
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Fig. 2. (a) BPA rejection of pristine PVDF-PEG (a), and modified membranes (M1–M5), (b) 

Fluxes of pristine PVDF-PEG (M1), and modified nanocomposite membranes (M2-M5) 

 

CONCLUSIONS 

Facile and efficient nanocomposite membranes intercalated with functionalized Fe2O3 NPs at 

various concentrations of 0.5-1.5 wt.% were developed using NIPs procedure. The modified 

membrane with (1.5 wt.% Fe2O3 NPs) is more hydrophilic and exhibited excellent BPA rejection 

(90.69%). The loading at 1.50 wt.%- Fe2O3 NPs demonstrated the most promising performance 

with 125.47 L/m2.h and 117.31 L/m2.h of pure water and feed stream filtration flux. Hence, it can 

be inferred that nanocomposite PVDF-PEG membrane with 1.50 wt.%- Fe2O3 NPs charging 

exhibits superior performance. Overall, the modified membrane with Fe2O3 NPs demonstrated 

better performance than the pristine membrane. 
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Abstract: Wastewater generated from industries had resulted in serious impact to the environment. 

Conventional biological and physiochemical treatment methods for wastewater containing organic 

molecules have some limitations, therefore, the selection of other alternative methods or processes that are 

more suitable to degrade organic molecules and lower COD in wastewater. Heterogeneous Fenton 

processes and persulfate oxidation are advanced oxidation processes (AOPs) to degrade organic pollutants 

via reactive radical species. Therefore, in this study, limonite powder was incorporated into porous 

regenerated chitosan fibers and further used as heterogeneous catalyst to decompose methylene blue via 

sulfate radical-based AOPs. Limonite is used as a Fenton catalyst in this process to generate the persulfate 

radicals that initiate the decolorization process. Limonite-chitosan fibers were produced to effectively 

recover the limonite powder so that the catalyst can be reused repeatedly. The formation of limonite-

chitosan fibers viewed under FESEM shows the limonite powder were well distributed in both surface and 

cross section area. The effectiveness of limonite-chitosan fiber as a Fenton catalyst under persulfate 

activation can achieve MB decolorization of 78.9% under 14 min. The stability and reusability of chitosan-

limonite fibers were evaluated and measured in cycles 1 to 11 under optimal conditions. After 11 cycles of 

repeated use, the limonite chitosan fiber can maintain the performance up to 86% showed that the limonite 

containing chitosan fiber is a promising reusable catalyst material. 
 

Keywords: Advanced oxidation process; Wastewater treatment; Persulfate oxidation; Decomposition. 

 

INTRODUCTION   

Rapid industrialization, which utilizes organic dyes in the agriculture, food technology, leather, 

and textile industries, has caused major environmental issues [1]. Several technologies have been 

employed to tackle the wastewater issues, such as physical adsorption methods, chemically 

advanced oxidation processes (AOPs), biodegradation approaches, and traditional flocculation 

and coagulation methods [2–4]. Among all of these, AOPs have gained popularity due to their 

ability to degrade non-biodegradable organic molecules[ 5].  
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AOPs utilize powerful free radicals such as hydroxyl radicals (OH·) and sulfate 

radicals (SO4-·), generated via homogenous or heterogenous catalysis, photocatalysis, 

electrocatalysis, etc, which decompose organic molecules in water (mineralization to CO2, H2O, 

and inorganic ions) [6]. Previous studies  show that limonite is an efficient catalyst for 

Fenton/H2O2 reactions to degrade organic molecules [7]. However, its potential in AOPs reactions 

is yet to be discovered. In this study, we prepared regenerated chitosan fibers containing various 

amounts of limonite and further used them as a recyclable catalyst to decolorize methylene blue 

in an aqueous solution via SO4-·-based AOPs. Immobilization of limonite powder into the 

chitosan fibers offers several advantages, such as the easy recovery and separation of the catalyst 

[8].  

MATERIALS AND METHODS  

A 2 wt% of chitosan dissolved in 2.5 wt% acetic acid was prepared by heating the 

mixture solution using a hotplate at 90 ºC for 1 h. The limonite powder was added to the 

chitosan solution with different weight percentages (1%, 10%, and 20%) and then stirred 

for 1 h using a magnetic stirrer to homogenize the mixture. The chitosan–limonite mixture 

was then loaded into a syringe attached with a 21G needle (inner diameter 0.51 mm) and 

then the solution was injected manually into a 50 mL NaOH (0.1 M) solution to yield 

regenerated chitosan–limonite fibers continuously. Characterization: Fourier transform infrared 

(FTIR) spectrometer, field emission scanning electron microscope (FESEM), and X-ray diffraction 

(XRD). The density functional theory calculation was conducted in Materials Studio using the 

DMol3 module (Biovia Discovery Studio 2021 (License Keys: LKO 1986646).   

 

RESULTS AND DISCUSSION 

Chitosan–limonite fibers to study the effect of limonite content and PS concentration as in figure 

1a. The decolorization percentage of The effect of MB concentration on the decolorization via SO4-

·-based AOPs showed that the higher the MB concentration, the greater the percentage of 

decolorization  as in Figure 1b.  

 

 
 

Fig. 1. (a) Decolorization kinetics of MB with 4 mM PS using chitosan–limonite fibers (1%, 10%, 

and 20% limonite). (b) Decolorization kinetics of MB at different concentrations of MB, 4 mM PS 

and chitosan–limonite fibers (10% limonite). 
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Figure 2a shows the effect of pH on the MB solution showed that the MB decolorization by 

SO4-·-based AOPs was favored at pH 5.78, neutral (pH 7), and alkaline (pH 9.3), with 

decolorization percentages of 79, 72%, and 69%, respectively. The MB decolorization dropped 

drastically at a low pH medium (pH 2.7), with 21% of MB decolorization. This could be 

due to the highly acidic medium deactivating the SO4-· radicals that form the acid intermediates 

[9]. The stability and reusability of the chitosan–limonite fibers were evaluated 

for 10 consecutive cycles for the decolorization of MB at pH 5.78 for 15 min (Figure 2b). The 

decolorization efficiency was maintained at 86% for up to 10 consecutive cycles relative 

to the first decolorization percentage. 
 

 
 

Fig. 2. (a) Effect of pH on the decolorization efficiency (4 mM PS and chitosan–limonite fibers 

(10% limonite))  (b) The recyclability of the chitosan fibers with 10% limonite on the MB 

decolorization with 4 mM PS and 5 mg/L MB (plotted relative to the first cycle of the 

decolorization experiment). 

 

CONCLUSIONS 

We successfully synthesized chitosan–limonite fibers loaded with limonite powder 

and further used the fibers as heterogeneous catalysts for the SO4-·-based AOPs to decolorize 

methylene blue. The chitosan–limonite fibers also showed good recyclability up to 10 cycles with 

a decolorization efficiency greater than 86%. Persulfate was more favorably adsorbed onto 

hematite than goethite, suggesting that hematite is more dominant in catalyzing the generation 

of SO4-·radicals from persulfate. The produced chitosan–limonite fibers could be also potentially 

used for other oxidation reactions which require iron or iron hydroxide compounds 

as a heterogeneous catalyst. 
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