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Dear Colleagues, 

 

We're delighted to announce our KOMPEGE 2021 (V. International Ege Composite Materials Symposium) organized 

by Ege University Faculty of Engineering that will take place on November  4-6, 2021in Antalya, Turkey. 

 

The past four events were held in Sel­uk (KOMPEGE I ï 2011), Kuĸadasē (KOMPEGE II ï 2013 and KOMPEGE 

III ï 2015) and Ķzmir (KOMPEGE IV ï 2018) successively. 

 

KOMPEGE aims to provide a platform to bring together academicians, researchers, industrialists, practitioners and 

other related experts from home and abroad to share knowledge and experiences, which will promote intellectual and 

practical development in all fields of Technology, Engineering, and Science. 

 

As the coronavirus(COVID-19) spreads worldwide and considering the various circumstances of the participants, 

KOMPEGE can accept online / video presentations. The online presentation session will be arranged accordingly in 

the conference schedule. 

 

More detailed information is provided on the official website (www.kompege.com). 

 

For the most efficient realization of the scientific Symposium, we kindly invite you to submit your original research 

works to the International Ege Composite Materials Symposium KOMPEGE 2021. We will be honoured with your 

participation and contribution to the International Symposium. 

 

We look forward to seeing you in Antalya-TURKEY in November 2021. 

 

  

Best regards, 

Prof. Dr. Rasim ĶPEK 

On behalf of the Organizing Committee 
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Production and characterization of composite materials 

Industrial applications of composite materials: 

¶ Composites used in packaging industry 

¶ Leather and leather-derived composites 

¶ Composites used in construction industry 

¶ Composites used in automotive industry 

¶ Technical textiles 

¶ Composite structural materials 

¶ Airspace Technology 

¶ Defence Technology 
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Biodistribution of Whey Protein Labeled with Tc-99m on Experimental Animals 

 

Poster Abstract / Biocomposites 

 

Uĵur Avcēbaĸē1, Mert Akēnlē1, Volkan Tekin2, Fazilet Z¿mr¿t Biber M¿ft¿ler2, Gºk­en Topal3, 

Yasemin Parlak3, Fikriye G¿l G¿m¿ĸer3, 

 
1Manisa Celal Bayar University, Faculty of Arts and Science, Department of Chemistry, Yunus Emre, 

Manisa 45140, Turkey., 2Ege University, Institute of Nuclear Sciences, Department of Nuclear 

Applications, Bornova, Izmir 35100, Turkey , 3Manisa Celal Bayar University, Department of Nuclear 

Medicine, School of Medicine, Manisa, Turkey., 

In this study, whey protein was radiolabeled with Tc-99m using the SnCl2 reduction method. The paper 

electrophoresis technique was done in the radiochromatography studies. SF (saline solution) was used as a 

suitable mobile phase. At the same time, the labeling yield of 99mTc-WHEY was found to be about 95%. 

Then, lipophilicity and stability studies were carried out, respectively. Finally, imaging and biodistribution 

studies were completed using Albino Wistar Rats. In vivo studies showed that 99mTc-WHEY was 

accumulated in the breast, the ovaria and the pancreas. In conclusion, all results showed that 99mTc-WHEY 

may be helpful in the diagnosis of the breast, the ovaria and the pancreas in the future. 

KEYWORDS: Whey Protein, Biodistribution, 99mTc, Scintigraphy, Protein Powder Supplement 
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Evaluation of Mechanical and Barrier Properties of Poly (lactic acid) Composite Materials as 

Food Packaging    

Gēda Ambalajē olarak kullanēlan Poli Laktik Asit bazlē Kompozit Malzemelerin Mekanik ve 

Ge­irgenlik ¥zelliklerinin Deĵerlendirilmesi 

Review Article 

KO¢AK, E.1,*, KIZILIRMAK ESMER, ¥.1 

1Ege University Food Engineering Department 35040 Izmir/TURKEY 
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erinckocak@gmail.com 
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Tel: +90 232 311  
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Received:   

Abstract 

Poly (lactic acid) as a biodegradable polymer has an extensive use in several industries packaging, medicine, 

electric appliances, furnitures and textile. In food packaging sector, the GRAS (Generally recognized as 

safe) description made by the FDA emphasizes its particular importance.  The objective of this review is to 

evaluate the mechanical and barrier properties of poly (lactic acid)-PLA composite materials with respect 

to the potential convenience for food packaging and to describe the production techniques used for the 

modification of these properties. The studies based specificly on the reinforcement of PLA with several 

nanoparticles, bio-based polymers, antioxidants, antimicrobial agents, nucleating agents, compatibilizers 

were also evaluated in this review. Furthermore, the reasons for the possible interactions between PLA and 

the reinforcing agents, the compatibility of the blending component with PLA as plasticizer or 

compatibilizer within the process used were discussed. Some recommendations about the feasibility of these 

applications in near future were made. 

Keywords:  PLA, gas permeability, tensile strength, biodegradable 

 

¥z 

Biyobozunur ºzellikte bir polimer olan Poli Laktik asit (PLA) ambalaj, medikal, elektrikli aletler ve 

tekstil gibi sanayinin ºnemli alanlarēnda yaygēn kullanēma sahiptir. Gēda amablajlama sektºr¿nde ise, 

Amerikan Gēda ve Ķla­ Ķdaresine gºre Genellikle G¿venilir olarak Kabul edilen sēnēfa girmektedir ve bu 

tanēmlama onun ºnemini vurgulamaktadēr. Bu derlemenin amacē, PLAôya eklenerek oluĸturulan 

kompozit materyallerin, PLAônēn mekanik ve ge­irgenlik ºzelliklerini ne ºl­¿de deĵiĸtirdiĵini ortaya 

koyan ­alēĸmalarēn bulgularēnē genel olarak deĵerlendirmek ve bu ºzelliklerin geliĸtirilmesinde kullanēlan 
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¿retim tekniklerine deĵinmektir. Bu derlemede PLAônēn mekanik ve ge­irgenlik ºzelliklerini geliĸtirme 

baĵlamēnda PLAôya eklenen pek ­ok nanopartik¿l boyutunda polimerlere, biyolojik bazlē polmerlere, 

antioksidan ve antimikrobiyal ºzellikteki ajanlara, ­ekirdekleme ajanlarēna ve plastikleĸtime iĸleminde 

g¿­lendirici ajan ile PLA arasēnda uyumluluk saĵlamasē i­in kullanēlan destekleyici ajanlara deĵinilmiĸ 

ve bu ajanlarēn PLA ile olasē etkileĸimleri ve proses i­inde PLA ile uyumluluklarē tartēĸēlmēĸtēr. 

Derlemede mevzu bahis ajanlarēn PLA ile kompozit oluĸturmasēna iliĸkin uygulamalarēnēn hayata 

ge­irilmesi ile ilgili birtakēm ºnerilere de yer verilmiĸtir. 

 

Keywords: PLA, gaz ge­irgenliĵi, ­ekme daynēmē, biyobozunur 

Introduction  

For the last few decades, environmental pollution and depletion of natural resources have been one of the 

main challenges which the world society has to cope with. Therefore, scientific studies have been conducted 

to clarify this situation. The packaging industry is considered one of these fields that generates non-

degradable materials in huge amounts and severely influences the environment by this way. The recycling 

costs (if the nature of the material is appropriate for recycling) have been rising tremendously in order to 

eliminate these accumulated wastes. Europe is the second largest plastic producer in the world with 18.5% 

of the annual production (322 million tons in 2015) of the world plasticôs industry [1]. The packaging 

industry utilizes about 40% of the total plastic production as the raw material or supplementary material 

[1]. 

Several materials can be used in food packaging such as plastics, paper, cardboard, glass and metal. Plastics 

are in the second rank of the materials after paper and cardboard which have been widely used in food 

packaging. Although they have some benefits such as transparency, robustness, ease of sterilization and 

flexibility, they considerably lead to the accumulation of the wastes of which only 14% is recyclable [1]. 

Furthermore, the recycled materials are inappropriate for use in food packaging since they become 

contaminated once getting into contact with the food matrix. 

In order to eliminate or reduce the pollution caused by the plastics, studies have been performed to find out 

alternative solutions. The use of biodegradable materials obtained by renewable sources is one of those 

alternatives in food packaging. On the basis of their origin, biodegradable polymers may be categorized 

into four groups: Biopolymers derived from natural resources via fermentation (PLA); bio-based polymers 

extracted from animal and plant tissues (starch, protein, zein, chitosan); polymers obtained by microbial 

sources (PHA, PHB, PGA) and fossil based plastics (PCL). Among these polymers, PLA has drawn a great 
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deal of attention with respect to its application in food packaging for the last few years due to its 

processability, biocompatibility, renewability and less energy consumption [2],   legislative approval by the 

FDA for packaging of fresh foods and foods with short shelf life [3], considerably lower carbon dioxide 

emission compared to the hydrocarbon based polymers [4]  and thanks to its functional properties likewise 

good oil resistance, good imperviousness and high transparency [5], acceptable degradation half-life 

ranging between 6 months and 2 years [1], flexible stereochemistry which enables to tailor the ratio of two 

isomeric forms, L and D to be used in combination with other materials in a wide range of different blends 

[6]. On the other hand, certain drawbacks of PLA such as poorer barrier properties than PET and difficulty 

of heat sealing compared to PET must be taken into consideration in regard to its use as a substitute for 

thermoplastics [6]. Limited gas barrier property and high brittleness are also reported as the other structural 

properties of PLA that must be improved [1]. 

This review intends to focus on the modification of PLAôs mechanical and barrier properties by the 

reinforcement with other polymers and packaging materials. It also highlights the applications by several 

novel technologies implemented in order to improve its properties. In this paper, one should point out that 

studies revealing the results of the PLA reinforced with other materials in comparison with that of the neat 

PLA have been only reviewed even though several research articles exist in literature which exhibit and 

evaluate the results of other polymers or packaging materials reinforced with PLA since the comparison 

was not made on the basis of the neat PLA in those articles. 

Major Features of PLA 

PLA is a linear aliphatic polyester derived from lactic acid with a hydrophobic nature which can be 

produced via plenty of routes such as direct condensation polymerization, azeotropic hydration 

condensation, polymerization through lactide formation and ring opening polymerization process [7]. The 

latter one has been reported in literature as the most widely used route since PLA with high molecular 

weight can only be produced via this way and thus is preferable by the food packaging industry [5]. 

However, it was reported by [8], that PLA with low molecular weight is more desirable for production since 

it has a lower degradation rate.  

The other most important property of PLA is its CO2 emission which indicates its effect on the global 

warming and climate change. When compared to the other polymers used in packaging, it is the least 

harmful material among all the others. 
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PLA has two stereo isomeric forms namely L and D whose ratio determines its rate of crystallinity. PLA is 

mainly soluble in acetonitrile, chloroform, dichloromethane [1]; and sparingly soluble in acetone, THF, 

ethylbenzene when cold. CPLA is insoluble in ethyl acetate, acetone and THF [8]. Thanks to its thermal 

properties, PLA can be processed in many ways such as injection molding, sheet extrusion, blow molding, 

thermoforming, film forming and fiber spinning [1]. 

The most common method is considered as extrusion since it provides an efficient homogenization of pellets 

under high temperature [9]. Injection molding, stretch blow molding and casting were reported as the other 

most extensively used production technologies for PLA [8]. Due to its hygroscopic nature, drying is a 

necessary pretreatment for PLA before processing. It should be dried to 0.01% moisture content on w/w 

basis [4] to prevent excessive hydrolysis and the undesired changes in its physical properties [9]. 

Recommended drying conditions for  CPLA have been reported as 80-100 C for 4 h and 2 h with an air 

flow rate of 0.032 m3/min per kg resin throughout [4] while APLA should be dried below its glass transition 

temperature [9]. 

It was reported that the stereochemistry and thermal history play an important role on the crystallinity of 

PLA and thus itôs properties (TS, stiffness, hardness, melting point) [8]. PLA is thermally so much unstable, 

that approx. 35-40% of PLA exposed to thermal degradation above its melting point (ca. 160 C) for a period 

of 30 min [8]. Some scientists reported more than 50% reduction in its molecular weight which was caused 

by chain splitting and not due to hydrolysis [10]. 

The mechanical properties of PLA rely strongly on its molecular weight and stereochemistry [11]. It was 

reported that TS of poly L-lactic acid rises by a factor of 2, when molecular weight increases from 50 to 

100 kDa [12]. In another research it was stated that, TS of poly L-lactic acid rose from 15.5 MPa to 150 

MPa, when the molecular weight increased from 50 to 200 kDa [13]. While the ratio of the enantiomers can 

be easily tailored in a PLA-blend, addition of hydrophilic compounds (lactic acid, alcohol, water) is 

essential to control the molecular weight of PLA [14]. In addition, the mechanical properties can be 

modified by blending L and D enantiomers in 1:1 ratio and  in this mixture  stereo crystallites with 

intermolecular crosslinks are formed which gives rise to having a melting point of 230 C [11, 15-17]. 

Application Fields of PLA in the Food Industry  

All the above mentioned properties might be regarded as good evidence for the use of PLA in food 

packaging. Itôs competitiveness in price with the petrochemical based polymers can attract the food 

suppliers especially those who are willing to impose an eco-friendly vision with quality of first priority. 
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PLA applications have been suggested for the packaging of fresh foods which do not impose quality 

deterioration by the oxygen permeability of the PLA [4]. Since the phenomenon of green food packaging 

was more frequently adopted, the applications of PLA have been claimed in the field of fresh fruits, 

vegetables and salads [4].   PLA is an appropriate packaging material for cheese with a relatively high 

carbon dioxide transmittance rate [18]. Also, it is suggested for the packaging of the frozen dairy foods  

 

[19].  

Disposable cups used in fast food restaurants, tea bags are the common examples of PLA for the use in the 

food industry (Figure 1.). 

 

a               b    c 

Figure 1 a) Mulch film made of PLA-blend; b) Biodegradable PLA cups; c) Tea bags made of PLA 

Mighty leaf tea in pouches [20],  blood orange juice in bottles, meat trays, containers for candy products, 

organic salad clamshells, salsa, spinach, fresh-cut fruit, vegetables, and tomatoes in pouches, opaque yogurt 

containers and chips packs (Figure 2.) are the other main packaging materials made of PLA [21] and which 

were majorly processed by rigid thermoforming [22]

 

   

a               b     c 
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Figure 2. a) Spinach package; b) chips package and c) paperboard package for bread with transparent 

window made of PLA 

Evaluation of the PLAôs Properties in Comparison with Other Common Polymers Used in Food 

Packaging 

As aforementioned, the biodegradability, biocompatibility, eco-friendliness, high transparency, 

processability, good oil resistance might be regarded as the overwhelming features of PLA which reflect its 

superiority over the other bio-based and fossil based competitors. On the other hand, one should notice that 

some other characteristics such as TS, IS, FS, E, OTR and WVP of the material should be also assessed in 

order to justify its uniqueness for food packaging. These attributes of PLA are illustrated in Table 1. PLA 

exhibits excellent TS compared to the other listed polymers which enables down gauge coating [4, 27]. 

However, other mechanical properties likewise E and IS values of PLA are considerably poorer (Table 1.). 

The brittleness (having E of 4%) is one of the main drawbacks which restricts the use of PLA in some 

processes for which  plastic deformation at higher stress levels (e.g., screws and fracture fixation plates) is 

an inevitable requirement [2]. Inspite of its lower OTR, the substantially higher WVP of PLA restricts its 

application for packaging of several foods where the moisture content is critical for microbial spoilage. On 

the other hand, the WVP of PLA might be too low for the packaging of several fresh fruits such as 

strawberries, blackberries, blackcurrants or cherries and most of the fresh vegetables whose transpiration 

rate was extremely high [28]. It was reported by [29], that transpiration rate is directly proportional to the 

WVP of the packaging material. Hence, the modification of the PLAôs barrier properties should be rather 

considered for the packaging of fresh foods with a low transpiration rate, frozen and processed fruits and 

vegetables
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Table 1.  Mechanical and barrier properties of several plastics used in food packaging a in comparison to 

those of PLA 

Material  IS (J/m)d TS (MPa) E (%) OTR 

(cc/m2/day 

atm) 

WVP 

(g/m2day) 

      

PLA 24.5 21-60b 

 

2.5-6b 21.67c 82e 

PP 80.0 30-40 200-350 2000-3000 7-9 

OPP  20-30 50-275 2000-2500 4 

OPS  8-12 2-30 4000-5000 100-150 

PET  25-33 70-130 50-80 21 

HDPE 128.0 2.5-6 200-600 1500-2000 5-7 

LDPE  1.5-5 200-600 7000-8000 14-18 

LLDPE  3-8 400-800 7000-8000 14-18 

PVC  4-8 100-400 300-400 30-40 

PVDC  8-16 50-100 5-25 2-4 

EVA  2-3 500-800 10000 20-50 

EVOH  1.2-1.7 120-280 0.5-2 20-50 

 

a reported by [23]; b reported by [8]; c reported by [24]; d reported by [25];e reported by [26]; WVP at 25 C 

 

 

Improvement of the PLAôs Mechanical Properties 

When compared to other bio polymers (PHB, PGA and PCL), PLA has an intermediate TS value, that is 

the TS is lower than that of the PGA, but nearly the same as PHB and PCL. However, the E value of PLA 

is the lowest among these biopolymers [13].- 
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Despite the fact that PLA satisfies the demands of the food packaging industry for the majority of the rigid 

materials, its plasticization is a significant requirement in the production of soft films [30]. Typically, 10ï

20% w/w amount of plasticizers are required to ensure both a considerable reduction in the glass transition 

temperature of PLA matrix and adequate mechanical properties [8]. When the content of the plasticizer 

exceeds 20%, a phase separation might occur in the PLA matrix which is undesirable. Hence, the content 

of the plasticizer used with PLA must be restricted [8]. PBOH, AGM and DBS were reported as the 

convenient plasticizers for PLA which might improve its mechanical properties [30]. Plasticizers with 

extremely high volatility have been avoided due to the risk of evaporation at the processing stage of PLA 

[4]. Moreover, plasticizers which have a substantial tendency to migrate into the material blended with PLA 

have not been proposed for PLA since they might lead to an increase in the brittleness of the polymer 

mixture [31]. Hence, plasticizers such as low molecular weight PEG [33-35] and citrates [36-38] were 

recommended. 

 

In addition, for food packaging the plasticizer used with PLA must be non-toxic and biodegradable which 

makes the selection more difficult. Hence, using epoxidized vegetable oils as plasticizers might be 

considered as an alternative. In a study, it was reported that the TS declined by the modification with the 

plasticizers (EPO and ESO) at a content ranging from 3% to 15% substantially (approx. 40% for both) 

whereas the E values increased considerably to 50.3% and 68.6%   by the reinforcement with 3% of EPO 

and 15% of ESO respectively [32].  

 

It was  reported by [39] that, the E value of PLA could be increased from 7% to 320% and 420% by using 

ATEC (20% of PLA) and ATBC (20% of PLA) respectively, whereas TS of neat PLA (51.7 MPa) decreased 

to 9.6 and 9.2 MPa respectively. It was found in another research that the highest E value (308%) and TS 

(5.8 MPa) were achieved by the modification with 0.125% of MDI, whereas the further increase in the MDI 

content up to 0.375% led to a reduction in the TS and E [40]. The reinforcement of PLA with bacterial 

cellulose has caught on on scientific basis for the last few years. The structure of the bacterial cellulose 

consists of ribbon shaped fibrils which was considered to have a positive impact on the opacity of PLA. In 

a research, the TS and Youngôs modulus were increased by 203% and 146% respectively in addition to the 

improvement of its opacity by the modification with bacterial cellulose compared to those of the neat PLA 
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[41].   In addition to the significance of the type of plasticizers used in combination with PLA, the 

plasticization method plays also a crucial role in the modification of its mechanical properties. The 

investigated studies reported a substantial increase in the E values but a significant decrease in the TS values 

of PLA using different methods. Meanwhile, graft copolymerization of CA with PLA in terms of internal 

plasticization could be successfully employed and the E value of neat PLA could be increased from 5% to 

25% using 50% of CA, even though the TS value declined from 65.6 to 13.8 MPa [42]. Similar results 

could be achieved by the application external plasticization. Mechanical induction of HA capsules into PLA 

could lead to a 25 fold increase in PLAôs toughness and flexibility but a decrease in the TS ranging from 

25% to 40% by the reinforcement with HA with a content between 5% and 20% respectively [43]. 

 

Addition of nucleating agents into the PLA blends might be useful for the improvement of its mechanical 

properties since they are able to accelerate the reactions and increase the crystallinity. The addition of talc 

(2%) and BSA (2%) could increase the FS of neat PLA up to 25% with a rise in its crystallinity (80-85%) 

[44]. On the other hand, the addition of talc by 5% into the neat PLA led to a decrease by 10% and 38%  in 

TS and E% respectively [45]. However, the investigators could achieve a tremendous increase (from 3.29% 

to 174.99%) in the E% of neat PLA by reinforcing it with PEG/LAK/talc (10/1/10). Nevertheless, it was a 

substantial decline by 29% in the TS of neat PLA [44]. Several nucleating agents such as talc and nanoclays 

blended with PLA were reported in literature [46, 47]. Several investigators worked with the reinforcement 

of PLLA with 5% OMMT (Cloisite 25A) and were able to increase the E of neat PLA by 40% where TS 

did almost not change [48]. In a study, the highest E (73%) could be achieved by the addition of 1% Talc 

with ATEC (10%), whereas an approx. of 50% reduction in TS occured [49]. In another research, the 

optimized content of OMMT was determined 5% for different PLA blends where the IS rose by 29-44% 

with C15A, C25A and C93A OMMTôs, whereas the TS values remained nearly unchanged up to 5% 

addition of OMMT and then decreased for all samples containing 5 and 7% of OMMT [50]. In another 

research, it was highlighted that the TS of PLA decreased by the reinforcement with OMMTôs and MMT 

with a content range between 1 and 5% in addition to the modification by rubber (10%) whereas the highest 

E value (196%) was attained by the modification with the blend composition rubber (10%)/ OMMT (3%) 

[51].In contrast, the E values declined by the reinforcement with all type of OMMTôs with a weight ratio 

of 1-3-5-7%, although FS values increased by 6-65% for all studied combinations [50].  Several 

investigators reported an increase in the FS of neat PLA by 10% by the reinforcement with 4% of OMMT 

[52]. 
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The studies in the past revealed that the reinforcement of PLA with most of the synthetic polymers led to a 

reduction in the TS but an increase in the E value. An increase in the TS and E value of neat PLA was 

reported by the reinforcement with PVAC of 5%; 10% and 30% for the aged-extruded samples [53]. The E 

value of PLLA could be risen by 50% with a concentration of 15% of PEO but the TS decreased from 60 

to 35 MPa [54]. The E value of PLA could be modified by the reinforcement with 20% of PGMA from 5% 

to over 200%, whereas the tensile modulus and flexural modulus decreased by 28% and 59% respectively 

[55]. 

 

In literature, several techniques with respect to the modification of PLAôs mechanical properties were 

introduced. Vacuum compression molding and solid state extrusion were performed and the FS of PLA 

could be increased to 125 MPa with a crystallinity of 30% [56].In another study, substantially higher TS; E 

value and IS values (73.3 MPa; 48.2% and 5.9 kJm-2 respectively) were obtained by orienting to ɚ=2.5 

which corresponds to an increase by 56%; 3200% and 269% in the TS; E and IS of the unnotched PLA 

respectively [57]. Annealing is another technique used for PLA which was suggested to promote the 

crystallinity by endowing the chain activation energy and hence to lead to an induction of the polymorphic 

transition in PLA [58]. Annealing was reported to increase the TS of injection molded and 

extrusion/injection molded PLA by 15% and 18%, although it led to a fall in the E values of the former and 

the latter by 37.5% and 35% respectively [59]. Dynamic vulcanization has been regarded as one of the novel 

methods used to modify the mechanical properties of several rigid thermoplastics. It was applied to the neat 

PLA using HDAPA in different contents ranging from 10% to 40% and the E values and IS of neat PLA 

could be increased from 11.2% to 538.9% and from 35.7 to 1347 J/m respectively by reinforcing with 40% 

of HDAPA [60]. The studies in relation to the modification of PLAôs mechanical properties were 

summarized in Table 2. 
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Table 2. Modification of the mechanical properties of PLA 

 

Composition Type of Process Change in TS in 

comparison to PLA 

Change in E% Reference 

PLA 

PLA/CNF (99/1; 97/3; 

95/5) 

Casting Rise by 9.8%; 118% 

and 100% with 1%; 

3% and 5% of CNF 

respectively 

Rise by 62% and 

368% with 1% 

and 3% of CNF 

respectively 

Decline by 36.2% 

with 5% of CNF. 

[61] 

     

PLA 

PLA/starch (55/45) 

PLA/starch/MDI 

(55/45/ 

0.05% wt over total 

weight) 

Extrusion-

Compression 

molding 

Reduction by 42.8% 

and 1.5% with starch 

and starch/MDI 

respectively 

Reduction by 

27.6% with starch 

Rise by 11.4% 

with starch/MDI  

 

[62] 

PLA 

PLA/EAC (95/5; 

90/10; 85/15; 80/20) 

APLA/ EAC (95/5; 

90/10; 85/15; 

80/20;70/30) 

CPLA/EAC (95/5; 

90/10; 85/15; 80/20; 

70/30; 60/40) 

Extrusion-

Injection molding 

Almost no change by 

the addition of 5% of 

EAC; reduction by 

35% by the addition 

of 20% of EAC 

Rise in IS by 594% 

and 372%  by CPLA 

and APLA 

respectively with 

40% of EAC 

 [63] 
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Table 2. Modification of the mechanical properties of PLA (to be continued) 

Composition Type of 

Process 

Change in TS in 

comparison to PLA 

Change in E% Reference 

PLA 

PLA/MMT (1-3-5-7-

9% of PLA) 

PLA/MMT/CNW 

(94/5/1; 92/5/3; 90/5/5; 

88/5/7; 86/5/9) 

Casting Rise between 10%-111% 

for all examined blends 

The highest value was 

reported for the 

reinforcement with 5% of 

MMT and 1% of CNW 

Decrease by the 

reinforcement with all 

contents of CNW, 

MMT and MMT/CNW 

composites, the least 

reduction was 28.2% 

with 5% of MMT-1% 

of CNW combination 

corresponding to 89.6% 

[64] 

PLA 

PLA/PHB (75/25) 

PLA/PHB/PEG 

(63.75/21.25/15) 

PLA/PHB/ATBC 

(63.75/21.25/15) 

 

Extrusion-

Compression 

molding 

All blends with PHB, 

PEG and ATBC had 

lower TS values than that 

of neat PLA, the nearest 

value to the PLA 

belonged to the blend  

PLA/PHB (75/25) (5.7% 

reduction in TS) 

Rise by the 

reinforcement with all 

investigated blends, the 

highest value was 

reported as 175% for 

(PLA/PHB/ATBC)-

(63.75-21.25-15%) 

[65] 

     

PLA 

PLA/PHB(75/25) 

PLA/CNC/ATBC 

(80/5/15) 

PLA/s-CNC/ATBC 

(80/5/15) 

PLA/PHB/ATBC 

(63.75/21.25/15) 

PLA/PHB/CNC/ATBC 

(60/20/5/15) 

Extrusion-

Compression 

molding 

Reduction between 4.3% 

and 46.7% for all 

investigated blends. The 

lowest reduction was 

observed for 

PLA/PHB/ATBC 

(63.75/21.25/15) 

The highest value 

(147.7%) was obtained 

with PLA/PHB/s-

CNC/ATBC 

(60/20/5/15) 

corresponding to an 

increase of 260% 

compared to that of 

PLA. E value of 

PLA/PHB/ATBC was 

90.1% (119.2% 

increase) 

[66] 
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PLA/PHB/s-

CNC/ATBC 

(60/20/5/15) 

 

Decrease between 33.4-

68.4% for CNC/ATBC; 

PHB; 

PHB/CNC/ATBC 

respectively 

 

PLA 

TPS/PLA (60/40) 

TPS/PLA/MMT 

(60/40/0.3) 

TPS/PLA (60/40/0.6) 

 

Casting Reduction between 

51.5%-65.7% for all 

investigated blends. The 

lowest reduction was 

observed for TPS/PLA 

(60/40/0.6) 

Rise between 103.8%-

215% for all 

investigated blends. 

The highest E% was 

obtained by 

TPS/PLA/MMT 

(60/40/0.3) 

corresponding to 6.68% 

 

[67] 

PLA 

PLA/Chitosan (95/5) 

TPS/PLA/Chitosan 

(28.5/66.5/5; 38/57/5; 

36/54/10) 

Pelletizing-Melt 

blending 

Reduction between 

43.3%-61.0% for all 

investigated blends. The 

lowest reduction was 

observed for 

PLA/Chitosan (95/5) 

corresponding to 19.3 

MPa 

 

Rise between 80% and 

296% for 

TPS/PLA/Chitosan 

blends. The highest 

value was reported 

9.9% for 36/54/10 

combination.  

Reduction by 28% for 

PLA/Chitosan (95/5) 

[68] 

     

PLA 

PLA/PVA dried 

(70/30) 

PLA/PVA wet (70/30) 

PLA/PVA/CNW dried 

(65/30/5) 

PLA/PVA/CNW wet 

(65/30/5) 

Extrusion-

Compression 

molding 

Reduction between 5.9% 

- 24.6% for all 

investigated blends. The 

lowest reduction was 

observed for 

PLA/PVA/CNWdry  

corresponding to 67.7 

MPa 

Reduction between 

21% - 41.8% for all 

investigated blends. 

The lowest reduction 

was observed for 

PLA/PVA/CNWdry 

corresponding to 2.4% 

             [69] 
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PLA 

PLA/CNC(99/1) 

PLA/CNC (97/3) 

PLA/Limonene 

(80/20) 

PLA/CNC/ 

Limonene (79/1/20) 

PLA/CNC/Limonene 

(77/3/20) 

Pelletizing-Melt 

blending-

Extrusion 

Reduction between 

34.1% - 72.7% for all 

investigated blends. 

The lowest reduction 

was observed for 

PLA/CNC (97/3) 

corresponding to 29 

MPa 

Rise between 100%-123.3% 

for PLA/Limonene (80/20); 

PLA/CNC/Limonene 

(79/1/20) ; 

PLA/CNC/limonene(77/3/20). 

The highest value was 

reported 288% for 

PLA/CNC/Limonene(79/1/20) 

           [70] 

 

    

     

     

Table 2. Modification of the mechanical properties of PLA (to be continued) 

Composition Type of 

Process 

Change in TS in 

comparison to PLA 

Change in E% Reference 

PLA 

PLA/GPS (90/10; 

70/30; 50/50) 

PLA/APS (90/10; 

70/30; 50/50) 

PLA/CPS (90/10; 

70/30; 50/50) 

 

Melt 

blending-

Extrusion 

Rise of 13.8% for 

PLA/CPS (90/10), 

reduction between 

37.7-44.5% for the 

other composites 

Rise of 18.6% for PLA/CPS 

(90/10), reduction between 

31.1-33.3% for the other 

composites 

[71] 

PLA 

PLA/IA/DCP 

(97.5/2/0.5; 

93.5/6/0.5; 

92.25/6/0.75; 93/6/1) 

 

Extrusion-

Pelletizing-

Compounding 

Rise between 2.1-23% 

for all investigated 

blends. The highest 

value was measured 

59 MPa for 

PLA/IA/DCP (93/6/1) 

Rise between 5.5% and 

81.8% for all investigated 

blends. The highest value 

was reported 10% for 

PLA/IA/DCP (93.5/6/0.5) 

[72] 

     

PLA monolayer 

PLA/CIN monolayer 

Casting 

Compression 

molding 

Reduction of 11.2% 

for monolayer 

PLA/CIN blends; 

reduction of 50% for 

Decrease of 34.3% and 

45.7% for the bilayer films 

with and without CIN 

respectively (compared to 

[73] 
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PLA casted and 

compression 

moulded bilayer 

films with and 

without CIN 

 

bilayer films with and 

without CIN 

(compared to that of 

the compression 

molded PLA) 

 

that of the compression 

molded PLA) 

Casted PLA monolayer 

films exhibited extremely 

higher E values as 174% 

and 184% with and without 

CIN 

PLA 

PLA/PA 

PLA/PA (1% of 

PLA)/CSR (1-3-5-7-

10% of PLA) 

PP 

Dry blending 

Melt blending 

Injection 

molding 

IS of neat PLA rose 

from 24.1 J/m to 129.1 

J/m by adding 10% of 

CSR which is greater 

than the IS of PP (97.6 

J/m) Increment in the 

amount of CSR led to 

an increase in the 

impact strength 

 

 [74] 

PLA/CNF modified 

with MEMO (0.5-1-

1.5-2% of PLA) 

Casting Rise of 27.9% by the 

reinfocement with 

CNF/MEMO (1%). 

Higher  contents of 

MEMO led to lower 

TS values than that of 

neat PLA 

Rise of 11.1% by the 

reinforcement with 

CNF/MEMO (1%). Higher  

contents of MEMO led to 

lower E values than that of 

neat PLA 

[75] 

 

PLA/CNW (0.5-1-

1.5-2-2.5-3-3.5-4% 

of PLA) 

 

Casting 

 

Decrease of 12.5-

41.75% for all 

investigated blends. 

The lowest reduction 

was reported for the 

PLA/CNW (0.5) 

blends 

 

Increase of 28.2% by the 

reinforcement with the 

PLA/CNW (1%), higher 

contents of CNW led to 

lower values than that of 

the neat PLA 

 

[76] 

     

PLA/ OMMT (2.5-

5% of PLA) 

PLA/Thymol (8% of 

PLA) 

Melt blending 

Compression 

molding 

Reduction in EM 

between 13.8%-16.8% 

for Thymol containing 

blends, rise in EM of 

5.5-6% for neat 

Rise of 22.9% for 

PLA/Thymol blend, other 

composites showed lower 

values than that of neat 

PLA 

[77] 
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PLA/Thymol (8% of 

PLA)/OMMT(2.5-

5% of PLA) 

OMMT containing 

blends 

 

PLA 

PLA/ATBC (80/20) 

PLA/ATBC/Chitosan 

(79.2/19.8/1) 

PLA/ATBC/Chitosan 

(77.6/19.4/3) 

PLA/ATBC/Chitosan 

(76/19/5) 

 

Melt blending 

Compression 

molding 

 

Reduction between 

67-77% for Chitosan 

containing blends, the 

lowest reduction was 

reported for 

PLA/ATBC/Chitosan 

(1%) 

 

Rise between 150-200% for 

Chitosan containing blends, 

max. E was reported for 

Chitosan (1%) /PLA 

 

[78] 

     

     
 

Table 2. Modification of the mechanical properties of PLA (to be continued) 

Composition Type of 

Process 

Change in TS in 

comparison to PLA 

Change in E% Reference 

PLA 

SPS/PLA (50/50) 

SPS/PLA (60/40) 

SPS/PLA (70/30) 

SPS/PLA (80/20) 

 

Casting Reduction between 44.9-

56.6% for all investigated 

blends. The lowest 

reduction was achieved by 

SPS/PLA (50/50) 

Rise between 97-235% for all 

investigated blends. The 

highest value was reported for 

SPS/PLA (80/20) 

[79] 

PLA 

PLA/SiOx coating 

PLA/anti UV 

coating 

PLA varnished 

 

Lamination Rise between 30.8-108.7% 

for all studied blends. The 

highest value was reported 

for  PLA/SiOx coating 

Rise between 119-1400% for 

all investigated blends. The 

highest value was recorded  for 

PLA/SiOx coating 

[80] 

PLA  

PLA with SiOX  

Casting Rise between 1-13.6% for 

all studied blends The 

Reduction between 24.4-97.7% 

for all studied blends. The 

[81] 
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PLA with PVA 

PLA/metalized 

with Al 

 

highest value was reported 

for PLA/PVA 

lowest reduction was reported 

for PLA/SiOx coating 

PLA 

PLA/TPS of 

cassava bagasse 

(5-10-15-20%) 

PLA/TPS of 

cassava starch 

(20%) 

Extrusion 

Compression 

molding 

Decrease between 22.3-

71.2% for all studied 

blends. Increasing TPS 

content led to a substantial 

reduction in TS. The lowest 

reduction was reported for 

PLA/TPS cassava starch 

(20%) 

 

Decline between 15.4-23% for 

all studied blends. The lowest 

reduction was reported for 

PLA/TPS bagasse (20%) 

Increase by 480% for PLA/TPS 

cassava starch  

[82] 

PLA 

PLA/starch 

(80/20; 70/30; 

55/45; 40/60) 

Melt 

compounding 

Rise by 8.5% with 

PLA/starch (55/45) 

Decline between 3.4-7% 

for the other blends 

 

Decrease between 8.2-19.7% 

for all studied blends. The 

lowest reduction was reported 

for PLA/starch (80/20) 

[83] 

PLA 

PLA/TPS (50/50) 

and citric acid (2-

4% of the polymer 

mixture) 

Extrusion 

Compression 

molding 

Rise by 13.9% with 4% 

citric acid addition 

Decrease by 41.7% with 

2% of citric acid addition 

Rise by 119%-171.5% for the 

blends with 2% and 4% citric 

acid respectively 

[84] 

     

     

PLA 

PLA/CNC (2-5% 

of PLA) 

PLA/CNCFE (2-

5% of PLA) 

 

Melt 

compounding 

Injection 

molding 

Reduction by 4.9% and 8% 

with CNC (5%) and 

CNCFE (5%) respectively 

Rise by 128.5% and 157% with 

CNCFE (5%) and CNC (5%) 

respectively 

[85] 

PLA 

WS (10-20-30-

40% of PLA) 

Melt blending 

Compression 

molding 

Reduction between 49.1-

63.6% for the blends 

containing 40% of starch. 

The increase in starch 

Rise by 50% with the 

reinforcement with BEWS 

(40%) 

[86] 
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BEWS (10-20-30-

40% of PLA) 

BHAS (10-20-30-

40% of PLA) 

HAS (10-20-30-

40% of PLA) 

 

content led to a decrease in 

TS. The lowest reduction 

was reported for 

PLA/BEWS (10%)  

Other blends with WS; BHAS 

and HAS revealed lower values 

than that of neat PLA 

Wheat straw (10-

20-30-40% of 

PLA) with and 

without SSSM 

pretreatment 

SSSM 

Extrusion 

FS of neat PLA declined by 

26% and 9.3% with the 

reinforcement of 40% 

wheat straw with and 

without SSSM pretreatment 

respectively 

 [87] 

     

 

 

 

 

Table 2. Modification of the mechanical properties of PLA (to be continued) 

Composition Type of 

Process 

Change in TS in 

comparison to PLA 

Change in E% Reference 

PLA 

TPS/PLA 

(70/30;50/50; 

30/70) 

TPS/PLA (70/30; 

50/50; 30/70) 

+Tween60 (1.55% 

of polymer) 

TPS/PLA 

(70/30;50/50; 

30/70) +Linoleic 

acid (1.55% of 

polymer) 

Extrusion 

Pelletizing 

Decrease between 28.6% 

and 32.1%  for the blends 

TPS/PLA (30/70) 

containing Tween60, 

Linoleic acid and Zein. The 

lowest reduction was 

reported for TPS(PLA) 

(30/70) blends without 

compatibilizer 

The highest E value was 

reported for TPS/PLA 

(70/30) +Linoleic acid 

which was 8 times great as 

that of the neat PLA (2%), 

all other blends revealed 

higher values than that of 

the neat PLA 

[88] 



ñV. International Ege Composite Materials Symposium 2021ò 
 

41 

 

TPS/PLA 

(70/30;50/50; 

30/70) + Zein 

(1.55% of 

polymer) 

 

PLA 

PLA/FFS (23/15 

v/v) bilayer film 

(FFS containing 

Chitosan solution 

(20 mL-2% w/v) ; 

Maize germ oil (2 

mL) and ZCC (18 

mL) 

 

Casting Reduction by 49%  Reduction by 77.8% [89] 

PLA 

PLA/CNC (95/5) 

PLA/s-CNC (95/5) 

PLA/PHB (75/25) 

PLA/PHB/CNC 

(71.25/23.75/5) 

PLA/PHB/s-CNC 

(71.25/23.75/5) 

 

Extrusion 

Pelletizing 

Increase by 13.7% with 

PLA/CNC (95/5)  

Reduction between 5% and 

42% for the other blends. 

Rise by 76.5% with 

PLA/PHB/CNCs 

Reduction between 42.1%-

70.6% with the other 

blends 

[90] 

PLA 

PLA/PHB (75/25) 

PLA/ D-limonene 

(85/15) 

PLA/PHB/ D-

limonene 

(75/25/15) 

Melt blending 

Compression 

molding 

Reduction between 36.1% 

and 46.2% for all studied 

blends. The lowest 

reduction was issued for 

PLA/ D-limonene (85/15) 

Rise with all studied 

blends. The highest value 

(151.7%) was reported for 

PLA/ D-limonene (85/15)  

[91] 
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PLA 

A: PLA/Chitosan 

(715 ɛ) (95/5)  

B: PLA/Chitosan 

(715 ɛ) (90/10) 

C: PLA/ Chitosan 

(180 ɛ) (95/5)  

D: PLA/ Chitosan 

(180 ɛ) (90/10) 

 

Extrusion 

Compression 

molding 

Reduction between 65.2% 

and 87% for all studied 

blends. The lowest 

reduction was observed for 

the C composite 

Reduction between 35.3%-

54.5% for all studied 

blends. The lowest 

reduction was observed for 

the C composite 

[92] 

PLA 

PLA/OLE 

(94.1/5.9) 

PLA/OLE 

(88.9/11.1) 

PLA/OLE 

(84.2/15.8) 

PLA/OLE (80/20) 

PLA/OLE 

(76.2/23.8) 

PLA/OLE 

(72.7/27.3) 

Casting Reduction between 0.3%-

31.3% for all studied 

blends. The lowest 

reduction was reported for 

the PLA/OLE (94.1/5.9) 

 

No statistically significant 

effect of the OLE content 

on the E value could be 

observed 

[93] 
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Table 2. Modification of the mechanical properties of PLA (to be continued) 

Composition Type of 

Process 

Change in TS in 

comparison to PLA 

Change in E% Reference 

PLA 

PLA/CNW 

(97.5/2.5; 92.5/7.5 

and 85/15) 

PLA/CNW-ICN 

(97.5/2.5; 92.5/7.5 

and 85/15) 

 

Casting Rise by 27.5% with 

PLA/CNW-ICN (97.5/2.5). 

Increasing the CNW-ICN 

content led to a lower rise 

Increasing the CNW 

content led to a decrease in 

TS which are lower than 

that of the neat PLA  

Rise by 79.1% with 

PLA/CNW-ICN (85/15).  

Rise by 32.5% with 

PLA/CNW (97.5/2.5). 

Further Increasing the 

CNW content led to a 

reduction in E% 

[94] 

PLA 

PLA/Ag (99/1) 

PLA/CNC (99/1; 

95/5) 

PLA/s-CNC (99/1; 

95/5) 

PLA/CNC/Ag 

(98/1/1; 94/5/1) 

PLA/s-CNC/Ag 

(98/1/1; 94/5/1) 

 

Casting Rise by 54% with PLA/s-

CNC (99/1) (Greatest rise) 

Decrease by 21.4% and 

23% with PLA/CNC (99/1) 

and PLA/s-CNC/Ag 

(98/1/1) respectively. All 

other blends exhibited 

higher values than that of 

neat PLA 

 

Increase between 47.1% 

and 111.8% with PLA/1s-

CNC/1Ag; 

PLA/1CNC/1Ag; 

PLA/1CNC; PLA/1Ag and 

PLA/1s-CNC (highest 

value) All other blends 

exhibited lower values than 

that of neat PLA 

[95] 

PLA 

PLA/BHA (99/1) 

PLA/BHT (99/1) 

PLA/PG (99/1) 

PLA/TBHQ (99/1) 

 

Casting Reduction between 5.7%-

21% for all studied blends. 

The lowest reduction was 

reported for BHT 

Addition of the synthetic 

antioxidants appeared to 

have no statistically 

significant effect  

[96] 

PLA 

PLA/CNF (95/5) 

PLA/ACNF (95/5) 

 

Extrusion Increase by 19% and 22.4% 

with CNF and ACNF 

respectively 

Reduction by 14.7% and 

20.6% with CNF and 

ACNF respectively 

[97] 
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PLA 

PLA/CNW (99/1; 

97/3 ; 95/5) 

PLA/ CNW-

PGMA (99/1; 97/3 

; 95/5) ; PGMA to 

CNW ratio: 5.7/1 

 

Casting 

Compression 

molding 

Increase between 5.9% and 

21.8% for all examined 

blends except for PLA/ 

CNW-PGMA (99/1) The 

highest value was reported 

for PLA/ CNW-PGMA 

(97/3) 

Increase by 34.2% with 

PLA/ CNW-PGMA (99/1), 

all the other blends had a 

lower value than that of the 

neat PLA 

[98] 

PLA 

PLA/OMMT(99/1; 

97/3; 95/5) 

Cloisite 30B was 

used as OMMT 

(organic 

content:30%) 

 

Melt blending 

Compresson 

molding 

Rise in EM by 33.3% for 

both PLA/OMMT (97/3) 

and (95/5) , EM of 99/1 had 

nearly the same value with 

the neat PLA 

Reduction by 33% and 

75% with 97/3 and 95/5 

respectively 

E% of 99/1 had the same 

value with the neat PLA 

[99] 

PLA 

PLA/PLA-MA 

(90/10) 

PLA/PEG (85/15) 

PLA/DMAC 

(100/20) 

PLA/PLA-MA 

(2.2% of 

PLA)/CNW 

(85/10/5) 

PLA/PLA-

MA/PEG/CNW 

(70/10/15/5) 

Extrusion 

Compression 

molding 

Reduction by 58% ; 10%; 

30%; 20% and 50.3%  by 

the reinforcement with 

PLA/DMAC; PLA/PLA-

MA; PLA/PEG; PLA/PLA-

MA/CNW and PLA/PLA-

MA/PEG/CNW 

respectively 

 

Rise by 345% with 

PLA/PLA-MA/PEG/CNW 

blend. 

Other blends revealed 

lower values than that of 

neat PLA 

[100] 
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Table 2. Modification of the mechanical properties of PLA (to be continued) 

Composition Type of 

Process 

Change in TS in 

comparison to PLA 

Change in E% Reference 

PLA 

PLA/AR (0.1, 0.3, 

0.5, 0.7, 1.0, 3.0, 

5.0, 7.0 and 

10 wt% of PLA) 

Extrusion 

Injection 

molding 

Reduction in TS between 

4.7-20% for the blends with 

AR content higher than 

0.3% . The other blends 

gave similar results to that 

of neat PLA 

Rise in IS by 327% with 

AR of 10%, other blends 

had also higher IS 

compared to the neat PLA 

Reduction in FS by 29.7% 

with AR of 10%, the other 

compositions had also a 

lower FS than neat PLA 

 

The highest E value was 

reported for the 

reinforcement with AR 

(10%) as 198% which was 

57 times high as that of the 

neat PLA 

[101] 

PLA 

PLA/ODA (96/4) 

PLA/SBE (96/4) 

PLA/SAP (96/4) 

PLA/MEE (96/4) 

 

Extrusion 

Compression 

molding 

Rise in FS by 53.5%; 

55.8%; 8.1% and 9.3% 

with ODA, SBE, SAP and 

MEE respectively  

 [102] 

PLA 

PLA/ODA (96/4; 

95/5; 93/7) 

Extrusion 

Compression 

molding 

Rise in FS by 55.8% for the 

PLA/ODA (96/4), further 

increment with 7%  in 

ODA content led to a lower 

increase by 22%   

 

 [103] 

PLA 

PLA/Cloisite 20A 

(97.5/2.5; 95/5; 

90/10; 85/15) 

Casting Reduction by 9.2%; 9% 

and 2.3% with Cloisite 20A 

; Cloisite 30 B and Cloisite 

Na respectively 

Slight reduction by 16.7% 

and 10% with Cloisite Na 

and Cloisite 20A 

respectively, unchanged 

with Cloisite 30B. 

[104] 
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PLA/Cloisite 30B 

(95/5) 

PLA/Cloisite Na+ 

(95/5) 

 

Reduction with the 

increasing content (15%) of 

Cloisite 20A by 54.5% 

Reduction by 60% with 

increasing content of  

Cloisite 20A 

PLA 

PLA/CNW (99/1; 

98/2; 97/3 and 

95/5) (CNW as 

freeze dried and 

solvent exchanged 

Casting decreased by the increasing 

content of both freeze dried 

and solvent exchanged 

CNWôs. The lowest 

reduction in the TS was 

reported for the PLA/CNW 

freeze dried (95/5) 

composites (36% 

reduction) 

The max. E value 

(12.57%) was obtained by 

the reinforcement with 3% 

of freeze dried CNW, 

which was approx. twice as 

high as that of the neat 

PLA. Increasing the 

content of solvent 

exchanged CNW led to a 

decrease in the E value 

[105] 

PLA 

PLA /HNT (97/3; 

94/6; 88/12) 

PLA / silated HNT 

(97/3; 94/6; 88/12) 

Melt 

compounding 

Compression 

molding 

Reduction for all studied 

blends between 17-23% 

Reduction between 23%-

53% for all studied blends 

[106] 

 

 

Improvement of the PLAôs Barrier Properties 

 

Since food matrices might be deteriorated due to several extrinsic factors such as increasing water activity, 

presence of oxygen, migration of toxic and harmful substances, exposure to heat and light, the packaging 

material should be designed in a way that does limit or eliminate these factors during storage period. Oxygen 

and water vapor permeability of the packaging material are crucial phenomena from this stand point of 

view.  

 

The mobility of gases through a polymer film depends on plenty of factors such as the tortuosity of their 

path through the polymer structure, the degree of exfoliation or dispersion, the filler content, type, aspect 

ratio and orientation, the filler-induced crystallinity, the polymer chain immobilization and the filler-
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induced solvent retention and porosity [107]. The gas permeability of the PLA was studied and reported by 

[24]. It was concluded that chain branching and the small alterations in L/D ratio of the PLA did not 

influence its gas permeability whereas the rate of crystallinity predominantly affects the permeability of 

several gases (methane, oxygen, nitrogen, carbon dioxide). On the other hand, some scientists disagreed 

stating that the effect of the stereochemistry on the permeability of PLA on amorphous phase was negligible 

[108]. In another research, the scientists determined a reduction in WVP of PLA by the increase in the rate 

of crystallinity up to 20% and suggested that the WVP was not significantly influenced by the ratio of D 

enantiomer up to 50% [109]. In another study, the higher crystallinity caused by the combination of Ag and 

higher amount of s-CNC in the PLA blends induced a synergistic effect and hence enhanced its barrier 

properties [110]. Besides their impact on the mechanical properties of PLA, the interaction of nanoclays 

and the blends of nanoclays with PLA on its gas permeability have also gained some attention for the 

scientists recently. It was accomplished to reduce the OTR and WVP of neat PLA almost by 50% for both 

by the reinforcement with 5% of MMT and 10% of PMMA [111]. The authors reported that using neat 

MMT as blending agent or PEG as plasticizer has a considerable influence on the improvement of both 

barrier properties of PLA. Nevertheless, in order to assess the effect of the reinforcement with silicate layers 

more precisely one might need to inspect the interactions between them and the compatibility of those 

morphological patterns from a broader perspective. Gas barrier characteristics of the nanocomposites 

basically rely on three factors: i) the dimension of the silicate layers in the polymer matrix, ii) the degree of 

distribution of the silicate in the polymer [112], iii) the molecular level interaction of the reactive chemical 

agent present in the nanoclay [113]. Therefore, these factors should be investigated comprehensively for 

various types of nanoclay alternatives when reinforcing PLA with the clay based materials before 

processing in order to make the most appropriate selection.    It was proposed by some researches that the 

reinforcement of PLA with hydrophilic structures might lead to an increase in water solubility, a poor 

interfacial adhesion, aggregate formation and hence rise in the OTR and WVP [94]. These findings were 

confirmed by the study [114] claiming an increase by 241% in the OTR by the reinforcement with the MCC. 

A substantial increase in the WVP of PLA by the addition of chitosan was reported due to its immiscibility 

with PLA [115]. On the other hand, the data of some studies indicating a substantial decrease (90%) in the 

OTR with the addition of CNW were inconsistent with these results [105]. This reduction might be 

associated with the incorporation of the nanoparticles with hydrophilic character into a hydrophobic matrix 

where their interaction with water was severely limited [116]. The researchers reported a decrease in WVP 

and OTR by 43% and 25% by the reinforcement with 3% of CNW processed by electro-spinning 

respectively. In another research it was reported that the increasing concentrations of some hydrophilic 
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polar solvents in the solvent mixture used in the casting with PLA might give rise to segmental motions and 

a reduction in the attraction forces between polymer chains which results in the reduction of the WVP [117]. 

Incorporation of some antioxidants and antimicrobial agents such as OLE into PLA might also be useful 

for the improvement of PLAôs barrier properties as these agents depending on their nature and structure 

may decrease the porosity and appropriately fill in the gaps present in the PLA network [93].   

 

PHBôs are regarded in the same manner with PLA since they exhibit similar properties to PLA. Thus, 

several researchers attempted to reinforce PLA with PHB making slight modifications. It was reported that 

the introduction of PHB with some plasticizers such as D-Limonene into PLA might improve its oxygen 

barrier properties by the modification of the crystalline order with the opposite effect [91].  The effect of 

PHBV on the barrier properties of PLA was studied at different weight ratios ranging between 25-75% 

[118]. Substantial reductions in the OTR and WVP of neat PLA were reported in this study with the 

increasing content of PHBV as 73% and 59% respectively. Some scientists pointed out that the 

reinforcement by several carbon layers might reduce the OTR and WVP of PLA owing to uniform 

distribution of sp2 and sp3 hybrids in the composite matrix by the formation of larger crystallites [119]. They 

also highlighted the larger the size of the crystallite the more uniformity and the lower permeability. 

 

Introduction of several modification techniques such as metallization by vacuum coating with Aluminum 

oxide or Silicon dioxide led to substantial reductions (up to 90% and 70%) in the OTR and WVP of neat 

PLA respectively [120].  In addition, incorporation of several hydrophobic materials such as beeswax was 

considerably effective on the reduction of WVP of neat PLA. A reduction of 64% in the WVP of neat PLA 

by the incorporation of beeswax in a content of up to 1% was reported [121].  These results were confirmed 

by another research revealing that the combination of beeswax with chitosan (3% w/v) in a crosslinked 

formation with PLA decreased the OTR and WVP by 100 and 1000 times respectively [122]. The studies 

with regard to the improvement of the PLAôs barrier properties were summarized in Table 3.  
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Table 3. Modification of the barrier properties of PLA 

 

Composition Type of 

Process 

Change in OTR of neat 

PLA 

Change in WVP of 

neat PLA 

Reference 

Wheat flour starch (75 

parts) 

Citric acid (0-2-5-10-

20 parts) 

PLA (25 parts) 

Extrusion 

Injection 

molding 

Reduction by 45% with 

PLA/starch (75/25), 

highest reduction was 

reported 96% for the blend 

with 2 parts added citric 

acid 

Lowest WVP was 

achieved by the 

reinforcement with 5 

parts of citric acid to 

PLA/starch 

composite (83% of 

reduction compared 

to PLA/starch 

without citric acid. 

Further increasing 

citric acid content 

led to the increase in 

WVP 

[123] 

 

PLA 

PLA/CNF (99/1; 97/3; 

95/5) 

 

 

Casting 

  

Rise between 7.5% 

and 33.7% with the 

increasing content of 

CNF 

 

[61] 

PLA 

PLA/PHB (75/25) 

PLA/PHB/PEG 

(63.75/21.25/15) 

PLA/PHB/ATBC 

(63.75/21.25/15) 

 

Extrusion-

Compression 

molding 

Reduction by 48.3% and 

75% with PLA/PHB 

(75/25) and PLAïPHBï

ATBC ( 63.75-21.25-15%) 

respectively, all other 

examined blends showed 

higher WVPôs  

 [65] 

PLA 

PLA/PHB(75/25) 

PLA/CNC/ATBC 

(80/5/15) 

Extrusion-

Compression 

molding 

Reduction by 23.6% and 

56.4% with 

PLA/PHB/CNC/ATBC 

and  with PLA/PHB/CNC 

respectively 

 [66] 
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PLA/s-CNC/ATBC 

(80/5/15) 

PLA/PHB/ATBC 

(63.75/21.25/15) 

PLA/PHB/CNC/ATBC 

(60/20/5/15) 

PLA/PHB/s-

CNC/ATBC 

(60/20/5/15) 

 

CNC (1 and 5% of 

PLA) 

s-CNC (1 and 5% of 

PLA) 

Casting Reduction by 9%; 26% 

43.0% and 48.2% with 

CNC (1%); s-CNC (5%); 

CNC (5%) and s-CNC 

(5%) respectively 

Reduction by 34%; 

4% and 15% with s-

CNC (1%), CNC 

(5%) and s-CNC 

(5%) respectively  

[95] 

 

CNC-PLLA (1-2-3% 

of PLA) 

 

Extrusion 

Compression 

molding 

 

Reduction by 89%; 90.4% 

and 91.5% with CNC-

PLLA(1%); CNC-

PLLA(2%) and CNC -

PLLA(3%) respectively 

 

Reduction by 

83.6%; 85.6% and 

88.3% with CNC-

PLLA(1%); CNC-

PLLA(2%) and 

CNC -PLLA(3%) 

respectively 

 

[124] 

 

PLA monolayer 

PLA/CIN monolayer 

PLA casted and 

compression moulded 

bilayer films with and 

without CIN 

 

 

Casting 

Compression 

molding 

 

Reduction by 73.3%; 74.7 

and 74.7% with PLA/CIN 

monolayer; PLA casted 

and comp. molded bilayer; 

PLA casted and comp. 

molded bilayer with CIN 

respectively 

 

Reduction by 30.7% 

only with PLA 

casted and comp. 

molded bilayer with 

CIN 

 

[125] 
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Table 3. Modification of the barrier properties of PLA (to be continued) 

Composition Type of 

Process 

Change in OTR of neat 

PLA 

Change in WVP of 

neat PLA 

Reference 

ANS (2-7.5-15% of 

PLA) 

ENS (2-7.5-15% of 

PLA 

AMMT(2-7.5-15% 

of PLA) 

EMMT (2-7.5-15% 

of PLA) 

Casting Reduction between 13%-

81% for all studied blends. 

The highest reduction was 

reported for the 

reinforcement with 15% 

of ENS 

Reduction between 

36%-44% for all 

studied blends. The 

highest reduction was 

reported for the 

reinforcement with 

EMMT (2%) 

[126] 

 

PLA 

PLA/PA (1% of 

PLA)/CSR (5% of 

PLA) 

 

Melt blending 

Extrusion 

Injection 

molding 

 

Rise by 11% with 

PLA/CSR (5%)  

  

[74] 

 

APLA 

APLA/OMMT (4-8 

% of APLA) 

CPLA 

CPLA/OMMT (4%) 

 

Melt 

compounding 

Compression 

molding 

 

Reduction by 14.6-22.3% 

in OPC of neat APLA 

with 4% and 8% OMMT 

respectively 

Reduction by 13% in OPC 

of neat CPLA with 4% of 

OMMT 

  

[127] 

 

PLA/ OMMT (2.5-

5% of PLA) 

PLA/Thymol (8% of 

PLA) 

PLA/Thymol (8% of 

PLA)/OMMT(2.5-

5% of PLA) 

 

Melt blending 

Compression 

molding 

 

Reduction by 10% and 

22.6% with OMMT 

(2.5%) and OMMT (5%) 

respectively.  

Reduction by 10% with 

Thymol/OMMT (2.5%), 

but increase by 2.1% with 

Thymol/OMMT (5%) 

 [77] 
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PLA 

PLA/ATBC (80/20) 

PLA/ATBC/Chitosan 

(79.2/19.8/1) 

PLA/ATBC/Chitosan 

(77.6/19.4/3) 

PLA/ATBC/Chitosan 

(76/19/5) 

Melt blending 

Compression 

molding 

 Increase by 167%; 

175.5%; 237% and 

203% with ATBC; 

ATBC/Chitosan 

(1%); 

ATBC/Chitosan (3%) 

and ATBC/ Chitosan 

(5%) respectively 

[78] 

 

PLA 

SPS/PLA (50/50) 

SPS/PLA (60/40) 

SPS/PLA (70/30) 

SPS/PLA (80/20) 

 

Casting 

  

Increase by 163%; 

313%; 388% and 

425% with SPS(50); 

SPS(60); SPS(70) and 

SPS(80) respectively 

 

[79] 

 

PLA 

PLA/SiOx coating 

PLA/anti UV coating 

PLA varnished 

 

Lamination 

 

Reduction by 98.9%; 

99.1% and 97.4% with 

SiOx coating; anti UV 

coating and varnished 

sample respectively 

 

  

[80] 

     

PLA  

PLA with SiOX  

PLA with PVA 

PLA/metalized with 

Al  

Sublimation- 

condensing-

casting 

Reduction by 98.9%; 

95.4% and 85.6% with 

SiOX; PVA and metalized 

Al respectively 

 

 [81] 

 

PLA 

PLA/CNF (99/1) 

PLA/CNF(95/5) 

 

Casting 

  

Reduction between 

approx. 29%-76% for 

all studied blends. 

The highest reduction 

 

[128] 
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PLA/CNF (93/7) 

PLA/CNF(90/10) 

was reported for the 

PLA/CNF (99/1)  

 

Table 3. Modification of the barrier properties of PLA (to be continued) 

Composition Type of 

Process 

Change in OTR of neat 

PLA 

Change in WVP of 

neat PLA 

Reference 

Wheat straw (10-

20-30-40% of 

PLA) with and 

without SSSM 

pretreatment 

SSSM 

Extrusion 

 Increase between 

approx. 100%-700% 

by the reinforcement 

with increasing 

content of SSSM 

treated materials 

Increase between 

approx. 15%-100% for 

wheat straw blends 

without SSSM 

treatment. The lowest 

rise was reported for 

wheat straw (20%)-

PLA blends without 

SSSM 

[28] 

     

PLA 

PLA/FFS (23/15 

v/v) bilayer film 

(FFS containing 

Chitosan solution; 

Maize germ oil 

and ZCC 

(Zein/Chitosan 

(1/2.5 v/v) 

Casting Reduction by 48.6% Rise by 63.8% [89] 

 

PLA 

PLA/PHB (75/25) 

PLA/PHB/CNC 

(71.25/23.75/5) 

 

Extrusion 

Pelletizing 

 

Reduction by 56%; 49.2% 

and 57.4% with PHB; 

PHB/CNC and PHB/s-CNC 

respectively 

  

[90] 
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PLA/PHB/s-CNC 

(71.25/23.75/5) 

 

PLA 

PLA/PHB (75/25) 

PLA/ D-limonene 

(85/15) 

PLA/PHB/ D-

limonene 

(75/25/15) 

 

Melt blending 

Compression 

molding 

 

Reduction by 43.4% with 

PHB; increase by 91% and 

22.5% with D-Limonene 

and PHB/D-Limonene 

respectively 

  

[91] 

 

PLA 

A: PLA/Chitosan 

(715 ɛ) (95/5)  

B: PLA/Chitosan 

(715 ɛ) (90/10) 

C: PLA/ Chitosan 

(180 ɛ) (95/5  

D: PLA/ Chitosan 

(180 ɛ) (90/10) 

 

Extrusion 

Hot pressing 

  

Rise by 428%; 400%; 

1750% and 75% with 

A;B;C and D 

respectively 

 

[92] 

 

PLA 

PLA/OLE 

(94.1/5.9) 

PLA/OLE 

(88.9/11.1) 

PLA/OLE 

(84.2/15.8) 

PLA/OLE (80/20) 

PLA/OLE 

(76.2/23.8) 

PLA/OLE 

(72.7/27.3) 

 

Casting 

  

Reduction between 

11.1% and 22.3% for 

all studied blends. The 

highest reduction was 

reported for the 

PLA/OLE (94.1/5.9) 

 

[93] 
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PLA 

PLA/CNW 

(97.5/2.5; 92.5/7.5 

and 85/15) 

PLA/CNW-ICN 

(97.5/2.5; 92.5/7.5 

and 85/15) 

 

Casting 

 

Rise between 10-48% for 

all studied blends except 

for PLA/CNW (92.5/7.5) 

whose OTR was equal to 

that of neat PLA 

 

Rise between 4.5%-

196% for all examined 

blends. The lowest 

increase was reported 

for PLA/CNW-ICN 

(85/15) 

 

[94] 

Table 3. Modification of the barrier properties of PLA (to be continued) 

Composition Type of 

Process 

Change in OTR of neat 

PLA 

Change in WVP of 

neat PLA 

Reference 

PLA 

PLA/Ag (99/1) 

PLA/CNC/Ag (98/1/1; 

94/5/1) 

PLA/s-CNC/Ag 

(98/1/1; 94/5/1) 

Casting Reduction by 22%; 46%; 

54%; 42% and 60% for 

PLA/Ag (99/1); 

PLA/CNC/Ag(98/1/1); 

PLA/s-CNC/Ag (98/1/1); 

PLA/CNC/Ag (94/5/1); 

PLA/s-CNC/Ag (94/5/1) 

respectively 

Reduction by 4%; 

46%; 59%; 47% and 

59% for PLA/Ag 

(99/1); 

PLA/CNC/Ag(98/1/1); 

PLA/s-CNC/Ag 

(98/1/1); 

PLA/CNC/Ag 

(94/5/1); PLA/s-

CNC/Ag (94/5/1) 

respectively 

[110] 

     

     

PLA 

PLA/BHA (99/1) 

PLA/BHT (99/1) 

PLA/PG (99/1) 

PLA/TBHQ (99/1) 

Casting Reduction by 10% and 5% 

with PG and TBHQ 

respectively, increase by 

14.7% and 33% with BHA 

and BHT respectively 

Reduction by 5% and 

7.7% with BHT and 

BHA respectively 

Rise by 7.7% and 

11.5% with PG and 

TBHQ respectively 

[96] 

 

PLA 

PLA/CNW (99/1; 97/3 

; 95/5) 

 

Casting 

Compression 

molding 

 

Reduction by 16.6%; 

12.9%; 7.4% and 4.9 with 

PLA/CNW (99/1); 

PLA/CNW-PGMA (99/1); 

PLA/CNW-PGMA(97/3) 

  

[98] 
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PLA/ CNW-PGMA 

(99/1; 97/3 ; 95/5) ; 

PGMA to CNW ratio: 

5.7/1 

and PLA/CNW-PGMA 

(95/5) respectively 

Rise by 14% with 

PLA/CNW (95/5) 

 

PLA/G206 (85/15) 

PLA/G206/OMMT 

(84/15/1; 82/15/3; 

80/15/5) 

Cloisite 30B was used 

as OMMT (organic 

content:30%) 

G206: Commercial 

plasticizer (Glyplast) 

 

Melt blending 

Compression 

molding 

 

Reduction by 15.2%; 

36.2% and 46% with 

OMMT (1%), OMMT (3% 

and OMMT (5%) 

respectively compared to 

that of PLA/G206 (85/15) 

  

[99] 

 

PLA 

PLA/ HAC 5min. 

PLA/HAC 20 min. 

PLA/HAC 40 min 

 

RPEVD 

Casting 

 

Reduction by 59% ; 33% 

and 39% by the application 

of the deposition method of 

HAC for 5 min, 20 min and 

40 min. respectively 

 

Reduction by 68%; 

63% and 54% using 

the deposition 

application for 5 min., 

20 min and 40 min. 

respectively 

 

[119] 

 

PLA 

PLA/ODA (96/4) 

PLA/SBE (96/4) 

PLA/SAP (96/4) 

PLA/MEE (96/4) 

 

Extrusion 

Compression 

molding 

 

Reduction by 14%; 12.5%; 

40% and 64.5% with ODA; 

SBE; SAP and MEE 

respectively 

  

[102] 

     

PLA 

PLA/ODA (96/4; 

95/5; 93/7) 

Extrusion 

Compression 

molding 

Reduction by 12%; 15% 

and 19% with 4% ; 5% and 

7% of ODA respectively 

 [103] 

     

PLA 

PLA/Cloisite 20A 

Casting  Reduction by approx. 

4%; 35%; 55.5% and 

[104] 
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(97.5/2.5; 95/5;; 

90/10; 85/15) 

PLA/Cloisite 30B 

(95/5) 

PLA/Cloisite Na+ 

(95/5) 

67% with 2.5%; 5%; 

10% and 15% of 

Cloisite 20A 

respectively 

Reduction by 36% and 

5.6% with Cloisite20A 

(5%) and Cloisite 

30B(5%) respectively. 

Increase by 15.6% 

with Cloisite Na+ 

(5%) 

 

 

          

Table 3. Modification of the barrier properties of PLA (to be continued) 

Composition Type of 

Process 

Change in OTR of neat 

PLA 

Change in WVP of 

neat PLA 

Reference 

PLA 

PLA/MCF (99/1; 98/2; 

96/4; 95/5 and 90/10) 

Casting  Reduction by 10% 

with MCF of 1% 

Rise by 27.4%; 

44.4% and  80% 

with MCF of 4%; 

5% and 10% 

respectively 

[107] 

 

PLA 

PLA/CNW (99/1; 98/2; 

97/3 and 95/5) 

 

Casting 

 

Reduction by 83%; 90%; 

90% and 88% with CNW 

of 1%; 2%; 3% and 5% 

repectively 

 

Reduction by 64%; 

78%; 82% and 81% 

with CNW of 1%; 

2%; 3% and 5% 

respectively 

 

[105] 

 

PLA 

PLA/OMSFM (96/4) 

 

Extrusion 

Pelletizing 

 

Reduction by 65% 

  

[52] 
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PLA 

PLA/rubber (90/10) 

PLA/rubber/OMMT 

(89/10/1; 87/10/3; 85/10/5) 

Melt blending 

Extrusion 

Compression 

molding 

Rise for all studied 

samples between 25%-

90% 

[51] 

 

PLA 

PLA/CNC (99/1; 97/3; 

95/5) 

PLA/regenerated CNC 

(99/1; 97/3; 95/5) 

 

 

Casting 

 

Reduction between 60.2 

and 79.4% for all 

examined samples 

 

Reduction between 

30.4 and 51.4% for 

all studied blends 

 

[129] 

PLA 

PLA/ GONS (0.17%;  

0.35%; 0.69%; 1.37% v/v to 

PLA) 

Melt blending 

Compression 

molding 

Reduction between 26%-

45% with the increasing 

content of GONS 

 [130] 

 

CNC (0.5-1-2% of PLA) 

 

Blown 

extrusion 

 

Reduction by 74% with 

1% of CNC 

 

Reduction by 39% 

with 1% of CNC 

 

[131] 

 

PLA 

PLA/PCL (80/20) 

PLA/PCL/OMMT (80/20/3) 

PLA/PCL/OMMT/licocene 

(80/20/0.75/2.25) 

PLA/PCL/OMMT/polybond 

(80/20/0.75/2.25) 

PLA/OMMT (97/3) 

PLA/OMMT/Licocene 

(97/0.75/2.25) 

PLA/OMMT/Polypond 

3200 (97/0.75/2.25) 

 

Melt blending 

 

Reduction by 25%  with 

OMMT/Polybond; rise 

by 75% with PCL blends 

  

[132] 



ñV. International Ege Composite Materials Symposium 2021ò 
 

59 

 

 

PLA/EPO (3-5-10-15% of 

PLA) 

PLA/ESO (3-5-10-15% of 

PLA) 

Melt blending Decline between 51%-

70% for all studied 

blends 

Increease between 

23%-121% for all 

studied blends 

[32] 

Summary and Outlook 

This article provides an overview to the scientific developments in regard to the modification of PLAôs 

mechanical and barrier properties covering a number of recent works with a wide range of blend 

compositions in addition to the feasible processing alternatives and their effects on the improvement. In this 

framework, the percentage ratios of the investigated studies which could achieve satisfactory results are 

depicted in Figure 3.  

 

 

 

 

Figure 3.  The percentage ratio of the investigated studies which accomplished to A: increase the TS of 

the neat PLA; B: increase the E of neat PLA ; C: increase both TS and E of neat PLA; D: decrease the 

OTR of neat PLA ; E: decrease the WVP of neat PLA and F: decrease both OTR and WVP of neat PLA 

by the reinforcement with several blending agents 

 

As shown in Figure 3., only 26% of the investigated studies could accomplish to improve both the TS and 

E of the neat PLA while 85.7% of the studies focusing on the barrier properties of PLA were able to attain 

an improvement in both OTR and WVP with the same experimental set of material. One should notice that 

the majority of the relevant studies (79.2% of the studies described in Figure 3) could achieve a higher 
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elongation at break than that of the neat PLA. Unsurprisingly, the majority of the blending agents used in 

combination with PLA consists of bio based polymers such as cellulose and starch due to the environmental 

aspects. Other minor constituents of the composite mixtures include nanoclay based materials, antioxidants 

and antimicrobial agents, fossil based polymers, biodegradable polymers, compatibilizers, surfactants, 

nucleating agents (Figure 4). CNF, CPS, IA/DCP, CNF/chitosan, CNF/MEMO, TPS/citric acid, CNW/ICN, 

CNW/PGMA, CNC/Ag were the most effective blending agents or compositions which improved both the 

TS and E of the neat PLA by a range between 2.1-118% and 5.5-1400% respectively. The weight ratio of 

the blending agent in the composite ranged between 1 and 10% (for starch based materials between 10-

50%) in these studies. 

The thermal history, the processing method of the PLA and the structure of the blended co-polymer 

influence the crystallinity which has an impact on the hardness, TS and stiffness of PLA. Hence, the 

reduction in the crystallinity might have promoted the decrease in the TS in several studies presented in this 

review. When it comes to the modification of the IS and FS, due the limited number of the investigations 

in this framework it is not possible to make a statistical evaluation. Nevertheless, the substantial increments 

in the IS determined by the investigated works might open new windows for further research which will 

meet the industrial expectations comprehensively.   

 

 

 

Figure 4.  Percentage ratio of the investigated studies where were used as blending agent G: Cellulose based 

materials; H: Starch based materials; I: Clay based materials; J: Antioxidants and/or Antimicrobial agents; 

K: Others (Compatibilizers, surfactants, fossil based polymers, bio-based polymers, biodegradable 

polymers, plasticizers etc.) to improve the mechanical properties of PLA 

When it comes to the improvement of PLAôs barrier properties, statistical data in Figure 3 is the evidence 

for the attainment of their objectives for most of the studies summarized in this review. The reduction in 
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the OTR of neat PLA ranged between 5% and 96% for the reinforcement with the materials depending on 

their weight ratio (between 1 and 20% for nanoparticles; between 20-50% for bio based polymers) in the 

composite. The highest reduction in the OTR was achieved by the reinforcement with the wheat flour starch 

(25%)/ citric acid (2%) combination. The decrease in the WVP of neat PLA ranged between 4% and 88% 

for the reinforcement with the materials depending on their weight ratio (between 1 and 15% for 

nanoparticles; between 10-50% for bio based polymers and some agricultural wastes) in the composite. The 

highest decline was observed for the composites reinforced with CNC/PLLA (3% of the total polymer) 

blend. The categories of blending materials used in combination with PLA to modify its mechanical and 

barrier properties are presented in Fig. 4 and Fig. 5 respectively. 

 

 

Figure 5.  Percentual ratio of the investigated studies where were used as blending agent G: Cellulose based 

materials; H: Starch based materials; I: Clay based materials; J: Antioxidants and/or Antimicrobial agents; 

K: Others (Compatibilizers, surfactants, fossil based polymers, bio-based polymers, biodegradable 

polymers, plasticizers etc.) in order to improve the barrier properties of PLA 

 

In contrast to the ratio given for the improvement of mechanical properties in Figure 4, the ratio of the 

materials with bio-origin to the number of total investigated studies presented in Fig. 5 is lower. On the 

other hand, the percentage of the studies worked with clay based material is higher. Indeed, the decline in 

the number of the investigated studies which used starch as blending agent for the improvement of barrier 

properties might give rise to this selectivity of the researchers. Approximately 82%  and 50% of the studies 

which used polymers of bio-origin (starch and cellulose blends) could accomplish to reduce the OTR and 

WVP of the neat PLA respectively, while 89% and 100% of the inspected studies which applied clay based 
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material as reinforcing agent into PLA managed to decrease the OTR and WVP of the neat PLA 

respectively. These findings reveal that using clay based materials in PLA blends might more effectively 

promote its barrier properties. 

 

Conclusion 

The market for the bio-based and bio degradable polymers will be expected to grow in the near future since 

the research and development in this area keeps focusing on the satisfactory packaging performances by 

novel technologies while trying to optimize their cost and benefits. As a matter of fact, what we can foresee 

is that the significant contribution of PLA to this market will still be not ignorable. Hence, it will also 

pioneer the novel bio-based and biodegradable food packaging materials changing our life style from the 

dependence of petrochemical based polymers into a free choice of ñliving healthy and environmentally 

friendlyò concept for each individual.  

 

Nevertheless, one should be aware that the substitution of petrochemical based polymers is feasible if the 

modifications in regard to the PLAôs mechanical and barrier properties are industrially applicable and 

sustainable also only if the competitiveness of these blends or novel materials in price could be achieved 

by optimizing process technologies of PLA, creating cost effective solutions for production of lactic acid, 

utilizing different energy sources apart from electricity in the PLA production. In addition, more attention 

must be given to the agricultural by products and wastes which might improve the PLAôs properties within 

the framework of food safety. Thus, the compatibility and the performance of those materials used in 

combination with PLA should be further investigated  

 

Nomenclature 

ACNF: Acetylated cellulose nanofibers 

Ag: Silver nanoparticles 

AGM: Acetyl glycerol mono laurate 

ANS: Amino nanosilica 
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AMMT: Amino silated Montmorillonite 

APEN: Acid phosphate ester of ethoxylated nonylphenol 

APLA: Amorphous PLA 

APP: Ammonium polyphosphate 

APS: Starch modified with 3-aminopropyl trimethoxysilane 

AR: Acrylate rubber 

AS: Acetylated Starch 

ATBC: acetyl (tributyl) citrate 

ATEC: acetyl (triethyl) citrate 

BEWS: Butyl etherified waxy starch 

BHA: Butylated hydroxy anisole 

BHAS: Butyl etherified highly amilose starch 

BHT: Butylated hydroxy toluene 

BSA: Bis-stearamide 

CGS: Gelatinized Corn starch 

CIN: Cinnamaldehyde 

CME: Canola oil fatty acid methyl esters 

CNC: Cellulose nanocrystals 

CNCFE: CNC and canola oil fatty acid methyl esters mixture 

CNF: Cellulose nanofibre 

CNW: Cellulose nanowhiskers 

CPLA: PLA in crystal form 

CPS: Starch modified with 3-chloropropyl trimethoxysilane 
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CSR: Core Shell Rubber 

DBS: Dibutyl sebacate 

DCP: Dicumyl peroxide 

DMAC: Dimethyl acetamide 

E: Elongation at break (%) 

EAC: Ethylene/acrylate copolymer 

EM: Elasticity modulus  

EMMT: Epoxy silated Montmorillonite 

ENS: Epoxy nanosilica 

EPO: Epoxidized Palm oil 

ES: Etherified starch 

ESO: Epoxidized soybean oil 

EVA: Ethylene vinyl acetate 

EVOH: Ethylene vinyl alcohol 

FDA: Food and Drug Administration 

FFS: Film forming solution 

FS: Flexural Strength 

GONS: Graphene oxide nanosheets 

GPS: Starch modified with 3-glycidoxypropyl trimethoxysilane 

GTS: Gelatinized Tapioca starch 

HA: Hexyl acetate 

HAC: Hydrogenated amorphous carbon 

HAS: Non butyl etherified highly amilose starch 
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HAWS: Waxy starch with high amylose content 

HDAPA: Hydrogenated dimer acid poly amide 

HDPE: High Density Poly Ethylene 

HNT: Halloysite nanotubes 

IA: Itaconic anhydride 

ICN: n-octadecyl isocyanate 

IS: Impact strength 

LAK: Aromatic sulfonate 

LDPE: Low density polyethylene 

LLDPE: Linear Low density polyethylene 

MA: Maleic anhydride 

MCC: Microcyrstal cellulose 

MCF: Micro cellulose fibre (100 ɛ) 

MDI: Methylenediphenyl diisocyanate 

MEE: OMMT (200-300 nm) modified with Dipolyoxyethylene alkyl (coco) methylammonium cation 

MEMO: 3-methacryloxypropyltrimethoxysilane 

MMT: Montmorillonite 

NS: Nanosilica 

ODA: OMMT (150-200 nm) in which Octadecylammonium cation used as salt 

OLE: Olive leaf extract 

OMMT: Organomodified Montmorillonite 

OMSFM: Organically modified synthetic fluorine mica 

OPC: Oxygen Permeability Coefficient 
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OPS: Oriented Polystyrene 

OTR: Oxygen transmission rate 

PA: Acrylic Processing Aid 

PBAT: Poly (butylene adipate-co-terephthalate) 

PBOH: Poly (1, 3 butane-diol) 

PCL: Polycaprolactone 

PEG: Polyethyleneglycol 

PEO: Polyethyleneoxide 

PET: Polyethylene terephthalate 

PG: Propyl gallate 

PGA: Poly glycolic acid 

PGMA: Poly (glycidyl methacrylate) 

PGV: Nanomer hydrophilic bentonite 

PHA: Polyhydroxyalkanoate 

PHB: Polyhydroxybutryrate 

PHBV: Poly(3-hydroxybutyrate-Co-3-Hydroxyvalerate) 

PLA: Poly lactic acid 

PLLA: Poly (L-Lactide) 

PMMA: Poly (methyl methacrylate) 

PP: Polypropylene 

P-Sil: Phosphorus silane 

PVA: Polyvinyl alcohol 

PVAC: Polvinyl acetate 
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PVC: Polyvinyl chloride 

PVDC: Polyvinyldichloride 

RPEVD: Radiofrequency plasma-enhanced chemical vapour deposition 

SAP: OMMT (50-60 nm) in which Hexadecyltributylphosphonium cation was used as salt 

SBE: OMMT (100-130 nm) in which Octadecyltrimethyl ammonium cation was used as salt 

s-CNC: Surfactant modified Cellulose nanocrystals 

SPS: Sugar palm starch 

SSSM: Solid state shear milling 

TBHQ: Tertiary-butylhydroquinone 

THF: Tetrahydrofuran 

TPS: Thermoplastic starch 

TS: Tensile strength 

WS: Non butyl etherified waxy starch 

WVP: Water vapor permeability 

ZCC: Zein Chitosan complex material 
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Abstract 

Lightweight design is a major concern for vehicles such as cars and airplanes to reduce emissions. 

However, it is predicted that with the current metal-dependent (iron and aluminium) designs of car 

manufacturers, it will hardly meet the predefined emission standards in the 2020s. Meanwhile, carbon 

fiber reinforced polymers have the ability to reduce 60% by weight without adversely affecting product 

performance. The relatively high price of the main carbon fiber precursor, polyacrylonitrile (PAN), has 

limited the commercialization of this product. Lignin is a viable bio-based alternative to high-potential 

PANs in the automotive industry, which can reduce costs by up to 50%. Lignin is a complex phenolic 

polymer that is present in the cell wall of plants and causes strength and rigidity. Annually, large volumes 

of this material are incinerated or buried as waste from the paper industry and biological refineries. Lignin 

is an abundant precursor, making it a great alternative to conventional precursors. Accordingly, it is aimed 

to give a brief overview on lignin as a precursor in carbon fiber production. 

 

Keywords:  Carbon fiber reinforced polymers, Lignin precursor, Bio-based composites, Automotive 

industry, Reduce carbon dioxide emissions 
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Hafif tasarēm, emisyonlarē azaltmak i­in arabalar ve u­aklar gibi ara­lar i­in b¿y¿k bir endiĸe kaynaĵēdēr. 

Ancak, otomobil ¿reticilerinin mevcut metale baĵēmlē (demir ve al¿minyum) tasarēmlarēyla 2020'lerde 

ºnceden tanēmlanmēĸ emisyon standartlarēnē pek karĸēlamayacaĵē tahmin ediliyor. Bu arada, karbon fiber 

takviyeli polimerler, ¿r¿n performansēnē olumsuz etkilemeden aĵērlēk­a% 60 azaltma kabiliyetine 

sahiptir. Ana karbon fiber ºnc¿s¿ olan poliakrilonitrilin (PAN) nispeten y¿ksek fiyatē, bu ¿r¿n¿n 

ticarileĸmesini sēnērlamēĸtēr. Lignin, otomotiv end¿strisinde maliyetleri% 50'ye kadar d¿ĸ¿rebilen y¿ksek 

potansiyelli PAN'lara uygun bir biyo-tabanlē alternatiftir. Lignin, bitkilerin h¿cre duvarēnda bulunan ve 

g¿­ ve sertliĵe neden olan karmaĸēk bir fenolik polimerdir. Yēllēk olarak, bu malzemenin b¿y¿k miktarlarē 

yakēlēr veya kaĵēt end¿strisi ve biyolojik rafinerilerden atēk olarak gºm¿l¿r. Lignin bol bir ºnc¿d¿r ve 

geleneksel ºnc¿llere harika bir alternatiftir. Bu doĵrultuda, karbon elyaf ¿retiminde bir ºnc¿ olan lignin 

hakkēnda kēsa bir ºzet verilmesi ama­lanmaktadēr. 

 

Keywords:  Karbon fiber takviyeli polimerler, Lignin ºnc¿s¿, Biyo bazlē kompozitler, Otomotiv 

end¿strisi, Karbondioksit emisyonlarēnēn azaltēlmasē 

INTRODUCTION  

Carbon fiber is termed as a fiber comprising of at least 90% carbon. It can be obtained via controlled 

pyrolysis of special precursor fibers (PFs). It first stepped into science back in 1879 when Edison applied it 

as a high-strength filament for electric lighting [1]. However, it was not until the early 1960s that 

commercial production of carbon fiber began for military purposes such as warplanes. Carbon fibers 

gradually have found various application areas, one of which is reinforcement and improvement of 

structures and composites [2], and the others of which are civilian cases such as passenger and cargo aircraft 

[3], manufacturing of automobile and industrial parts [4], medical industries [5], sports and recreational 

industries [6]. Carbon fibers are used in composites with epoxy resins or other resins and their composite 

is the best choice in cases where high strength and hardness along with low weight and exceptional 

corrosion resistance properties are considered. Mechanical strength at high temperatures, chemical 

neutrality and high impact resistance are among other pros of these fibers [7]. As previously mentioned, 

they are made by pyrolysis of organic fibrous precursors. Heat treatment removes elements such as oxygen, 

nitrogen and hydrogen and leaves carbon in the form of fibers. Studies on carbon fibers have shown that 

the mechanical properties of carbon fiber are improved by increasing the degree of crystallization, 

orientation of the PFs, and reducing of its defects [8]. The best way to achieve carbon fibers with expected 

properties is to use highly-oriented PF and maintain it during the stabilization and carbonization processes 

by application of drawing prior to windup [9]. There are various types of fibers that have unique 

characteristics which can be applied as a precursor in carbon fiber production. The most commonly applied 

PFs encompass PAN fibers, cellulosic fibers (such as viscose rayon and cotton), bitumen from coal tar, and 

special types of phenolic fibers. Investigations on alternative PFs are still undergoing. 

 

MATERIALS and METHODS  

The very first attempt on lignin-based carbon fiber production was carried out on 1965. Dry spinning and 

melt-spinning methods were both applied to do so [10]. Lignin can be noted as one of the most eye-catching 

applicable precursors to reduce the cost of carbon fiber production. If produced with medium and high 
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strength, lignin carbon fibers have great potential in automotive, aerospace, renewable energy and energy 

storage system/electronic industries. The whole journey of lignin from tree to lignin-based carbon fiber 

reinforced polymer (CFRP) composites is presented in Figure 1. According to Composites World Carbon 

Fiber Conference which was held in 2012, global market demand for CFs was estimated to reach 

approximately 102,460 metric tons in 2020. Besides all pros of lignin, application of it has some cons as 

well. Lignin is heterogeneous in structure and this structure causes variation in the physical and chemical 

properties. In addition, it complicates process development and optimization. Therefore, in order to produce 

good quality carbon fiber from lignin, the processing technology should be well optimized and a detailed 

research should be done to understand the basic chemistry laying beyond it [11]. 

 

 

Figure 1. Journey of lignin from its source towards end-use [12] 

 

In another attempt, uniaxial lignin fibers were applied in order to obtain lignin-based carbon fiber (LCF). 

They were melt-optimized with multi-filaments through spinning, and carbon fibers were produced using 

stabilization and carbonization techniques. LCFs demonstrated relatively high mechanical and interfacial 

properties without sizing. They can be preferred in certain applications that will activate the interface, such 

as conventional carbon fibers that require additional sizing, as well as in staple fiber composites, 

consumables for additive production and fillers. LCF will be used more especially in automotive 

applications with the continuous development and improvement of mechanical performance [13]. It is stated 

that CFRP composite materials have an enormous lightness potential in comparison to aluminum and can 

reduce weight by up to 60% in automobile parts without impairing their functionality. PAN or other 

petroleum-based raw materials used as a precursor in conventional carbon fibers have been found to account 

for half the carbon fiber production cost. For this purpose, the use of CFRP has been limited in the 

automotive industry's mass series applications. Lignin has been used as an alternative pioneer to reduce the 

cost of carbon fiber production and CO2 emissions. Compared to traditional PAN-based carbon fiber 

manufacturing process in order to extend LCF manufacturing process, two steps were added to fiber 
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spinning stage. The first step of which is washing and drying the lignin powder, and the second of which is 

pelletizing it. The five main steps demonstrating the use of hardwood lignin as a precursor for carbon fiber 

production are summarized as follows:  

 

 

¶ Washing and drying lignin powder  

¶ Pelletizing lignin powder  

¶ Melting of lignin fiber  

¶ Oxidation of fiber  

¶ Carbonization of fiber [14] 

 

Carbon fibers were also produced from Kraft lignin for the first time without any chemical modification 

and carbonization. Lignin has excellent spinnability to form a fine fiber. Prior to carbon fiber production, it 

has to go through a thermal pretreatment under vacuum. Blending lignin with poly ethylene oxide (PEO) 

could make fiber spinning even easier. The yield of the manufactured carbon fibers was 45%. Tensile 

strength and modulus increased with decreasing fiber diameter. Mechanical properties, tensile of 400-550 

MPa and elasticity modulus of 30-60 Gpa were reported. It was assumed that commercial hardwood Kraft 

lignin and Alcell lignin can be used to produce a carbon fiber suitable for general performance grades. 

Thermal fiber spinning and the subsequent stabilization process heat-hardens the thermoplastic nature of 

lignin, allowing lignin-based fibers to maintain their fibrous form during subsequent carbonization [15]. 

Stabilization conditions and PFs diameter play a key role in carbon fiber preparation via lignin-cellulose 

precursors. Precursors posterior to conversion into carbon fiber, did not fuse at all. Preparing carbon fiber 

from dry jet wet spun lignin, provides 39% yield by weight and oxidative stabilization in less than 2 hours 

[16]. 

 

RESULTS AND DISCUSSION 

Carbon fiber is one of the most important families of advanced fibers that has very high strength (between 

7 to 10 times the structural steel depending on the fibers type), low density (about two-thirds of aluminum), 

outstanding electrical conductivity, weavability, fabricability of lightweight and strong composites and heat 

stability which discriminates it from the rest of the engineering materials. The raw materials used in the 

production of carbon fibers which is produced based on advanced technologies and special equipment, are 

very diverse. Carbon fibers have a wide variety of applications due to their exceptional mechanical, thermal 

and electrical properties. Composites made of these fibers have found applicability in various industries, 

for instance, aerospace (fuselage of advanced aircraft), civil engineering (reinforcing concrete and 

structures such as columns, bridges, tunnels and building components), automotive and transportation and 

the production of compressed natural gas (CNG) tanks, transmission system, brakes and body parts of 

automotive, medicine and medical engineering (manufacture of artificial limbs, in vivo prostheses, 

ultralight splints, burn dressings and gastrointestinal drugs), energy (wind turbine blades, tanks and 

equipment used at sea for petroleum extraction, and fuel cells). 
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Development and Characterization of Diatom-Doped Hydroxyapatite/Chitosan Bone Scaffolds 
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Naturally sourced biomaterials have an important place in the field of bone tissue engineering as they exhibit 

biocompatibility and biodegradability properties. One of the natural materials that has attracted attention in 

recent years is diatom. Diatoms are single-celled eukaryotic organisms that live in aquatic environments 

and are the major source of biosilica formation. Diatoms in a wide variety of shapes form an amorphous 

silica shell with symmetrically dispersed nano/micropores with high mechanical stability. Since silicon 

plays an important role in bone formation, regeneration and mineralization, diatom, an inexpensive source 

of silica, is considered to be a promising natural resource in bone tissue engineering. In this study, diatom-

free and diatom-doped hydroxyapatite/chitosan (HA/CS) and hydroxyapatite/chitosan/diatom (HA/CSDi) 

three-dimensional bone tissue scaffolds were produced by freeze-drying method. Morphological analysis 

was performed by SEM to observe the micro and macroporous structures of the tissue scaffolds. In addition, 

high-magnification images were taken and the morphology of the diatom and its nanopore structure were 

observed. Accordingly, CS/HA and CS/HA/Di scaffolds were determined to have 160 ɛm and 130 ɛm 

pores, respectively. In addition, it has been observed that diatoms have a structure of approximately 9-16 

Õm in length and 8-20 Õm in diameter and contain regular nanopores between 260-330 nm. Analysis with 

FT-IR was performed to elucidate the chemical bonds and functional groups in the materials forming the 

scaffolds. Cytotoxicity studies have been carried out to determine whether the scaffolds are toxic. In this 

context, it was determined that tissue scaffolds did not show toxic properties. In addition, it has been shown 

by cell culture studies that cells can proliferate by adhering to scaffolds. Diatom can be used as a source of 

bioactive silica with unique nanopores to improve the osteoinductive properties of tissue scaffolds in bone 

tissue engineering studies. The developed biocomposite scaffolds have promising potential for bone tissue 

engineering. 

KEYWORDS: Diatom, Freeze-drying, Bone tissue scaffold, Biocomposite 
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Scaffolds for Bone Tissue Engineering Applications 
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1Manisa Celal Bayar University, Department of Metallurgical and Materials Engineering, 2Manisa Celal 

Bayar University, Department of Biology, 

Bioactive glasses have been used in wide range of biomedical applications including hard and soft tissue 

engineering. This group of biomaterials have ability to bond to bone tissue when they contact with the 

physiological fluids in vivo and encourage growth of new bone cells. In the current study, hexagonal boron 

nitride (hBN) nanoparticle- containing polycaprolactone (PCL) and polylactic-co-glycolic acid (PLGA) 

coated bioactive glass scaffolds were prepared and their ability to use in bone tissue engineering 

applications was assessed. Borate-based bare bioactive glass were fabricated using polymer foam 

replication method and they were coated with the Hbn containing polymer solution through dip coating. 

Mechanical and structural properties, in vitro bioactivity in simulated body fluid and cytotoxicity of the 

prepared composite scaffolds were investigated. Drug (gentamicin sulfate) release from the bioactive glass 

based composites were studied in phosphate buffer saline. Results showed that polymer coating layer and 

the presence of hBN nanoparticles improved the mechanical properties of the fabricated scaffolds. 

Incorporation of the hBN nanoparticles enhanced the in vitro hydroxyapatite forming ability of the bioactive 

glass based composites. Results also revealed that prepared scaffolds were not cytotoxic to osteoblastic 

MC3T3-E1 cells under in vitro conditions up to 72 hours. Drug release experiments showed that the 

cumulative gentamicin sulfate release percentage and the release rate of PCL-coated scaffolds were higher 

compared to the PCL/PLGA coated samples. Presence of hBN nanoparticles accelerated the drug release 

rates in both systems. Drug release behavior of the bioactive glass based composite scaffolds was fitted by 

Higuchi model. Manufactured, bioactive glass composite scaffolds containing hexagonal boron nitride 

nanoparticles have shown promising potential for bone repair and regeneration. 

KEYWORDS: Bioactive glass, hexagonal boron nitride, scaffolds, bone regeneration 
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PREPARATION OF ALGINATE BASED COMPOSITE FOR STRONTIUM DETECTION 

USING RGB COORDINATES 
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1Ege University Institute of Nuclear Science, 2Ege University Chemistry Department, 

Wastewater from nuclear power plants contains radioisotopes, suspended, and dissolved solid materials. 

Radionuclides of strontium (Sr2+), because of its greater yield in the nuclear fission process and longer 

half-lives, is among the most hazardous and dangerous radionuclides in the nuclear waste effluents and it 

can be found in almost all radioactively contaminated areas, mainly in the aqueous phases. Various 

functionalized materials have been developed and reported for selective detection and removal of 

radionuclides form aqueous solutions. In this study, we prepared alginate beads that were modified with 

Murexide (Ammonium purpurate) probe molecule to detect the strontium ions. As a probe molecule, 

Murexide was immobilized to the alginate beads. The colour changes of the beads in the presence of 

strontium ions were determined quantitatively using RGB (red, green, blue) colour coordinate values. The 

RGB values of the Murexide-alginate beads were evaluated using ImageJ (Image Java). This enables us to 

obtain the colour change by simply determining of the RGB coordinates corresponding to the colour of the 

sample. The optimization of suitable conditions for colorimetric detection of strontium ions was studied. 

The influence of solution pH, Murexide concentration, Strontium concentration in the solution, the 

temperature and the reaction time were optimized. The colorimetric coordinate method provides a 

convenient and simple technique for naked-eye metal ion detection. This method, which can be 

conveniently and easily monitored by the naked eye, are appropriate for monitoring of target metal ions and 

potential application in on-site detection owing to their simplicity and portability. This colorimetric 

detection of strontium ion is handly analyzed to determine RGB value using portable devices such as 

desktop digital scanner and mobile phone camera, quantitatively. We believe that it is a simple, convenient 

and rapid detection method for can be a potential candidate for practical applications such as on-site test 

and monitoring of the elements. 

KEYWORDS: Strontium, Alginate bead, Murexide, RGB colour coordinate 
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Abstract 

A highly biodegradable phase change material in the foam structure was prepared with chosen 

biopolymers and coconut oil. Bombyx mori, a domestic silkworm, is the producer of silk. Bombyx mori 

silk is a biopolymer used in various areas of biotechnology. Silkworm silk contains silk fibroin and sericin 

proteins. Silk fibroin (SF) is a glycoprotein that has superior mechanical properties changes with 

processing methods. In our study fibroin alone was not sufficient due to its relatively fragile structure for 

the preparation of foam phase change material. Biopolymer blends formed with silk fibroin, chitosan, and 

coconut oil were used for the preparation of foam material. The foams obtained were checked in terms of 

strength, softness, thickness, pores inside. The prepared foams were examined by using differential 

scanning calorimeter (DSC) analysis. In addition, FT-IR analyses were performed to verify the 

characteristic structure of the prepared foams. Morphology of the foam phase change material was 

observed with a Scanning Electron Microscope (SEM). The mixture of chitosan, silk fibroin, and coconut 

oil was found to be the most suitable mixture for the preparation of phase change foam material to be 

used in medical applications. 

Keywords:  silk fibroin, chitosan, phase change material, foam material 

¥z 

Se­ilen biyopolimerler ve hindistancevizi yaĵē ile kºp¿k yapēsēnda y¿ksek oranda biyolojik olarak 

bozunabilir bir faz deĵiĸim malzemesi hazērlanmēĸtēr. Evcil bir ipekbºceĵi olan Bombyx mori, ipek 

mailto:naircerens@gmail.com
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¿reticisidir. Bombyx mori ipeĵi, biyoteknolojinin ­eĸitli alanlarēnda kullanēlan bir biyopolimerdir. 

Ķpekbºceĵi ipeĵi, ipek fibroin ve serisin proteinleri i­ermektedir. Ķpek fibroin (ĶF), iĸleme yºntemleri ile 

deĵiĸen ¿st¿n mekanik ºzelliklere sahip bir glikoproteindir. Bizim ­alēĸmamēzda fibroin, gºrece kērēlgan 

yapēsēndan dolayē kºp¿k faz deĵiĸim malzemesinin hazērlanmasēnda tek baĸēna yeterli deĵildir. Kºp¿k 

materyalin hazērlanmasēnda ipek fibroin, kitosan ve hindistancevizi yaĵē ile oluĸturulan biyopolimer 

karēĸēmlarē kullanēlmēĸtēr. Elde edilen kºp¿kler mukavemet, yumuĸaklēk, kalēnlēk, i­ gºzenek a­ēsēndan 

kontrol edilmiĸtir. Hazērlanan kºp¿kler, diferansiyel taramalē kalorimetre (DSC) analizi kullanēlarak 

incelenmiĸtir. Ayrēca hazērlanan kºp¿klerin karakteristik yapēsēnē doĵrulamak i­in FT-IR analizleri 

yapēlmēĸtēr. Kºp¿k faz deĵiĸim malzemesinin morfolojisi, bir Taramalē Elektron Mikroskobu (SEM) ile 

gºzlemlenmiĸtir. Kitosan, ipek fibroin ve hindistancevizi yaĵē karēĸēmē, tēbbi uygulamalarda 

kullanēlabilecek faz deĵiĸtirici kºp¿k malzemesinin hazērlanmasē i­in en uygun karēĸēm olarak 

bulunmuĸtur.  

Keywords:  ipek fibroin, kitosan, faz deĵiĸtirme malzmesi,  kºp¿k malzeme 

INTRODUCTION  

Phase change materials (PCMs) are commonly used materials for heat insulation applications in all different 

industries. According to the principle of these types of materials, PCMs store thermal energy during their 

melting and solidifying processes. By absorbing and releasing energy, these substances provide dynamic 

thermal insulation by storing thermal energy in their specific heat capacity range. There are three different 

classes of PCMôs [1] including organic (paraffin, fatty acids, alcohols, and glycols), inorganic materials (salt 

hydrates, compounds, metals), and eutectics (compounds that consist of organic and inorganic or vice 

versa). All different three classes are commonly used in the textile, construction, food, and medical 

packaging industries. Some of the inorganic PCMôs are toxic for the environment and healthcare 

applications for instance trimethylolethane is considered hazardous by the 2012 OSHA Hazard 

Communication Standard. Thus, the thermal heat capacity of some of these PCMôs is suitable for 

construction or automobile industry applications but not effective with biomaterial studies.  

As a fatty acid, Virgin Coconut Oil (VCO) is considered as a good PCM that has a melting point 

approximately at 24 ÁC, also thermally stable under 200 melt-freeze cycles almost at room temperature heat 

capacity range [2]. Hence, VCO is advised to be a non-toxic, antiviral, antioxidant [3],  and antimicrobial 

material. To utilize VCOôs advantages as a PCM since oil is considered as not sufficient enough by the 

means of mechanical properties a co-substance base material was needed to improve the mechanical 

strength of the material.  

The potential of silk has been realized worldwide in the last decade. For a long time silk has been used 

mostly for textile applications. Silk has great potential as a biomaterial since it has useful chemical 

components for instance silk fibroin and sericin. Silk sericin is a gummy substance that encapsulates fibroin 

fibrous structure. Sericin contains moisture content (%10-17), nitrogen content (%9-16), ash content (%0.8-

6) [4]. In the textile industry, silk sericin is isolated from the fibroins to achieve the softness and lustrous 

properties of silk fibroin. Sericin contains different types of amino acids such as hydroxy (%45.8), polar 

(%42.3), and nonpolar (%12.2) amino acids [5]. 

Another silk protein is silk fiber which contains hydrophilic light and hydrophobic heavy chains [6]. The 

structure and properties of regenerated SF (RSF) highly depend on preparation techniques. Solvent and 
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coagulant solvents can be combined inventively to produce RSF materials with desired properties. 

Temperature, drawing rate, source of silk (whether it is from a domestic or wild silkworm), time of spinning, 

ion concentration, pH, crystallinity, and conformation [7] affect the properties and mechanical strength of 

the final RSF product. RSF is an enzymatic surface-erosion sourced biodegradable molecule [8]. Wang et 

al. stated that regenerated SF scaffolds are biodegradable and bioresorbable. Regenerated silk fibers can be 

engineered to achieve mechanically stronger structures than as-spun fibers.  

Chitosan (CHT) is a bio-sourced semi-crystalline polysaccharide that can be derived from chitin. The 

biodegradability of chitosan is an important property when utilizing this material in biomedical or medicinal 

applications along with using chitosan as a component of a biomaterial. It has many applications in the 

biomedical industry since it is non-toxic and adjusts the activity of mechanical strength of biomaterials [9].  

Silk fibroin was chosen to add to develop a foam formula with VCO to achieve high mechanical strength 

and porous structure along with chitosan. Since chitosan is an environment-friendly polycationic 

biopolymer, the material was used as a flocculating agent to embed the structural problems of silk fibroin 

foams such as the tendency to shatter down into little pieces [10]. 

In this study, we aimed to achieve a natural biodegradable phase change foam material (PCM) that contains 

silk fibroin and chitosan to prevent hypothermia in newborns. The developed novel phase change foam 

material can be used in future medical technology applications. 

MATERIALS and METHODS  

 

2.1. Materials 

Sodium carbonate (AFG Bioscience), Chitosan (Aldrich), Virgin Coconut Oil(local Market), Acetic acid 

(Mercks, ACS Reag.), Dialysis tube (Snake Skin TM Dialysis Tubing, 10K MWCO, 22 mm), Raw silk 

(Kozabirlik, Bursa-Turkey ), Calcium Chloride (AFG Bioscience LLC), Ethanol (Sigma-Aldrich) 

2.2. Degumming of Raw Silk 

Raw silk was treated in the aqueous %0.5 (v/w) sodium carbonate solution for 90 minutes with a 1:30 solid-

liquid ratio. This step has been repeated 3 times. Degummed silk was washed with running deionized water 

for 5 minutes. After treatment, degummed silk was left to dry at 40ÁC for 17 hours in the oven. It has been 

observed that degummed silk weighted %25 less than non-treated silk.  

2.3. Preparation of Silk Fibroin (SF) Solution 

Ajisawaôs reagent was (CaCl2/ethanol/water; 111/92/144) used for dissolving degummed silk in a 1:30 solid 

to liquid ratio. Degummed silk was fractioned into 2cm*2cm pieces and added to Ajisawaôs solution. The 

solution was stirred at 90 ÁC for 2-3 hours at 450 rpm in the Magnetic Stirrer with Hot Plate. After 

degummed silk has completely dissolved in Ajisawaôs reagent, the solution was left to dialysis with a 20 

cm length Snakeskin 10.000 MWCO (22mm x 35 feet) dialysis tube against deionized water for 3 days. 

Deionized water was changed 6 times in three days. 

2.4. Preparation of Chitosan Solution  
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The chitosan solution was prepared with %1 acetic acid at %1 (w/v) solid to liquid ratio. The solution was 

stirred at 700 RPM for 20 hours at a magnetic stirrer. 

2.5. Preparation of Silk Fibroin-Chitosan-VCO Solution  

Silk fibroin, chitosan, and virgin coconut oil were mixed at different ratios as indicated in the table below. 

After mixing different ratios, solutions were stirred with Ultra Turrax for 5 minutes. Stirred solutions were 

then frozen at 4 ÜC for 24 hours. Frozen solutions then freeze-dried for 3 days at Lyophilizer. 

. 

Table 1. Ratios of components present in samples 

(w/w) 

Table 2. Ratios of components for the 2nd set of 

samples (w/w) 

 

2.6 Characterization 

Average diameters and morphology of pores in the 

foam samples with different ratios were 

determined with the scanning electron microscopy 

analyses. Porous morphology of foam materials 

was investigated with two different magnifications 

which were 500, and 1000X. 

In order to identify chemical interactions of 

components in the final foam product Fourier 

transform infrared (FT-IR) spectroscopy was used 

with the selected (Attenuated Total Reflectance, 

ATR) method in the region of 4000-500 cm-1.  

 

 

 

 

 

Differential scanning calorimetry (DSC) was also 

used to observe thermal properties of samples in 

addition to calculate the enthalpy values of two 

pre-selected samples which had the highest ratio of 

virgin coconut oil (Sample 8 and Sample 10) 

 

 

 

 

Sample 

Number 

SF (%) CHT (%)   VCO 

(%) 

1 0 50 50 

2 0 70 30 

3 50 0 50 

4 70 0 30 

5                        30 70 0 

6 50 50 0 

7 70 30 0 

8 20 40 40 

9 20 60 20 

    

Sample 

Number 

SF (%) CHT (%)   VCO 

(%) 

8 20 40 40 

9 20 60 20 

10 40 20 40 

14 60 20 20 
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RESULTS AND DISCUSSION 

 

In Figure 1, samples with numbers 4, 5, and 6 clearly had an unexpected yellowish color and they also 

have structural problems such as shattering into small pieces. Volumes of samples 4 and 5 were observed 

to decrease whilst samples 8 and 9 had good porous structures and no decreasing volume with time. 

 

 

Figure 1. Photos of the foam samples prepared for set 1 and set 2. Sample numbers are the same as in Table 
1 and Table 2.  
 

In Figure 1 visual observations of sets 1 and 2 of different samples were shown. On the left-hand side of 

Figure 1., samples 4 and 5 had structural problems such as deformation and non-porous structure. These 

two samples also had yellowish color which indicated colorimetric problems. Thus, some samples indicated 

mechanical problems by shattering into little pieces. Sample 8 and 9, which are composed of all three 

components (SF, CHT, VCO) in the different ratios that are explained in Table 1., had the most-desired 

physical appearance which is a pure white color and porous structure with little to no deformation. 
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Figure 2a. Cross-section (left-hand side) and surface (right-hand side) scanning electron microscopy 
(SEM) micrographs of 4 samples at different ratios at 500 and 1000X magnification. a) Sample 8: 20% 
SF, 40 % CHT,40% VCO b) Sample 9: 20% SF, 60% CHT, 20% VCO c) Sample 10: 40% SF, 20% CHT, 
40% VCO d) Sample 14: 60% SF, 20% CHT, 20% VCO.  
 

 

 

 
Figure 2b. Cross-section (left-hand side) and surface (right-hand side) scanning electron microscopy 
(SEM) micrographs of 4 samples at different at 500 and 1000X magnification. a) Sample 8: 20% SF, 40 
% CHT,40% VCO b) Sample 9: 20% SF, 60% CHT, 20% VCO c) Sample 10: 40% SF, 20% CHT, 40% 
VCO d) Sample 14: 60% SF, 20% CHT, 20% VCO.  
 

As shown in Figure 2 a-b, the average pore diameters of different samples were dependent on the ratio of 

each component. Besides that, all four samples showed porous structure from cross-section micrographs as 

well as surface scans. Sample 9, which included most chitosan displayed less porosity in the micrographs. 

Samples that included higher ratios of silk fibroin (SF), indicated higher average pore sizes.   According to 

the data of pore sizes, it is clear that as the chitosan ratio increase porosity of samples had a tendency to 

decrease whereas as the silk fibroin ratio increased samples showed higher pore sizes.  
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Figure 3. Fourier Transform Infrared Spectroscopy spectra of samples. S1) Pure Silk Fibroin Foam, S2) 
Virgin Coconut Oil (VCO), S3) Chitosan Powder, S4) 20% SF, 40% CHT, 40% VCO, S5) 20% SF, 60% 
CHT, 20% VCO, S6) 40% SF, 20% CHT, 40% VCO, S7) 60% SF, 20% CHT, 20% VCO.  
 

In Figure 3. FT-IR Spectra of samples were investigated in the range of 4000-500 cm-1. Characteristic 

absorption peaks of the random coil and/or helical conformation of the secondary structure of protein 

backbones at approximately 1640 cm-1 were observed in all four biopolymer-based PCM foam samples (S4, 

S5, S6, and S7) and also at Sample 1 which consists of pure silk fibroin foam. In addition to structural 

absorption peaks at 1640 cm-1, amide I (1660 cm -1 ) and amide II (1540 cm -1 ) bands are caused by  C-O 

stretching and NïH in-plane bending [11]. The peak (1062 cm-1) associated with aliphatic amino groups can 

be attributed to CHT. 

Visual examination of the spectra (Fig. 3-S2) with absorption bands at wavenumbers 2954 cm-1 (stretching 

ïCïH [CH3]), 2921 cm-1 (asymmetric stretching ïCïH [ïCH2]), 2853 cm-1 (symmetric stretching ïCïH [ï

CH2]), 1743 cm-1 (stretching ïC=O) revealed that coconut oil was successfully integrated into the pores of 

the prepared foam material samples. The absorption peaks at 1472 and 721 cm-1 in the spectra of coconut 

oil and SF/CHI foam material containing coconut oil were attributed to the aliphatic C-H stretching 

vibration and the in-plane rocking vibration of CH2 group, respectively, [Fig. 3-S4-S7]. This proves that 

coconut oil was successfully encapsulated in the foam structure. 
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Figure 4. Differential scanning calorimetry thermograms (3 cycles) of VCO (left-hand side) and Sample 
10 (right-hand side). 
 

  

 

Figure 5. Differential scanning calorimetry thermograms with the fusion enthalpy for VCO Sample  (left-
hand side) and Sample 10 (right-hand side).  
 

Differential scanning calorimetry thermograms of the sample that had the highest amounts of virgin coconut 

oil in its contents were shown in Figure 4. According to the thermogram, no thermal instability was 

observed. It is possible to observe endothermic and exothermic peaks of coconut oil during the melting and 

solidifying process (Fig.4-left-hand side). The maximum exothermic peak of VCO was observed during the 

solidifying process at 4.11 ÁC and caused an energy release of 0.7902 W/g. The maximum endothermic 

peak of the VCO sample was at 25.19 ÁC in cycle 3 with absorbed energy of 0.8216 W/g. 

Sample 10 had an exothermic peak between around -3.07 ÁC and -3.27 ÁC  corresponding to solidifying 

process of VCO in the foam structure by releasing the energy of  0.5390 and 0.5153 W/g, respectively. A 

sharp endothermic peak of sample 10 corresponding to the melting process of VCO in the foam structure 

was observed around 25.26 ÁC and caused energy absorption of 0.5287 W/g. , 

In Figure 5., fusion enthalpy values were calculated as 78620 J/kg for VCO sample 8 and 22410 J/kg for 

sample 10.  
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CONCLUSION 

In this study, non-toxic and biocompatible biopolymer-based phase change materials were successfully 

produced through utilizing an edible oil, virgin coconut oil as phase-change material along with silk fibroin 

blended with chitosan as mechanical strength and porous structure provider to use in biomedical 

applications as a biomaterial. We successfully prepared our phase change foam material at a comfort 

temperature range by using virgin coconut oil, which has a melting point approximately at 24ÁC. The porous 

structures and pore sizes of foam materials composed of SF, VCO, CHT at different ratios were investigated 

in this study. As a result of this study, it is possible to indicate that as the chitosan ratio increased, density 

also increased whereas the porosity of foam materials decreased as observed from SEM results. The pore 

flakes and sizes were controllable by changing the silk fibroin ratio; as the silk fibroin ratio increased pore 

sizes also increased whereas pore flakes showed a tendency to decrease.  
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GRAPHENE OXIDE/ALGINATE NANOBIOCOMPOSITES: SYNTHESIS, 

CHARACTERIZATION AND THORIUM SORPTION PROPERTIES  

 

Poster Abstract / Biocomposites 

 

Sabriye Yuĸan1, Nildeniz Adman2, 

 
1Ege University, Institute of Nuclear Sciences, 2Ege University, Institute of Science, Department of 

Materials Science and Engineering, 

Nowadays, it is seen that the increase in industrial production and the increase in the number of power 

plants due to the increasing energy need also increases the waste generated and waste management becomes 

important. The management of radioactive wastes from nuclear energy production has been recognized as 

an important issue in the world due to its high economic and social effects. In this study, graphene oxide / 

alginate nanobiocomposites were synthesized under different synthesis conditions and used as adsorbents 

in the removal of Th(IV) ions from aqueous solutions. For the characterization of synthesized nanobio 

composites, BET surface area, SEM and TEM images, FT-IR spectrometer, XRD techniques were used. In 

the adsorption studies, the parameters affecting the adsorption efficiency were investigated such as solution 

pH, contact time, Th(IV) concentration and temperature using central composite design (CCD). ANOVA 

(analysis of variance) analysis within the 95% confidence interval of the model applied for the experimental 

design and the compatibility of the model with the experimental findings was examined. Relevance F value 

less than 0.05 (95% confidence interval) indicates that the model is statistically significant. The fact that 

the relevance F value of the model was P <0.05 and the model F value was 23.77 for the nanobiocomposite 

prepared by the 1st method and 39.45 for the nanobiocomposite prepared by the 2nd method indicates that 

its regression is statistically high. The coefficient of correlation (R2) as 95.69% for the 1st method and 

97.36% for the second method shows that there is a high coordination between the observed values and 

predicted values. 

KEYWORDS: thorium, alginate, graphene oxide, adsorption, nanobiocomposite 
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ABSTRACT 

Plastic materials have a variety of chemical and mechanical properties that will be useful for a wide 

variety of applications. However, plastic waste creates pollution and poses a great threat due to the 

problem of non-degradability affecting ecological environments. Thermoset polymers, which are used 

extensively in the polymer industry today, have recycling problems. This situation creates serious 

environmental problems. The most important feature of thermoplastic materials is that they can be 

recycled. The use of thermoplastic polymers creates significant advantages in recycling and 

environmental issues. The rapid evolution in additive manufacturing provides a new path to the circular 

economy using recycling. Thermoplastic or thermoset materials can be processed in additive 

manufacturing. 

Additive Manufacturing Methods (AM) are used today in different industries to produce prototypes and 

even final products. The polymer material is used in 51% of the parts produced with AM. The Fused 

Filament Fabrication (FFF) method is the most popular method preferred for shaping polymers with AM. 

The FFF method is a method of extruding a spool of thermoplastic filament through a heated nozzle and 

mailto:secil.yilancioglu@eurotec-ep.com
mailto:gorkem.ulku@eurotec-ep.com
mailto:buket.senturk.turan@eurotec-ep.com
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melting the material. Also, FFF is known to have low cost and high printing speeds compared to other 

AM techniques. PLA material, which is a completely bio-based thermoplastic polymer with many 

desirable properties, including easy processing ability, strength, hardness, and biodegradability, is widely 

used in material processing by the FFF method. 

In this study, the PLA matrix was reinforced with natural fibers to increase the mechanical properties and 

contribute to recycling. Bio-composite compounds with 15% wood fiber reinforced PLA matrix by weight 

were prepared. Specimens produced by bio composite materials production were carried out using the 

FFF method and injection molding methods. Thermal analysis of the prepared compounds, filaments, and 

produced specimens was carried out. The tensile strength properties of the specimens produced by FFF, 

and the injection molding method were compared. In addition, the bio composite materials produced were 

examined under scanning electron microscopy (SEM). Surface interactions and homogeneous fiber 

distribution between matrix and fiber were investigated.  

 

Keywords:  PLA, biomaterials, additive manufacturing, wood fibers 

 

¥Z 

Plastik malzemeler, ­ok ­eĸitli uygulamalar i­in yararlē olacak ­eĸitli kimyasal ve mekanik ºzelliklere 

sahiptir. Ancak, plastik atēklar ekolojik ­evreleri etkileyen bozunmazlēk sorunu nedeniyle kirlilik 

meydana getirmekte ve b¿y¿k bir tehdit oluĸturmaktadēr. G¿n¿m¿zde polimer sektºr¿nde yoĵun olarak 

kullanēlan termoset polimerlerin geri dºn¿ĸ¿m problemleri vardēr. Bu durum ciddi ­evre sorunlarē 

yaratmaktadēr. Termoplastik malzemelerin en ºnemli ºzelliĵi ise geri dºn¿ĸ¿mlerinin m¿mk¿n olmasēdēr. 

Termoplastik polimerlerin kullanēmē geri dºn¿ĸ¿m ve ­evre konularēnda ºnemli avantajlar yaratēr. 

Eklemeli imalattaki hēzlē evrim, geri dºn¿ĸ¿m¿ kullanarak dºng¿sel ekonomiye yeni bir yol 

saĵlamaktadēr. Eklemeli imalatta termoplastik veya termoset malzemeler iĸlenebilmektedir. 

Eklemeli Ķmalat Yºntemleri (AM) g¿n¿m¿zde farklē end¿strilerde prototip ve hatta son ¿r¿n ¿retmek 

amacēyla kullanēlmaktadēr. AM ile ¿retilen par­alarēn %51'inde polimer malzemesi kullanēlmaktadēr. 

Polimerlerin AM ile ĸekillendirilmesinde tercih edilen en pop¿ler yºntem ise erimiĸ filament ekstr¿zyonu 

(EFE) yºntemidir. EFE yºntemi, termoplastik filaman makarasēnē ēsētēlmēĸ bir nozul aracēlēĵēyla ekstr¿de 

eden ve malzemeyi eriterek iĸleyen bir yºntemidir. Ayrēca EFE, diĵer 3D baskē tekniklerine kēyasla d¿ĸ¿k 

maliyetli ve y¿ksek baskē hēzlarēna sahip olduĵu bilinmektedir. Kolay iĸleme kabiliyeti, mukavemeti, 

sertliĵi ve biyolojik olarak bozunabilirliĵi dahil olmak ¿zere bir­ok arzu edilen ºzelliĵe sahip tamamen 

biyo-bazlē bir termoplastik polimer olan PLA malzemesi EFE yºntemi ile malzeme iĸlemede yaygēn 

olarak kullanēlēr. 

Bu ­alēĸmada mekanik ºzellikleri arttērmak ve geri dºn¿ĸ¿me katkē saĵlamak amacēyla PLA matris doĵal 

fiberler ile g¿­lendirilmiĸtir. Aĵērlēk­a %15 ahĸap fiber takviyeli PLA matrisli biyo kompozit bileĸimler 

hazērlanmēĸtēr. Biyo kompozit malzemeler ile FFF yºntemi ve enjeksiyon kalēplama yºntemleri 

kullanēlarak numune ¿retimleri ger­ekleĸtirilmiĸtir. Hazērlanan bileĸimlerin, filamentlerin ve ¿retilen 

numunelerin termal analizleri ger­ekleĸtirilmiĸtir. Ayrēca FFF ve enjeksiyon kalēplama yºntemi ile 

¿retilen numunelerde ­ekme mukavemeti ºzellikleri karĸēlaĸtērēlmēĸtēr. Ayrēca ¿retilen biyo kompozit 



ñV. International Ege Composite Materials Symposium 2021ò 
   

97 

 

malzemeler taramalē elektron mikroskobu (SEM) altēnda incelenmiĸtir. Matris ve lif arasēndaki y¿zey 

etkileĸimleri ve homojen lif daĵēlēmē incelenmiĸtir. 

Anahtar kelimeler:  PLA, biyomalzemeler, eklemeli imalat, ahĸap lifleri 
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PRODUCTION and CHARACTERIZATION of ANTIMICROBIAL EDIBLE PACKAGING 

FILMS and THEIR EFFECT ON STORAGE STABILITY of BUTTON MUSHROOMS  

 

Oral Abstract / Biocomposites 

 

Nurcennet ERT¦RK1, Suzan BĶRAN AY 1, 

 
1Eskisehir Technical University, 

The increasing environmental pollution, have risen the public concerns and awareness, resulting in 

conduction of studies focused on production of biodegradable, environmentally friendly packaging 

materials. Flour-based edible films are composites obtained from vegetable or animal sources. These edible 

composites can be coated on the surface of various foods in the form of a thin layer to extend their shelf life 

and be eaten with the food. In this study, rye-flour based composites were formed by mixing 5% (w/v) rye 

flour in water and adding different concentrations of citric acid (30-90% (w/w flour)); after cooking for half 

an hour, the mixture was transferred to petri dishes and kept in an oven at 40  overnight. Active edible 

composites were peeled from the petri dishes and characterized with respect to their structural (TGA, FTIR) 

and mechanical properties (thickness, percent elongation and tensile strength), their water vapor 

permeability, water solubility, antimicrobial and antioxidant activity. Film thicknesses increased as the 

concentration of citric acid increased and varied between 0.085 and 0.122 mm. In addition, high citric acid 

content resulted in increased the percent elongation (from 36.3% to 130.7%) and film solubility (from 67% 

to 92%), but a decrease in tensile strength (from 7.59 MPa to 0.67 MPa). Moreover, addition of citric acid 

in films inhibited the growth of both Gram (+), Bacillus subtilis, and Gram (-), Escherichia coli, bacteria. 

The water vapor permeability was measured in the range of 0.529 to 0.77 ng m-1 s-1 Pa-1. The rye flour-

based composites with 60% (w/w flour) citric acid were used as a packaging material, to observe their effect 

on storage stability of white button mushrooms kept in a closed container at 4  under 50% RH. Physico-

chemical analyses of mushrooms, including visual examination, weight loss, firmness, browning index, 

protein content, total soluble solids, total phenol content, and reducing sugars, were performed during the 

storage period. 

KEYWORDS: edible composite film, rye flour, citric acid, mushroom 
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PREPARATION AND CHARACTERIZATION OF HYBRID NANO BIOMATERIALS FOR 

SMART PHARMACEUTICAL RELEASE  
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Funda ¢AKMAK1, Cem G¥K2, Yusuf ¥ZCAN1, Gizem COķKUN2, 

 
1Pamukkale University, Faculty of Technology, Biomedical Engineering, 2Pamukkale University, Faculty 

of Technology, Metallurgical and Materials Engineering, 

In this study, it is aimed to prepare bio-nano hybrid materials that can be used in smart drug release 

mechanisms for thyroid patients and to characterize the created materials. Smart medicine provides 

awareness in drug release with different biocomposite combinations such as gum+agar+glycerol and 

clay+agar+glycerol, which are hybrid materials by being released. Within the scope of the proposed study, 

in order to create absorbent material to be used in drug release, it is aimed to produce a gum-added hybrid 

material that increases the adsorption potential in drug release and includes biocompatibility, inertness, 

hypoallergenic, carcinogenic, mutagenic and non-toxic properties, which are the most important features 

for drug release. It is aimed to characterize and elucidate the physical, chemical and biological properties 

of these composite materials. Agar is a biocompatible gelatin derived from algae used mostly in the culinary 

arts. Its gelling feature at high temperatures enables it to be used as packaging, packaging, cosmetics and 

drug release material. Gum is a natural biomaterial that may have biomedical and elastic properties suitable 

for smart drug release applications. While gum is an easy-to-process biopolymer, it is essentially a naturally 

occurring plant component that is inexpensive and plentiful. It is a biopolymer that is mostly studied because 

of its sustainable, biocompatibility and biodegradable properties. Clay is inexpensive, chemically and 

thermally stable, and has good mechanical properties. Because their particle sizes are small, they have a 

high surface area. High surface areas of clays provide adsorption and negative electric charges provide 

cation retention. Polymer-clay-containing bionanocomposites improve the thermal and mechanical 

properties of materials due to their non-flammability, barrier properties against gas and water vapor, ionic 

conductivity, and thermal expansion control. The obtained hybrid nano-biomaterial was directly loaded 

with the levothyroxine drug used in thyroid treatment and the adsorption-absorption potential will be 

calculated. As a result, hybrid nano biomaterial was formed by forming different combinations with gum, 

clay, agar and glycerol biopolymeric materials. 

KEYWORDS: Hybrid nano biomaterial, Smart Drug Release, Gum, Clay, Biocomposite 
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Mucoadhesive oral film containing microcapsules: an effective administration of plant-derived 

active components 

 

Oral Abstract / Biocomposites 

 

K¿bra POTUK1, Oguz BAYRAKTAR 1, 

 
1Ege University, 

Previous literature studies determined that essential oil affects viral envelopes and masks viral components 

that allow them to absorb or enter the host cell. Due to the natural compounds contain olive tree leaves, it 

has many biological activities such as antioxidant, antithrombotic, and immune system balancing effects. 

Mucoadhesive delivery systems are more advantageous than other oral delivery systems in many ways. The 

therapeutic response is provided by releasing the active substance in a controlled and predictable manner. 

Oral intake of antioxidants causes the hepatic first passage and the enzymes in the digestive system to 

degrade and decrease their activity. To prevent this, in this research, a novel dual-carrier system, which 

consists of both encapsulation and mucoadhesive film technologies, was developed. This study aimed to 

transform thyme essential oil (TEO) into calcium alginate microcapsules and then integrate them into olive 

leaf extract (OLE) loaded mucoadhesive film prepared by the solvent casting method. Experimental designs 

for the encapsulation process and optimization of mucoadhesive film formulation were made with Design-

Expert software using the Box-Behnken design method. The electrospraying method, an inexpensive and 

easily manageable method, was chosen to achieve higher encapsulation efficiency and a homogeneous 

distribution of micro-sized particles. The effects of the electrospraying process parameters including flow 

rate of the emulsion solution, applied potential difference, and distance parameters on average microcapsule 

diameter, encapsulation efficiency, and encapsulation yield were investigated. The optimum values of the 

process parameters were determined as 1.41 ml/h for flow rate, 14 kV for applied potential difference, and 

12 cm for distance. The maximum olive leaf extract added to the specified film formulation was determined 

as 1% by weight. At the end of the study, the mucoadhesive film formulation containing %1 OLE and 

%0.25 TEO microcapsules was determined as appropriate and characterization studies were done for the 

final product. 

KEYWORDS: microencapsulation, mucoadhesive, oral film, olive leaf extract, thyme essential oil 
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Natural, Biodegradable, Antibacterial and pH-Sensitive Films for Food Packaging 

 

Oral Abstract / Biocomposites 

 

HANIFE TURYAN 1, OĴUZ BAYRAKTAR1, 

 
1Ege University, 

Polymers are used in many areas in the industry with their properties such as being light and cheap, easy to 

process. The fact that synthetic polymers do not degrade easily in nature is obtained from non-renewable 

sources such as petroleum and the resulting global environmental problems have increased interest in 

natural, biodegradable polymers. In this study, it was aimed to prepare food packaging film from 

biodegradable natural biopolymers and to realize the characterization of film structures in order to maintain 

the freshness, quality and extend the shelf life of foods during the storage period. Carboxymethyl 

chitosan(CMC), which has important properties such as biodegradable, nontoxic, antimicrobial activity, 

reasonable water solubility, was selected among potential natural polymers to prepare active packaging. 

Fulvic acid and polyethylene glycol as a plasticizer were added to the CMC solution to improve the 

antimicrobial and antioxidant properties of the prepared films. The films based on a blend of carboxymethyl 

chitosan and fulvic acid (CMC/FA) were obtained by mixing the solutions at different mass ratios (100/0, 

75/25, 50/50, 25/75, ve 0/100). Films were prepared by solvent casting method and characterization of the 

obtained films were investigated. In order to evaluate the mechanical, morphological, and thermal 

properties of the obtained films, film thickness, water-solubility, swelling index were calculated, and AFM 

and SEM analyses were performed. In the second part of the study, it was aimed to develop a functional 

food packaging film structure that can be used to monitor food quality and freshness during shelf life and 

transfer the status of the product to consumers. In order to detect and monitor changes in the quality 

conditions of the packaged products by the visual color variations, the color change effect of pH variations 

was investigated with the natural compound as a freshness indicator which is sensitive to pH changes. 

KEYWORDS: Biodegradable, food packaging, pH-sensitive, antibacterial, film 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ñV. International Ege Composite Materials Symposium 2021ò 
 

102 

 

Poly(Amic) Acid: Poly(ắ-caprolactone) Electrospun Nanofibers as an Immunosensor Platform for 

CRP Detection 
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and Art Department of Biology, 

Nanofibers are named as a new material class and have many applications. Electrospinning is one of the 

most preferred methods for the formation of polymer-based nanofibers. Electrospinning is a simple and 

cost-effective method, allowing the control of both thickness and hydrophobicity-hydrophilic properties of 

surfaces. Polymer nanofibers are biocompatible and suitable for conjugation with biological materials, they 

allow for the formation of an immunological recognition surface [1]. In clinical diagnosis, CRP is 

commonly used as a biomarker of an infection or inflammatory process. CRP measurement is not specific 

for any condition, but is a highly sensitive biomarker of inflammation [2]. Alternative methods to traditional 

methods are being developed for rapid, reliable and specific determination. In this study, PAA was blended 

PCL for the preparation of PCL-PAA electrospun nanofibers in bead-free form. Different proportions of 

polymer ratio were examined to obtain the ultrafine nanofibers. Scanning electron microscopy (SEM) 

technique was performed to characterize the surface morphology of polymer nanofibers. PCL-PAA 

nanofibers were prepared as a matrix for CRP determination. For the determination of CRP, 2 different 

immunosensor platforms were prepared with sandwich type and immunometric method. A signal to be 

generated from the specific binding of the CRP to the anti-CRP that occurred via fluorescence response. 

The immunosensor platforms prepared within the scope of the project perform measurements that can 

reflect the truth. In addition, it has been determined that there is almost no interference to the system from 

interfere for the prepared immunosensor platforms. In addition, sample application has been made in 

biological fluids and it has been found that the CRP determination can also be determined in these fluids. 

This study is supported by Ege University Scientific Research Projects Coordination Unit (Project Number: 

FOA-2021-227149. Fatma ¥zt¿rk Kirbay thans to YOK (Council of Higher Education) 100/2000 

scholarship program and 2211-A TUBĶTAK National Scholarship Programme for PhD Students 2018/3. 

[1] Karakas, H., 2014. 'Electrospinning of Nanofibers and Their Applications', MDT ñElectrospinningò, 3, 

1ï35. [2 ]Boonkaew, S. vd. 2019. An origami paper-based electrochemical immunoassay for the C-reactive 

protein using a screen-printed carbon electrode modified with graphene and gold nanoparticles. Microchim. 

Acta 186. 

KEYWORDS: Electrospinnig, poly(amic) acid, poly(ὑ-caprolactone), CRP, immunosensor 
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DESING OF BIOFUNCTIONAL SURFACES BASED ON POLYMERS AND ITS' 

APPLICATION TO CELL ADHESION  
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Abstract Recently, polymer-clay nanocomposite hybrid structures are at the forefront of the attention of 

researchers. In this way, nanoscale structures of both organic polymer structures and clay minerals are 

formed. Thanks to the modifications of polymer structures with montmorillonite clay, their mechanical 

properties, intermolecular interaction properties and thermal properties increase. Studies on the design of 

new molecules that can be an alternative to polymer-clay nanocomposite hybrid structures containing 

montmorillonite are also continuing. The best examples of these are polymers with conductivity properties. 

Polymer/layered silicate (PLS) nanocomposites; Compared to the new polymer or traditional micro-macro-

composites, it shows a remarkable improvement in material properties. These improvements include high 

modulus, increased strength and heat resistance reduced gas permeability and flammability and the 

biodegradability of biodegradable polymers has increased. In this study, polymer-clay nanocomposite was 

synthesized for monitoring U87-MG glioblastoma cell adhesion. Firstly, conductive DTP derivatives were 

synthesized. Then, DTP monomer was incorporated between the layers of Na+-Montmorillonite. The 

physical and chemical properties of the obtained surfaces were characterized by SEM-EDS, TEM, XRD, 

ATR-FTIR techniques. Electrochemical methods (CV, DPV, and EIS) and fluorescence microscopy were 

used to monitor surface modification and cell adhesion. References Lebaron, P.C., Wang, Z., Pinnavaia, 

T.J., 1999. 'Polymer-layered silicate nanocomposites: An overview', Applied Clay Science, 15, 11ï29 

Biswas, M., Ray, S.S., 2001. 'Recent progress in synthesis and evaluation of polymer- montmorillonite 

nanocomposites', Advances in Polymer Science. Bharadwaj, R.K., 2001. 'Modeling the barrier properties 

of polymer-layered silicate nanocomposites', Macromolecules, 34, 9189ï9192 Sinha Ray, S., Okamoto, M., 

2003. 'Polymer/layered silicate nanocomposites: A review from preparation to processing', Progress in 

Polymer Science (Oxford) Bourbigot, S., Le Bras, M., Dabrowski, F., Gilman, J.W., Kashiwagi, T., 2000. 

'PA-6 clay nanocomposite hybrid as char forming agent in intumescent formulations', Fire and Materials, 

24, 201ï208 

KEYWORDS: conducting polymer, polymer-clay nanocomposite, biofunctional surface, cell adhesion 
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The Manufacturability of Biocomposite from Banana Tree Fibres 

 

Poster Abstract / Biocomposites 

 

Cemal Meran1, Alihan ¥zt¿rk1, Deniz Ensar Kēlē­1, Hasan Beytar1, 

 
1Pamukkale University Engineering Faculty, Department of Mechanical Engineering Denizli, 

In this study, the manufacturability of biocomposite reinforced with banana fibre which is obtained from 

the banana tree trunk, and using epoxy as matrix material is discussed. The 30 cm long fibres were dipped 

in the prepared resin and placed on the bag by hand laying method, and 30x30 cm slabs were obtained. The 

plates, which were kept in the hot press for one day, were cut into suitable test sample sizes to carry out the 

necessary tests after fully curing. 0 degrees and 90 degrees and cross-stacked samples were cut according 

to the direction of the fibres. Tensile test, Izod impact test and hardness measurement tests were carried out 

on the produced biocomposites and the best performance was found in the samples cut at 0 degrees because 

of the tests. 

KEYWORDS: Biocomposite, biodegradable, banana fibre, hand lay-up, composite 
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Chitosan based composite modified electrodes for detection of Hepatitis B virus DNA 
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Ece Eksin1, Fehmi Mese2, Mihrican Muti 3, Arzum Erdem2, 

 
1Izmir Democracy University, Vocational School of Health Services, Biomedical Device Technology 

Programme, 35290, Izmir, Turkey, 2Ege University, Faculty of Pharmacy, Analytical Chemistry 

Department, Bornova 35100, Izmir, Turkey, 3Adnan Menderes University, Faculty of Science, Chemistry 

Department, 09010, Aydēn, Turkey, 

Electrochemical biosensors have been considered to provide interesting alternatives due to their simplicity, 

low cost, and high sensitivity. Electrochemical devices enable us to develop sequence-specific DNA 

hybridization biosensors. Such devices rely on the conversion of the DNA base-pair recognition event into 

a useful electrical signal [1,2]. Electrochemical DNA biosensors have a strong impact in medical 

diagnostics for cancer, toxicology and infectious disease application. Hepatitis B virus (HBV) infection is 

one of the major health problems worldwide, and may lead to chronic hepatitis, cirrhosis and primary liver 

cancer [3]. Chitosan (CHIT), a cationic polysaccharide with abundant amines, is a biopolymer that has 

recently been used for biosensor application due to its biocompatibility, biodegradability, nontoxicity, 

excellent film forming ability with good adhesion, mechanical strength, higher permeability and cost 

effectiveness [4]. Besides, ionic liquid (IL) shows great potential applications in electrochemical sensors 

due to the specific properties such as high chemical and thermal stability, high ionic conductivity, negligible 

vapor pressure [5]. In this context, chitosan-ionic liquid based composites have attracted much interest for 

the development of a desired biosensor for sequence-selective DNA hybridization related to Hepatitis B 

virus (HBV) in our work. The chitosan-IL composite modified pencil graphite electrodes (PGE) were 

developed for electrochemical monitoring of the DNA hybridization related to Hepatitis B virus (HBV) [6]. 

The prepared biosensor exhibited many advantages, being easy to use, sensitive, cost effective in 

comparison to other conventional electrodes, such as carbon paste electrode, glassy carbon electrode, and 

gold electrode. References [1] J. Wang, Analytica Chimica Acta, 469, 2002, 63-71. [2] A. Erdem, Talanta, 

2007, 74, 318ï325. [3] A.S. Lok, B.J. McMahon, Hepatology, 2001, 34, 1225-1241. [4] H. Yi, L.Q. Wu, 

W.E. Bentley, R. Ghodss, G.W. Rubloff, J.N. Culver, G.F. Payne, Biomacromolecules, 6 (2005) 2881. [5] 

M.C. Buzzo, C. Hardace, R.G. Compton, Anal. Chem. 76 (2004) 4583. [6] A. Erdem, M. Muti, F. Mese, E. 

Eksin, Coll. Surf. B 114 (2014) 261ï 268. 

KEYWORDS: Chitosan, ionic liquid, electrochemical biosensor, nucleic acid biosensor, Hepatitis B 

virus 
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Incorporation of alkali -treated corn husk fibre into Na-alginate based biodegradable films: Effects 

of fibre ratio on film characteristics 
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Merve Sahin1, Hulya Cakmak2, 

 
1Hitit University, Institute of Graduate Studies, Department of Food Engineering, 19030 Corum 

Turkey, 2Hitit University, Faculty of Engineering, Department of Food Engineering, 19030 Corum 

Turkey, 

Recovery of agricultural residues and using them in environment friendly applications are of great interest 

recently due to adaptation of circular economy principles. Among these residues, wheat and barley straw, 

rice husk, sugarcane bagasse and corn stover with their abundance and renewable manner are utilized as 

cellulosic fibre source. Corn stover includes corn husk, leaves and its stalk, and corn husk is the outer leaves 

covering the corn ear. Corn husk can be used either directly in the composites for reinforcement or treated 

with alkali, acids or enzymes for removal of hemicellulose and lignin and therefore improving the 

matrix/filler interaction. In this study, corn husk lignocellulosic fibres (CHF) were extracted with 6% (w/v) 

NaOH and used as reinforcement agent in alginate-based biodegradable food packaging film formulation 

at different levels (0-0.5-1-2-4 %, w/w on alginate basis) and the influence of the fibre on film 

characteristics namely; water vapour permeability (WVP), transmittance %, opacity, film solubility and 

colour (L*, a*, b*) were evaluated. The corn husk lignocellulosic fibre yield was found as 26.4%, besides 

the swelling capacity of corn husk was significantly increased due to alkali treatment (p<0.05). The WVP 

of the films were found significantly different upon the level of corn husk fibres, and the lowest WVP was 

observed for control (without any fibre) and 0.5% CHF films (p<0.05). Over this incorporation amount, the 

WVP was significantly increased possibly due to higher water absorption capacity of alkali treated fibre 

compared to untreated fibre. Optical properties of the alginate-based films were affected from the CHF 

addition, overall the transmittance % and the opacity of the films decreased with the increasing level of 

CHF. In contrast, there was no clear tendency in colour values between the films with different level of 

CHF. Moreover, the highest lightness was obtained from the control and 0.5% CHF films (p<0.05). CHF 

has a potential to be used in biodegradable films, but adherence and compatibility of the fibre with matrix 

may be further improved. 

KEYWORDS: Alginate, corn husk, film properties, waste recovery 
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ALKALI LIGNIN AND ALKALI COMBINED OZONE TREATED LIGNIN FOR 

SUSTAINABLE FOOD PACKAGING APPLICATIONS  
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Ece Sºĵ¿t1, Atēf Can Seydim1, 

 
1S¿leyman Demirel University, 

Lignin (L) is one of the most abundant sources found in nature and possesses functional properties such as 

UV absorbing and antioxidant properties. However, the complex nature, not being easily processable, and 

insolubility limit the effective utilization of L. Therefore, modifications to increase the dispersion and to 

obtain value-added usable L-based structures are of great interest aiming at the full valorization of 

lignocellulosic biomass. In this study, it was aimed to utilize the lignin-based structures extracted from 

chestnut shells, an agricultural waste, in chitosan (CH) films. Besides, black liquor was treated with ozone 

to obtain more homogeneous and compatible lignin fractions. L was isolated from chestnut shells by alkali 

treatment (8% NaOH, 120ÁC/15 min) followed by sulfuric acid precipitation (0.5M H2SO4, pH=2.0) and 

drying. Black liquor obtained after alkali treatment was further treated with ozone at ambient conditions to 

gain alkali combined ozone-treated lignin (OL). L and OL were added to CH film-forming solutions to 

fabricate CH-L and CH-OL fi lms. Film samples were then characterized by water vapor permeability 

(WVP), thermal properties, FTIR, optical and antioxidant properties. The initial cellulose and lignin 

contents of the raw material were found as 33.40Ñ0.85 and 36.60Ñ1.03%, respectively. FTIR results showed 

that isolated L and OL had different structures, and the films indicated a potential interaction between 

lignin-based structures and CH matrices. Moreover, the incorporation of L and OL into the CH films 

increased the opacity and DPPH radical scavenging activity of films, which might provide active properties 

for applications in the packaging field. The addition of lignin-based structures caused a plasticizing effect 

on the CH films, which corresponded with the tensile and thermal properties. The WVP of CH films was 

not significantly affected by the addition of lignin-based structures. The addition of lignin-based structures 

into biopolymeric films has a great potential to obtain improved biopolymers while providing functional 

properties such as antioxidant activity. 

KEYWORDS: Lignin, ozonated lignin, chitosan, antioxidant 
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SYNTHESIS, CHARACTERIZATION AND EXAMINATION OF STRUCTURAL PROPERTIES 

OF MAGNETIC NANOPARTICLES FUNCTIONALIZED WITH DIFFERENT STARCH TYPES  
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1Ege University, Institute of Nuclear Sciences, 2Ege University, Institute of Science, Department of 

Materials Science and Engineering, 

In this study, green synthesis and characterization of starch-functionalized magnetic nanoparticles was 

released by the chemical co-precipitation of magnetite phase from aqueous solution in a different type of 

polymeric starch matrix (corn and wheat). In order to examine the structural changes that will occur in the 

preparation of starch-functionalized magnetic nanocomposites, the parameters affecting the synthesis such 

as starch type, concentration of the precipitating agent and aging time were investigated. Scanning Electron 

Microscopy (SEM) with Energy Dispersive X-Ray Analysis (EDX), Transmission electron microscopy 

(TEM), X-ray diffraction (XRD), Fourier transform infrared (FTIR), laser particle size analyzer and 

vibrating sample magnetometer (VSM) and zeta potential measurements were used to characterize and 

compare the as-synthesized products. The calculations based on the XRD results show that magnetic starch 

nanocomposites have a well-defined nanocomposite structure and an average size of approximately 4.55° 

and 3.78° nm, respectively. Furthermore, the size varies from 7.95° to 4.55° and 6.91° to 3.78° nm by 

changing starch concentration from 0.05% to 2% for wheat and corn starches, respectively. The BET 

surface area of starch-stabilized magnetite nanobiocomposites for MW_S3 and MC_S3 are found 126.20 

m2/g and 151.29 m2/g, respectively. As can be seen from the XRD and BET results, when corn starch is 

used as a stabilizer in magnetic nanocomposite synthesis, synthesized materials with smaller particle sizes 

and larger surface areas are obtained when compared to wheat starch. According to these results, it can be 

concluded that type of starch effects the particle size, surface area and pore volume of the synthesized 

nanobiocomposites. The TEM and SEM results show that, the spherical nanoparticles were dispersed into 

the polymer matrix. VSM results of pure-Fe3O4 (44.63 emu/g) is higher than MW_S3 (41.20 emu/g) and 

MC_S3 (39.88 emu/g) due to starch functionalization. 

KEYWORDS: Starch, magnetite, nanobiocomposites, characterization 
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Evaluation of Mechanical and Barrier Properties of Poly (lactic acid) Composite Materials as Food 

Packaging 

 

Oral Abstract / Biocomposites 

 

¥zlem Esmer1, Erin­ Ko­ak1, 

 

Poly (lactic acid) as a biodegradable polymer has extensive use in several industries packaging, medicine, 

electric appliances, furniture and, textile. In the food packaging sector, the GRAS (Generally recognized as 

safe) description made by the FDA emphasizes its particular importance. The objective of this review is to 

evaluate the mechanical and barrier properties of poly (lactic acid)-PLA composite materials with respect 

to the potential convenience for food packaging and to describe the production techniques used for the 

modification of these properties. The studies based specifically on the reinforcement of PLA with several 

nanoparticles, bio-based polymers, antioxidants, antimicrobial agents, nucleating agents, compatibilizers 

were also evaluated in this review. Furthermore, the reasons for the possible interactions between PLA and 

the reinforcing agents, the compatibility of the blending component with PLA as plasticizer or 

compatibilizer within the process used were discussed. Some recommendations about the feasibility of these 

applications in near future were made. 

KEYWORDS: PLA, gas permeability, tensile strength, biocomposites 
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Graphene oxide incorporated polystyrene electrospun nanofibers as a nanocomposite based 

platform for immunosensing 
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Simge Er1, Dilek Odaci Demirkol1, 

 
1Ege University Biochemistry Department, 

Bioanalytical systems have recently become the most used and desired device in medical diagnostics due 

to their low cost, easy-to-use, fast response times. These devices provide many advantages such as short 

analysis time, analysis of small volumes of samples, miniaturization, increased method reproducibility and 

reliability. [1]. Electrospun nanofibers (ESNFs) are promising materials for developing nanoscale 

biosensors due to their unique features such as enabling surface modification, large surface area, 

homogeneous diameter, and controllable surface conformation [2]. ESNFs offer us to obtain nanoscale 

building blocks by adding the desired modification agent to the polymer solution. Here, nanocomposite-

based electrospun nanofibers designed for the recognition surface of the developed immunosensor system 

were used for the first time in the determination of CD36. Firstly, graphene oxide (GO) was synthesised 

from graphite powder (GR) and GO sheets were silanized with a different ratio of (3-

Aminopropyl)triethoxysilane (APTES). Synthesized GO-APTES nanocomposite and polystyrene (PS) 

solution were mixed in different ratios to obtain without beads and uniform nanofibers. As a result of the 

amino groups obtained on the surface of the nanofibers, the surface was made ready for covalent 

immobilization of the antibody. The nanofibers obtained under the optimum conditions determined were 

deposited on the surface of the screen printed carbon electrode (SPCE) by the electrospinning technique. 

After covered with antiboy, it was used as an immunosensor preparation platform. References [1]R. A. S. 

Couto, J. L. F. C. Lima, M. B. Quinaz, Talanta, (146) (2016), 801-814. [2]C. Cleeton, A. Keirouz, X. Chen, 

N. Radacsi, ACS Biomaterials Science & Engineering, 5(9) (2019), 4183-4205. Acknowledgement S. ER 

who is supported in the special subject (sensor technology) thanks The Council of Higher Education in 

Turkey 100/2000 PhD Project (Y¥K 100/2000 PhD Project). This study is supported by Ege University 

Scientific Research Projects Coordination Unit (Project Number: FGA-2021-22688). 

KEYWORDS: Graphene oxide; polystyrene; electrospun nanofibers; electrospinning; immunosensing 
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Production of Nanofibers by Electrospinning and Preparation of Biocatalytic System for 

Applications in Environmental Biotechnology 
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1Ege University , 

Innovative environmental applications using nanofibers are one of the most up-to-date research areas, 

especially in biotechnological processes where concepts such as bioremediation and biodegradation come 

into prominence. Studies on the use of nanofibers formed by electrospinning, which is a biotechnological 

method for environmental applications, have been increasing in recent years (1). With its ability to produce 

nanofibers, the electrospinning method can be used as one of the most important technological method of 

this century. In this study, sodium alginate (SA), the sodium salt of alginic acid, was mixed with a 

biodegradable polymer, polycaprolactone (PCL). And then PCL-SA nanofibers were produced by 

electrospinning technique. Different solvent systems and PCL-SA ratios were investigated for the synthesis 

of bead-free nano-sized fibers and the parameters for the electrospinning process were optimized (2). 

Afterwards, scanning electron microscopy (SEM) was used to characterize the structure of PCL-SA 

nanofibers. Then, the degradation abilities of Nile Blue A, one of the textile industry waste dyes, and 

diclofenac (DFC), which is one of the anti-inflammatory drugs, were investigated by immobilizing the 

laccase enzyme on the PCL-SA nanofibers which is coated on aluminum foil (3). For the first time, PCL-

SA nanofiber was used for environmental biotechnology applications and its usability as a filtration 

membrane for bioremediation studies was investigated. With the results obtained, it was seen that the PCL-

SA nanofiber structure can be used in the degradation of NBA dye and DFC drug. Considering the literature, 

the studies of PCL-SA nanofiber in environmental applications are limited and it is of great importance for 

optimization and environmental application studies with degradable PCL polymer. References: 1- Thavasi, 

V., Singh, G., Ramakrishna, S., 2008, Electrospun nanofibers in energy and environmental applications, 

Energy & Environmental Science, Issue 2 2- Safi, S., Morshed, M., Ravandi, S.A.H., Ghiaci, M., 2007, 

Study of electrospinning of sodium alginate, blended solutions of sodium alginate/poly(vinyl alcohol) and 

sodium alginate/poly(ethylene oxide), Applied Polymer Science, Volume 104, 5. 3- Habila, M.A., 

Alorthman, Z.A., Ali, R., Ghafar, A.A., El-Din Hassouna, M.S., 2014, Removal of tartrazine dye onto 

mixed-waste activated carbon, Clean Soil Air Water, 42, 1824. Acknowledgement N.M. KILIC thanks The 

Scientific and Technological Research Council of Turkey (2210/D Industry Domestic Scholarship 

Program). 

KEYWORDS: Environmental biotechnology, nanofiber, electrospinning, water treatment 
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Nanotechnology is now widely used in both science and industry. Many efforts have been undertaken to 

synthesize nano-sized materials due to the importance of nanotechnology. Among various methods and 

techniques suggested to prepare nano-sized materials, it seems electrospinning has shown great 

performance and efficiency to synthesize nanomaterials especially nanofibers. Polystyrene (PS), a 

thermoplastic material with stiffness, gloss, hardness, and brightness, is one of the most frequently used 

polymers in thermoplastic materials.The electrospinning method has been shown to successfully produce 

polystyrene nanofibers, and it has been demonstrated that electrospun PS fibers have interesting 

applications in a variety of areas, including tissue engineering, filtration, enzyme immobilization, sensors, 

catalysis immobilization, composite materials, and prepared ion exchangers on PS fibers [1]. Since 

polystyrene has a rather hydrophobic structure, another polymer, carrageenan, was selected next to it [1]. 

Carrageenan is a linear sulfated polysaccharide produced from certain species of red seaweed using a dilute 

alkaline solution. ʂC is commonly used in many applications, such as food, cosmetics, pharmaceuticals, 

and paints. Hydrogels based on ʂ-carrageenan can be used in a variety of medical applications, such as 

drug delivery, wound dressing, cell encapsulation, and enzyme immobilization [2]. Herein, the objective of 

the study is to produce nanofibers and then to immobilize biomolecule with onto the surface of electrospun 

nanofibers. First of all, polystyrene and ʂ-carrageenan are dissolved separately and they are mixed with 

each other in certain proportions. Secondly, the nanofibers obtained by the electrospinning technique were 

coated on a slide to characterize morphology of them by Scanning electron microscopy (SEM) technique. 

Thirdly, LOx-HRP was immobilized on PS-KC nanofibers. Finally, RGB values were followed after 

enzymatic reactions. Acknowledgments Elif ULUKAN thanks to TUBITAK 2209 A-Program for the 

University Students at Undergraduate Level. References 1) Turri, S., Valsecchi, R., Vigano, M., & Levi, 

M. (2009). Hydrophilicïoleophobic behaviour in thin films from fluoromodified nanoclays and 

polystyrene. Polymer bulletin, 63(2), 235-243. 2) Abou-Okeil, A., Fahmy, H. M., Fouda, M. M., Aly, A. 

A., & Ibrahim, H. M. (2021). Hyaluronic Acid/Oxidized ʂ-Carrageenan Electrospun Nanofibers Synthesis 

and Antibacterial Properties. BioNanoScience, 11(3), 687-695. 

KEYWORDS: Electrospun nanofibers, polystyrene, ʂ-carrageenan, colorimetric sensing 
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Abstract 

 

According to the charge balance, trivalent dysprosium doped Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 3, 5) phosphor 

series was fabricated by solid state reaction route at 1100 C̄ for 8 h. The synthesized phosphors were 

investigated by XRD (X-ray diffraction), SEM (scanning electron microscopy), and PL 

(photoluminescence) analyses. XRD and SEM analyzes revealed the orthorhombic colombite crystal 

structure and the presence of oval-like and shapeless morphology with submicron and several micron grain 

sizes, respectively. With the excitation of 387.8 nm, the phosphors exhibited blue and yellow emissions at 

482.4 nm and 578.5 nm depending on the 4F9/2Ÿ
6H15/2 and 4F9/2Ÿ

6H13/2 transitions of Dy3+, respectively. 

The concentration quenching did not occur because the improvement in the charge balance reduced the 

structural defects and decreased the conversion of excitation energy to non-radiative transitions. The 

emission intensity of cadmium tantalate phosphor increased with increasing Dy3+ ion concentration up to 

x=5 value, and did not occurred the concentration quenching which reduces emission intensity. The 

Commission Internationale dôEclairage (CIE) coordinates of Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 3, 5) phosphors 

were found near the white region in the chromaticity diagram. 

 

Keywords:  Photoluminescence, XRD, SEM, W-LEDs 

 

¥zet 

 

Y¿k dengesine dikkate alēnarak, trivalent disprosyum katkēlē Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 3, 5) fosfor 

serisi katē hal reaksiyonu yolu ile 1100 oC 'de 8 saat s¿reyle ¿retilmiĸtir. Sentezlenen fosforlar XRD (X-

ēĸēnē kērēnēmē), SEM (taramalē elektron mikroskobu) ve PL (fotol¿minesans) analizleri ile incelenmiĸtir. 

XRD ve SEM analizleri ortorombik kolombit kristal yapēsēnē ve sērasēyla mikron altē ve birka­ mikron 

tane boyutuna sahip oval benzeri ve ĸekilsiz morfolojinin varlēĵēnē ortaya ­ēkardē. 387.8 nm'lik uyarēm 

ile fosforlar, Dy3+ 'nin 4F9/2Ÿ
6H15/2 and 4F9/2Ÿ

6H13/2 ge­iĸlerine baĵlē olarak sērasēyla 482.4 nm ve 578.5 
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nm'de mavi ve sarē emisyonlar sergilediler. Y¿k dengesindeki iyileĸmenin yapēsal bozukluklarē azaltmasē 

ve uyarma enerjisinin ēĸēnēmsal olmayan ge­iĸlere dºn¿ĸ¿m¿ azaltmasē nedeniyle konsantrasyon 

sºn¿mlemesi meydana gelmemiĸtir. Kadmiyum tantalat fosforun emisyon ĸiddeti, Dy3+ iyon 

konsantrasyonunun x=5 deĵerine kadar arttē ve emisyon ĸiddetinin azaltan konsantrasyon sºnd¿rme 

ger­ekleĸmemiĸtir. Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 3, 5) fosforlarēnēn Commission Internationale 

d'Eclairage (CIE) koordinatlarē kromatiklik diyagramēnda beyaz bºlgenin yakēnēnda bulunmuĸtur. 

 

Anahtar kelimeler:   Fotol¿minesans, XRD, SEM, W-LEDs 

INTRODUCTION  

Trivalent RE3+ ions with 4fï4f inner-shell transitions possess specific advantage features such as high 

luminescence yield, narrow emission line, and long decay time constant. Hence, rare earth (RE3+) doped 

materials have wide range of applications in the field of solid state lighting, display, and laser 

technologies. Moreover, in recent years, white light emitting diodes (W-LEDs) have been targeted as next 

generation solid state lighting sources due to the advantages of energy saving, high efficiency, long 

lifetime, reliability and environmentally friendly properties [1-9]. Recently, trivalent dysprosium ion 

(Dy3+) doped phosphors are of great attention due to white light emission property. As RE3+ metals, Dy3+ 

ions have two dominant emission bands: one is in blue region (470ï500 nm) due to 4F9/2Ÿ
6H15/2

 transition 

and the other is in yellow region (570ï600 nm) corresponding to the 4F9/2Ÿ
6H13/2

 transition [1-7].  

The crystal structure of CdTa2O6 is expressed by ternary oxides of the general formula AB2O6 (A=M2+, 

B=Nb, Ta). In the AB2O6 columbite structure, the A and B cations are at the center of octahedral 

surrounded by six oxygen atoms. The AO6 and BO6 octahedra form independent zig-zag chains by sharing 

edges, and the chains are connected by sharing corners in the order AO6 chain-BO6 chain-BO6 chain [1,8]. 

Cadmium tantalates were investigated due to photocatalytic [10] neutron absorption and [11] 

photoluminescence properties [1,8]. 

Photoluminescence of CdTa2O6:Dy3+ phosphor has been previously reported in the literature in which the 

highest luminescence was obtained for 1 mol% Dy3+ doped sample [1]. In this study, the structural and 

photoluminescence properties of Dy3+ doped Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 3, 5) phosphors were 

investigated. The effect of charge balance of Dy3+ doped cadmium tantalate phosphor was investigated 

on the structural and photoluminescence properties from x=0.5 to x=5 (from ~0.25 to ~2.5 mol%). The 

structural characterization and photoluminescence properties of the samples were performed using the 

SEM, XRD, EDS and fluorometric analyses. 

MATERIALS and METHODS  

Undoped and Cdx-1Ta2O6:xDy3+
 (0.5ÒxÒ5)  materials were synthesized by a solid state reaction method. 

Cd(NO3)2  4H2O with purity of 99% (Sigma-Aldrich) and Ta2O5 with purity of 99.9% (Alfa Aesar) powders 

were  used as starting materials. Dy2O3 with purity of 99.9% (Alfa Aesar) was used as a dopant. The 

Cd(NO3)2 4H2O, Ta2O5 and Dy2O3 powders were prepared according to stoichiometry; CdTa2O6, and 

Cd0.995Dy0.005Ta2O6,  Cd0.99Dy0.01Ta2O6, Cd0.98Dy0.02Ta2O6, Cd0.97Dy0.03Ta2O6, Cd0.95Dy0.05Ta2O6..Then 

Dy3+ doped powder mixtures were homogenized in an agate mortar, and were sintered at 1100 ÁC for 8 h 

under air atmosphere in an electric furnace. The phase compositions and crystallography parameters in 
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sintered samples were investigated by XRD ((XRD, Rigaku Corp., D-MAX 2200), using Cu-K  radiation 

between 2ɗ=20ï65Á at 2Á/min and Ni filter. The morphology and elemental composition of the sintered 

powders were investigated by Scanning electron microscopy (SEM, JEOL Ltd., JSM-5910LV) and PL 

(photoluminescence) analyses. , excitation and emission spectra were recorded by using a Scinco 

floromaster-FS/2 model fluorometer with a Xe-arc lamp (150 W) as excitation source. PL analysis were 

carried out under room temperature 

RESULTS AND DISCUSSION 

Structural analysis 

 

 

Figure 1. X-ray diffraction pattern of Cd0.995Dy0.005Ta2O6, Cd0.97Dy0.03Ta2O6 and Cd0.95Dy0.05Ta2O6 

samples. 

Figure 1 shows XRD results of Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 3, 5) samples at 1100 for 8h. As seen from 

XRD pattern, the single phase structure was preserved up to the highest Dy3+ concentration (x=5). XRD 

analysis indicated that Cdx-1Ta2O6:xDy3 samples crystallized in orthorhombic (almost fully overlap 

monoclinic) symmetry (JCPDS card No.39-1431) with space group Pbcn(60) the columbite type structure. 

Dy3+ ions were doped to the cadmium tantalate host for atomic displacement between Dy3+- Cd2+ ions. 

Accordingly, the charge balance of the structure may vary slightly, but the monoclinic symmetry of the 

lattice prevented up to x=5 concentration. The monoclinic crystal structure of cadmium tantalate could be 

illustrated as shown in Figure 2.   
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Figure 2.Schematic illustration of CdTa2O6 crystal structure in the direction of b axis 

 

Figure 3 (a-e) shows the SEM micrographs of CdTa2O6 (a), Cd0.995Dy0.005Ta2O6 (b), Cd0.99Dy0.01Ta2O6 (c), 

Cd0.97Dy0.03Ta2O6 (d), Cd0.95Dy0.05Ta2O6 (e) powders were sintered at 1100 ÁC for 8 h. The grain 

morphology of the samples is oval and shapeless. As seen in the SEM micrographs, the increased in Dy3+ 

concentration did not cause any notable changes in shape and grain size. Figure 4 shows EDS spectrum and 

elemental compositions of Cd0.97Dy0.03Ta2O6 sample. The elemental compositions (weight%, atomic%) of 

O, Cd, Dy, Ta are compatible with the theoretical compositions. 
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Figure 3. SEM micrographs of Cdx-1Ta2O6:xDy3+ powders; undoped or x=0 (a), x=0.5 (b), x=1 (c), x=3 

(d) and x=5 (e). 
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Figure 4. EDS spectrum and elemental amounts (wt%, at% and theoretical%) of Cd0.97Dy0.03Ta2O6 

sample 

 

Photoluminescence analysis 

Figure 4 shows the excitation spectra of Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 3, 5) phosphors monitored at 579.2 

nm. The excitation spectra in the range of 300ï420 nm belong to between the ground level and the 
6H15/2Ÿ

4M17/2 (326.2 nm), 6H15/2Ÿ
4F5/2 (339.3 nm), 6H15/2Ÿ

6P7/2 (352.2 nm), 6H15/2Ÿ
4P3/2 (366.0 nm), and 

6H15/2Ÿ
4I13/2 (387.9 nm) transitions. Figure 5 shows the emission spectra of Cdx-1Ta2O6:xDy3+ (x=0.5, 1, 2, 

3, 5) phosphors exhibited two emission peaks with the 4F9/2Ÿ
6H15/2 (484.5 nm) and 4F9/2Ÿ

6H15/2 (579.2 

nm) transitions. The emission of Dy3+ doped CdTa2O6 samples increased by the increasing of Dy3+ 

concentration up to x=5 (~ 2.5 mol%), and not occurred the concentration quenching which causes a 

decrease in luminescence. In the previously reported CdTa2O6:Dy3+ study [1], the emisson of Dy3+
 doped 

CdTa2O6 samples decreased over 1 mol%. In this study, the PL emission rising up to x=5 value, can 

probably be explained by the charge balance. The improvement in the charge balance has reduced the 

structural stress and disturbances, and accordingly, the conversion of excitation energy to radiative 

transitions has increased. 

 

 

 

Figure 5. Excitation spectra of Cdx-1Ta2O6:xDy3+ x=0.5, 1, 2, 3, 5) phosphors monitored at ɚem=579.2 

nm. 

 

The energy transfer of excitation energy depending on the distance of Dy3+-Dy3+ ions. The increase of RE3+ 

concentration decreases between Dy3+-Dy3+ and causes the increase of the non-radiative energy transfer 
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between ions. The decreasing distance between Dy3+-Dy3+ ions would be promoted nonradiative energy 

transfer. The critical distance (Rc) for the non-radiative energy transfer between Dy3+-Dy3+ ions estimates 

from the Blasse's equation (1) [12]: 

Ὑ

ς
σὠ

τʌὢὔ
                                                                                                                                                         ρ 

where V is the unit cell volume, N is the number of available sites for dopant ion and Xc is the critical 

concentration of dopant ion. For Cd0.95Dy0.05Ta2O6 phosphor, it is Xc=0.05 ion in the unit cell, V=445.2 (¡)3 

and N=4. Accordingly, the critical distance of energy transfer (Rc) for Dy3+ïDy3+ ions was calculated as 

16.2 (¡). Based on Blasse's theory [13], since the Dy3+ïDy3+  distance is larger than 5 (¡), the effective 

mechanism will be the multipolar interaction or the mechanism of exchange interaction will ineffective. 

 

 

Figure 6. Emission spectra of spectra of Cdx-1Ta2O6:xDy3+ x=0.5, 1, 2, 3, 5) phosphors excited at 

ɚex=352.2 nm.

 

White light properties  

The Commission Internationale de IôEclairage (CIE) chromaticity coordinates of Cdx-1Ta2O6:xDy3+ (x=0.5, 

1, 2, 3, 5) phosphors with different doping concentrations under excitation at 352.2 nm are shown in Figure 

7. The chromaticity coordinates were determined based on their corresponding PL spectra for different 

concentrations of the CIE chromaticity diagram of the Cdx-1Ta2O6:xDy3+ x=0.5, 1, 2, 3, 5) phosphor that is 




