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Abstract: In this work, a bio-based, lightweight, coated cotton fabric by using a cleaner manufacturing method, 

“photocuring” was proposed in order to be used as an alternative to the conventional heat-, solvent-, and water-

based outdoor textile (tarpaulin, tent, etc.) manufacturing. For this purpose, photocurable bio-based 

phosphorylated oligomer was synthesized with the reaction between a monomethacrylate functional phosphorus 

containing monomer and epoxidized soybean oil (ESBO). The synthesized phosphorylated ESBO (P-ESBO) 

oligomer was used in cotton fabric coatings in different proportions and photocured with UV light exposure. 

The effects of the amount of P-ESBO oligomer in the formulation on the crystalline morphology, mechanical, 

thermal, surface wettability, flammability, and abrasion resistance properties of the cotton fabrics were all 

searched. It was revealed that the increasing amount of P-ESBO oligomer in the formulation increases the 

drapeability and tensile strength of the fabrics with enhanced flame resist property by giving higher char yields. 

Besides, phosphorylated oligomer also acted as an adhesion promoter between the fabric surface and coating 

layer resulting a better abrasion resistance property.   

Keywords: Soybean Oil, Photocuring, Ring Opening, Cotton Fabric, Phosphorus 

Yeşil Kimya İle Fotokürlenebilen Fosfor İçerikli Pamuk Kumaş Kaplamalari 

Öz: Bu çalışmada, biyo-esaslı, hafifletilmiş, kaplı pamuk kumaşların üretiminde, geleneksel ısı enerjisi, su ve 

çözücü kullanımını gerektiren dış mekân tekstilleri (tente, branda vb.) üretimine alternatif olabilecek, çevreci 

bir üretim yöntemi olan fotokürleme kullanılması hedeflenmiştir. Bu amaçla, fotokürlenebilen, biyo-esaslı 

fosforlanmış bir oligomer, monometakrilat fonksiyonelliği olan fosfor içerikli bir oligomer ve epokside edilmiş 

soya fasulyesi yağı (ESBO) reaksiyonu ile sentezlenmiştir. Sentezlenen fosforlanmış ESBO oligomeri (P-

ESBO) farklı oranlarda kaplama formülasyonlarında kullanılmıştır. Daha sonra kaplanan bu formülasyonlar 

pamuk kumaş üzerine uygulanmış ve UV ile kürlenmiştir. Formülasyondaki P-ESBO oligomer oranının, pamuk 

kumaşın kristal morfolojisi, mekanik, termal, yüzey ıslanabilirliği, alev alma ve aşınma dayanımı özelliklerine 

olan etkileri incelenmiştir. Elde edilen bulgular ışığında, formülasyondaki P-ESBO oligomer artışının 

kumaşların dökümlülüğü ve kopma mukavemetini arttırdığı, alev dayanımını ise daha yüksek piroliz ürünleri 

vererek geliştirdiği gözlenmiştir. Bununla birlikte, fosfor içerikli oligomerin pamuk kumaş ve kaplama 

formülasyonu arasında yapışmayı arttırıcı bir rol oynadığı ve böylece kaplı kumaşların aşınma dayanımını 

iyileştirdiği görülmüştür.  
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1. INTRODUCTION 

Vegetable oils are accepted as a great candidate to reduce the usage of petrochemicals in polymer 

synthesis due to the being abundant, biodegradable, renewable, non-toxic, non-depletable, and cheap. 

Among vegetable oils, soybean oil is favored with low toxicity, and possessing five unsaturated 

groups on its backbone which allow to the reactions with some chemical species. Epoxidation is the 

most common modification reaction in literature that involves the formation of oxirane ring in the 

presence of hydrogen peroxide and a catalyst. The intentionally formed oxirane rings on the soybean 

oil backbone, allows to further reactions generally by acids, amines etc. in order to be used as a 

starting material in the synthesis of specially designed polymers (Alam, Akram et al. 2014, Islam, 

Beg et al. 2014, Zhang, Garrison et al. 2017, Chen, Cai et al. 2019, Cai, Chen et al. 2020).  

Photocuring technology is favored due to the several reasons; requiring none/less solvent, rapid 

crosslinking mechanism even at room temperature, high curing rates with high optical clarity, high 

scratch resistance with a controlled elasticity, applicability on complex shaped materials etc. 

Considering all the mentioned advantages, photocuring represents an environmentally friendly 

coating technique in comparison with the conventional thermal and solvent based coating 

technologies (Bajpai, Shukla et al. 2002, Moon, Shul et al. 2005, Hwang, Kim et al. 2009, Habib and 

Bajpai 2010, Sung and Kim 2013).  In literature, in order to prepare photocurable coating 

formulations, the oxirane ring of epoxidized soybean oil (ESBO) has been reacted by cashew nutshell 

liquid, vinyl phosphonic, methacrylic, and acrylic acids then they have been used for various 

applications such as 3D printing, flame resist coatings, oil absorbing materials etc. (Baştürk, İnan et 

al. 2013, Li, Ma et al. 2017, Liu, Luo et al. 2017). Most of the photocurable coatings are highly 

flammable as they mainly consist of carbon, oxygen, and hydrogen atoms. In literature, a number of 

studies have been made regarding the inclusion of phosphorus containing chemical species to obtain 

a flame resist property. Besides the flame resistance effect, phosphorus based coatings also present 

anticorrosive and adhesion promoter properties (Chen, Song et al. 2011, Luangtriratana, Kandola et 

al. 2015, Kowalczyk, Kowalczyk et al. 2018). 

In textile industry, polymeric fabric coatings are being applied to enhance some properties such 

as thermal stability, mechanical, wettability, hydrophilicity, drapeability etc. or to give some 

additional functionalities like antibacterial, antifungal, resistance to flame, chemicals, mold, sharp 

objects, heat and so on. These polymeric coatings involve the usage of conventional solvent-, water-

, and thermal-based coating techniques that possess harmful effects on human health and nature. The 

coating substrate is generally a petroleum based non-renewable polymeric structure for instance; 

acrylic acid, ethylene vinyl acetate (EVA), polyvinyl chloride (PVC), and polyurethane (PU) etc. 

(Salim, Abas et al. 2018, Aliverdipour, Ezazshahabi et al. 2020). The main aim of this study is the 

manufacturing of lightweight coated cotton fabrics with enhanced mechanical and thermal properties 

by using a bio-based starting material (soybean oil), instead of petroleum based chemicals, in the 

synthesis of the phosphorous containing ESBO (denoted as P-ESBO) oligomer via an 

environmentally friendly technique (photocuring). A specialty designed phosphorus containing 

reactive monomer having methacrylate functionality was used to chemically modify the ESBO 

backbone. Then, the obtained P-ESBO oligomer was chemically analyzed by 1H NMR and FTIR 

spectroscopies, respectively. Coating formulations were prepared by using the synthesized P-ESBO 

oligomer, a photo initiator, and a reactive diluent. Cotton fabrics were coated by the prepared coating 

formulations through dip coating, then photocured by UV light exposure. The effects of the amount 

of P-ESBO oligomer in the formulation on the crystalline/amorphous regions, thermal transitions, 
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flammability, surface wettability, abrasion resistance, and mechanical characteristics of the coated 

photocured cotton fabrics were all searched.       

   

2. EXPERIMENTAL 

 

2.1. Materials 

ESBO (MW=952 g/mole, EEW=232 g/equiv.), perchloric acid (HClO4), potassium hydroxide 

(KOH), 1.6-hexanediol diacrylate (HDDA), methyl acrylate (MA), tetraethylammonium bromide, 

acetic acid, indicators (crystal violet and phenolphthalein), dibutyltin dilaurate (T12, catalyst), 

hydroquinone (HQ, inhibitor), and ethanol were all purchased from Merck and used without any 

purification. 1-hydroxycyclohexyl phenyl ketone (Irgacure 184) was used as photoinitiator. 

Monomethacrylate functional phosphorus containing monomer, commercially known as Sipomer 

PAM-200, was received from Solvay. Cotton fabrics (woven in plain structure, bleached and desized, 

135 g/m2 in weight, 42 warp/cm, 30 weft/cm) were supplied from Sarteks Mensucat, Bursa, Turkey. 

2.2. P-ESBO Oligomer Synthesis 

Synthesis of the phosphorous containing ESBO (P-ESBO) oligomer was performed similarly in 

the authors’ previous study (Yildiz 2023). The reaction was set in a three-necked round-bottom glass 

flask, by using a magnetic stirrer, a condenser, under nitrogen inert atmosphere. Sipomer PAM-200 

is a specialty purpose monomer which is being used to improve the adhesion of coating formulations 

on various surfaces. Besides, here it was used as the phosphorus source for the oligomer in order to 

enhance the thermal properties of the coating formulations. Considering the epoxy equivalent weight 

(EEW) of ESBO (232 g/equiv.), the ESBO:Sipomer PAM-200 molar ratio was set as 1:0.5. The 

scheme of the reaction can be observed in Figure 1. First, ESBO and Sipomer PAM-200 were loaded 

into the flask and stirred at 200 rpm. Then HDDA (30% out of the total amount of monomethacrylate 

functional phosphorus containing monomer and ESBO), 300 ppm HQ and 3 drops of T12 were all 

loaded into the flask. The reaction mixture was stirred for 30 min at room temperature and for 1.5 h 

at 50 oC. The completion of the reaction was followed by checking the EEW and acid value (AV) in 

every 15 min via ASTM titration procedure. Then it was ended when a constant EEW and AV were 

obtained. During the reaction, the oxirane groups of ESBO were opened by the hydroxyl groups of 

Sipomer PAM-200 which was initiated by the nucleophilic attack of the catalyst (T12) resulting with 

the formation of phosphonium betaine. A proton of Sipomer PAM-200 was attached to the betaine 

then an ester bonding was formed by the effect of carboxylate anion on the electrophilic carbon of 

the phosphorus (Su, Cheng et al. 2012). 

2.3. Preparation and Application of the Coating Formulations 

Coating formulations were prepared by using the phosphorylated ESBO oligomer and MA 

(reactive diluent) in various proportions, and 3 % photo initiator. In order to lower the viscosity of 

the coating formulation for a better wettability property on the fabric surface, the formulation was 

heated above room temperature ( ̴40 oC). Table 1 shows the composition of coating formulations with 

the designated sample codes, i.e., sample B means the fabric that is coated by the coating formulation 

of 75 % MA, 25 % P-ESBO oligomer, and 3 % photo initiator (out of the total MA+P-ESBO amount). 

Cotton fabrics were cut in 30x6 cm dimensions that are require to perform the tensile test, and then 

they were dipped into the coating formulation for 5 min. The excess of the coating formulation was 

dissipated from the fabric by a squeezing roller in 500 g weight. In order to prevent the oxygen 

inhibition during the photocuring stage, dip-coated fabrics were put into a transparent ziplock PE 
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bags. Cole-Parmer UVP Longwave UV Crosslinker cabinet (115 VAC model) was employed for the 

photocuring stage from both sides of the fabric for 3 min. Considering the formulation uptake capacity 

of cotton fabrics based on our previous studies in dip-coating bath, at around 30 % weight uptake was 

achieved on coated photocured cotton fabrics without any agglomeration. The schematic 

representation of the coating process also was illustrated in Figure 1.  

 

 
 

Figure 1:  
Scheme of the reaction and coating process. 
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Table 1. Compositions of the coating formulations with the sample codes. 

Sample Codes MA (%) P-ESBO (%) Photo Initiator (%) 

A 100 0 

3 
B 75 25 

C 50 50 

D 25 75 

E 0 100 

 

2.4. Characterization 

The chemical structure of the phosphorylated ESBO oligomer was analyzed by using Fourier 

transform infrared (FTIR) spectroscopy (Perkin Elmer Spectrum-100) equipped with an ATR 

sampling holder and proton nuclear magnetic resonance (1H NMR) spectroscopy (Bruker AMX 500 

MHz NMR, solvent: dimethyl sulfoxide, with internal reference of the tetramethylsilane), 

respectively. X-ray diffraction (XRD) patterns of the coated photocured fabrics were obtained by 

using D/Max-BR diffractometer (at 30 mA, 40 mV over a 2θ range of 10-80o at a rate of 2o/min) to 

investigate the amorphous and crystalline phases. OriginPro 7.0 software was employed to monitor 

the XRD patterns. Thermal transitions and stability of the coated photocured fabrics were observed 

by simultaneous TG/DSC (thermogravimetry/differential scanning calorimetry) measurement 

(Netzsch DSC 204) in an inert atmosphere with a 20 oC/min heating rate till 600 oC. The flammability 

behavior of the coated photocured fabrics was investigated by using the limiting oxygen index (LOI) 

test which gives the required amount of oxygen for a three-minute-flame to burn the whole sample 

(2019). The existence and uniformity of the coating layer on the fabric surface was observed by using 

scanning electron microscopy (SEM, ZEISS Ltd, JSM-5910LV). In order to observe the wettability 

nature of the coated fabrics absorbency test  was employed based on the measuring the disappearance 

time of a water droplet on the coated fabric surface that is recorded by a chronometer. The 

hydrophobicity of the coated fabrics was investigated by contact angle measurement (Fibro System 

Ab, Gardco PGX+goniometer) equipped with a camera. The adhesion between the coating layer and 

fabric surface, was investigated by using an abrasion resistance test  on a Martindale abrasion and 

pilling device. Instron 4411 tensile testing machine was employed to record the tensile strength and 

elongation at break values of the coated photocured fabrics. The flexibility and resilience behavior of 

the coated photocured fabrics were searched by using the crease recovery angle test (Gan 2021). 

Samples in 15 mm x 40 mm dimensions were horizontally folded and then put under a 10 N force for 

5 min in a crease recovery angle tester. The angle between the folded layers gives the crease recovery 

angle of the samples.  

3. RESULTS AND DISCUSSION 

 

3.1. Oligomer Properties 

The synthesized P-ESBO oligomer was characterized by titration methods periodically by means 

of AV and EEW during the reaction. AV shows the KOH amount (mg) that is needed to neutralize a 

1 g of P-ESBO oligomer. EEW gives the amount of P-ESBO oligomer (g) that contains a 1 gram 

equivalent of epoxide group. At the beginning of the reaction the EEW and AV were found as 232 

g/Eq. and 30.7 mgKOH/g, respectively. These results decreased gradually till the constant values 

(7.53 mgKOH/g and 380 g/Eq.) were obtained. The decline of these values proves the completion of 

the reaction due to the depletion of the epoxide groups of ESBO by the Sipomer PAM-200 oligomer. 

The chemical structures of ESBO and P-ESBO oligomers were also characterized by FTIR and 1H 
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NMR spectroscopies. Figure 2 shows the FTIR spectra of the oligomers. Accordingly, the 

characteristic ester peaks of triglyceride structure were observed at 1740 cm-1 in both spectra. The 

bands at around 2840-2980 cm-1 were attributed to the aliphatic –CH2- groups of ESBO (Çakmakçı 

2017). The oxirane peaks of ESBO were appeared at 825 cm-1 and 905 cm-1. These peaks were 

disappeared in the P-ESBO spectra due to the ring opening of epoxide groups. Furthermore, a newly 

formed C-H bending vibration peak at 809 cm-1 in P-ESBO spectra also supported the ring opening 

reaction. In the spectra of P-ESBO, the peaks at 996 cm-1 (P-O), 1243 cm-1 (P=O), and 1100 cm-1 

(phosphate ester vibration) were all proved the inclusion of monomethacrylate functional phosphorus 

containing monomer to the chemical structure of P-ESBO oligomer. The acrylate peaks (CH=CH2) 

at 1619 cm-1 and 1636 cm-1 were also formed in the spectra of P-ESBO oligomer after the synthesis 

reaction (Shi, Wang et al. 2006, Liu, Xu et al. 2012, Baştürk, İnan et al. 2013, Ugur, Kılıç et al. 2014, 

Wu, Liu et al. 2019).  

The 1H NMR spectra of the P-ESBO oligomer in CDCl3 was given in Figure 3. Accordingly, the 

monomethacrylate functionality of the phosphorylated ESBO oligomer can be observed by the proton 

peaks at 5.59-5.60 ppm (C(CH3)=CH2 in trans position) and 6.10-6.18 ppm (C(CH3)=CH2 in cis 

position), respectively. Methyl protons of methacrylate unit, penta PPG, and saturated triglyceride 

backbone were all recorded at 0.82-1.45 ppm region. The peaks at 4.1-4.3 ppm and 5.1-5.3 ppm were 

attributed to the characteristic methine and methylene protons of triglyceride backbone. The protons 

in allylic position were observed at 2.4 ppm. The methylene protons of the ESBO backbone were 

seen at 1.45-1.7 ppm region. The peaks at 2.8-3.2 ppm region were assigned to the aliphatic –OH 

protons of phosphorus groups. Due to the epoxide ring opening reaction, the methine peak at 4.35 

ppm and the hydroxyl proton peak at 3.3-3.6 ppm region were all observed (Liu, Wang et al. 2011, 

Uysal, Acik et al. 2017, Wu, Hu et al. 2018).    

      

 

Figure 2:  
FTIR spectra of (a) ESBO, (b) P-ESBO. 
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Figure 3:  
1H NMR spectra of the P-ESBO oligomer. 

3.2. XRD Analysis  

The cellulose I is the most abundant cellulose type in nature and its’ structure composes of two 

distinct crystal shapes namely cellulose Iα and cellulose Iβ. The cellulose Iβ is the dominant crystallite 

structure of cellulose in cotton so the Figure 4 illustrates the XRD patterns of cellulose Iβ structure in 

raw fabric and in fabrics by means of each photocurable coatings (Nam, French et al. 2016). The 

application of photocurable coating changed the intensities of characteristic XRD peaks of raw cotton 

fabric at 14.7o, 16.8o, and 22.7o due to the displacement of cellulose crystals. The penetration of the 

coating layer into the cellulose fibrils affected the crystal structure of cellulose resulting wider peaks 

which are associated with increasing amorphous character (Gupta, Uniyal et al. 2013). In XRD 

patterns, wide peaks are responsible of the amorphous areas whereas narrow peaks prove the 

existence of crystalline areas (Rowe and Brewer 2018). Accordingly, the characteristic cellulose 

peaks became broader from the sample A to the sample E. In other words, increasing amount of the 

synthesized P-ESBO oligomer in the coating formulation increased the overall amorphous regions. 

This result is stemming from the long flexible aliphatic groups of polyol and pendant methyl groups 

of penta PPG that increase the free volume of the chains via inhibiting the formation of a close packed 

crystal structure (Kaczmarek and Vuković-Kwiatkowska 2012, Kalita 2018).        
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Figure 4:  

XRD patterns of raw fabric and each coated photocured fabric samples. 

3.3. TG-DSC Analysis 

Figure 5 illustrates the curves of TG-DSC analysis of the raw fabric and photocured fabrics by 

means of each coating formulation. The TG data of the raw fabric and coated photocured fabrics were 

listed in Table 2. The weight loss below 100 oC in TG curves is related to the moisture evaporation 

that is adsorbed by cotton fabrics. Considering the thermal transitions of the samples, due to the 

aliphatic character of P-ESBO oligomer, which gives chain movement activity, thermal stability 

decreases with increasing amount of P-ESBO oligomer in the coating formulation. Thus the sample 

of E showed the least Td value (Chen, Yang et al. 2013). Due to the changes on the neat intermolecular 

hydrogen bonding structure of cellulose crystallites, the Tg of raw fabric first decreased for the 

samples of A, B, and C then slightly increased after the application of coating formulations. 

Furthermore, the characteristic Td peak of cellulose at 355 oC was also affected from the 

reconfiguration of hydrogen bonding resulting lower decomposition temperatures in photo-cured 

coated samples (Yang, Zeng et al. 2014). Under nitrogen atmosphere, carbonization takes place via 

pyrolysis of the samples resulting the formation of char. A remarkable increase was observed in the 

char yield at 600 oC through the sample of A to E, due to the increasing amount of P-ESBO oligomer 

in the coating formulation. This result can be supported by the changes in pyrolysis mechanism of 

the cellulose through dehydration step instead of the levoglucosan formation resulting greater 

amounts of char. Additionally, the phosphorylated oligomer prevents degradation of the coated fabric 

resulting a higher char yields that inhibits the spread of heat and pyrolysis products through the sample 

(Gao, Wu et al. 2009, Yildiz, Onen et al. 2016, Xu, Wang et al. 2017, Gong, Zhou et al. 2020).       
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Figure 5:  
TG-DSC curves of raw fabric and each coated photocured fabric sample. 

Table 2. Thermogravimetric data of raw fabric and coated photocured fabrics for each 

formulation. 

Sample Codes Tg (oC) Td (oC) 

Weight Loss Temperature Residue 

at 400oC 

(%) 

Char 

Yield 

(%) 
5%  50%  

Raw Fabric 88 355 305 357 21 13.7 

A 81 351 280 351 33 26.1 

B 78 332 276 340 35 26.7 

C 80 340 286 346 34 26.6 

D 93 325 295 345 36 27.7 

E 102 309 285 332 39 28.1 

 

3.4. Flammability Behavior of the Coated Photocured Fabrics 

The LOI test is commonly used to evaluate the flammability characteristic of polymeric coatings. 

The LOI test results and the sample images after the test were given in Figure 6. According to the 

results, the increasing amount of phosphorylated oligomer (P-ESBO) through the sample A to E 

gradually increases the LOI values of coated photocured fabrics. As noted in the TG-DSC section, P-
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ESBO oligomer is responsible of the char formation that prevents the spread of heat and pyrolysis 

products through the sample resulting a flame resist property. Due to the highest P-ESBO oligomer 

content, the sample E showed the best LOI value of 25 by giving the highest amount of char 

formation. These results also consistent with the TG-DSC curves in Figure 6, that also support the 

char formation via phosphorus content (Yildiz, Onen et al. 2016, Çakmakçı 2017).      

 
Figure 6:  

LOI values and images of the raw fabric and coated photocured fabrics after the test. 

3.5. Surface Morphology, Wettability, and Abrasion Resistance 

The surfaces of coated photocured fabrics were evaluated in terms of the morphology, wettability, 

and abrasion resistance performances. The SEM images of raw fabric and the sample of E in 2k 

magnification were illustrated in Figure 7. SEM analysis was employed to observe the uniform 

dissipation of the coating layer through the fiber surface. Accordingly, the rough fiber surface in raw 

cotton fabric gained a smooth look in sample E due to the presence of coating layer on fiber surface. 

The coating layer was well-dissipated on fiber surface without any agglomeration.   

 
 

Figure 7:  
SEM images of raw fabric (left) and the coated photocured fabric (E) (right). 
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Figure 8 summarizes the abrasion resistance results along with the wettability properties of raw 

fabric and coated photocured fabrics by means of contact angle and absorbency tests. The principle 

of the absorbency test is to observe the water droplet on the coated photocured fabric surfaces and to 

record the time by a chronometer that is needed for the disappearance of the droplet (Chen, Cai et al. 

2019). Accordingly, due to the inherent hydrophilic property of the raw cotton fabric, the contact 

angle and absorbency test results of the raw fabric were recorded as 39o and 3 seconds, respectively. 

After coating process, the absorbency times and contact angles all increased due to the existence of a 

coating layer on cotton fabric that gives a hydrophobic character to the fabric. The synthesized P-

ESBO oligomer possesses hydrophilic polar groups (hydroxyl, carbonyl, phosphate) on its backbone 

that can be interacted with the water molecules (Baker, Drelich et al. 2007). Thus whenever the 

amount of P-ESBO oligomer increases in the coating formulation, the contact angles and absorbency 

times decrease. Thus, considering the coated photocured samples, the least disappearance time of the 

water droplet with 10.4 min and the lowest contact angle value of 85o were observed in the sample of 

E. Considering the surface wettability property, a hydrophobic surface should demonstrate a contact 

angle value above 90o (Law 2014), thus almost all samples can be accepted as hydrophobic except 

sample E. But it is also very close to a hydrophobic character with a contact angle of 85o.     

The abrasion resistance test was employed by using Martindale abrasion and pilling device in 

order to investigate the adhesion between the coating layer and the fabric surface. The principle of 

the abrasion test is that to calculate the weight loss of samples in 5 cm diameter before abrasion and 

after abraded by a sandpaper for 100 cycle abrasion (Cai, Chen et al. 2020). This test has been 

developed by ISO standards just for the rubber/polymer coated fabrics. Thus it cannot be applied on 

the raw fabric surface. Considering the abrasion resistance test results in Figure 8, the highest weight 

loss value of 5.7 % after abrasion was observed in the sample of A. The weight loss values decreased 

gradually to the sample E and the least weight loss value of 2.9 % was recorded in the sample E. This 

result can be explained by the hydrophilic and flexible groups of the synthesized P-ESBO oligomer 

which act as an adhesion promoter between the coating layer and the fabric surface (Yildiz, Gungor 

et al. 2016). Furthermore, the phosphorus group of Sipomer PAM-200 in P-ESBO oligomer also 

inherently promotes high adhesion properties between the adherent layers (Wehbi, Mehdi et al. 2019). 

The bonding mechanism between the fabric and the coating layer was illustrated in Figure 9. The 

abundant hydroxyl groups of cotton fabric are responsible of the formation of several hydrogen 

bondings between the coating layer and the fabric. The hydrogen bonding associations, in red-dashed 

lines, were established between the hydroxyl groups of fabric and several functional groups of coating 

layer such as; –OH and P=O groups of phosphate, carbonyl groups of triglycerides, carbonyl group 

in methacrylate, and –OH groups that are formed by the ring opening reaction.                
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Figure 8:  
The contact angles, absorbency times, and weight loss percentages after abrasion for each coated 

photocured fabric sample. 
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Figure 9:  
Scheme of the bonding mechanism between the coating layer and the cotton fabric. 

3.6. Mechanical Properties 

The mechanical properties of raw fabric and coated photocured fabrics for each formulation by 

means of tensile testing and crease recovery angle test were illustrated in Table 3. The mechanical 

behavior of the fabric samples can be explained by considering the chemical structure of the coating 

formulations. The synthesized P-ESBO oligomer presents much more connection points that can be 

interacted with the hydroxyl groups of cotton fabric (Gu, Liu et al. 2020). As can be seen in Figure 1 

and 9, the carbonyl groups of triglycerides, phosphate ester and carbonyl groups of monomethacrylate 

functional phosphorus containing monomer, hydroxyl groups formed after the ring opening reaction 

of epoxide groups are all the potential connection points to the hydroxyl groups of cotton fabric. 

Whenever the P-ESBO oligomer amount increases in the formulation the tensile strength also 

increases. Thus the highest tensile strength value was recorded in the sample of E. A similar 

explanation can be also made for the elongation property. The P-ESBO oligomer has long flexible 

aliphatic groups (penta PPG; a polyol group) on its backbone. The flexible groups support the ductility 

nature of the structure resulting an increased elongation at break values. Besides, the pendant methyl 

groups of PPG inhibit a close packing of polymer chains by increasing the free volume of the chains 
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and act as internal plasticizer (Kaczmarek and Vuković-Kwiatkowska 2012, Kalita 2018). Due to the 

mentioned reasons the elongation at break value increases with increasing amount of P-ESBO 

oligomer in the coating formulation. 

The crease recovery angle of a fabric gives idea about the handle and drapeability properties of 

the fabric. These properties are highly correlated with flexibility and resilience notions. The crease 

recovery angle gives idea about the flexibility of the fabric by searching the ability of fabric about 

turning back to the unfolded position when the loading is removed. Accordingly, the raw fabric 

showed the highest crease recovery angle values in both warp and weft directions due to the flexible 

property of the fabric. After the coating and photocuring processes, the crease recovery angles 

decreased in all samples due to the existence of a coating layer on the fabric surface which limits the 

fiber movements with a partial loss of flexibility property. As mentioned before, the synthesized P-

ESBO oligomer has flexible long aliphatic groups (penta PPG) on its backbone and gives resilience 

property to the fabric surface. Thus, whenever the amount of P-ESBO oligomer increases in the 

formulation the crease recovery angles also increase. In other words, the sample of E shows the most 

similarity to the raw cotton fabric in terms of the drapeability and handle characteristics. Lower crease 

recovery angle means that when a force is applied on fabric, a crimp is formed between the folded 

parts of fabric which restricts the fabric for turning back to the unfolded position (Abrishami, 

Mousazadegan et al. 2019, Wang, Fu et al. 2021). Due to the absence of the synthesized P-ESBO 

oligomer in the sample of A, the lowest crease recovery angles were recorded in that sample.       

Table 3. Mechanical testing results of raw fabric and coated photocured fabrics for each 

formulation. 

Sample Codes 
Tensile Strength 

(N) 

Elongation at 

Break (%) 

Crease Recovery Angle (o) 

Warp Weft 

Raw Fabric 893 12.9 84 95 

A 1058 13.5 52 56 

B 1072 14.7 62 79 

C 1081 15.6 67 83 

D 1086 15.9 71 85 

E 1093 16.2 76 87 

 

4. CONCLUSION 

In this work, bio-based phosphorylated photocurable oligomer was synthesized with the reaction 

between the oxirane ring of ESBO and a monomethacrylate functional phosphorus containing 

monomer. The synthesized oligomer was included in coating formulations in different proportions 

and then coating formulations were applied on cotton fabric surfaces and cured by UV-light. This 

study proves that the inclusion of a phosphorus-based monomer to the oligomer structure enhances 

the adhesion between the fabric surface and coating layer by improving the abrasion resistance. Due 

to the existence of connection points between the coating layer and the cotton fabric which were 

constituted by the phosphate ester and carbonyl groups in monomethacrylate functional phosphorus 

containing oligomer, carbonyl groups of triglycerides in ESBO, and hydroxyl groups formed after the 

ring opening reaction of epoxide groups, the tensile strength and adhesion increased with increasing 

P-ESBO oligomer in the coating formulation. Furthermore, higher char yield and LOI values were 

recorded with increasing amount of phosphorylated oligomer in the formulation, that can prevent fire 

propagation on the coated photocured cotton fabric surfaces. The designed coated cotton fabrics (172 
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g/m2 in weight with 1093 N tensile strength) here, can be accepted as an alternative compared to the 

conventional tarpaulin materials (500-850 g/m2 in weight with 900-1500 N tensile strength on 

average) since they present several advantages such as being lightweight, manufacturing via solvent-

/waterless, time/energy saving photocuring technique, presenting a hydrophobic and partial flame 

resist property.  
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