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ABSTRACT 

The ligno-cellulosic Jute fiber, which holds the second largest volume among the natural cellulosic 
fibers after Cotton. This study is focuses on the determination of flame-retardancy properties of pure 
Jute and Jute-Cotton fabrics treated with Pyrovatex CP New at various concentrations (50%, 60%, 70%, 
80%, 90% owf, M:L: 1:10, 1:7, 1:5). A significant improvement in the flame-retardancy was determined 
on both fabrics. After ignition period, the recorded flame spread time was zero second on both FR treated 
fabrics; on the other hand, it was measured 21 seconds and 28 seconds to burn the entire length (15 cm) 
of untreated Jute and Jute-Cotton fabrics, respectively. Within these flame-spread times, the char length 
was 2.2 cm and 2.73 cm in Jute and Jute-Cotton fabrics, respectively. Tensile and tear strength also 
markedly decreased markedly after the FR finish in both warp and weft directions of both fabrics. The 
vertical flammability results reported in this study show the potential application of Pyrovatex CP New 
on Jute-based materials. 
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INTRODUCTION 

Jute is a ligno-cellulosic fiber that contains the primary elements hemicellulose (22–24%), cellulose 
(58–60%) and lignin (12–14%), as well as several minor constituents. Because of the variances in the 
chemical composition, the thermal behavior of various components changes. The thermal behavior and 
fire-retardant finish have been the subject of some exploratory research in previous studies [1,2]. To 
limit the number of casualties and injuries caused by fire, the backing of jute carpet, decorative jute 
furnishing fabrics and the brattice cloth for mines have been made fire-resistant. Fire-retardant fabrics 
are now used in a variety of applications, including floor coverings, floor mats, carpets, military 
uniforms, hospital furniture, hospital curtains, and industrial ventilation, among others [3]. Higher 
chemical add-on, visible decrease in tensile strength, and yellowing are the main issues with the fire-
protective finish treatment of jute-based fabrics. Furthermore, the majority of these fire-retardant 
compositions are not durable or semi-durable and require substantial dosages of relevant chemicals [4]. 
Except cotton, limited studies were conducted on natural fibers, but the studies by Yusuf [5] on linen, 
hemp, silk & wool and on flame-retardancy of jute by Mehta & Hoque [6]. Dorez et al. investigated the 
effects of the content of cellulose, hemicellulose, and lignin on the pyrolysis and combustion of natural 
fibers [7]. Previous studies reported the application of different organophosphates and other chemicals 
in Jute [8] and in a recent study, Samanta et al. have successfully investigated the effect of nano-zinc 
oxide as a flame-retardant finish on Jute fabric [9].  
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Previous researchers conducted several studies on the application of Jute fibers in composites [10,11], 
but very few were determined the flame-retardancy of Jute fabrics for the purpose of technical textiles. 
Therefore, this paper focuses on determining the flame-retardance property of 100% Jute and Jute-
Cotton fabrics treated with a commercial flame-retardant (FR) chemical and thus on investigating the 
impact of flame-retardant finishing on the physio-mechanical properties of the fabrics. 

EXPERIMENTAL 

Materials, chemicals and flame-retardant finishing treatment 

All experiments were carried out using two different plain woven fabrics (pretreated) consisting of 100% 
Jute (290 GSM, EPI: 22, PPI: 16) and Jute-Cotton (Warp: Cotton and Weft: Jute; 340 GSM, EPI: 52, 
PPI: 26), purchased from Mony Jute Company, Dhaka, Bangladesh. A phosphorous-based commercial 
flame-retardant chemical, PYROVATEX CP New (N-methylol dimethylphosphonpropionamide) and 
cross-linking agent KNITTEX FFRC (a modified dihydroxy ethylene urea) were purchased from the 
local agent of Huntsman (Swiss Color, Bangladesh). All chemicals were used as received.  

100% Jute fabric was treated with PYROVATEX CP NEW by the exhaust method at varying 
concentrations (50%, 60%, 70%, 80%, 90% owf or 128.57 g/L, 114.28 g/L, 100 g/L, 85.71 g/L, 71.43 
g/L)) with the material-to-liquor ratio 1;10, 1:7 and 1:5 in an open bath at room temperature for 1 hour. 
The KNITTEX FFRC crosslinking agent was used at 30 g/L for all treatment baths. Similarly, the Jute-
Cotton fabrics were treated in a material-to-liquor ratio 1:7, the other treatment conditions remained the 
same as the Jute fabric treatment. Finally, the treated samples were then dried in air. 

Flammability test 

The untreated and flame-retardant (FR) treated fabrics were tested using a vertical flammability test 
followed by the standard method DIN 4102-1. The specimen size was kept 15 cm in length and 5 cm in 
width and exposed to a standard flame at 90o vertically using a Bunsen burner for 10 seconds of ignition 
time; the flame source is then removed and left for further burning. Afterwards, the flame spreading 
time, after glow time and char length was recorded. All tests were repeated three (03) times. 

Physio-mechanical properties analysis 
For the tensile strength test and the elongation at the break, the maximum force was determined using 
the grab method (EN ISO 13934-2). The tear force was determined using the single tear method (EN 
ISO 13937-2(auto-stop)). All these tests were repeated three (03) times. 

RESULTS AND DISCUSSIONS 

Determination of flammability 

After application of the flame-retardant chemical to the Jute and Jute-Cotton fabric, the vertical 
flammability test was determined. The ignition time was kept constant at 10 sec, then the flame source 
was removed, and the flame spread time, after-glow time, and char length were determined, presented 
in Table 1. Initially, the Jute fabric was treated with the flame-retardant chemical at five different 
concentrations (50%, 60%, 70%, 80%, 90% owf) in three different material-to-liquor ratios (1:10, 1:7, 
and 1:5). Apparently, after gaining the best flame-retardancy performance in the treated Jute fabrics at 
1:7 material-to-liquor ratio, the Jute-Cotton fabric was treated with the same concentrations of Pyrovatex 
CP New in 1:7 material ratio and measured the performance. 
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Table 1. Vertical Flammability results of Jute and Jute-Cotton Fabrics. 
Material to 

Liquor Ratio 
Mateiral 

Type 
Pyrovatex CP New 

Concentration (% owf) 
Flame Spread Time 

(sec) 
After Glow Time 

(sec) Char Length (cm) 

1:10 Jute 

0 21.67 (±1.1) 14.66 (±1.1) 15 
50 0 0 2.73 (±0.6) 
60 3 (±2.6) 1.67 (±1.5) 2.7 (±0.3) 
70 0.33 (±0.5) 0 2.8 (±0.5) 
80 0 0 2.7 (±0.1) 
90 0 0 2.63 (±0.7) 

1:07 Jute 

0 21.67 (±1.1) 14.66 (±1.1) 15 
50 0 1 (±0.5) 2.93 (±0.1) 
60 0 0 2.8 (±0.5) 
70 0 0.17 (±0.2) 2.76 (±0.3) 
80 0 0.33 (±0.2) 2.73 (±0.1) 
90 0 0 2.2 (±0.2) 

1:05 Jute 

0 21.67 (±1.1) 14.66 (±1.1) 15 
50 0 0 2.86 (±0.4) 
60 0 0 2.97 (±0.1) 
70 0 0 2.47 (±0.4) 
80 0 0 2.4 (±0.4) 
90 0 0 2.43 (±0.6) 

1:07 Jute-Cotton 

0 28 (±1.7) 17.67 (±0.5) 15 
50 0 0 2.93 (±0.1) 
60 0 0 2.97 (±0.1) 
70 0 0 2.9 (±0.1) 
80 0 0 2.83 (±0.05) 
90 0 0 2.73 (±0.1) 

According to the results extracted from Table 1, the flame-retardancy property appeared to be improved 
significantly in all the treatment baths as well as at all the concentrations. However, comparing among 
three liquor ratios, the least flame spread time, afterglow time, and char length was found in a 1:7 liquor 
ratio bath. Although the flame spread time and afterglow time for all the treated baths remained almost 
zero, there are some remarkable differences found on char length. Among all treatment baths, the least 
char length (2.2 cm) was measured in the 90% (owf) FR treated Jute fabric in a 1:7 material-to-liquor 
ratio, while it was counted as 2.73 cm char length on Jute-Cotton fabrics treated under the same 
conditions. Furthermore, the entire length (15 cm) of the untreated fabrics was burned within the flame 
spread time of 21 seconds and 28 seconds for the Jute and Jute-Cotton fabrics, respectively. The vertical 
flammability results reported in this study show significant improvement in flame-retardance in the Jute-
based materials used in this study.  
Physio-mechanical properties analysis 

The extent of physio-mechanical damage was determined through the loss of tensile and tear strength 
and elongation at break measurements. Fig. 1 shows the properties of tensile strength, tear strength and 
elongation at break in the warp and weft directions of Jute and Jute-Cotton fabrics. It can be observed 
from the figure that the tensile strength decreased in the FR treated fabrics compared to that of the 
untreated for warp and weft directions of Jute fabrics. A higher trend of strength loss is observed in the 
warp direction of the FR-treated jute-cotton fabrics, while negligible strength loss was reported in the 
weft direction on the same fabric. These results correspond to a greater strength loss in Jute than in 
cotton by flame-retardant treatment since a negligible strength loss was found in the weft direction of 
the Jute-Cotton fabric. Similarly, tear strength loss was determined on the FR treated Jute fabrics in both 
warp and weft directions. Though the strength loss trend remains almost similar as tensile, however, 
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more loss was reported in the weft direction than in the warp. On the other hand, a notable loss of tear 
strength was observed in the warp direction of the Jute-Cotton fabric after FR treatment, and a slight 
deterioration was observed in the weft direction of the same fabric. Such findings on the loss of physio-
mechanical properties are justified by the earlier study as well [12]. 

Figure 1. Tensile Strength, Tear Strength and Elongation at Break of Jute and Jute-Cotton Fabrics 
((M:L:1:7, Pyrovatex CP New: 90% owf)). 

It was observed that a downward trend of elongation resulted in FR treated fabrics in both warp and 
weft directions of Jute and Jute-Cotton fabrics. However, the least elongation resulted in the warp 
direction of the FR-treated Jute fabrics than in the weft direction. Consequently, in the Jute-Cotton 
fabrics, although the elongation loss was similar as in the Jute fabrics, the higher elongation at maximum 
force can be observed in the weft direction on both treated and untreated fabrics. This can be due to the 
variances of yarn that is used in both directions. Compared to the untreated one, though there was a 
slight loss of elongation on the warp direction of the FR treated Jute-Cotton fabric. The technical reason 
behind this lower elongation at break on untreated and treated fabric can be due to higher twisted cotton 
yarn that shows lower elongation on the warp direction than that of Jute in the weft.  

CONCLUSION 

The present study investigates the possible opportunity to improve the flame-retardancy property of jute 
and jute-cotton fabric by using a commercially available flame-retardant chemical. The burning nature 
of both fabrics improved significantly on both FR-treated fabrics compared to their initial burning 
condition. The entire untreated sample (15 cm) was burnt in less than 30 seconds (flame spread time 
after ignition time) while it counted zero second to get a char length of 2.2 cm and 2.73 cm for Jute and 
Jute-Cotton fabrics, respectively. FR treated fabrics showed remarkable loss of tensile and tear strength 
compared to untreated fabrics in both warp and weft directions. 

REFERENCES 
[1] Banerjee SK, D.A.R.P., Fireproofing jute, Textile Research Journal, 1986, no 56 (5), pp. 338–339. 
[2] Samanta A.K., B.A., & B.S.K., Fire retardant finishing of jute fabric and its thermal behaviour 

using phosphorous and nitrogen based compound, Journal of Polymer Materials 2011, no 28 (2), 
pp. 151–171. 



21st World Textile Conference   AUTEX 2022    Passion for Innovation  June 7-10, 2022, Lodz, Poland 

24 

[4] Samanta A.K., Chemical finishing of jute and jute blended textiles, Colourage 1995, no 42, pp. 37–42. 
[5] Yusuf M. A., Review on Flame Retardant Textile Finishing: Current and Future Trends, Current 

Smart Materials 2018, vol. 3, no 2, pp. 99–108. 
[6] Mehta R.D., & H.A.M., Communication to the E. Flammability of Metal-Cation- Exchanged 

Jute Fabrics, Textile Research Journal 1982, vol. 52, no 9, pp. 607–608. 
[7] Dorez G., Ferry L., Sonnier R., Taguet A., Lopez-Cuesta J.M., Effect of cellulose, hemicellulose 

and lignin contents on pyrolysis and combustion of natural fibers, Journal of Analytical and 
Applied Pyrolysis 2014, vol.107, pp. 323–331. 

[8] Reddy K.M., Feris K., Bell J., Wingett D.G., Hanley C., Punnoose A., Selective toxicity of zinc 
oxide nanoparticles to prokaryotic and eukaryotic systems, Applied Physics Letters 2007, vol. 90 
no 21. 

[9] Samanta A.K., Bhattacharyya R., Jose S., Basu G.,  Chowdhury R., Fire retardant finish of jute 
fabric with nano zinc oxide, Cellulose 2017, vol. 24, no 2, pp. 1143–1157. 

[10] Khan R.A., Khan M.A., Zaman H.U., Pervin S., Khan N., Sultana S., Comparative studies of 
mechanical and interfacial properties between jute and e-glass fiber-reinforced polypropylene 
composites, Journal of Reinforced Plastics and Composites 2010, vol. 29, no 7, pp. 1078–1088. 

[11] Mishra S.B., Mishra A.K., Kaushik N.K., Khan M.A., Study of performance properties of lignin-
based polyblends with polyvinyl chloride, Journal of Materials Processing Technology 2007, vol. 
183, no 2–3, pp. 273–276. 

[12] Tang, K. Po M., Kan, C. Wai, Fan, J. Tu, Tso, S. L., Effect of softener and wetting agent on 
improving the flammability, comfort, and mechanical properties of flame-retardant finished 
cotton fabric, Cellulose 2017, vol. 24, no 6, pp. 2619–2634. 


	Elsayed Ahmed Elnashar Ergonomics multidisciplinary approach of 3D bodyscan of anthropometry ……………………………………………………………………………………………………….. 105
	Xiang Yan, Yu Zhang, Wei Li, Jingdai Wang, Yongrong Yang1 Melt spinning of polyethylene composite fibers containing disentangled ultra-high molecular weight polyethylene ………...……... 110
	Muhammad Usman Munir, Daiva Mikučionienė A study on barrier performance of medical face masks ……………………………………………………………………………...………………… 115
	Marc Martínez-Estrada, Heura Ventura, Ignacio Gil, Raúl Fernández-García Experimental abrasion analysis of textile capacitive sensors ……………………………………….…………….... 120
	Handan Palak, Burcak Karagüzel Kayaoglu Design and development of a nanofiber reinforced multilayered cloth face mask ………………………………………………………………..………. 124
	Jinlei Li, Nahiène Hamila, Gildas L'Hostis, Eduardo Guzman Maldonado, Peng Wang Hyperelastic modelling and simulation for forming process of the braided fabrics ……………....…. 129
	Shi Yanan, Fan Ping, Xue Wenliang, Guo Quanfeng, Li Yuling, Ma Yanxue Sensing properties and characteristics of the elastic sensing webbing …………………………………………………..…… 133
	Haleema Khanzada, Egle Kumpikaite Development of antibacterial and ultraviolet protective clothing by the application of medicinal plants extract ……………………………………………. 138
	Aurélie Decker, Adrien Tritter, Vivien Sarazin, Omar Harzallah, Jean-Yves Drean Comparison of the fineness and mechanical properties of hemp fiber conditionned in two different relative humidity environments ………………………………………………………………………………………... 143
	Elżbieta Sąsiadek-Andrzejczak, Malwina Jaszczak, Piotr Maras, Mariusz Dudek,  Michał Piotrowski, Marek Kozicki 1D, 2D and 3D dosimetry – a brief overview of the doslab group’s research work ……………………………………………………………………………………...… 148
	Carla Hertleer, Angel Terziev, Benny Malengier, Hassan Saeed, Sanja Ergegovic Razic, Aleksandar Dimov Analysis of digital skills in the textile and clothing industry through  e-learning …………………………………………………………….…………………....………… 153
	Mir Mohammad Badrul Hasan, Thị Anh Mỹ Huỳnh, Anwar Abdkader, Chokri Cherif  Friction spun yarns with high RCF content for thermoset composites …………………………...….. 158
	Recep Türkay Kocaman, Karline Großer, Frank Ficker Innovative single and bifurcated coronary stents: from braiding to flexibility …………………………………………….……………………... 163
	Mathis Bruns, Andreas Nocke, Anke Golla, Chokri Cherif Analysis of the local yarn elongation states during the highly dynamic stitch formation process using the example of high performance warp knitting ………………………………………………………………………………………..….…. 168
	Olga Belukhina, Daiva Milašiene, Remigijus Ivanauskas Studies of the possibility of estimating the growth of the cuxse layer from the change in the mass of fibres ………………………….………..... 173
	Julija Krauledaitė, Kristina Ancutienė, Virginija Sacevičienė The effect of 3D weft-knitted fabric composition on puncture, tear, and air permeability …………………………….………………...… 178
	Gaye Kaya, Erdem Selver, Tebernus Dincer, Arzu Atici Impact response of sandwich composites with P-Aramid (Kevlar®) waste fibre reinforcement ………………………………..….…………… 181
	Eglė Kumpikaitė, Daiva Milašienė Similarities and differences of lithuanian and western ukrainian folk towels ………………………………………………………………………………………....... 186
	Ali Hebie TPU-based elctrospun nanofibers assembled with nonwoven structure for face mask’s application …………………………………………………………………………....…..…………. 191
	Andrej Demšar Earth – Humanity – Sustainability – Future – Education ……………………......… 196
	Ke Wang, Qian Ma, Ju-Mei Zhao, Miao Cao, Shu-Dong Wang Comparison of bacterial cellulose produced from nata-de-coco and kombucha ……………………………………………….……...… 201
	Hung Le Xuan, Andreas Nocke, Chokri Cherif In-situ stress analysis of fiber reinforced plastics under bending load until failure by using integrated textile-based piezoresistive sensors ………………………………………………………………………………………….………….… 206
	Tânia Tavares, Carla Silva, Joana Antunes, Helena Felgueiras Bacterial inhibition via carboxymethyl cellulose-containing electrospun mats loaded with nisin z peptide for potential chronic wound care ……………………………………………………………………………………….….. 211
	Aurélie Decker, Vivien Sarazin, Omar Harzallah, Jean-Yves Drean Evolution of the mechanical and morphological properties of two hemp cultivars (santhica 27 and félina 34) during the dew-retted ………………………………………………………………………………………………...……... 216
	Mohammad Mamunur Rashid, Brigita Tomšič, Barbara Simončič, Ivan Jerman, Danaja Štular, Matija Zorc Sustainable surface modification of textile with Ag-doped TiO2/polysiloxane nanocomposite for antibacterial, UV protection, and flame retardant properti...
	Hasan Riaz Tahir, Benny Malengier, Carla Hertleer, Lieva van Langenhove Walking simulator for the electrostatic testing of floorcoverings …………………………………………………………… 225
	Hongtao Zhou, Weijing Jiang, Zhou Bin Numerical simulation and experimental study of trapezoidal tear of triaxial woven fabric  …………...…………………………………………………………….. 229
	Amira Belhaj Rhouma, Charles Lanceron, Christine Campagne, N.Massika Behary, Sébastien Francois, Julien Vieillard Wool finishing for washable worsted man’s jacket …………….…….… 234
	Agata Poniecka, Marcin Barburski, David Ranz Angulo, Jesus Cuartero Comparison of composites containing technical embroidery and woven fabric as reinforcement …………………….…….…… 238
	Carla Hertleer, Benny Malengier, Georgios Priniotakis, Pablo Diaz Garcia, Lila Anthopoulou, Mohd Rozi Ahmad, Siti Hana Nasir, Ida Nuramdhani, Bintan Titisari, Abdul Waqar Rajput, Bilal Zahid Modernisation of curricula in technical and smart textiles …...
	Didem Ezgi Görgün, Sedat Kumartaşlı, Ozan Avinc, Necip Atar Investigation of some properties  of pet (polyethylene terephthalate) poy yarns containing plasmonic boron nanoparticles additive …………………………………..………………………………………………………….…...…… 247
	Achyuth Ram Annadata, Felix Lohse, Thomas Gereke, Chokri Cherif Experimental and numerical evaluation of force transduced by interactive fiber rubber composite structures ……………….…… 255
	Ivana Čorak, Anita Tarbuk, Tihana Dekanić, Snježana Brnada, Lucija Domljan The cationization of cotton/polyester blend ……………………………………………………………..…………..…. 259
	Anita Tarbuk, Ivana Čorak, Dragan Đorđević, Zbigniew Draczyński Accelerated hydrolysis of PLA fibers at low temperature ……….……………………………………….…………………..…. 263
	Agnieszka Adamus-Włodarczyk, Emilia Irzmańska, Grzegorz Szczepański, Anna Strąkowska  A self-healing system for the soles of all rubber protective footwear ……………………………..… 267
	Dominika Glažar, Danaja Štular, Raša Urbas, Brigita Tomšič, Matic Šobak, Ivan Jerman, Raghuraj S. Chouhan, Barbara Simončič Modification of cotton fabric using a three-component Ag/TiO2/g-C3N4 composite to improve protection against UV radiation ……………...
	Dunja Sajn Gorjanc Functional properties of nonwovens as an insulating layer for protective gloves ………………………………………………………………………………………………...……... 276
	Anna Bednarowicz, Nina Tarzyńska, Zbigniew Draczyński, Marta Patlewicz Synthesis of mix chitin esters …………………………………………………………………………..................…… 281
	Zoi Koutkalaki, Paraskevas Papanikos, Philip Azariadis Effect of footwear material on the plantar pressure of diabetic foot ………….………………………….………………………………….…… 286
	Cengiz Karabulut, Dilek Toprakkaya Kut, Zeynep Ömeroğulları Başyiğit, Cem Ünsal  Aerogel applications in textile materials …………………………………………………..……….... 290
	Mahmud Hossain, Maria Sparing, Ruben Hühne, Chokri Cherif, Anwar Abdkader  Non-stationary effects of ring rail movement in the high-speed ring spinning process with  a superconducting magnetic bearing twisting system: problem and its solution ……………………...
	Eva Loccufier, Bianca Swanckaert, Jozefien Geltmeyer, Koen Deventer, Stijn W.H. Van Hulle, Dagmar R D’hooge, Klaartje De Buysser, Karen De Clerck Tunable silica nanofibrous structures in view of resolving challenging purification and separation obstac...
	Kai Yang, Xiuling Zhang, Jakub Wiener, Mohanapriya Venkataraman, Guocheng Zhu,  Juming Yao, Jiri Militky Thermal behavior of a multi-layer laminated fabric containing PCMS ……………………………………………………………………………………………………..… 306
	Derya Haroglu Predicting air permeability of pile loop knit fabrics using fuzzy logic with type-2 fuzzy inference system …………………………………………...…………………………….………….. 310
	Tsegaye Sh. Lemmi, Marcin Barburski Analysis of thermal aging effect on the tensile strength of textile materials intended for the reinforcement of conveyor belt ………………………………...…. 316
	Dominik Sikorski, Marta Bauer, Justyna Fraczyk, Zbigniew Draczyński Preliminary studies on the preparation and properties of chitosan nonwovens modified with acid vapors …………...………... 321
	Zhujun Wang, Yingmei Xing, Xianyi Zeng, Pascal Bruniaux Knowledge-based personalized pattern design of legging for mass customization using support vector machine modelling …………………………………………………………………………………………………….…. 326
	Asif Javed, Jakub Wiener, Jana Saskova, Jiri Militky in-situ green synthesis of zinc oxide nanoparticles (ZnO NPs) onto the cotton fabrics by neem (azardirachta indica) leaf extract …..…… 330
	Tobias Lang, Mir Mohammad Badrul Hasan, Thy Anh My Huynh, Thomas Gereke,  Anwar Abkader, Chokri Cherif Micromechanical models for fabrics and composites made of hybrid yarns from recycled carbon fibers …………………………………………………………….……... 335
	Bin Zhou, Huiling Wang Multi-function woven fabric with carrier particles of PU-TiO2 coating filled in local pipes …………………………………………………………...………….……………….. 340
	Evaldas Bolskis, Erika Adomavičiūtė, Egidijus Griskonis Melt spinning of polypropylene (PP) multifilaments yarns: effect of myrrh resin on multifilament yarns properties …………………….... 348
	Azmary Akter Mukthy, Michal Vik, Martina Viková A review of lcam datasets and sève  whiteness proposal ………………………………………………………….……………………….. 353
	Zbigniew Pawliczak, Michał Frydrysiak, Mateusz Gębicki, Kamil Węglarski  Design and research of a new type of anti-vibration gloves with the use of distance knitted fabrics ……...……………………………………………………………………………………...………… 358
	Sandra Flinčec Grgac, Ana Vrbić, Valentina Milčić Influence of pre-treatment in an alkaline medium on binding chitosan and 2,3-dihydroxy butandionic acid on cotton and polyester/cotton substrate …………………………………………………………………………..…………………………… 363
	Nikolay Sterev, Daniel Yordanov, Petia Milusheva Entrepreneurial process in textile and clothing industry: an overview of european practices ………………………...………………….…………… 368
	Reazuddin Repon, Daiva Mikučionienė Heating profile of electro-conductive weft-knitted composite fabrics during cyclic deformation ……………....……………………………………………...……. 373
	Sanjay Kumar Bhikari Charan Panda, Kushal Sen, Samrat Mukhopadhyay Photocatalytic desizing of pva-sized cotton fabric ………………………………………………………..…....……. 378
	Rochelne Barboza, Paulo Anacleto, Miguel Carvalho Anthropometry variation during resting positions adopted by bedridden and reduced mobility patients ....……………………….………...… 382
	Amany Khalil, Pavla Těšinová Elastic recovery of full plaited knitted fabric ……………….…..… 386
	Yuanfeng Wang, Mohanapriya Venkataraman, Jiri Militky Resistive heating performance of waste cotton-derived carbon obtained by salt-assisted hydrothermal carbonization …..………………….... 391
	Patrycja Kaziur, Zbigniew Mikołajczyk, Małgorzata Matusiak Identification of wearing comfort of the textile uppers of commercial footwear …………………………………………………………... 396
	Aleksandra Prążyńska, Maciej Kuchar, Zbigniew Mikołajczyk Numerical analysis of the dynamic thread stretching process ………………………………………………………………………….…. 401
	Zbigniew Mikołajczyk, Iwona Nowak, Monika Szewczyk, Łukasz Januszkiewicz,  Joanna Junak Knitted shields against electromagnetic waves ………………………...…………… 405
	Başak Süller Zor, Arzu Vuruşkan Developing an assistive technology for individuals with visual impairment: smart glove concept ……………………………………………………………………. 410
	Akvile Andziukeviciute-Jankuniene, Joana Sinkevičiūtė, Erika Adomaviciute,  Virgilijus Valeika, Aiste Balciunaitiene, Virginija Jankauskaite, Electrospun bioactive polymer/gelatin coatings for medical application - creation and investigation ……………………....
	Alicja Nejman, Małgorzata Cieślak, Grzegorz Celichowski Hydrophobic and conductive cotton fabric with silver nanowires and silanes ………………………………….……………………….…. 419
	Mir Mohammad Badrul Hasan, Muhammad Furqan Khurshid, Anwar Abdkader,  Chokri Cherif Innovative thermally stablized low twist hybrid yarns from recycled carbon fibre for thermosplastic composites ……………………………………………………………………......…. 424
	Sikander Abbas Basra, Eglė Kumpikaitė, Norina Asfand Effect of knit stitches percentage on physical parameters of weft-knitted fabrics ………………………………..……………………...… 429
	Dan Wang, Shi Hu, Yordan Kyosev, Dana Kremenakova, Jiri Militky Analysis of the heat transfer property with the sandwich fabrics based on ansys workbench and alambeta ……………………..... 433
	Nuray Kizildag, Ali Tufani, Serkan Guclu, Bekir Dizman, Yusuf Menceloglu, Serkan Unal Solvent-based recycling of polypropylene from waste carpets: an investigation on the leaching behaviour of carpet components ………………………………..…………………..………….……. 437
	David Rabe, Johannes Mersch, Eric Häntzsche, Andreas Nocke, Chokri Cherif,  Quentin Bollengier Development of integrated in-situ actuator networks for the realization of flexure hinges for highly deformable fiber-reinforced plastic composites ……………………...
	Sajid Faheem, Nazia Nahid, Jakub Wiener, Adnan Mazari, Vijay Baheti, Jiri Militky Comparative evaluation effects of thermal degradation, burning behavior, and intumescent char formation of cotton fabrics coated with alkaline and acidic casein solution...
	Madhu Sharan, Sumi Haldar Use of rooted hydrophytes in developing innovative functional textiles ……………………………………………………………………………………….......................... 450
	Norina Asfand, Virginija Daukantienė, Sikander Abbas Basra Sorption properties of half-milano rib knit fabrics …………………………………..…………………………………………………… 454
	Zhongchen He, François Rault, Elham Mohsenzadeh, Maryline Lewandowski, Fabien Salaün, Preparation of PVDF nanofibers by optimizing solvent properties: improved solvent viscosity and evaporation rate …………………….…………………………………………………………..…… 458
	Hatice Kübra Kaynak, Esin Sarioğlu, Halil İbrahim Çelik, Hatice Özel Seam performance  of bi-stretch denim fabrics ……………………………………………………...…………...….…… 462
	Arzu Vuruskan, Ozer Can Devecioglu, Ender Bulgun, Gokhan Mura, Turker Ince  Use of artificial intelligence for creative textile designs …………………….……………………….. 466
	Utkarshsinh Solanki, Martina Vikova, Pavel Holec, Jakub Erben, Michal Vik Fabrication of UV-responsive chromic system using nanospider device and its photo-fatigue behavior under continuous mode of UV irradiance …………………………………………………..…………………...……… 471
	Aleksandra Walkowska, Zbigniew Mikołajczyk Spatial structure`s analysis of 3D knitted spacer fabric ……………………………………………………………………………………………...…. 476
	Mahad Barre Aden, François Rault, Fabien Salaün Optimization of the fiber/matrix interface and integration of a photochromic molecule in the fiber/matrix system ……………………...………….. 480
	Annaëlle Erard, Aurélie Cayla, Fabien Salaün Effects of the alginate and CACL2 concentrations imparting mechanical and morphological properties of wet spun filaments ……………………………………………………………………………………..………………… 485
	Mengru Li, Peng Wang, François Boussu, Damien Soulat, Jie Luo Evaluation the resistance of pre-deformed multi-layer 3D fabrics against knife penetration ……………………………….....………. 490
	Ainhoa Sánchez-Martínez, Raquel Belda-Anaya, Lucía Capablanca, Jaime Gisbert Payá,  Marilés Bonet-Aracil Estimating biodegradation of cotton fabric by soil burial ............................… 494
	David Mínguez-García, Lucía Capablanca, Ignacio Montava, Pablo Díaz-García Fiber cross-section influence on the deposition of nanofibers on textile weaved structures ………………...….... 498
	Ida Ljungerg, Ainhoa Sánchez-Martínez, Inés Martínez-González, David Mínguez-García, Ignacio Montava, Pablo Díaz-García Fabric topgraphy influence on nanofibers deposition ………………………………………………………………………………………………..……… 502
	Jaime Gisbert-Payá, Serkan Uysal, Lucía Capablanca, Tuba Toprak-Cavdur Natural dyeing of recycled cotton and polyester-cotton blended yarns with chitosan biomordant …………………...… 506
	Ayşe Feyza Yılmaz, Kadir Özlem, Münire Sibel Çetin, Aslı Tunçay Atalay, Gökhan İnce,  Özgür Atalay Knitted interdigital capacitive strain sensor for wearable applications ……………... 511
	Paulo Martins, Rui Miguel, Liliana Pina, Madalena Pereira Linking co-creation to modularity to respond to consumers expectations and improve production efficiency …………………….......…... 515
	João Barata, Rui Miguel Organizations, creativity and job satisfaction – symbiosis in a portuguese case study ……………………………………….……………………………………..…………….. 520
	Nuno Monteiro, Rui Miguel, Albert Manich, Manuel Santos Silva Effect of polyester fibre shrinkage on construction characteristics of polyester/wool woven fabrics ……………………………….….... 524
	Sven Hellmann, Matthias Overberg, Minh Quang Pham, Thomas Gereke, Erik Häntzsche, Chokri Cherif Flowable 2D textile structures for the production of thermoplastic 3D FRP parts with continuous fiber reinforcement between shell and rib ………………………………...……...
	İbrahim Adel Khamis Ahmed1, Münire Sibel Çetin1, Ayşe Feyza Yılmaz1, Aslı Tunçay Atalay, Gökhan İnce, Özgür Atalay Development of stretchable conductive hybrid yarn for wearable electronics application …………………………………………………….………………………… 533
	Paul Penzel, Jakob Seidel, Tobias Georg Lang, Lars Hahn, Chokri Cherif, Viktor Mechtcherine Simulation based development of profiled carbon rovings for concrete reinforcements …………………………………………………………………………………………………….…. 538
	Abdella Simegnaw, Benny Malengier, Melkie Getnet Tadesse, Lieva Van Langenhove Investigation the electrical resistance and thermal behaviour of surface mount device integrated stainless steel electronic yarn ………………………………………………………………………………..... 543
	Mathieu Joannes, Karine Gautier, Gilles Arnold, Peng Wang Experimental study of the tack of flax fibers based thermoplastic composite reinforcements …………..………………………………..…. 549
	Fabian Edel, Nico Lübbe Feasibility of smart-textiles for vehicle-exterior: impact of disturbances ……………………………………………………………………………………………………...... 553
	Abdelakram Hafid, Emanuel Gunnarsson, Kristian Rödby, Fernando Seoane Seamless integration of textile-electronics in knitted fabrics for personalized health ……………………………………… 558
	Ana Santiago, Cláudia Pinheiro, Nuno Belino Himalayan nettle: a promising fibre on the rise …………………………………………………………………………………..…………………… 563
	Hans Winger, Philippa Böhnke, Iris Kruppke, Andreas Nocke, Chokri Cherif Development of sensor design for smart kinesiotape for future sensing applications in motion capturing ..............................................................................
	Li-feng Zhang , Gui-cui Chen, Exploration and practice of textile and clothing training base construction ………………………………………………...……………………………..………… 573
	Cátia Alves, Marta Fernandes, Rui Rodrigues, Andrea Zille Dyeing of cotton with madder using (bio)mordants: effects on fastness and UV protection properties ………………..…………………... 577
	R. Deepa, K. Saravanan, K. Kumaresan, D. Satheeshkumar Effect of tensile strength of lignocellulosic himalayan nettle fibers by chemical treatment ...…………………..………………… 581
	Luisa M. Arruda, Inês Moreira, Raul Fangueiro The influence of polyamide fibres and knitted fabric structures on thermophysiological properties ………………………………………….……...…….. 586
	Behnaz Mehravani, Jorge Padrão, Rui D.V. Fernandes, Talita Nicolau, Cátia Alves,  Ana I. Ribeiro, Joaquim Jorge Peixoto, Hélder Carvalho, Andrea Zille Sustainable and multifunctional natural fiber-based electric wire sheaths for smart textiles …………………...
	Ana Isabel Ribeiro, Daniela Dantas, Renata Silva, Fernando Remião, Eugénia Pinto,  Fátima Cerqueira, Alice Dias, Andrea Zille Halochromic properties of a 5-aminoimidazole-4-carboxamidrazone and its application to wool …………………………………..…………………... 595
	Behnaz Mehravani, Talita Nicolau, Ana Isabel Ribeiro, Joana F. Parente, Vânia I. Sousa, Carlos J. Tavares Jorge Padrão, Andrea Zille Development of a plasma activated multifunctional polyester fabric using zinc oxide nanoparticles and citronella oil m...
	Inés Martínez -González1, Eva Bou-Belda, Pablo Díaz-García, Jaime Gisbert-Payá,  Marilés Bonet-Aracil Bath exhaustion on halocromic dyes ……………………………...………… 604
	Liliana Melro, Rui D. V. Fernandes, Joaquim Jorge Peixoto, Inês Pinheiro, Alice Ribeiro, Verónica Bouça, Fernando Dourado, Miguel Gama, Jorge Padrão, Andrea Zille, Antiviral properties of flame retardant bacterial nanocellulose modified with mordenite...
	Zbigniew Mikołajczyk, Iwona Nowak, Yvan Kuchyts, Melania Mikołajczyk- Solińska, Analysis of pressure parameters in orthopedic footwear for people suffering from diabetic foot syndrome ……………………………………………………………………………………………………….. 614
	
	Bez nazwy
	Bez nazwy

	Bez nazwy



