
Paper 2 (Syarat Khusus) Not open access :  

Isolation and Characterization of New Cellulosic Microfibers from Pandan Duri 

(Pandanus Tectorius) for Sustainable Environment 

 

Silahkan klik google drive utk full access:  

https://drive.google.com/file/d/1TdWdygJ6YMiIzWlopebDZr0fVESMr8ry/view?usp=sharin

g 

 

 
 

 

 

https://drive.google.com/file/d/1TdWdygJ6YMiIzWlopebDZr0fVESMr8ry/view?usp=sharing
https://drive.google.com/file/d/1TdWdygJ6YMiIzWlopebDZr0fVESMr8ry/view?usp=sharing


 
 

 

https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2079582 

 

 

 

Editorial board 

EDITOR-IN-CHIEF 

 

Ryszard M. Kozlowski 

Institute of Natural Fibres and Medicinal Plants-National Research Centre (IWNiRZ-PIB) 

Poznan, Poland 

 

CO-EDITORS 

 

Alcides Leao 

 

University of Sao Paulo 

 

Sao Paulo, Brazil 

 

Malgorzata Lochynska 

 

Institute of Natural Fibres and Medicinal Plants-National Research Centre (IWNiRZ-PIB) 

 

Poznan, Poland 

 

Roger M. Rowell 

University of Wisconsin 

Madison, WI, USA 

https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2079582


 

 

EDITORIAL BOARD 

 

Mirta Inés Aranguren - INTEMA, Universidad Nacional de Mar del Plata, Mar del Plata, 

Argentina 

Somaye Akbari - Amirkabir University of Technology (Polytechnic Tehran), Tehran, Iran 

K. Murugesh Babu - Bapuji Institute of Engineering and Technology, Davangere, India 

Prabir Kumar Banerjee - Indian Institute of Technology, New Delhi, India 

Justyna Baraniak - Institute of Natural Fibres and Medicinal Plants-National Research Centre 

(IWNiRZ-PIB), Poznan, Poland 

Nahum Ben-Yehuda - Bar Ilan University, Qedumim, Israel 

Lucas F. Berti - Universidade Tecnológica Federal do Paraná - Curitiba, Curitiba, PR, Brasil 

Andrzej K. Bledzki - West Pomeranian University of Technology Szczecin, Szczecin, Poland 

Judit Borsa - Budapest University of Technology and Economics, Budapest, Hungary 

Navin Chand - SIRT Sagar Group of Institutions, Materials Research Society India, Bhopal, 

India 

Lucian Copolovici - Aurel Vlaicu University, Arad, Romania 

Emília Csiszár - Budapest University of Technology and Economics, Budapest, Hungary 

Zdzislaw Czaplicki - Association of Polish Textile Experts, Lódz, Poland 

Ian J. Davies - Curtin University, Curtin, Australia 

Olivier Demangeat - N. SCHLUMBERGER & CIE, Guebwiller, France 

Michael S. Ellison - Clemson University, Clemson, SC, USA 

Mohamed A. El-Esawi - Tanta University, Tanta, Egypt 

Ahmed Moneeb El-sabbagh - Ain Shams University, Cairo, Egypt 

Raul Fangueiro - University of Minho, Minho, Portugal 

Vincenzo Fiore - Università degli Studi di Palermo, Palermo, Italy 

Gabriel Furtos - Babes-Bolyai University, Cluj-Napoca, Romania 

Johannes Ganster - Fraunhofer-Institute for Applied Polymer Research IAP, Potsdam-Golm, 

Germany 

Simona Gavrilas - Aurel Vlaicu University, Arad, Romania 

Gianpaolo Grassi - Research Centre for Industrial Crops (CREA-CIN), Rovigo, Italy 

Marta Grygorowicz - Associate Editor, Poznan, Poland 

Luboš Hes - University of Liberec, Liberec, Czech Republic 

Mathew R. L. Horne - BMC - Brooksby Melton College, Brooksby, UK 

Lawrance Hunter - CSIR emeritus, Nelson Mandela University, Port Elizabeth, South Africa 



Mohammad Jawaid - Universiti Putra Malaysia, Selangor, Malaysia 

Seiko Jose - Central Sheep and Wool Research Institute Avikanagar, Rajasthan, India 

Malgorzata Kania-Dobrowolska - Institute of Natural Fibres and Medicinal Plants-National 

Research Centre (IWNiRZ-PIB), Poznan, Poland 

Boris Karpunin - "Lenprom", Interregional Public Foundation "Flax Union", Moscow, Russia 

Recep Karadag - Marmara University, Istanbul, Turkey 

Yutaka Kawahara - Gunma University, Kiryu, Japan 

Anish Khan - King Abdulaziz University, Jeddah, Saudi Arabia 

Yong K. Kim - University of Massachusetts Dartmouth, North Dartmouth, MA, USA 

Cheryl Kolander - Aurora Silk, Portland, OR, USA 

Thomas Luxbacher - Anton Paar GmbH, Graz, Austria 

Maria Mackiewicz-Talarczyk - Institute of Natural Fibres and Medicinal Plants, Poznan, 

Poland 

Jerzy Mankowski - Institute of Natural Fibres and Medicinal Plants, Poznan, Poland 

Norma E. Marcovic h - Universidad Nacional de Mar del Plata, Mar del Plata, Argentina 

György Marosi - Budapest University of Technology and Economics, Budapest, Hungary 

Maria João Seixas de Melo - Universidade Nova de Lisboa, Lisbon, Portugal 

Danuta Matykiewicz - Poznan University of Technology, Poznan, Poland 

Arunangshu Mukhopadhyay - National Institute of Technology Jalandhar, Punjab, India 

Malgorzata Muzyczek - (former) Institute of Natural Fibres and Medicinal Plants, Poznan, 

Poland 

Rajkishore K. Nayak - RMIT University, Melbourne, Australia and Vietnam 

Mohamed A. M. Negm - Cotton Research Institute, Agricultural Research Center, Giza, 

Egypt 

Rajiv Padhye - RMIT University, Melbourne, Australia 

Asis Patnaik - Cape Peninsula University of Technology, Cape Town, South Africa 

Richard S. Peigler - University of the Incarnate Word, San Antonio, Texas, USA 

Marcin Praczyk - Institute of Natural Fibres and Medicinal Plants-National Research Centre 

(IWNiRZ-PIB), Poznan, Poland 

Chidambaram Prakash - Sona College of Technology, Salem, Tamil Nadu, India 

Debora Puglia - Università degli Studi di Perugia (UNIPG), Perugia, Italy 

John A. Rippon - former CSIRO, Torquay, Victoria, Australia 

Derval dos Santos Rosa - Federal University of ABC, Santo André - SP - Brazil 

 

Katarzyna Schmidt-Przewozna - Institute of Natural Fibres and Medicinal Plants, Poznan, 

Poland 

Cecilia Sirghie - A urel Vlaicu University, Arad, Romania 



Andrés Simbaña Villarreal - Pontificia Universidad Católica del Ecuador Sede, Ibarra, 

Ecaudor 

 

Daniel Sorlino - University of Buenos Aires, Buenos Aires, Argentina 

Marek Szostak - Poznan University of Technology, Poznan, Poland 

Igor Uschapovsky - All Russian Research Institute for Flax Production (VNIIML), Tver, 

Russia 

Xungai Wang - Deakin University, Geelong, Australia 

Yu Fu Wang - Institute of Bast Fiber Crops (IBFC), Chinese Academy of Agricultural 

Sciences, Changsha, China 

Aleksandra Wawro - Institute of Natural Fibres and Medicinal Plants-National Research 

Centre (IWNiRZ-PIB), Poznan, Poland 

Adam Wisniewski - Military Institute of Armament Technology, Zielonka, Warszawa, 

Poland 

Wei Wu - Shanghai Gatta Fashion Ltd., Shanghai, China 

 

 
   



 
 

 

 
 



 
 

 
 

 

List of Contents 

Volume 19, 2022 issue 16 

 
Article 

Isolation and Characterization of New Cellulosic Microfibers from 

Pandan Duri (Pandanus Tectorius) for Sustainable Environment 

https://www.tandfonline.com/action/tocQuickLink?quickLinkJournal=wjnf20&quickLinkId=vwjnf20-19
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2079582


Edi Syafri, Jamaluddin, Harmailis, Sudirman Umar, Melbi Mahardika, Devita Amelia, Reni Mayerni, Sanjay 

Mavinkere Rangappa, Suchart Siengchin, Tariq Rashad Sobahi, Anish Khan & Abdullah M. Asiri 

Pages: 12924-12934 

Published online: 01 Jun 2022 

Abstractfor Isolation and Characterization of New Cellulosic Microfibers from Pandan Duri 

(Pandanus Tectorius) for Sustainable Environment|Full Text|References|PDF (2860 

KB)|EPUB|   

• 156Views 

• 2CrossRef citations 

• 0Altmetric 

 
Article 

Influencing Behavior Study of Natural Almond Shell Filler on the 

Tensile, Thermal, and Free Vibrational Properties of Flax Fiber 

Intertwined Vinyl Ester Composites 

Ramraji Kirubakaran, Kaliyamoorthy Rajkumar & Munusamy Rajesh 

Pages: 12959-12970 

Published online: 01 Jun 2022 

Abstractfor Influencing Behavior Study of Natural Almond Shell Filler on the Tensile, 

Thermal, and Free Vibrational Properties of Flax Fiber Intertwined Vinyl Ester 

Composites|Full Text|References|PDF (5703 KB)|EPUB|   

• 63Views 

• 0CrossRef citations 

• 0Altmetric 

 
Article 

Strength Properties of Surface-Modified Giant Cavendish (Musa 

acuminata) Banana Fibers 

Kipchumba J. Caren, Njoroge D. Kenneth & Munyasi M. David 

Pages: 12746-12759 

Published online: 31 May 2022 

Abstractfor Strength Properties of Surface-Modified Giant Cavendish (Musa 

acuminata) Banana Fibers|Full Text|References|PDF (3985 KB)|EPUB|   

• 85Views 

• 0CrossRef citations 

• 0Altmetric 

 
Article 

Pythagorean Fuzzy Sets Combined with the PROMETHEE Method for 

the Selection of Cotton Woven Fabric 

Jing Ye & Ting-Yu Chen 

Pages: 12447-12461 

Published online: 30 May 2022 

Abstractfor Pythagorean Fuzzy Sets Combined with the PROMETHEE Method for the 

Selection of Cotton Woven Fabric|Full Text|References|PDF (1646 KB)|EPUB|   

• 78Views 

• 2CrossRef citations 

• 0Altmetric 

 

https://www.tandfonline.com/author/Syafri%2C+Edi
https://www.tandfonline.com/author/Jamaluddin
https://www.tandfonline.com/author/Harmailis
https://www.tandfonline.com/author/Umar%2C+Sudirman
https://www.tandfonline.com/author/Mahardika%2C+Melbi
https://www.tandfonline.com/author/Amelia%2C+Devita
https://www.tandfonline.com/author/Mayerni%2C+Reni
https://www.tandfonline.com/author/Mavinkere+Rangappa%2C+Sanjay
https://www.tandfonline.com/author/Mavinkere+Rangappa%2C+Sanjay
https://www.tandfonline.com/author/Siengchin%2C+Suchart
https://www.tandfonline.com/author/Sobahi%2C+Tariq+Rashad
https://www.tandfonline.com/author/Khan%2C+Anish
https://www.tandfonline.com/author/Asiri%2C+Abdullah+M
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2080787
https://www.tandfonline.com/author/Kirubakaran%2C+Ramraji
https://www.tandfonline.com/author/Rajkumar%2C+Kaliyamoorthy
https://www.tandfonline.com/author/Rajesh%2C+Munusamy
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2080787
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073507
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073507
https://www.tandfonline.com/author/Caren%2C+Kipchumba+J
https://www.tandfonline.com/author/Kenneth%2C+Njoroge+D
https://www.tandfonline.com/author/David%2C+Munyasi+M
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073507
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073507
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073507
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073507
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073507
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073507
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072993
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072993
https://www.tandfonline.com/author/Ye%2C+Jing
https://www.tandfonline.com/author/Chen%2C+Ting-Yu
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2072993
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2072993
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072993
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2072993
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2072993
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2072993


Article 

Fabrication of Cellulosic Nonwoven-Based Wound Dressings Coated 

with CTAB-Loaded Double Network PAMPS/PNaA Hydrogels 

Ali Sadeghianmaryan, Saman Naghieh, Ali Salimi, Kourosh Kabiri, Monica A Cella & Ali Ahmadi 

Pages: 12718-12735 

Published online: 28 May 2022 

Abstractfor Fabrication of Cellulosic Nonwoven-Based Wound Dressings Coated with 

CTAB-Loaded Double Network PAMPS/PNaA Hydrogels|Full Text|References|PDF (7703 

KB)|EPUB|   

• 118Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

Evaluation of Modified Organic Cotton Fibers Based Absorbent Article 

Applicable to Feminine Hygiene 

Shubhasmita Rout, Sukanya Pradhan & Smita Mohanty 

Pages: 12814-12828 

Published online: 28 May 2022 

Abstractfor Evaluation of Modified Organic Cotton Fibers Based Absorbent Article 

Applicable to Feminine Hygiene|Full Text|References|PDF (7602 KB)|EPUB|   

• 126Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

Investigation of Dyeing Properties of Mohair Fiber Dyed with Natural 

Dyes Obtained from Candelariella reflexa 

Can Eyupoglu, Seyda Eyupoglu & Nigar Merdan 

Pages: 12829-12848 

Published online: 28 May 2022 

Abstractfor Investigation of Dyeing Properties of Mohair Fiber Dyed with Natural Dyes 

Obtained from Candelariella reflexa|Full Text|References|PDF (2888 KB)|EPUB|   

• 189Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

A Practical Model for Selecting Nonwoven Cover Date Bunch via Finite 

Element Analysis Using COMSOL Multiphysics 

Guedri Wafa, Jaouadi Mounir & Msahli Slah 

Pages: 15008-15021 

Published online: 27 May 2022 

Abstractfor A Practical Model for Selecting Nonwoven Cover Date Bunch via Finite Element 

Analysis Using COMSOL Multiphysics|Full Text|References|PDF (4371 KB)|EPUB|   

• 60Views 

• 0CrossRef citations 

• 0Altmetric 

https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073505
https://www.tandfonline.com/author/Sadeghianmaryan%2C+Ali
https://www.tandfonline.com/author/Naghieh%2C+Saman
https://www.tandfonline.com/author/Salimi%2C+Ali
https://www.tandfonline.com/author/Kabiri%2C+Kourosh
https://www.tandfonline.com/author/Cella%2C+Monica+A
https://www.tandfonline.com/author/Ahmadi%2C+Ali
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073505
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076183
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076183
https://www.tandfonline.com/author/Rout%2C+Shubhasmita
https://www.tandfonline.com/author/Pradhan%2C+Sukanya
https://www.tandfonline.com/author/Mohanty%2C+Smita
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2076183
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2076183
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076183
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2076183
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2076183
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2076183
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076273
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076273
https://www.tandfonline.com/author/Eyupoglu%2C+Can
https://www.tandfonline.com/author/Eyupoglu%2C+Seyda
https://www.tandfonline.com/author/Merdan%2C+Nigar
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2076273
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2076273
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076273
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2076273
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2076273
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2076273
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069630
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069630
https://www.tandfonline.com/author/Wafa%2C+Guedri
https://www.tandfonline.com/author/Mounir%2C+Jaouadi
https://www.tandfonline.com/author/Slah%2C+Msahli
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2069630
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2069630
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069630
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2069630
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2069630
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2069630


Review 

 
Review 

A Review on Drilling of Natural and Synthetic Fiber Reinforced 

Polymer Composites: 1992 - 2021 

Karthick Rasu & Anbumalar Veerabathiran 

Pages: 15100-15115 

Published online: 27 May 2022 

Abstractfor A Review on Drilling of Natural and Synthetic Fiber Reinforced Polymer 

Composites: 1992 - 2021|Full Text|References|PDF (495 KB)|EPUB|   

• 160Views 

• 0CrossRef citations 

• 0Altmetric 

Research Article 

 
Article 

Extraction and Characterization of Nano Fibers from Cotton Fibers and 

Its Composite 

Suraj Kumar Singh, Sabah Khan & R K Mishra 

Pages: 14788-14802 

Published online: 26 May 2022 

Abstractfor Extraction and Characterization of Nano Fibers from Cotton Fibers and Its 

Composite|Full Text|References|PDF (10944 KB)|EPUB|   

• 83Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

Effect of Process Parameters on the Fabrication of Hybrid Natural Fiber 

Composites Fabricated via Compression Moulding Process 

Guravtar Singh Mann, Lakhwinder Pal Singh, Pramod Kumar, Anish Khan, Aftab Aslam Parwaz 

Khan & Abdullah M Asiri 

Pages: 14803-14812 

Published online: 26 May 2022 

Abstractfor Effect of Process Parameters on the Fabrication of Hybrid Natural Fiber 

Composites Fabricated via Compression Moulding Process|Full Text|References|PDF (7064 

KB)|EPUB|   

• 128Views 

• 2CrossRef citations 

• 0Altmetric 

 
Article 

Core Spun Based Helical Auxetic Yarn: A Novel Structure for Wearable 

Protective Textiles 

https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070325
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070325
https://www.tandfonline.com/author/Rasu%2C+Karthick
https://www.tandfonline.com/author/Veerabathiran%2C+Anbumalar
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070325
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070325
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070325
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2070325
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2070325
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2070325
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069184
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069184
https://www.tandfonline.com/author/Singh%2C+Suraj+Kumar
https://www.tandfonline.com/author/Khan%2C+Sabah
https://www.tandfonline.com/author/Mishra%2C+R+K
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2069184
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2069184
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069184
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2069184
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2069184
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2069184
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069185
https://www.tandfonline.com/author/Mann%2C+Guravtar+Singh
https://www.tandfonline.com/author/Singh%2C+Lakhwinder+Pal
https://www.tandfonline.com/author/Kumar%2C+Pramod
https://www.tandfonline.com/author/Khan%2C+Anish
https://www.tandfonline.com/author/Khan%2C+Aftab+Aslam+Parwaz
https://www.tandfonline.com/author/Khan%2C+Aftab+Aslam+Parwaz
https://www.tandfonline.com/author/Asiri%2C+Abdullah+M
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2069185
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070322
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070322


Bushra Mushtaq, Adnan Ahmad, Zulfiqar Ali, Muhammad Bilal Qadir, Zubair Khaliq, Muhammad Irfan, M. 

Waqas Iqbal, Abdul Jabbar, Adeel Zulifqar & Amir Shahzad 

Pages: 15058-15070 

Published online: 25 May 2022 

Abstractfor Core Spun Based Helical Auxetic Yarn: A Novel Structure for Wearable 

Protective Textiles|Full Text|References|PDF (8649 KB)|EPUB|   

• 237Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

Extraction and Characterization of Natural Cellulosic Erythrina 

variegata Fiber for Biocomposites 

T. P. Balaji, A. Senthilkumar, A. Saravanakumaar, B. Muthu Chozha Rajan, Rajini Nagarajan, Sikiru O. 

Ismail, Faruq Mohammad, Selvakumar Vairamuthu & M.P. Indira Devi 

Pages: 12676-12687 

Published online: 24 May 2022 

Abstractfor Extraction and Characterization of Natural Cellulosic Erythrina variegata Fiber 

for Biocomposites|Full Text|References|PDF (4717 KB)|EPUB|   

• 109Views 

• 0CrossRef citations 

• 0Altmetric 

 
Article 

Utilization of Municipal Solid Waste Incineration Fly Ash for Non-

Bearing Masonry Units Containing Coconut Fiber 

Wisitsak Tabyang, Cherdsak Suksiripattanapong, Nattiya Wonglakorn, Chuthamat Laksanakit & Nuntachai 

Chusilp 

Pages: 12522-12535 

Published online: 23 May 2022 

Abstractfor Utilization of Municipal Solid Waste Incineration Fly Ash for Non-Bearing 

Masonry Units Containing Coconut Fiber|Full Text|References|PDF (3446 KB)|EPUB|   

• 186Views 

• 3CrossRef citations 

• 0Altmetric 

 
Article 

Granite Powder Influence on the Static Mechanical Properties of Tapsi 

fiber-reinforced Hybrid Composites: A Comparative Study 

R. Meenakshi Reddy, B. Madhusudhan Reddy, P. Venkateshwar Reddy, D. Mohana Krishnudu & R V 

Saikumar Reddy 

Pages: 12688-12704 

Published online: 23 May 2022 

Abstractfor Granite Powder Influence on the Static Mechanical Properties of Tapsi fiber-

reinforced Hybrid Composites: A Comparative Study|Full Text|References|PDF (5323 

KB)|EPUB|   

• 50Views 

• 0CrossRef citations 

• 0Altmetric 

https://www.tandfonline.com/author/Mushtaq%2C+Bushra
https://www.tandfonline.com/author/Ahmad%2C+Adnan
https://www.tandfonline.com/author/Ali%2C+Zulfiqar
https://www.tandfonline.com/author/Qadir%2C+Muhammad+Bilal
https://www.tandfonline.com/author/Khaliq%2C+Zubair
https://www.tandfonline.com/author/Irfan%2C+Muhammad
https://www.tandfonline.com/author/Iqbal%2C+M+Waqas
https://www.tandfonline.com/author/Iqbal%2C+M+Waqas
https://www.tandfonline.com/author/Jabbar%2C+Abdul
https://www.tandfonline.com/author/Zulifqar%2C+Adeel
https://www.tandfonline.com/author/Shahzad%2C+Amir
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070322
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070322
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070322
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2070322
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2070322
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2070322
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073502
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073502
https://www.tandfonline.com/author/Balaji%2C+T+P
https://www.tandfonline.com/author/Senthilkumar%2C+A
https://www.tandfonline.com/author/Saravanakumaar%2C+A
https://www.tandfonline.com/author/Muthu+Chozha+Rajan%2C+B
https://www.tandfonline.com/author/Nagarajan%2C+Rajini
https://www.tandfonline.com/author/Ismail%2C+Sikiru+O
https://www.tandfonline.com/author/Ismail%2C+Sikiru+O
https://www.tandfonline.com/author/Mohammad%2C+Faruq
https://www.tandfonline.com/author/Vairamuthu%2C+Selvakumar
https://www.tandfonline.com/author/Devi%2C+M+P+Indira
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073502
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073502
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073502
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073502
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073502
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073502
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073313
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073313
https://www.tandfonline.com/author/Tabyang%2C+Wisitsak
https://www.tandfonline.com/author/Suksiripattanapong%2C+Cherdsak
https://www.tandfonline.com/author/Wonglakorn%2C+Nattiya
https://www.tandfonline.com/author/Laksanakit%2C+Chuthamat
https://www.tandfonline.com/author/Chusilp%2C+Nuntachai
https://www.tandfonline.com/author/Chusilp%2C+Nuntachai
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073313
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073313
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073313
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073313
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073313
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073313
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073503
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073503
https://www.tandfonline.com/author/Reddy%2C+R+Meenakshi
https://www.tandfonline.com/author/Reddy%2C+B+Madhusudhan
https://www.tandfonline.com/author/Reddy%2C+P+Venkateshwar
https://www.tandfonline.com/author/Krishnudu%2C+D+Mohana
https://www.tandfonline.com/author/Reddy%2C+R+V+Saikumar
https://www.tandfonline.com/author/Reddy%2C+R+V+Saikumar
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073503
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073503
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073503
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073503
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073503
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073503
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073503


 
Article 

Characterization of Fibers from Culms and Leaves of Arundo donax L. 

(Poaceae) for Handmade Paper Production 

Loureine Raposo Oliveira Garcez, Therese Hofmann Gatti, Joaquim Carlos Gonzalez, Augusto Cesar 

Franco & Cristiane Silva Ferreira 

Pages: 12805-12813 

Published online: 23 May 2022 

Abstractfor Characterization of Fibers from Culms and Leaves of Arundo donax L. (Poaceae) 

for Handmade Paper Production|Full Text|References|PDF (606 KB)|EPUB|Supplemental|   

• 66Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

Effect of Okra Plant Lifespan upon Tensile Properties of Okra Fibers 

P.K Gupta, S. Maiti, S. Patra & R. V. Adivarekar 

Pages: 14909-14923 

Published online: 23 May 2022 

Abstractfor Effect of Okra Plant Lifespan upon Tensile Properties of Okra Fibers|Full 

Text|References|PDF (2974 KB)|EPUB|   

• 60Views 

• 0CrossRef citations 

• 0Altmetric 

 
Article 

Effects of Treatment-Duration on Mechanical, Chemical, Structural and 

Thermal Properties of Baobab-Pod Fibres 

Abubakar D. Ahmed, Babangida D. V. Mathew, Sabastine C. Ezike & Pascal Timtere 

Pages: 15116-15127 

Published online: 22 May 2022 

Abstractfor Effects of Treatment-Duration on Mechanical, Chemical, Structural and Thermal 

Properties of Baobab-Pod Fibres|Full Text|References|PDF (5506 KB)|EPUB|   

• 65Views 

• 0CrossRef citations 

• 0Altmetric 

Review 

 
Review 

A Review on Natural Plant Fiber Epoxy and Polyester Composites – 

Coating and Performances 

Goudilyan Mylsamy & Prabu Krishnasamy 

Pages: 12772-12790 

Published online: 21 May 2022 

Abstractfor A Review on Natural Plant Fiber Epoxy and Polyester Composites – Coating and 

Performances|Full Text|References|PDF (10789 KB)|EPUB|   

https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076005
https://www.tandfonline.com/author/Raposo+Oliveira+Garcez%2C+Loureine
https://www.tandfonline.com/author/Hofmann+Gatti%2C+Therese
https://www.tandfonline.com/author/Carlos+Gonzalez%2C+Joaquim
https://www.tandfonline.com/author/Cesar+Franco%2C+Augusto
https://www.tandfonline.com/author/Cesar+Franco%2C+Augusto
https://www.tandfonline.com/author/Silva+Ferreira%2C+Cristiane
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/suppl/10.1080/15440478.2022.2076005
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069194
https://www.tandfonline.com/author/Gupta%2C+P+K
https://www.tandfonline.com/author/Maiti%2C+S
https://www.tandfonline.com/author/Patra%2C+S
https://www.tandfonline.com/author/Adivarekar%2C+R+V
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2069194
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069194
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2069194
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2069194
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2069194
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2069194
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070326
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070326
https://www.tandfonline.com/author/Ahmed%2C+Abubakar+D
https://www.tandfonline.com/author/Mathew%2C+Babangida+D+V
https://www.tandfonline.com/author/Ezike%2C+Sabastine+C
https://www.tandfonline.com/author/Timtere%2C+Pascal
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070326
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070326
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070326
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2070326
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2070326
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2070326
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2075517
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2075517
https://www.tandfonline.com/author/Mylsamy%2C+Goudilyan
https://www.tandfonline.com/author/Krishnasamy%2C+Prabu
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2075517
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2075517
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2075517
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2075517
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2075517
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2075517


• 221Views 

• 3CrossRef citations 

• 0Altmetric 

Research Article 

 
Article 

Comparative Moisture Management Studies of Single Jersey Knitted 

Soya Bean Fabrics 

Geetha Margret Soundri, Kavitha S, Senthilkumar Boominathan, D. Vijay Raj & K. M. Patchiyappan 

Pages: 12462-12472 

Published online: 19 May 2022 

Abstractfor Comparative Moisture Management Studies of Single Jersey Knitted Soya Bean 

Fabrics|Full Text|References|PDF (2061 KB)|EPUB|   

• 134Views 

• 0CrossRef citations 

• 0Altmetric 

 
Article 

Strain and Damage Assessment of Treated and Untreated Luffa Mat 

Composite Using Acoustic Emission and Digital Image Correlation 

Massinissa Grabi, Ahmed Chellil, Mohamed Habibi, Luc Laperriere & Hocine Grabi 

Pages: 12536-12547 

Published online: 19 May 2022 

Abstractfor Strain and Damage Assessment of Treated and Untreated Luffa Mat Composite 

Using Acoustic Emission and Digital Image Correlation|Full Text|References|PDF (5542 

KB)|EPUB|   

• 59Views 

• 0CrossRef citations 

• 0Altmetric 

 
Article 

Influence of Cellulose Filler Extracted from Napier Grass on Thermal 

Characterizations, Moisture Content, Tensile Strength, Biodegradation, 

and Morphological Structure of Bioplastic Films 

T.N. Tuan Rohadi, M.J.M. Ridzuan, M.S. Abdul Majid, Normahira Mamat & M.H. Sulaiman 

Pages: 12760-12771 

Published online: 19 May 2022 

Abstractfor Influence of Cellulose Filler Extracted from Napier Grass on Thermal 

Characterizations, Moisture Content, Tensile Strength, Biodegradation, and Morphological 

Structure of Bioplastic Films|Full Text|References|PDF (3416 KB)|EPUB|   

• 62Views 

• 0CrossRef citations 

• 0Altmetric 

 
Article 

https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072994
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072994
https://www.tandfonline.com/author/Margret+Soundri%2C+Geetha
https://www.tandfonline.com/author/S%2C+Kavitha
https://www.tandfonline.com/author/Boominathan%2C+Senthilkumar
https://www.tandfonline.com/author/Raj%2C+D+Vijay
https://www.tandfonline.com/author/Patchiyappan%2C+K+M
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2072994
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2072994
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072994
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2072994
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2072994
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2072994
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073314
https://www.tandfonline.com/author/Grabi%2C+Massinissa
https://www.tandfonline.com/author/Chellil%2C+Ahmed
https://www.tandfonline.com/author/Habibi%2C+Mohamed
https://www.tandfonline.com/author/Laperriere%2C+Luc
https://www.tandfonline.com/author/Grabi%2C+Hocine
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073314
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073508
https://www.tandfonline.com/author/Tuan+Rohadi%2C+T+N
https://www.tandfonline.com/author/Ridzuan%2C+M+J+M
https://www.tandfonline.com/author/Abdul+Majid%2C+M+S
https://www.tandfonline.com/author/Mamat%2C+Normahira
https://www.tandfonline.com/author/Sulaiman%2C+M+H
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073508
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073508


Quality of Cotton and cotton/elastane Single Jersey Knitted Fabrics 

before and after Softening and in Situ Synthesis of Cu-based 

Nanoparticles 

Aleksandra Ivanovska, Jelena Lađarević, Koviljka Asanović, Nemanja Barać, Katarina Mihajlovski, Mirjana 

Kostić & Biljana Mangovska 

Pages: 15139-15150 

Published online: 19 May 2022 

Abstractfor Quality of Cotton and cotton/elastane Single Jersey Knitted Fabrics before and 

after Softening and in Situ Synthesis of Cu-based Nanoparticles|Full Text|References|PDF 

(2463 KB)|EPUB|   

• 66Views 

• 2CrossRef citations 

• 0Altmetric 

 
Article 

Hybrid Neuro-Genetic Machine Learning Models for the Engineering of 

Ring-spun Cotton Yarns 

Abhijit Majumdar, Aman Jindal, Sanchi Arora & Mukesh Bajya 

Pages: 15164-15175 

Published online: 19 May 2022 

Abstractfor Hybrid Neuro-Genetic Machine Learning Models for the Engineering of Ring-

spun Cotton Yarns|Full Text|References|PDF (3222 KB)|EPUB|   

• 94Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

Construction of an evenly-distributed genetic map using contig-tag-

SNPs for quantitative trait loci (QTL) analysis of fiber-related traits in 

kenaf (Hibiscus cannabinus L.) 

Yi Xu, Xuebei Wan, Siyuan Chen, Ting Liu, Jianmin Qi, Jiantang Xu & Liwu Zhang 

Pages: 15176-15187 

Published online: 19 May 2022 

Abstractfor Construction of an evenly-distributed genetic map using contig-tag-SNPs for 

quantitative trait loci (QTL) analysis of fiber-related traits in kenaf (Hibiscus 

cannabinus L.)|Full Text|References|PDF (963 KB)|EPUB|Supplemental|   

• 60Views 

• 1CrossRef citations 

• 0Altmetric 

 
Article 

Dyeing of Cotton Fabrics with Novel Fluorescent Reactive Dyes Based 

on Fluorescein: Dyeing and Fluorescent Properties, Adsorption 

Isotherms, and Kinetic Studies 

Maral Pishgar, Kamaladin Gharanjig, Mohammad Esmail Yazdanshenas, Khosro Farizadeh & AboSaeed 

Rashidi 

Pages: 12504-12521 

https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070328
https://www.tandfonline.com/author/Ivanovska%2C+Aleksandra
https://www.tandfonline.com/author/La%C4%91arevi%C4%87%2C+Jelena
https://www.tandfonline.com/author/Asanovi%C4%87%2C+Koviljka
https://www.tandfonline.com/author/Bara%C4%87%2C+Nemanja
https://www.tandfonline.com/author/Mihajlovski%2C+Katarina
https://www.tandfonline.com/author/Kosti%C4%87%2C+Mirjana
https://www.tandfonline.com/author/Kosti%C4%87%2C+Mirjana
https://www.tandfonline.com/author/Mangovska%2C+Biljana
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2070328
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2071375
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2071375
https://www.tandfonline.com/author/Majumdar%2C+Abhijit
https://www.tandfonline.com/author/Jindal%2C+Aman
https://www.tandfonline.com/author/Arora%2C+Sanchi
https://www.tandfonline.com/author/Bajya%2C+Mukesh
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2071375
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2071375
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2071375
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2071375
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2071375
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2071375
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072443
https://www.tandfonline.com/author/Xu%2C+Yi
https://www.tandfonline.com/author/Wan%2C+Xuebei
https://www.tandfonline.com/author/Chen%2C+Siyuan
https://www.tandfonline.com/author/Liu%2C+Ting
https://www.tandfonline.com/author/Qi%2C+Jianmin
https://www.tandfonline.com/author/Xu%2C+Jiantang
https://www.tandfonline.com/author/Zhang%2C+Liwu
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/suppl/10.1080/15440478.2022.2072443
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073312
https://www.tandfonline.com/author/Pishgar%2C+Maral
https://www.tandfonline.com/author/Gharanjig%2C+Kamaladin
https://www.tandfonline.com/author/Yazdanshenas%2C+Mohammad+Esmail
https://www.tandfonline.com/author/Farizadeh%2C+Khosro
https://www.tandfonline.com/author/Rashidi%2C+AboSaeed
https://www.tandfonline.com/author/Rashidi%2C+AboSaeed


Published online: 18 May 2022 

Abstractfor Dyeing of Cotton Fabrics with Novel Fluorescent Reactive Dyes Based on 

Fluorescein: Dyeing and Fluorescent Properties, Adsorption Isotherms, and Kinetic 

Studies|Full Text|References|PDF (5549 KB)|EPUB|   

• 89Views 

• 1CrossRef citations 

• 0Altmetric 

Review 

 
Review 

A Review on Chicken Feather Fiber (CFF) and its application in 

Composites 
Adil A. Khan, Hiral Parikh & Mohamed Rafik N. Qureshi 
Pages: 12565-12585 

Published online: 18 May 2022 

 

https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/abs/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/ref/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/epdf/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/epub/10.1080/15440478.2022.2073312
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073495
https://www.tandfonline.com/doi/full/10.1080/15440478.2022.2073495
https://www.tandfonline.com/author/Khan%2C+Adil+A
https://www.tandfonline.com/author/Parikh%2C+Hiral
https://www.tandfonline.com/author/Qureshi%2C+Mohamed+Rafik+N


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=wjnf20

Journal of Natural Fibers

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/wjnf20

Isolation and Characterization of New Cellulosic
Microfibers from Pandan Duri (Pandanus Tectorius)
for Sustainable Environment

Edi Syafri, Jamaluddin, Harmailis, Sudirman Umar, Melbi Mahardika, Devita
Amelia, Reni Mayerni, Sanjay Mavinkere Rangappa, Suchart Siengchin, Tariq
Rashad Sobahi, Anish Khan & Abdullah M. Asiri

To cite this article: Edi Syafri, Jamaluddin, Harmailis, Sudirman Umar, Melbi Mahardika, Devita
Amelia, Reni Mayerni, Sanjay Mavinkere Rangappa, Suchart Siengchin, Tariq Rashad Sobahi,
Anish Khan & Abdullah M. Asiri (2022): Isolation and Characterization of New Cellulosic Microfibers
from Pandan Duri (Pandanus�Tectorius) for Sustainable Environment, Journal of Natural Fibers,
DOI: 10.1080/15440478.2022.2079582

To link to this article:  https://doi.org/10.1080/15440478.2022.2079582

Published online: 01 Jun 2022.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=wjnf20
https://www.tandfonline.com/loi/wjnf20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15440478.2022.2079582
https://doi.org/10.1080/15440478.2022.2079582
https://www.tandfonline.com/action/authorSubmission?journalCode=wjnf20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=wjnf20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/15440478.2022.2079582
https://www.tandfonline.com/doi/mlt/10.1080/15440478.2022.2079582
http://crossmark.crossref.org/dialog/?doi=10.1080/15440478.2022.2079582&domain=pdf&date_stamp=2022-06-01
http://crossmark.crossref.org/dialog/?doi=10.1080/15440478.2022.2079582&domain=pdf&date_stamp=2022-06-01


Isolation and Characterization of New Cellulosic Microfibers from 
Pandan Duri (Pandanus Tectorius) for Sustainable Environment
Edi Syafria,  Jamaluddina,  Harmailisa, Sudirman Umarb, Melbi Mahardikac, Devita Ameliad, 
Reni Mayernie, Sanjay Mavinkere Rangappa f, Suchart Siengchin f, Tariq Rashad Sobahig, 
Anish Khan h, and Abdullah M. Asirig,h

aDepartment of Agricultural Technology, Politeknik Pertanian Negeri Payakumbuh, Payakumbuh, Indonesia; bCenter 
for Science and Technology of Advanced Materials, National Nuclear Energy Agency, Banten, Indonesia; cResearch 
Center for Biomass and Bioproducts, National Research and Innovation Agency (BRIN), Cibinong Science Center, 
Indonesia; dDepartment of Chemical Engineering, Institut Teknologi Sumatera, Indonesia; eAgroecotechnology 
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ABSTRACT
Cellulose is the main component of natural fibers whose content varies greatly 
depending on the type of plant and its treatment. Therefore, it is necessary to 
examine the effect of chemical treatment on natural fiber properties. This 
study successfully extracted the content from Pandan duri (Pandanus tectorius) 
fiber through alkalization, bleaching, and acid hydrolysis. The effect of these 
chemical treatments on the characteristics of fiber surface, shape, chemical 
composition, crystallinity, and thermal properties was examined and analyzed. 
Subsequently, the cellulose components in the structure and the removal of 
lignin groups were characterized by Fourier transform infrared (FTIR) spectro
scopy spectrum analysis. The surface morphology analysis was done by scan
ning electron microscopy (SEM) that showed the raw fiber surface was still in 
the structure of bundles. However, it was decomposed into cellulose fibrils 
after chemical treatment with a diameter of about 2 µm – 20 µm. The chemical 
composition for cellulose content increased by 90.5%, while hemicellulose 
decreased by 89.6% after acid hydrolysis treatment. Also, X-ray (XRD) analysis 
showed crystallinity increased from 39.5% for raw fibers to 67.7% after the 
hydrolysis. Thermal gravimetric analysis (TGA) showed higher degradation 
temperature of micro cellulose offered better thermal stability compared to 
raw fibers. In conclusion, the cellulose from Pandanus tectorius fiber can be 
used to reinforce biocomposites as an alternative to synthetic fibers for sus
tainability of environment.

摘要

纤维素是天然纤维的主要成分, 其含量因植物类型及其处理方式的不同而 
有很大差异. 因此, 有必要研究化学处理对天然纤维性能的影响. 本研究通 
过碱化、漂白和酸水解, 成功地从盘状杜丽(Pandanus tectorius)纤维中提 
取出含量. 研究和分析了这些化学处理对纤维表面特性、形状、化学成 
分、结晶度和热性能的影响. 随后, 采用傅里叶变换红外光谱(FTIR)对纤维 
素组分的结构和木质素基团的去除进行了表征. 通过扫描电子显微镜(SEM) 
进行表面形貌分析, 表明原始纤维表面仍为束状结构. 然而, 经过化学处理 
后, 它被分解为直径约为2µm–20µm的纤维素原纤维. 酸水解处理后, 纤维 
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素含量的化学成分增加了90.5%, 半纤维素含量下降了89.6%. X射线衍射 
(XRD)分析表明, 水解后纤维结晶度从原纤维的39.5%提高到67.7%. 热重分 
析(TGA)表明, 与生纤维相比, 纤维素降解温度越高, 热稳定性越好. 综上所 
述, 为了环境的可持续性, 覆盆子纤维中的纤维素可以用来增强生物复合材 
料, 作为合成纤维的替代品.

Introduction

Residues from agricultural waste are not optimally used due to lack of waste utilization and manage
ment to improve their use-value, therefore, they are usually buried or burnt (Sanjay et al. 2018; Vinod 
et al. 2020). The primary components of plant residues in natural fibers are natural biopolymers, such 
as cellulose, hemicellulose, and lignin (Manimaran et al. 2018; Yang et al. 2007; Zhang et al. 2015). 
Cellulose can be used as reinforcement in specific applications like food packaging (Edi et al. 2019, 
2019, 2018; Mahardika et al. 2019; Mochamad et al. 2018; Rangappa et al. 2021), biomedical field, and 
electro-conductive (Ul-Islam et al. 2015). The superior characteristics of its fibers include high 
mechanical strength or stiffness, biodegradability, good thermal resistance properties, recyclability, 
abundant availability in nature, low density, and cost (Mahmud et al. 2021; Masmoudi et al. 2016; 
Nagarajan et al. 2021). With these advantages, it can be used as a reinforcement and filler in 
biocomposite polymers, structural applications, insulation materials, and automotive applications, 
such as car panels as well as other interior applications (Adesina et al. 2019; Madhu et al. 2020; Muthu 
Chozha Rajan et al. 2020; Rangappa et al. 2022; Sari et al. 2021).

Several previous studies that have utilized this component in the manufacture of biocomposites include 
cellulose nanocrystals with chitosan (Adel et al. 2019), polyester with bacterial cellulose reinforcement 
(Panaitescu, Nicoleta Frone, and Chiulan 2016), PLA with cellulose nanocrystal reinforcement (Yin et al. 
2017), and others. Recently, various new sources of cellulose have been identified and characterized, namely 
cellulose in bark Thespesia populnea fiber (Kathirselvam et al. 2019), roselle fiber (Kian et al. 2017), oil palm 
mesocarp (Chieng et al. 2017), Acacia nilotica L. (Kumar et al. 2020), Citrullus lanatus (Khan et al. 2020), 
Phaseolus vulgaris (Babu et al. 2020), Vachellia farnesiana (Vijay et al. 2020), Momordica Charantia (Anish 
et al. 2020), Eucalyptus spp. (Carrillo-Varela, Pereira, and Teixeira Mendonça 2018) and other fibers. 
Pandan duri (Pandanus tectorius) grows a lot in tropical areas like Indonesia and its fiber potentially serves 
as auspicious source of cellulose, considering its abundant availability in the country.

Several chemical treatments that have been successfully used for cellulose extraction include alkaliza
tion, bleaching, and acid hydrolysis (Afolabi et al. 2019; Hairul et al. 2019a; Ilyas, Sapuan, and Ishak 2018; 
Mahardika et al. 2018; Owolabi and Megat-Yusoff 2018; Sanjay et al. 2019). Ilyas, Sapuan, and Ishak 2018 
reported that alkalizing treatment succeeded in increasing the cellulose content of sugar palm fibers by 
46.7% compared to those without treatment (Ilyas, Sapuan, and Ishak 2018). Previous studies on the 
extraction of cellulose from Pandanus tectorius (Screwpine) only used alkali and combined alkali-bleach 
treatment. (Owolabi, Sri Melor Megat-Yusoff, and Syahmi Hamizol n.d.). The results obtained 
a maximum cellulose content of 78% at the concentration of 2 wt% NaOH for 120 minutes and 2 wt% 
NaClO2 (Owolabi, Sri Melor Megat-Yusoff, and Syahmi Hamizol n.d.).

Furthermore, the process of extracting the component using this study’s method has not been 
examined by previous research teams. This study aims to determine the characteristics of the fiber 
before and after chemical treatment. The fiber was extracted by different chemical treatments, such as 
alkalization, bleaching, and acid hydrolysis. Furthermore, it was analyzed for XRD, FTIR, thermal 
properties, and its surface morphology was observed using SEM. This study will help compare 
Pandanus tectorius fiber’s characteristics with other natural fibers and determine the optimal cellulose 
content with various chemical treatments. After being processed, the material properties of the species 
showed that the development of the business was minimal.
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Materials and methods

Materials

The primary material used in this study was Pandan duri (PD) (Pandanus tectorius) leaves as the 
primary source of cellulose fiber. The leaves were obtained from a plantation area in Harau, Kabupaten 
Lima Puluh Kota, West Sumatera. The thorns on its edges were cleaned and cut 5–10 cm long, it was 
subsequently dried in the sun for four days with a moisture content of approximately 9 to 10%. 
Furthermore, the leaf’s fibers were decomposed using a blender.

The Pure Analysis chemicals used include sodium hydroxide (NaOH 98% Sigma-Aldrich brand, 
HCl (KOH brand Millipore), sodium chlorite (NaClO2 brand Pubchem), and glacial acetic acid (CH3 
COOH).

Fiber extract

The chemical methods used for fiber extraction include alkalization, bleaching, and acid hydrolysis 
treatment. Lignin and hemicellulose were extracted by alkaline treatment of 5% (w/v) NaOH for 2 hr 
at 80°C on a hotplate. The brown-colored fibers were washed until they were alkali-free with a pH of 7.

Alkalized PD fibers were bleached using a solution consisting of equal parts (v:v) acetic buffer (27 g 
NaOH and 75 mL glacial acetic acid, diluted to 1 L distilled water), and dilute sodium chlorite (1.7 wt% 
NaClO2). This treatment was repeated twice for 1 hr at 80°C, resulting in white PD fibers which were 
subsequently hydrolyzed with 5 M HCl solution for 1 hr with a ratio of fiber weight to a solution of 
1:20. This process was carried out at a hotplate temperature of 50°C with 200 rpm. The hydraulic fibers 
in particles are known as Cellulose Micro Fibers (CMF) Pandan Berduri (PD). The extraction process 
is shown in Figure 1.

Analysis of chemical composition

Chemical composition analysis was based on the test method developed by Van Soest. Natural fiber 
consists of fiber soluble in neutral detergent (Neutral Detergent Fiber/NDF), soluble in acid detergent 
(Acid Detergent Fiber/ADF), hemicellulose, cellulose, and lignin. The Van Soest method can determine 
the content of cellulose, hemicellulose, and lignin in the PD fiber.

Figure 1. PD fiber leaves (a), dried PD fiber after blending with a blender (b), alkalized PD fiber (c), bleaching PD fiber (d), hydrolyzed 
PD fiber (e).
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Scanning electron microscopy (SEM)

SEM observations were used to determine the shape of the fiber surface before and after the 
chemical treatment. Meanwhile, the surface morphology of the cellulose was observed using 
Scanning Electron Microscopy (SEM), Model: S-3400 N, Hitachi, Ltd., Japan, with a voltage of 20 
kV and a current of 8 mA probe. The test sample was placed on the SEM sample stub. Meanwhile, 
the preparation which was previously coated with gold to reduce the electron charge and obtain 
image clarity.

X-ray diffraction (XRD)

The crystallinity index of the fibers before and after chemical treatment was measured using the X-ray 
diffraction (XRD) technique through X’pert PROPANalytical (Model: PW3040/60) with Cu Kα 
radiation (λ = 0.1542 nm). The spectrum was recorded between 5° and 50° at 40 kV and 30 mA. 
The crystallinity index (Icr) was calculated using this formula: 

CI¼ I002� Iamð Þ=I002½ �x100 (1) 

Where I002 = Intensity for 2θ = 22.3°, which indicated the crystal region. Iam is an amorphous region at 
Intensity 2θ = 18° (Segal et al. 1958).

Fourier transform infrared (FTIR)

FTIR characterization using PerkinElmer FTIR spectrometer (Frontier instrument, USA). This test 
was used to identify free functional groups from the fibers before and after chemical treatment. 
Spectrum scans were recorded with 4 cm−1 over a wavenumber range of 4000–600 cm−1 (Hairul 
et al. 2019a).

Thermogravimetric analysis (TGA)

Measurement of the fiber’s thermal stability without and after chemical treatment was carried out 
using the DTG-60 SHIMADZU (Kyoto, Japan). Furthermore, thermal analysis was conducted in 
a nitrogen atmosphere at a flow rate of 50 mL/min, a heating rate of ten °C/min, and a range 
temperature of 30–550°C.

Results and discussion

Chemical composition

The chemical composition of the PD fiber is presented in Table 1. According to the table, the cellulose 
content was 43.21% which is lower compared to other natural fiber sources, such as Eucalyptus 
(50.30%) (Carrillo-Varela, Pereira, and Teixeira Mendonça 2018), banyan tree roots (67.32%) 
(Ganapathy et al. 2019), and sugar palm fibers (43.88) (Ilyas, Sapuan, and Ishak 2018). This is due 
to its several irregular amorphous areas (Abhilash et al. 2018; Saravanakumaar et al. 2018; 
Senthamaraikannan et al. 2018).

After the 5% NaOH alkalizing treatment, the cellulose content increased by 64.92%, while the lignin 
content decreased by 68.10% compared to raw fiber. The reduction in this content was due to the 
dissolution by alkalizing treatment. The bleaching process succeeded in dissolving hemicellulose with 
a reduction of 89.62% compared to raw fiber. Most of the lignin and hemicellulose were extracted from 
the pandan duri fiber, hence, increasing the degree of cellulose crystallinity as well as the strength and 
thermal properties of the fiber (Asrofi et al. 2018; Ilyas, Sapuan, and Ishak 2018).
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Morphological analysis

The fiber’s surface looks rough, as shown in Figure 2a with a magnification of 750 times. According to 
the image, the diameter of its bundle before chemical treatment was ± 20 µm. Figure 2a showed the 
presence of fibril-shaped fiber bundles that are still bound to lignin, pectin, and hemicellulose 
(Mahardika et al. 2018). Meanwhile, Figure 2b showed a smoother surface due to alkalization 
treatment. The alkalization process can remove impurities, such as wax and fatty substance on the 
surface (Kathirselvam et al. 2019). After the bleaching process, the bundle’s length, as well as the lignin 
and hemicellulose levels were reduced, as shown in Figure 2c. These results were supported by testing 
the chemical composition of the fiber according to previous studies. Meanwhile, Figure 2d showed 
a very smooth fiber surface with the shape of fibrils after acid hydrolysis treatment. The results 
indicated that the treatment increased the cellulose content by 90.5% compared to raw fiber.

Infrared spectroscopy analysis

The hydrophilic nature of cellulose with free hydroxyl groups regulates the water absorption of 
the fiber and its water absorption ability (Asrofi et al. 2017). The fiber’s functional groups were 
identified through FTIR spectrum results, as shown in Figure 3. The wavelength in the range of 

Table 1. Chemical Composition and Crystallinity Index (Icr) Pandan Duri Fiber.

Fiber Treatment Cellulose (%) Lignin (%) Hemicellulose (%) Icr (%)

Raw PD Fiber 43,21 5,11 38,81 39,49
Alkalized PD Fiber 71,26 1,63 17,72 54,89
PD Fiber Bleaching 77,86 1.69 15,08 61,02
Acid Hydrolyzed PD Fiber 82,30 7,04 4,03 67,65

Figure 2. Analysis of SEM of Pandan duri raw fiber (a), Alkalization (b), Bleaching (c), Acid hydrolysis (d).
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3331 cm−1 showed hydroxyl group (O‒H) of cellulose compounds in the structure (Zhang et al. 
2015). The presence of cellulose was also indicated by the bands of 2903 cm−1 which is the C‒H 
strain (Anish et al. 2020). According to these results, the intensity of the band was reduced after 
chemical treatment compared to raw fiber. The strain of the carbonyl group (C‒O) in lignin and 
hemicellulose was shown at wavenumbers 1732 cm−1 and 1647 cm−1 (Yang et al. 2007). Figure 2 
showed the disappearance of the peak at a wavenumber of 1732 cm−1 which indicated that the 
treatment succeeded in extracting the lignin content. These results were also supported by 
chemical composition testing (Table 1) and previous studies (Mahardika et al. 2018). The 
following peak, identified in the region 1400 cm−1 to 1425 cm−1 for both raw and chemically 
treated fibers, confirms the vibrational stretching of CH2 denotes the presence of aromatic rings 
in hemicellulose (Vijay et al. 2019). The vibration of C-O attributed to the acetyl groups in 
lignin is shown by a small intensity peak in the region 1200 cm−1 to 1225 cm−1 (Vinod, Sanjay, 
and Siengchin 2021). The last intensity peak, which can be found in the range of 1025 cm−1 to 
1035 cm−1, reflects the stretching and vibration of C-H in the presence of cellulose 
(Shravanabelagola Nagaraja Setty et al. 2020).

Figure 3. FTIR spectra of all pandan duri fiber samples.

Figure 4. XRD curves of all pandan duri fiber samples.
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X-ray diffraction (XRD) analysis

The XRD curve of the sample is shown in Figure 4. According to this analysis, the crystallinity 
index of the fiber can be calculated before and after chemical treatment. The X-ray diffraction 
pattern was similar to the previous study’s, which showed the intensity diffraction peaks around 
16.2°, 22.3°, and 34.6° for Pandan Duri fiber as a typical polymorph of cellulose I (Mahardika 
et al. 2018; Supian et al. 2020). The crystallinity index was calculated using the Segal equation 
(Segal et al. 1958). The 22.3° indicated the crystalline plus amorphous regions of cellulose and 
and 18°peaks is relative to the amorphous phase. The crystallinity index value is shown in 
Table 1. According to the measurement results, the crystallinity index was 39.49%. Meanwhile, 

Figure 5. TGA curve (a), DTG curve (b) of raw fibers, alkalized, bleaching, and hydrolyzed.
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there was a significant increase in the value (71.31%) after acid hydrolysis treatment. This is due 
to the reduced non-cellulose amorphous structure, and the increased crystalline structure (Hairul 
et al. 2019a). These results were supported by testing the chemical composition of the fibers 
(Table 1) and previous studies (Ilyas, Sapuan, and Ishak 2018).

Thermogravimetric analysis (TGA)

The thermal stability was tested before and after chemical treatment by using thermogravimetric 
analysis. Figure 5a,b showed the thermogravimetric analysis (TGA) and derived thermogravimetric 
curves (DTG). There were three regions of temperature drop which occurred around 100°C, 250– 
400°C, and 400–550°C, respectively. The weight loss of about 100°C was probably due to the 
evaporation of water (Abral et al. 2021). This is indicated as a small trough on the left side of the 
DTG curve. All samples showed a large weight loss in the 250–400°C region as the cellulose was 
depolymerized and damaged (Anish et al. 2020). After the alkalization, bleaching, and hydrolyzation 
treatments, the degradation temperatures of raw fiber were 309, 354, 357, and 346°C, respectively, as 
shown in the DTG curve (Figure 5b). Therefore, it had thermal stability than chemically treated fiber.

Based on 400–550°C (region 3), all samples completely decomposed to ash (Vijay et al. 2020). 
However, raw fiber had more residue compared to the chemically treated counterpart due to the 
leftover non-cellulose content. A similar trend can be observed in previous studies (Babu et al. 2020; 
Mahardika et al. 2018). The most significant TGA result was the higher bleaching temperature of the 
fiber degradation (357°C) which showed superior thermal stability over the raw fiber (309°C).

Conclusion

This study aims to extract cellulose from pandan duri fiber through alkalization, bleaching, and 
acid hydrolysis chemical treatments. According to the SEM observation, after acid hydrolysis 
treatment, the fiber’s surface was smooth and in the form of long fibrils compared to the raw 
fiber, which was in the form of bundles with a rough surface. The FTIR spectrum Intensity 
indicated the presence of cellulose-related functional groups in the structure. Furthermore, the 
XRD results showed that the highest crystallinity index (67.65%) was indicated by fiber treated with 
acid hydrolysis. Meanwhile, the bleached sample showed the most increased thermal stability with 
a maximum degradation temperature of 357°C. Therefore, the results showed the superior char
acteristics of pandan duri fiber in its cellulose content compared to others. From the results, it is 
noteworthy to mention that the cellulosic microfibers from Pandan Duri (Pandanus tectorius) can 
be used to produce products for different applications such as such as personal protective textiles, 
skin grafts, tissue engineering scaffolds, and wound dressings, etc., and also it can be a competitive 
nanofabrication filler.
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