DEVELOPMENT AND CHARACTERIZATION OF COMPOSITES

REINFORCED WITH TEXTILE WASTE

ZUNJARRAO BAPUSO KAMBLE

DEPARTMENT OF TEXTILE AND FIBRE ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
JUNE 2021



© Indian Institute of Technology Delhi (1ITD), New Delhi, 2021



DEVELOPMENT AND CHARACTERIZATION OF COMPOSITES

REINFORCED WITH TEXTILE WASTE

by

ZUNJARRAO BAPUSO KAMBLE

Department of Textile and Fibre Engineering

Submitted

in fulfilment of the requirement of the degree of Doctor of Philosophy

to the

DEPARTMENT OF TEXTILE AND FIBRE ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
JUNE 2021



Dedicated To My Parents



CERTIFICATE

This is to certify that the thesis entitled “Development and characterization of composites
reinforced with textile waste” being submitted by Mr. Zunjarrao Bapuso Kamble to the
Indian Institute of Technology Delhi for the award of the degree of Doctor of Philosophy is
a record of bonafide research work carried out by him. Mr. Zunjarrao Bapuso Kamble has
worked under my guidance and supervision and fulfilled the requirements for the submission
of the thesis. The results contained in the thesis have not been submitted, in part or full, to

any other university for the award of any degree or diploma.

Date: Prof. B. K. Behera
Place: New Delhi Department of Textile and Fibre Engineering
Indian Institute of Technology Delhi,

New Delhi — 110016.



ACKNOWLEDGEMENTS

Words of appreciation and gratitude fall short of acknowledging the inspiring guidance,
valuable suggestions, constant encouragement, and liberty provided by Prof. B. K. Behera at
every stage of this research. | enjoyed and learned a lot working under him throughout my

Ph.D.

| gratefully acknowledge the help and suggestions by my SRC members Prof. R.
Alagirusamy, Prof. Samrat Mukhopadhyay, Prof. B. K. Satapathy (Department of Material
Science and Engineering), and other faculty members of the department. | also wish to thank

ex-Head of the Department, Prof. A. K. Agrawal, for encouragement and support.

| gratefully acknowledge the help and support of Prof. Rajesh Mishra (Czech University of
Life Sciences Prague, Czech Republic) and Dr. Promoda Behera (Technical University of
Liberec, Czech Republic). | acknowledge the help & cooperation of the lab staff, especially
Mr. M. Kundu, Mr. M. Singh, and Mr. Vikas Khatkar. I am thankful to all my friends,
especially Dr.Ghanshyam Neje, Mr. Ashraf Khan, Mr. Nagender Jangra, Mr. Rupesh Ganvir,
Ms. Shikha Yadav, Mr. Omender Kumar, Mr. Soumya Choudhary, Ms. Lekhani Tripathi,

Ms. Meenakshi Ahirwar, Mr. Sandeep Olhan, for their help, support, and encouragement.

| express my sincere gratitude to my mother, brothers, sisters and friends for their motivation,

moral support, and understanding.

Date : Zunjarrao Bapuso Kamble

Place : New Delhi



Abstract

The ever-increasing population and, most importantly, ‘fast fashion’ has put the demand for
clothing high. The increased consumption of textiles led to increased waste. The textile
waste, if not appropriately managed it can cause serious health hazards. The conventional
methods of textile waste management, such as landfilling and burning, are not
environmentally friendly. Therefore, it is necessary to develop new ways to recycle or reuse

waste textiles and new applications.

In this research, in the first section, thermoset epoxy and thermoplastic polypropylene (PP)
composites with four different fibre volume fractions (0.1, 0.2, 0.3, and 0.4) were developed
using cotton fibres extracted from waste textiles and waste polyester fibres generated during
polyester staple yarn manufacturing. The fibres extracted from waste textiles are called
shoddy. The cotton shoddy and polyester fibres were processed on carding machines to
produce oriented fibre web. This oriented fibre web was used as a preform. The thermoset
resin mixed with the curing agent was applied uniformly on the fibre web. The thermoset
composites were developed using a compression moulding machine. The mechanical
performance in terms of tensile, flexural, and impact properties of cotton and polyester fibre
epoxy composites with 0.3 fibre volume fraction was found better. The average tensile,
impact, and pinned joint strength of polyester/epoxy composites was higher than
cotton/epoxy composites. However, the average flexural strength of cotton/epoxy composites
was found higher than polyester/epoxy composites. The water absorption causes a notable
change in the mechanical properties of these composites. Further, the tensile strength of
cotton/PP composites decreases with an increase in fibre loading. In contrast, the izod impact
strength increases with an increase in cotton fibre loading. The flexural strength of cotton/PP

composite increases with an increase in cotton loading from 20 to 40wt% and decreases when



cotton loading increases to 50wt%. The tensile, flexural, and izod impact strength of

polyester/PP composites increases with polyester fibre loading.

An effort has been made to enhance the mechanical properties of the cotton/epoxy
composites by incorporating reduced graphene oxide (rGO) nanoparticles in four different
weight percentages (0.1, 0.3, 0.5, and 1wt%) and enzyme-treated hemp fibre (HF)
microparticles in four different weight percentages (1, 2, 3, and 5wt%). The compression
moulding technique was used to produce the composite specimens. It has been found that the
mechanical properties of composites loaded with 0.3wt% of rGO and 3wt% of HF
microparticles show enhancement in mechanical properties, namely, tensile, flexural, izod
impact, and pinned joint strength. The dynamic mechanical properties of the composites
improve upon rGO and HF particles loading. However, the water absorption properties are

not influenced by rGO and HF particle filler loading.

The yarn produced using fibres extracted from waste textiles were used to produce the 2D
fabric, 3D homogeneous, and 3D hybrid orthogonal woven preforms. The 3D hybrid preform
consists of glass yarn as a stuffer and wastes cotton yarn as a binder and filler. The four-layer
2D laminate and 3D composite specimens were developed using the vacuum-assisted resin
infusion technique. The tensile and flexural properties composites were in order of 3D hybrid
> 2D laminate > 3D homogeneous. In comparison, the impact strength was in the order of 3D

hybrid > 3D homogeneous > 2D laminate.

The mechanical properties of textile waste-based composites can be improved by engineering
the preform structure. Nine different types of preforms, namely, carded cotton web (SH),
cotton nonwoven laminate (Nw), stitched cotton nonwoven laminate (NwSt), cotton web
sandwiched between woven fabrics (WD), cotton web sandwiched between woven fabrics,

and stitched (WbSt), nonwoven sandwiched between woven fabrics (Wn), nonwoven



sandwiched between woven fabrics and stitched (WnSt), cotton web sandwiched between
waste cotton yarn UD preform (WbUD), cotton web sandwiched between hybrid woven
fabrics (WbH) were developed. These preforms were then converted to composites having
~0.3 fibre volume fraction using the compression moulding technique. The composite
specimen WbH exhibited a notable improvement of mechanical properties, namely, tensile,
flexural, impact, and pinned joint strength, than all other composite specimens, followed by
composite specimen WbUD. The mechanical properties of composite specimens Wb, WhbSt,
Wn, WnSt were approximately the same. The tensile and flexural properties of composite
specimens Nw, NwSt, Wb, WbSt, Wn, WnSt are lower than SH. However, izod impact
strength of SH was lower than composite specimens Nw, NwSt, Wb, WbSt, Wn, WnSt. The

equilibrium water content of composite specimen Wb was substantially lower than SH.

In the last section, hybrid composites of carded cotton web laminated with unidirectional
(UD) glass preform (in four weight percentages, namely, 7.64, 14.83, 21.59, and 27.96%) and
jute nonwoven (in four weight percentages, namely, 3.59, 7.17, 10.76, and 14.34%) were
developed. The tensile, flexural, impact, and pinned joint strength of hybrid composite
specimens increases with UD glass preform loading. However, tensile and flexural properties
of hybrid composites increased with an increase in jute nonwoven loading from 3.59 to
7.2wt%, and jute nonwoven loading beyond 7.2wt% does not help to improve these
properties. However, the izod impact strength of the hybrid composites increased with an
increase in jute nonwoven loading. The equilibrium water content decreases with UD glass

loading, but it was approximately the same in jute nonwoven loaded composites.

The comparative analysis of specific mechanical properties of all the different types of
composites reveals that the specific tensile strength and specific flexural strength of
composite specimen WbH were highest among all the developed composites. The specific

impact strength of hybrid composite loaded with 7.64wt% of UD glass was the highest

\Y



among all the composites. It has also been found that the equilibrium water content of cotton

web reinforced composite was highest and polyester web reinforced composites was lowest.
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