WOODHEAD PUBLISHING IN TEXTILES

Cotton: Science
and technology

Edited by S. Gordon and Y-L. Hsieh




Cotton: Science
and technology

Edited by
S. Gordon and Y-L. Hsieh

A

The lextile Institute

CRC Press
Boca Raton Boston New York Washington, DC

WOODHEAD PUBLISHING LIMITED
Cambridge, England




Published by Woodhead Publishing Limited in association with The Textile Institute
Woodhead Publishing Limited, Abington Hall, Abington

Cambridge CB21 6AH, England

www.woodheadpublishing.com

Published in North America by CRC Press LLC, 6000 Broken Sound Parkway, NW.
Suite 300, Boca Raton, FL 33487, USA

First published 2007, Woodhead Publishing Limited and CRC Press LLC
© 2007, Woodhead Publishing Limited
The authors have asserted their moral rights.

This book contains information obtained from authentic and highly regarded sources.
Reprinted material is quoted with permission, and sources are indicated. Reasonable efforts
have been made to publish reliable data and information, but the authors and the publishers
cannot assume responsibility for the validity of all materials. Neither the authors nor the
publishers, nor anyone else associated with this publication, shall be liable for any loss,
damage or liability directly or indirectly caused or alleged to be caused by this book.

Neither this book nor any part may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, microfilming and recording, or
by any information storage or retrieval system, without permission in writing from
Woodhead Publishing Limited.

The consent of Woodhead Publishing Limited does not extend 1o copying for general
distribution, for promotion, for creating new works, or for resale. Specific permission must
be obtained in writing from Woodhead Publishing Limited for such copying.

Trademark notice: product or corporate names may be trademarks or registered trademarks,
and are used only for identification and explanation, without intent to infringe.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library.

Library of Congress Cataloging in Publication Data
A catalog record for this book is available from the Library of Congress.

Woodhead Publishing ISBN-13: 978-1-84569-026-7 (book)
Woodhead Publishing ISBN-10: 1-84569-026-5 (book)
Woodhead Publishing ISBN-13: 978-1-84569-248-3 (e-book)
Woodhead Publishing ISBN-10: 1-84569-248-9 (e-book)
CRC Press ISBN-13: 978-0-8493-9101-9

CRC Press ISBN-10: 0-8493-9101-6

CRC Press order number: WP9101

The publishers™ policy is to use permanent paper from mills that operate a sustainable
forestry policy, and which has been manufactured from pulp which is processed using
acid-free and elementary chlorine-free practices. Furthermore, the publishers ensure that the
text paper and cover board used have met acceptable environmental accreditation standards,

Project managed by Macfarlane Production Services, Dunstable, Bedfordshire, England
(e-mail: macfarl @aol.com)

Typeset by Replika Press Pvt Ltd, India
Printed by T J International Ltd, Padstow, Cornwall, England



Cotton: Science and technology



Related titles:

Total colour management in textiles

(ISBN-13: 978-1-85573-923-9; ISBN-10: 1-85573-923-2)

Managing colour from the design stage to the finished product can be a difficult
activity as colour perception is subjective and can therefore be inconsistent. Total
colour management in textiles covers all aspects of managing colour from the design
stage to the final product ensuring that the designer’s vision is fulfilled in the finished
colour, Many new developments in the area of colour measurement and colour
perception are discussed, including the sensory effect of colour for design and use in
product development, and digital colour simulation.

Digital printing of textiles

(ISBN-13: 978-1-85573-951-2; ISBN-10: 1-85573-951-8)

At present the textile industry produces the majority of its 34 billion square yards of
printed textile fabric by screen printing. However, in the digital age new developments
in the digital printing of paper are now being adapted for the textiles market. This
collection gives full coverage of all the current developments in digital textile printing.
It is divided into four parts covering printer and print head technologies, printer
software, digital printing colouration, and design and business for digital printing. It
contains fundamental technical explanations along with current research.

Recycling in textiles

(ISBN-13: 978-1-85573-952-9; ISBN-10: 1-85543-952-6)

An increasing amount of waste is generated eachryear from textiles (including carpets
and clothing) and their production. For economic and environmental reasons it is
necessary that as much of this waste as possible isgegycled instead of being disposed
of in landfill sites. On average approximately tensmillion tonnes of textile waste is
currently dumped in Europe and America epch year. Recycling in textiles is the first
book to bring together textile recycling issues,.technology, products, processes and
applications for all those in the industry who are looking for ways to recycle their
textile waste.

Details of these books and a complete list of Woodhead’s titles can be obtained by:
e visiting our web site at www.woodheadpublishing.com
¢ contacting Customer Services (e-mail: sales @woodhead-publishing.com;
fax: +44 (0) 1223 893694; tel.: +44 (0) 1223 891358 ext.30; address: Woodhead
Publishing Ltd, Abington Hall, Abington, Cambridge CB21 6AH, England)



Contributor contact details

(* = main contact)

Editors

Dr Stuart Gordon

CSIRO Textile and Fibre Technology
P.O. Box 21

Belmont, VIC 3216

Australia

E-mail: stuart.gordon@csiro.au

Dr You-Lo Hsieh

Division of Textiles and Clothing
University of California

One Shields Avenue

Davis, CA, 95616-8722

USA

E-mail: ylhsieh@ucdavis.edu

Chapter 1

Dr You-Lo Hsieh

Division of Textiles and Clothing
University of California

One Shields Avenue

Davis, CA, 95616-8722

USA

E-mail: ylhsieh@ucdavis.edu

Chapter 2

Professor John W. S. Hearle
The Old Vicarage

Mellor

Stockport

Cheshire SK6 5LX

UK

E-mail:
johnhearle @hearle.eclipse.co.uk

. Chapter 3

Dr Stuart Gordon

CSIRO Textile and Fibre Technology
P.O. Box 21 i

Belmont, VIC 3216

Australia

E-mail: stuart.gordon@csiro.au

Chapter 4

Sharon Orford,* Sven Delaney and
Jeremy Timmis

School of Molecular and Biomedical
Science

The University of Adelaide

South Australia 5005

Australia

Email:
sharon.orford @adelaide.edu.au
jeremy.timmis @adelaide.edu.au



il Contributor contact details

Chapter 5

Dr Phillip J. Wakelyn*

National Cotton Council

1521 New Hampshire Ave

NW Washington, DC 20036-1205
USA

E-mail: PWAKELYN @cotton.org

Dr M. Rafiq Chaudhry
International Cotton Advisory
Committee

1629 K Street, Suite 702
Washington, DC 2006

USA

E-mail: rafig@icac.org

Chapter 6
Mr W. Stanley Anthony

USDA-ARS Cotton Ginning Research

Unit (Retired)

2750 Ascot Place
Greenville, MS 38701
USA

E-mail: anthonywsa@aol.com

Chapter 7

Professor C. Lawrence
School of Design
University of Leeds
Woodhouse Lane
Leeds L.S2 9JT

UK

E-mail: c.a.lawrence @leeds.ac.uk

Chapters 8 and 12

Dr Lawrance Hunter
CSIR and Nelson Mandela
Metropolitan University

P O Box 1124

Port Elizabeth 6000

South Africa

E-mail: lhunter @csir.co.za
lawrance.hunter@nnmu.ac.za

Chapter 9

Nuray Ucar

Istanbul Technical University
Faculty of Textile Technology and
Design

. Textile Engineering Department

inonii Caddesi 87
Giimiigsuyu 34437
Beyoglu

Istanbul

Turkey

E-mail: ucarnu@itu.edu.tr

Chapter 10

Ms Indra Doraiswamy* and

Dr Arindam Basu

The South India Textile Research
Association

Post Box No. 3205

Coimbatore Aerodrome Post
Coimbatore — 641 014

India

E-mail: sitra@vsnl.com



Chapter 11

Dr David King

CSIRO Textile and Fibre Technology
Textile & Fibre Technology — Belmont
Colac Road

Belmont VIC 3216

Australia

E-mail: David.king@csiro.au

Chapter 13

Mr Terry Townsend

Executive Director
International Cotton Advisory
Committee

1629 K Street, N.W., Suite 702
Washington DC 20006-1636
USA

E-mail: terry @icac.org

Chapter 14

Dr Phillip J. Wakelyn

National Cotton Council

1521 New Hampshire Ave

NW Washington, DC 20036-1205
USA

E-mail: PWAKELYN @cotton.org

Chapter 15

Dr Billie J. Collier*

Dean

College of Human Sciences
242 Sandels Building
Florida State University
Tallahassee, FL 32306-1490
USA

E-mail: beollier@fsu.edu

Contributor contact details xiii

Dr Simioan Petrovan

The University of Tennessee

432 Dougherty Engineering Building
1512 Middle Drive

Knoxville, TN 37996-2200

USA

E-mail: petrovan@utk.edu

Dr John R. Collier

Department of Chemical and
Biomedical Engineering

A-156 Engineering

FAMU-FSU College of Engineering
2525 Pottsdamer Street

Florida State University
Tallahassee, FL 32310-6049

USA

E-mail: john.collier@eng.fsu.edu
Dr Ioan I. Negulescu

Louisiana State University Center
232 Human Ecology Building

‘Louisiana State University

Baton Rouge, LA 70803
USA 3

E-mail: Inegulescu @agcenter.lsu.edu

Chapter 16

Dr Gajanan Bhat

The University of Tennessee
204 TANDEC Building
1321 White Avenue
Knoxville, TN 37996-2200
USA

E-mail: gbhat@utk.edu



Introduction

Cotton fiber is the purest source of cellulose and the most significant natural
fiber. The economic significance of cotton in the global market is evident by
its majority share (over 50%) among fibers for apparel and textile goods.
Both the market value and the quality of cotton products are directly related
to fiber quality. Competition with other fibers is affected by innovations and
commercialization of other fibers including microdenier (polyesters and
nylons), elastomeric (spandex), and lyocell fibers, among others. Fundamental
understanding of the fibers (structural formation during development, chemistry,
physics), significant improvement in fiber quality as well as in process
innovation and product differentiation are critical to uphold the inter-fiber
competitiveness of cotton fibers and the share of cotton fibers in the global
apparel and other textile markets.

Part I of this book focuses on the chemical and physical properties of
cotton fibers. The most essential cotton fiber qualities related to mechanical
processing, i.e. traditionally yarn spinning, weaving, and knitting, are length,
strength, fineness and their distributions. The ranking importance of these
fiber qualities varies with the type of yarn spinning method;.such as ring,
rotor, and air-jet. These fiber qualities also determine the yarn strength, yarn
regularity, handle and luster of fabrics. -For chemical processing such as
scouring, dyeing and finishing, fiber structure related to maturity, or the
level of development, plays a major role. This is largely due to the impact of
the noncellulosic cell wall components and the cellulose in the secondary
cell wall on these chemical processes.

In order to develop effective strategies for fiber quality improvement and
for innovative processing and product development, the developmental linkages
between these chemical and physical properties and particular fiber qualities
need to be identified. The relationship between cell wall development and
fiber structure and properties has only gained attention more recently. Findings
from some of these systematic studies linking fiber structures and strength
with stages of fiber development and genotypes are detailed in Chapter 1.
Chemical properties of cotton are discussed in both Chapters 1 and 2. The
chemical structures and reactions are detailed in Chapter 1 whereas the
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effects of moisture, mercerization, swelling and resin-treatments are included
in Chapter 2.

The strength of cotton fibers is attributed to the rigidity of the cellulosic
chains, the highly fibrillar and crystalline structure, and the extensive
intermolecular and intramolecular hydrogen-bonding. Chapter 2 includes
detailed discussion of mechanical properties, including tensile strength, fracture
and fatigue, and structural mechanics as well as other physical properties
such as thermal, electric, friction and optical. The majority of strength data
have been based on bundle strength, such as that generated by the Stelometer
or high volume instruments (HVI) in recent years.

The understanding of structural origins of fiber properties such as strength
and dyeability is fundamental to competitiveness and future development of
quality cotton goods. However, significant challenges remain today partly
due to the variability of the cotton fibers, a common characteristic of a
natural product. Even the complex strength relationships between single
fibers and bundles or fibers and yarns are not completely clear. For example,
fibers shorter than 12.7 mm make little contribution to yarn strength. Fiber
elastic behavior (elongation) and inter-fiber frictional characteristics may
also contribute to yarn strength, but their association with strength has not
yet been systematically studied.

The fiber properties that determine the market value of cotton are
discussed in Chapter 3 along with the test methods used to measure these
properties, and caveats associated with each method. Currently around 30%
of the world’s cotton is objectively tested using HVI'. The remaining 70% is
largely classed subjectively by humans against physical cotton standards.
The USDA Universal Cotton Standards are used in over twenty countries to
class and determine the value of cotton for trade and spinning. Other national
standards and merchant ‘shipper type’ standards are also used to ascribe
value to traded cotton. International efforts to expand the use of objective
testing and to develop fast and accurate test methods for important properties
such as fiber fineness and maturity, trash content, neps and stickiness continue.
Other important qualities to the spinner and dyers such as the wax layer that
envelopes the fiber, moisture uptake and microbial decay are also discussed
in Chapter 3.

In Part II, the production (growing of cotton) and processing of cotton
fiber and fabric are described. Genetic modification or transformation of
cotton plants via molecular genetic approaches has resulted in the introduction
of pest-tolerant, and herbicide-resistant traits to cotton. A brief history and
introduction to the science behind genetic modification of cotton, including
traditional plant breeding is given in Chapter 4. The new traits introduced to
cotton via molecular genetic modification have improved crop productivity
and significantly reduced the reliance by cotton on some insecticides. Around
a third of all cotton grown in the world is now genetically modified. However,
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despite the potential of genetically modified crops, there remain significant
technical hurdles to overcome before many of the promises and claims made
for genetically modified cotton are realized. Genetic transformation, that is
the artificial insertion of a single foreign gene or a few genes into a plant’s
genome, requires two fundamental steps: Introduction of the new gene and
regeneration of intact plants. Both steps have numerous constraints, and not
least is the understanding of the role inherent genes have in their own
chromosome set. Future genetic manipulation of cotton is aimed at realizing
better fiber quality, increased resistance to pests and diseases, and improving
the ability of the cotton plant to grow under adverse water, heat and nutrient
conditions.

Like genetically modified cotton, organic cotton generates much debate
on its worth to society. There continues to be worldwide interest in organic
cotton on the basis that it is an environmentally friendly and cost-effective
way to produce cotton. Production of organic cotton has recently increased
to about 0.1% or about 110,000 bales of world cotton production, mainly due
to increased production in Turkey as well as India, China and some African
countries. Based on the facts available, growing organic cotton is more
expensive to produce than conventional cotton if the same nutrient and pest
management equivalents are used to ensure comparative yield and quality
outputs. Viewed from this perspective organic cotton production practices
are not necessarily more environmentally friendly or sustainable than current
conventional practices. Management of organic cotton, from production through
textile processing, is discussed in Chapter 5 and compared with conventional
practices. How organic cotton is certified and organized as an industry segment
is also discussed, along with the limitations of organic cotton production
practice that need to be overcome if organic cotton is to. become more than
a small niche product.

Harvest and ginning processes are discussed in Chapter 6. These processes,
which represent the first steps in the conversion of fiber to fabric, have a
significant influence on the quality of the fiber realized from a crop. Enormous
differences exist in harvest and ginning processes across the cotton world.
Harvest methods range from totally hand-harvested crops in some countries
to totally machine-harvested in others with only the United States, Australia
and Israel harvest methods being fully mechanized. The principal function
of the cotton gin is to separate lint from seed and produce the highest monetary
return for the resulting lint (fiber) and seed under the marketing conditions
that prevail. Currently the market rewards whiter, cleaner cotton with a
certain traditional appearance of the lint known as preparation. Preparation
is a relative term describing the amount of cleaning or combing given to
cotton so that it matches official (USDA) physical grade standards upon
which cotton is valued. However, these properties are more often not as
important to the final product as the focus at the gin and across the merchant
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desk would attest. The majority of spinners prefer fiber that is long, even in
length, strong, fine and without high proportions of nep and short fiber.
These last two parameters are unfortunate characteristics of cotton
harvested and ginned by mechanized means. Whilst not included in existing
classification systems for cotton, the presence of nep and short fiber seriously
affects the attractiveness of some cotton produced in the USA and Australia,
which utilize automated harvesting and ginning systems.

Cotton accounts for the bulk of the raw material used in the very large
short-staple spun yarn market, despite rapid incursion of synthetic fibers into
the textile market over the last 35 years. The proportion is considerably less
in the non-woven market, although the potential for increased use on the
basis of cotton’s natural attributes is high. Opening and carding, spinning,
knitting, weaving and non-woven production processes are described
respectively in Chapters 7 to 10 and 16. Whilst the basic mechanics of these
processes, which evolved from hand-operated machines and tools, some
used over 6000 years ago, have not changed greatly, speed, efficiency and
thus productivity haye increased dramatically. For example, cotton carding
machines processing fiber at 70 kg per hour just over ten years ago now
process fiber in excess of 200 kg per hour, and modern yarn spinning
technologies, like the Murata Vortex Spinner (MVS) enable yarn to be spun
at speeds in excess of 400 m per minute. Likewise the productivity of knitting
and weaving machines has increased. Chapters 7 and 8 cover the various
processes and technologies involved in the conversion of raw cotton fiber
into yarn suitable for subsequent fabric manufacturing. Chapters 9, 10 and
16 cover the major cotton fabric formation processes, which are most commonly
knitting and weaving processes, as well as the newer non-woven processes.
In the last few decades non-woven fabrics have become more popular, and
currently represent the fastest growing sectors of textile materials, particularly
in the market for single use, or disposable products.

Coloration of cotton is a well-developed industrial process to add value.
Chapter 11 discusses the common classes of dyes and dyeing and printing
metholodogy. Dyeing involves the diffusion of dyes into the non-crystalline
regions of the highly crystalline cellulose structure in the cotton fibers, thus
favoring elongated and coplanar dye structures. Retention or substantivity
requires strong secondary forces and/or chemical bonding with the hydroxyl
functional groups of cellulose. Improvement of dye affinity to cotton, reduction
of chemical effluents from dyeing as well as development of dyes that serve
other functions are among some of the current trends.

Survival in today’s textile market relies on knowledge of raw material
costs, the maintenance of product quality, health and safety issues and recycling
(cradle-to-grave) processes associated with the manufacture of cotton products.
Part III of this book provides insight into the science and technology that
influences and is used in these areas. In the highly competitive global textile
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market, the survival of a textile company depends greatly upon its ability to
meet demanding quality specifications within acceptable price and delivery
time frames. Chapter 12 deals largely with the objective or instrument testing
of yarn and fabric physical and related properties inasmuch as they relate to
their subsequent performance in textile processing and end-use performance.
Whilst, generic or general testing of yarns and fabrics is carried out irrespective
of their end-use to ensure consistency in production, specific tests are also
conducted to determine the performance of fabric or yarn for specific and
especially critical end-uses. For example, for fabric to be used in children’s
nightwear, flammability is of paramount importance, whereas for fabrics
used in parachutes, bursting and tear strength, impact resistance and air
permeability are critically important.

Chapter 13 covers world cotton and cotton textile production and the
influence of technological advances on productivity, and on consumer supply
and demand for cotton. Government subsidies have a significant and distorting
influence on production and the final price paid for cotton. The distorting
effects of these subsidies, which are created in response to local political
pressures in each country, are also discussed. World cotton production and
consumption are currently trending higher under the influence of new
technologies, including the use of genetically modified cotton varieties. World
cotton production reached 26 million tons in 2004/05 with the cost of production
for most producers falling between 50 and 60 US cents per pound. International
cotton prices have declined in real terms over the last six decades because of
advances in technology, and this process is continuing. In the 20 to 25 years
to the mid-1990s, the average world price of cotton was 70 cents per pound,
but the average international price during the current decade is expected to
stay between 50 and 60 cents per pound, in line with the costs of production
for most producers.

Health and safety are key components of responsible productlon and
processing of cotton and of a responsible management system for cotton
operations. Workers handle and process cotton in many work operations
from planting the cottonseed, to the finished cotton textile, i.e. from production,
harvesting, ginning, yarn and fabric manufacturing, and preparation, through
to dyeing and finishing. Each cotton industry sector has its own particular
health and safety considerations. Chapter 14 covers the pertinent health and
safety issues for each sector of the cotton industry.

Environmental conservation from the perspective of preserving expensive
produced cotton, reducing disposed wastes and regenerating new usage from
spent cotton goods is of significant concern today. Chapter 15 discusses
issues related to the recycling of cotton textiles including reuse, disposal,
landfill and incineration. Life cycle analyses of cotton require the examination
of the environmental impact of cotton production, energy consumption in
processing and disposal. The sources of cotton as well as the processing
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methods for recycling are detailed in this chapter. The ultimate conversion of
cotton cellulose requires chemical processing or dissolution and remains a
technological challenge.

Reference
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