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Preface

1PREFACE

Dear Students

Welcome to the module Textiles: Fibres (CLO2601).

This study guide, will be upload under additional resources but you could also use the printed study 
guide document (CLO2601) to study for this module. It is a convenient document that you will be able 
to refer to at any time, page through, and make notes on. However, I would still like to encourage you to 
access online links to video clips that will enrich your understanding of the material. It will also benefit 
you to work through the activities as this will assist you with your understanding at the coursework.

This document starts with the message on the Preface. It then goes on to the text of the learning units 
of the module. Be sure to read Learning Unit 0, as it contains important information about the study 
guide. Also remember to read your Tutorial Letter 101, which will provide you with essential details 
about the module and its assessment.

I wish you all the best with your studies.

Your lecturer

K Pandarum
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PREFACE

WELCOME MESSAGE

Textiles: Fibres (CLO2601)

Welcome to the first module on textiles, CLO2601. I am Ms Pandarum, your lecturer for this module. 
My office is in the Department of Life and Consumer Sciences on the Science Campus in Florida, 
Johannesburg. I am really looking forward to interacting with you.

The purpose of this module is to equip you with the knowledge you will need to select appropriate 
textiles for possible end-uses for the fabric, from yarns to colour, finishing and testing as well as care. 
You will also be able to explain fabric labelling and apply care requirements for fabrics to ensure satis-
faction after purchase as well as an extended service life.

To ensure that you have a beneficial and inspiring learning experience, I encourage you to contact other 
students who are studying this module. You will find further details and important information on 
how to contact the lecturer, the student support system, the study material and the assignments and 
examination in Tutorial Letter 101 for this module.

To begin, please read the Getting Started Letter.

You will also benefit from accessing the following links:

 • Study @ Unisa
 • Study @ Unisa: What does it mean to be an ODL student at Unisa?
 • Get connected before you start to register on myUnisa
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Next step:

Please go the Discussion Forum (Student Lounge) and introduce yourself to your fellow students.

Also, take the time to familiarise yourself with the module site and the information below that will 
assist you with the different services that are provided to you., our student.

 • Student support services

For information about the various student support systems and services available at Unisa (e.g. student 
counselling, tutorial classes, language support), consult my studies @ Unisa.

 • Fellow students

It is always a good idea to have contact with fellow students. You can do this using the Discussion menu 
option myUnisa. You can also use the Discussion forum to find out whether there are students in your 
area who would like to form study groups.

 • Library

My studies @ Unisa lists all the services offered by the Unisa library.

To log in to the Library web site, you will be required to provide your login details, i.e. your student 
number and your myUnisa password, in order to access the library’s online resources and services. This 
will enable you to:

 • request library material
 • view and renew your library material
 • use the library’s e-resources

 • Unisa Directorate for Counselling and Career Development (DCCD)

DCCD supports prospective and registered students before, during and after their Unisa studies. There 
are resources on their website (http://www.unisa.ac.za/Default.asp?Cmd=ViewContent&Content
ID=15974), and also printed booklets available to assist you with 

 • career advice and how to develop your employability skills
 • study skills
 • academic literacy (reading, writing and quantitative skills)
 • assignment submission
 • exam preparation

Note that the DCCD can also assist you with improving your personal wellness: see their website at 
http://www.unisa.ac.za/default.asp?Cmd=ViewContent&ContentID=16277.

 • Student Health and Wellness

Your physical health is an important factor in your learning success. Obtaining an educational quali-
fication is challenging and may at times involve stress, and it is therefore vital that you should try to 
maintain a healthy lifestyle to ensure that you will cope physically with the demands of your studies.

If you suspect that you may suffer from a chronic condition, or you know that you suffer from such a 
condition but are unsure about medical options and treatment, you could approach Unisa for further 
information and support. See Unisa’s Student Health and Wellness website at https://my.unisa.ac.za/
cmsys/default.asp?Cmd=ViewContent&ContentID=26330, where you will find details of Unisa’s health 
and wellness clinics, and also some health and wellness resources.
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If you would like to obtain basic information about the prevention of, testing for and treatment of HIV/
Aids, you could also consult the following web links:

 • http://www.aidsconsortium.org.za/docs/AC%20Pamphlets/HIV%20treatment%20Wise%20-%20
March%202010.pdf

 • http://www.aids.org/topics/aids-factsheets/
 • https://www.westerncape.gov.za/sites/www.westerncape.gov.za/files/documents/2005/7/living_

aids_2.pdf
 • https://www.westerncape.gov.za/general-publication/frequently-asked-questions-about-hiv-and-aids

You could also approach the DCCD about counselling in this regard.

 • The Advocacy and Resource Centre for Students with Disabilities (ARCSWiD)

You will find more information about this Centre on their web page at http://www.unisa.ac.za/default.
asp?Cmd=ViewContent&ContentID=19553. You can also contact Ms Vukati Ndlovu on 012 4415470.

Ms Reena Pandarum
Tel: 011 471 2550
Room 2-12
Calabash Building
Science Campus
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LEARNING UNIT 0
Introduction

Right from when we are born and first wrapped up warmly in a cloth or blanket, textiles are part of 
our everyday lives. In this module you will learn to make wise and educated decisions when purchasing 
and caring for fabrics and clothing based on a sound knowledge of textile fibres.

Aim of the module

On completion of this module, you will be able to select appropriate textiles in line with possible end 
uses for the fabric, from yarns to colour, finishing and testing as well as care. You will also be able to 
explain fabric labelling and apply care requirements for fabrics to ensure satisfaction after purchase as 
well as an extended service life.

Module outcomes

More specifically, you should be able to:

 • Identify certain fibres
 • State the properties that these fibres can be expected to have
 • Make wise and educated decisions when purchasing and caring for fabrics and clothing by drawing 

on foundational knowledge of the classification and properties of textile fibres
 • Interpret fabric labelling
 • Apply care requirements for fabrics to ensure an extended service life

This is a 12-credit module at level 6 (old structure) and level 7 (new structure). The average student will 
need to spend 120 hours working on this module in order to pass.

Prescribed book

There is no prescribed book for this module. If you wish to read up on and learn more about textiles, 
the following book is an excellent choice that will serve as a reference book on textiles for many years 
to come:

Elsasser, VH, 2010. Textiles: Concepts and principles. 3rd edition. Fairchild books.

Portfolio

You must continue to work on your portfolio. You may be asked to bring your portfolio to the discus-
sion classes or to submit it to the lecturer as an assignment.

Glossary

A glossary of textile terms is provided. These words form the basic vocabulary of textiles. You must be 
able to supply the correct term when given a definition. Make sure you are familiar with these terms 
and able to use them correctly.

Contacting your lecturer

The name and contact details of your lecturer for this module are provided in Tutorial Letter 101 for this 
module. Please do not arrive at your lecturer’s office without having made an appointment beforehand. 
You may be lucky enough to find your lecturer there, but you could also have wasted a lot of time and 
money on a fruitless journey. The lecturers at Unisa attend many meetings, conduct practical sessions 
and carry out our own research, and so are often out of the office.
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1LEARNING UNIT 1
1Textiles

1.1 INTRODUCTION
Trousers, shirts, jackets, jerseys, socks and skirts – these are all items of clothing. Do you know, or have 
you ever wondered, what they are made from?

FIGURE 1.1
Types of clothing – what are they made from?

(Source: Author’s images)

You may have answered that they are made mostly from fabric, but what is the fabric made from?

If you said fibres, you would be correct, but what are fibres? And are there different types of fibre used 
for making fabric?
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FIGURE 1.2
Different types of fabric are made from different types of fibre

(Source: Author’s image)

The industry that produces the fibres and fabrics to make clothes is known as the textile industry, and 
the products of the industry are collectively known as textiles.

In this learning unit we will look at the origin, importance and many uses of textiles. We take a brief 
look at the textile industry and discover how the components of the textile industry combine to produce 
clothes from fibres. We will also see how fibres are classified.

FIGURE 1.3
Fibre classification will help you identify fibres from different sources

(Source: Public domain use images: wikipedia.org, commons.wikimedia.org, pixabay.com)
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1.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Explain why it is important to study textiles
 • Explain what a textile is and why textiles are so important to our lives
 • Classify different fibres according to the Textile Fiber Products Identification Act (TFPIA)
 • Explain why textile fibres have both a generic and trade name
 • Discuss the components of the textile industry
 • Discuss the textile industry in brief terms

1.3 THE IMPORTANCE OF STUDYING TEXTILES
Right from when we are born and first wrapped up warmly in a cloth or blanket, textiles are part of 
our everyday lives.

FIGURE 1.4
Textiles are part of our daily lives

(Source: Author’s images and public domain use images: pixabay.com,  
commons.wikimedia.org)

As consumers, and more particularly as consumer scientists, we consider the selection and care of textiles 
to be important. Knowledge of fabric properties helps the consumer to make wise selections when 
purchasing textile products, as the properties of the fabric largely determine possible end uses for the 
fabric. Knowledge of the care requirements for fabrics helps to ensure satisfaction after purchase, 
since correct care of textiles ensures an extended service life.

Consumers may obtain information about fabric properties from the salesperson, advertising brochures 
or labels (swing-tags). Also, information on care may often be found on labels sewn onto the textile 
or obtained from washing machine and laundry product manufacturers. However, for the consumer 
scientist, this knowledge comes mainly through the study of textiles.
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1.4 THE ORIGINS OF TEXTILES
The word “textile” comes from the Latin textilis, which means “woven”; this word in turn comes from 
the Latin verb textere, meaning “to weave”.

The production of textile products is one of the oldest arts, and human beings have been producing 
fabrics for over 7000 years. Originally, textile production was a craft industry. This largely changed 
in the 18th century during the Industrial Revolution, when the factory system for textile production 
came into being.

FIGURE 1.5 
(Source: Public domain use images: pixabay.com, commons.wikimedia.org,  

wikipedia.org, pcieerd.dost.gov.ph)

Textiles have been made for thousands of years. Originally they were made by craftsmen and crafts-
women; now they are mass produced in large factories using modern equipment.

1.4.1 Activity 1.1
Answer the following question on the discussion forum on the module web site on myUnisa. (Forum 
1: Module-related discussions, Topic: Activity 1.1: Buying clothing)

(1)  What criteria do you apply when choosing a new garment? Is it fashion (style, trends, etc.), colour, 
feel, cost, fabric properties or something else? On the discussion forum, give a list of the criteria 
you apply.

How did your answer compare with those posted by other students? Use the forum to discuss 
any differences among your answers.



CLO2601/1 5

LEARNING UNIT 1: Textiles

Do the following activity and add it to your portfolio

(2)  Write down some ideas about how knowledge of fabric properties and care requirements would 
help you choose or recommend a fabric or garment.

1.4.2 Feedback on Activity 1.1
(1)  Read the responses other students have posted on the discussion forum, and see how they com-

pare with your answers.
(2)  You will see once you have studied Learning Unit 3 that fibres have a variety of properties. These 

can be classified as primary properties, which are the properties a fibre must possess in order 
to be used in textiles, and secondary properties, which relate more to the performance or use 
of the textile.

It is the secondary properties that consumers are more aware of, and which you may have written down 
in your answer to question 1. These include things like colour, how hard wearing a garment will be 
(durability properties), the feel of the fabric, its end use (e.g. to keep you warm), and cost.

You will also see in Learning Unit 3 that there is a connection between fibre properties and the per-
formance or suitability of the textile for its intended use (serviceability). The suitability of a textile 
relates to how it looks (aesthetic qualities), how hard wearing it is (durability properties), how comfort-
able it is to wear (comfort properties), how it looks after wearing or washing (appearance retention 
properties), and how easy to is to clean and look after (care properties).

Knowledge of fabric properties and care requirements can help you choose or recommend a fabric or 
garment. For example, let’s imagine someone wants to buy an inexpensive cardigan that will keep them 
warm, will still look good after a couple of years’ wear, and is easy to clean.

FIGURE 1.6
Ladies’ cardigan

(Source: Author’s image)

To help them, you would need to know which fibres provide warmth, are not too costly, are durable, 
and are easy to care for. You will gain this knowledge by working through the study guide.

It will be interesting to come back to what you have written down for question 2 after you have com-
pleted Learning Unit 3 to see if your thinking has changed.
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1.5 THE IMPORTANCE OF TEXTILES
The earliest textile products included clothing, tents, sacks, nets and rugs. Today, textile products find 
use in many diverse areas. The importance of textiles in our lives can be illustrated by listing the many 
areas where textiles are used:

 • Clothing: shirts, trousers, jackets, lingerie, jerseys, socks and so on
 • Protective wear: firefighters’ uniforms, bullet-proof vests, cut-resistant gloves, overalls and so on
 • Home textiles: sheets, tablecloths, curtains, carpets, rugs, cloths, towels, duvets, blankets, bags and 

so on
 • Transportation: tyre reinforcement, composite materials reinforcement, upholstery, insulation, sails, 

carpeting, airbags and so on
 • Construction: fibre reinforcements, insulation for roofs and walls, and so on
 • Medical textiles: gowns, headwear, footwear, bandages, swabs, casts, sutures, implants and so on
 • Geotextiles: reinforcements for embankments, water reclamation, marine engineering and so on
 • Agrotextiles: crop protection, ground sheets, shade cloth and so on
 • Other uses: flags, parachutes, ropes, twines, toys, shoes, filters, nets, tents, back- packs, brushes, 

sports equipment and so on

Have a look at the textile wheel at the end of this study unit for other uses of textiles.

As you can see, textiles are more than just apparel; they are used in a wide variety of products in many 
areas, some of which are not immediately obvious.

Textiles in their varied forms play an important role in our lives. For example, the average American 
uses approximately 38 kg of textiles per year. In consumer science we are concerned mainly with textiles 
used for apparel, home textiles and carpeting.

1.5.1 Activity 1.2
Do the following activity and add it to your portfolio.

Remember that your completed activities could serve as part of your exam preparation summary!

Draw up a table (you could use the one below as an example) and list a few examples of clothing and 
textiles found in the home. When you have completed your list, think about your examples and list 
some fabric properties of each one. These may be properties that you can see or feel (for example, is 
it smooth? Is it soft?) or properties that you are aware of (for example, is it easy to clean and care for? 
Is it cool to wear?)

Clothing examples Fabric properties

Shirt Coloured, soft, smooth, strong, not stretchy, ab-
sorbs moisture, cool to wear, wash, dry and iron

Home textile examples Fabric properties

Shower curtain White, smooth, plastic-feel, strong, not stretchy, 
repels water, wash and dry
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1.5.2 Feedback on Activity 1.2

Other clothing examples may have included socks, trousers, jeans, skirt, dress, leggings, T-shirt, pants, 
blouse, jersey, cardigan, scarf, cap, hat, jacket, hoodie, coat, and tie.

Other home textile examples may have included towel, face cloth, carpet, sheet, blanket, duvet, curtains, 
table cloth, pillow case, dish cloth, and wipes.

What properties did you list?

Properties may have included:

 • A description of how the fabric looks and feels (coloured in some way, shiny, smooth, soft, crisp etc.)
 • An estimation of the fabric’s durability (how strong it seems, or its flexibility)
 • An estimation of how the fabric retains its appearance (elasticity or stretch, whether it requires 

special care during washing)
 • An estimation of comfort (does it feel cool or warm to wear, whether it absorbs moisture or water)
 • Care properties (is it easy to wash, can you iron it etc.)

Don’t worry if you did not know and list all the properties – you will learn more about these in Learn-
ing Unit 3 and further on in the study guide.

1.6 FABRICS AND FIBRES

Textile fabrics come in many forms. A fabric is defined as a planar structure produced by interlacing yarns in 
construction processes such as weaving or knitting, or by binding fibres together in non-woven processes.

Click on this link to view a video that shows the production of fabric from yarn: https://www.you-
tube.com/watch?v=YYWlevX7Kw0.

Let’s think about some examples. Jeans are made from woven fabric, whereas a T-shirt is made from 
knitted fabric, and disposable wipes are made from non-woven fabric.

FIGURE 1.7
Woven fabric

FIGURE 1.8
Knitted fabric

FIGURE 1.9
Non-woven fabric

(Source: Clothing and Textiles, Only study guide for CLO2601,  
(University of South Africa, Pretoria, 2012)

Woven and knitted fabrics are made from yarns. A yarn is defined as a continuous strand of textile fibres that 
is used for weaving or knitting or producing fabrics. Click on this link to view a short video that explains some 
concepts relating to yarns: https://www.youtube.com/watch?v=4gE-XH8PZy0.
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Other fabric construction processes are used to produce different types of fabrics such as braids, nets, 
laces, felts, tufted fabrics and stitch-bonded fabrics. You will learn more about fabric construction and 
production in the next module dealing with textiles, CLO3704.

The basic units of most fabrics are fibres. Therefore a textile can be defined as any product made from 
textile fibres.

The fibres used in earlier days were obtained from animals (wool from sheep and silk from silkworms) 
and plants (cotton and flax). Have a look at figure 1.10.

FIGURE 1.10
Earliest fibre uses

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)

For thousands of years natural fibres were the only ones available for making textiles. Manufactured 
(man-made) fibres were developed in the first half of the 20th century. Since then many advances have 
been made in developing new fibres and modifying existing fibres to provide the best combination of 
properties. A textile fibre is a product capable of being woven, knitted or made into fabrics using other methods.

We divide textile fibres into two groups, namely staple fibres and filament fibres. We measure the 
length of staple fibres in centimetres, while we measure the length of filament fibres in metres or even 
kilometres. All manufactured fibres are initially produced as filament fibres. Silk, a natural fibre, is also 
secreted in filament form.

Leather coats, leather shoes, fur and suede materials are not considered to be textiles, because they are 
not made from fibres. Tissues and paper are made from fibres, but these are not textiles, as the fibres 
used do not have the properties needed to make them into fabrics.

Note: The American spelling of fibre is fiber.
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1.6.1 Activity 1.3
Do the following activity and add it to your portfolio.

This activity will help you get a better idea of what a fibre is.

Take a piece of cotton wool or a cotton bud. Tease the cotton – in other words, draw it apart with your 
fingers until only the thinnest web remains. The long, thin individual pieces are fibres.

FIGURE 1.11
Fibres, as indicated by the arrow

(Source: Author’s image)

You can try the same with a piece of knitting yarn or the yarns from a piece of fabric. Untwist the yarn 
and draw out the individual fibres.

Notice that the textile fibres are very much longer than they are thick.

1.6.2 Feedback on Activity 1.3
Did you manage to get the fibres out? Were they longer than they were wide?

Can you see the fibres in the loops of this loop yarn? Notice that the fibres are long and thin.

FIGURE 1.12
Loop yarn showing individual fibres

(Source: Author’s image)
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1.7 FIBRE CLASSIFICATION
There are many different types of fibres, and it is important to understand how they are classified. 
Fibres may be classified in a number of ways, and you may come across different classifications using 
different terms. The system we will use is based on the Textile Fiber Products Identification Act, usu-
ally referred to as the TFPIA.

1.7.1 The basis of the TFPIA system
The TFPIA was introduced in the United States in 1960 and requires that the labels of all textile prod-
ucts must show (among other things) the fibre content of the textile for quantities above 5% by generic 
(family) name. You may have seen some textiles that have labels that give the fibre content. We will 
discuss labelling later, in study unit 14 of this study guide.

Fibres have a generic name, which is given on the basis of the chemical composition of the fibre. They 
may also have a trade name, which manufacturers give to identify products. For example, Dacron®, 
Diolene®, Tergal® and Trevira® are all trade names for the manufactured fibre polyester, which is the 
generic name for these fibres. The trade name must appear next to the generic name.

Fibres with the same generic name meet certain specifications and will provide a similar level of 
performance.

Note that trade names begin with a capital letter, and generic names begin with a lower case letter.

FIGURE 1.13
Example of a sewn-in label showing the generic names for the fibre blend – wool, polyester, 

and the trade name for the polyester – Trevira®

(Source: Author’s image)

1.7.2 TFPIA classification
In the TFPIA classification (figure 1.14), fibres are divided into two main groups: natural fibres and 
man-made or manufactured fibres.
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Natural fibres occur naturally in fibre form and are further sub-divided into protein fibres (fibres of 
animal origin), cellulosic fibres (fibres of plant origin) and mineral fibres (fibres of mineral origin). 
Protein fibres include wool (from sheep), speciality hairs such as mohair (from angora goats) and fur 
such as angora (from angora rabbits). Plant fibres are generally grouped according to which part of the 
plant they are obtained from.

Manufactured fibres are further sub-divided into three main groups: (manufactured) cellulosic fibres, 
(manufactured) non-cellulosic fibres and (manufactured) mineral fibres. It is important to understand 
the main groups, sub-divisions and the generic names of the fibres.

Within the textile industry you may often come across the term “synthetic fibres,” which is sometimes 
used, incorrectly, instead of “manufactured non-cellulosic fibres”. You will learn more about the history, 
properties, care and uses of fibres in the units which follow.

TEXTILE FIBRES

Natural fibres Manufactured fibres

Protein Cellulosic Mineral Cellulosic Non-Cellulosic Mineral

wool

Silks
(silk)

Speciality hair
(mohair)

Seed
(cotton)

Bast
(flax)

Leaf
(sisal)

asbestos rayon

acetate
triacetate

polyamide

polyester

acrylic

modacrylic

olefin: polyethylene, polypropylene

elastomeric: rubber, spandex

glass

metallic

Fur
(angora)

Fruit
(coir)

FIGURE 1.14
Classification of fibres (based on TFPIA)

(Source: Author’s image)

1.7.3 Activity 1.4
Do the following activity and add it to your portfolio.

(1)  Examine the labels on the clothes in your wardrobe or in a shop. You may find that only some 
manufacturers will tell you which fibres the fabric is made from. Choose about 10 different textiles 
and draw up a table in which you state the type of textile and the fibres used in the fabric. Also 
list the group and sub-division to which each fibre belongs.
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Textile Fibre Group Sub-division

Shirt Polyester Manufactured fibres Non-cellulosic

(2)  Examine your list. Are some fibres used more frequently than others? Do the textiles contain 
natural or manufactured fibres, or a combination of both?

1.7.4 Feedback on Activity 1.4
(1) Once you had chosen your textiles, you had to find out the fibre composition from the label on 

the textile. The textile may have been made from one fibre type, or more than one fibre type (for 
example you may have had a shirt which was made from polyester and cotton). Most fibre types 
are listed in figure 1.13, under the sub-divisions (protein, cellulosic, mineral and cellulosic, non-
cellulosic, mineral) and groups (natural and manufactured).

Determining the fibre a textile is made from will help you understand the properties of that textile.

(2)  Which fibres were most common? Were polyester and cotton used in quite a lot of the textiles? 
In 2011 world demand for polyester was about 40 million tons, and for cotton 25 million tons. 
The combined demand for wool, nylon, acrylic, cellulosic and polypropylene was about 12 mil-
lion tons. Polyester (manufactured) and cotton (natural) are by far the most popular fibres, and 
will continue to be so.

1.8 COMPONENTS OF THE TEXTILE INDUSTRY
So far you have learnt a bit about the relationship between fibres and fabrics. Figure 1.15 illustrates 
the components of the textile industry that make it possible to convert fibres to fabrics and fabrics to 
consumer goods.
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FIGURE 1.15
Components of the textile industry

(Source: Author’s image)

The industry includes fibre producers, yarn and fabric manufacturers, converters which undertake 
dyeing, printing and finishing, and product manufacturers. You will learn more about some of these 
processes in the module CLO3704.

This is a simplified illustration to give you a broad overview of the textile industry. You will notice that 
other industries such as the petroleum, chemical, component manufacturing and machinery manufac-
turing industries support the textile industry.

The textile industry uses staple fibres to produce yarns or non-woven fabrics directly. It also uses fila-
ment fibres to produce yarns or use them directly in fabric manufacture. Furthermore, it uses yarns to 
produce fabrics by weaving, knitting or other fabric manufacturing techniques. Dyeing and finishing 
may be undertaken at any stage.

Product manufacturers use fabrics to produce a wide variety of textile goods which are supplied to 
the consumer through retailers. Consumers may also obtain these fabrics directly from manufactures.

This Discovery Science Channel video https://www.youtube.com/watch?v=uEYsmzophTA, entitled 
“How It’s Made Wool”, will give you an idea of how fabrics are produced from fibre – in this case, wool 
fabric from wool fibres. The history of wool as a textile fibre is given, as well as some of the properties 
of wool that make it suitable for certain types of clothing.
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1.9 THE WORLD TEXTILE INDUSTRY
Besides being one of the oldest industries in the world, the textile industry is also one of the largest. 
The textile industry accounts for over 14% of world employment. It is labour intensive (especially the 
clothing sector) and offers a range of opportunities, including entry-level jobs for unskilled labour.

The textile and clothing industry is the typical “starter” industry for countries engaged in export-
oriented industrialisation. For many developing countries, textile and clothing exports are major con-
tributors to total merchandise exports. For example, in 2006 textile exports as a percentage of total 
merchandise exports for Pakistan were 46.1% and for Turkey 8.9%; clothing exports as a percentage 
of total merchandise exports for Bangladesh were 76.6%, for Lesotho 64.1%, for Mauritius 35.5% and 
for Madagascar 56.4% (WTO 2008). These percentages show the importance of textiles and clothing 
in the economies of these countries.

The textile industry is a dynamic industry which is evolving all the time. Countries such as Britain, which 
were powerhouses of textiles early in the twentieth century, are no longer so, whereas other countries, 
such as China, show great growth. Table 1.1 shows world fibre production in 1994, 2004 and 2014.

TABLE 1.1
World fibre production: 1994, 2004, 2014 (North Carolina State  

University, Fibresource.com)

Manufactured fibres Cotton

1994 2004 2014 1994 2004 2014

Total production (million tons) 24.5 43.7 65.2 18.7 24.4 26.5

North America 21% 11% 4% 24% 20% 16%

Europe 24% 11% 6% 16% 12% 4%

Asia 50% 86% 86% 48% 54% 70%

Others 5% 4% 4% 12% 14% 10%

Figure 1.16 shows world textile exports for 1990, 2000, 2006 and 2014.
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FIGURE 1.16
World textile exports 1990, 2000, 2006 and 2014

(Source: Author’s image, data from World Trade Organisation, http://stat.wto.org 2010, 2016)

1.9.1 Activity 1.5
(1)  Examine the figures in table 1.1.

(a)  Did the total production of manufactured fibres increase or decrease between 1994 and 2014?
(b) Did the total production of cotton fibres show the same trend?
(c)  Which areas showed an increase or decrease in the percentage production of manufactured 

fibres?
(d) Which areas showed an increase or decrease in the percentage production of cotton?

(2) Examine the pie charts of world textile exports in figure 1.16.

(a) Which countries showed the most growth in the export of textiles from 1990 to 2014?
(b) Which area showed a significant decline from 1990 to 2000?
(c) Which two areas combined accounted for more than half of world textiles exports in 2006?
(d) What was the combined percentage export of textiles of these two areas in 2014?
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1.9.2 Feedback on Activity 1.5
(1) Table 1.1

(a)  The total production of manufactured fibres increased from 24.5 million tons in 1994 to 65.2 
million tons in 2014.

(b)  The total production of cotton increased from 18.7 million tons in 1994 to 26.5 million tons 
in 2014.

The production of manufactured and cotton fibres increased because world demand increased 
as a result of population growth and improving economic conditions.  Cotton production 
showed a smaller increase in production than manufactured fibres. One of the reasons is that 
cotton is a natural fibre and requires certain climatic and soil conditions to grow. Manufac-
tured fibres can be produced anywhere in the world; however, the main overriding factor is 
production costs.

(c)  Both North America and Europe showed a decrease in the percentage production of manu-
factured fibres. Asia showed a significant increase, from 50% in 1994 to 86% in 2014.

(d)  Both North America and Europe showed a decrease in the percentage production of cotton. 
Asia showed a significant increase, from 48% in 1994 to 70% in 2014.

(2) Pie charts of world textile exports in figure 1.16.

(a)  China showed the largest growth in the export of textiles, from 7% 1990 to 24% in 2014. 
India, Turkey and the rest of the world showed slight growth over the same period.

(b) The European Union showed a significant decline, from 47% in 1990 to 33% in 2000.

(c)  China and the European Union combined accounted for more than half of world textiles 
exports in 2006 (54%).

(d)  The combined percentage export of textiles of these two areas in 2014 was 54%, the same as 
in 2006, although China increased its share to 24%.

You will have noticed that Europe and North America dominated fibre production and textile 
exports in 1990. By 2006, however, Asia, and China in particular, had taken over as the leading 
area for the production of fibres and textiles. Cheaper labour costs and expanding economies 
in the Asian region were drivers of the change.

1.10 THE SOUTH AFRICAN TEXTILE INDUSTRY
The history of the South African textile industry is short compared with that of Europe, Britain and 
the United States of America. Before the Second World War the industry focused on the production 
of blankets, rugs and sheets. Since then the industry has grown and shrunk as the country has adapted 
to being part of the global village.

A problem for the South African industry is that the South African market demands a large variety of 
products and is as sophisticated as most developed Western markets. However, per capita consumption 
is very low – approximately 7 kg compared with 38 kg in the USA.

Per capita consumption means how much each person consumes on average in the country per year.
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Therefore, the South African industry has had to produce a wide variety of products, but in small vol-
umes. Most textile mills are geared to producing large volumes, so producing small volumes increases 
costs and it becomes difficult to compete with countries that can produce large volumes at low cost.

In addition, Asian textile exporters have been aggressive in export pricing (look at the growth of Chi-
nese exports in figure 1.16), which means that often textile goods can be imported at a lower cost than 
they can be produced locally.

Consequently, the South African textile industry has shrunk since the 1990s. A labour force of 186 586 
in 2001 had declined by almost 31% to 129 315 in 2005 (SA Textile Federation 2006). Many textile mills 
have closed. This news report video (https://www.youtube.com/watch?v=VLCMcMvg1Pk) shows some 
of the problems that the industry faced in 2010. However, other industries have managed to adapt to 
the challenges, often by changing production to fill niche markets, locally and for export, or by adapt-
ing to fulfil the specific needs of local retailers. An example is Mpkopu, which produces baby clothing 
and children’s wear celebrating unique African textile designs. Learn more about this company by 
clicking on the following link: http://www.lionessesofafrica.com/blog/2015/5/17/the-startup-story-of-
asma-dukanda. Another example is Kaross, which creates tableware, homeware, art pieces, wall 
hangings, bed linen and fashion accessories – you can view their website at: http://www.kaross.
co.za/index.php?option=com_content&view=article&id=54&Itemid=72

South Africa is a producer of a number of natural fibres. These include wool, mohair and cotton. 
Wool is produced in most parts of South Africa under various conditions. The wool produced from 
merino sheep is of high quality and environmentally sound, and it is used for apparel. Almost 90% of 
the wool clip is sold by an auction system, which is centralised in Port Elizabeth. The Eastern Cape 
region of South Africa is the world leader in mohair production, and about 60% of the world’s mohair 
supply comes from South Africa. Cotton is grown in various areas in South Africa and approximately 
40% of local demand is met. Studies have been conducted to assess the possibility of producing other 
natural fibres such as sisal, agave, hemp, kenaf, pineapple, flax and wild silk. The following pie chart 
(figure 1.17) illustrating South African fibre consumption gives an indication of how much of each fibre 
was consumed in relation to the others in 2004.

FIGURE 1.17
South African fibre consumption: 2004

(Source: Author’s image, data from South African textile and statistics and economic review 
2005/06, South African Textile Federation (2006))
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1.10.1 Activity 1.6
Answer the following questions and file your answers in your portfolio.

(1)  Give four examples of areas other than apparel where textiles can be used. Give two examples 
of textile products for each area.

(2) Define the following terms: textile fibre, textile, yarn and fabric.
(3) Discuss some reasons for the shrinkage of the South African textile industry.
(4)  Give the main group and sub-division to which the following fibres belong: metallic, asbestos, 

flax, mohair, spandex, cotton, polyester and rayon.
(5) What is the difference between generic and trade names?
(6) Discuss the statement “South Africa is a producer of natural fibres”.
(7)  Briefly discuss the components of the textile industry that a manufactured filament fibre will go 

through to reach the consumer as a textile product.

1.10.2 Feedback on Activity 1.6
(1)  Have a look at figure 1.18. The textile wheel shows many areas of textile use and some examples. 

Can you supply some others?

FIGURE 1.18
Textile wheel: the many uses of textiles

(Source: University of New South Wales)
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(2) Check your answers against the definitions given in section 1.6.

(3)  Refer to section 1.10. You should have mentioned the demand for a large range of products, the 
low consumption per capita, the high production costs associated with small volume production 
and cheaper imports.

(4) 

Fibre Group Sub-division

Metallic Manufactured Mineral

Asbestos Natural Mineral

Flax Natural Cellulosic

Mohair Natural Protein

Spandex Manufactured Non-cellulosic

Cotton Natural Cellulosic

Polyester Manufactured Non-cellulosic

Rayon Manufactured Cellulosic

(5)  Generic names refer to the chemical composition of the fibre, whereas trade names are used by 
manufacturers to identify a product. Generic names begin with a lower case letter and trade names 
begin with a capital letter. Diolene ® is an example of a trade name, and nylon is an example of 
a generic name.

(6)  South Africa is a producer of many natural fibres, including wool, mohair and cotton. Your answer 
should have covered some detail of the wool, mohair and cotton industry and also other fibre 
types that have been investigated. See section 1.10.

(7)  See figure 1.15. Manufactured filament fibres which can be produced from petrochemicals, cel-
lulose, glass and metals can be used as filaments or cut into short lengths (staple fibres). Staple 
fibres are spun into yarns. The yarns or filaments can be used to manufacture fabrics by weaving, 
knitting or other processes. The fabrics are dyed, printed or finished by convertors who supply 
the fabrics to product manufacturers who produce textile products such as garments, apparel and 
industrial textiles. These products reach the end consumer via retailers.

1.11 SUMMARY
You have now come to the end of this learning unit and will have some understanding of the importance 
of textile properties and care. At this point you should:

 • have a basic understanding of fibres, fabrics and textiles and be able to define them
 • be able to explain the importance of textiles and where they are used
 • be able to explain, briefly, the process of producing textiles from fibre to consumer, and the naming 

and classification of fibres
 • have an understanding of the textile industry and some of the trends in the world and South African 

textile industries
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Do you remember this picture from the introduction?

This is how it relates to fibres:

(1) Polymer pellets used for producing manufactured fibres such as polyester and nylon.
(2) Aluminium used for producing metallic fibres.
(3) Cotton plants produce cotton fibre, which is a seed fibre.
(4) Wool fibre is obtained from sheep.
(5) Mohair fibre is obtained from angora goats. Cashmere is also a goat fibre.
(6) Hemp is a stem fibre (the term for this is bast fibre) produced from the hemp plant. Flax is also 

a bast fibre.
(7) Silkworms produce silk – a natural filament. In Southern Africa mopane worms also produce a 

silk fibre known as wild silk.
(8) Soft angora fibres are produced from the angora rabbit.
(9) Oil is used to produce polymers from which manufactured non-cellulosic fibres are produced.
(10) Trees are used to produce cellulose from which manufactured cellulosic fibres are produced.
(11) Sisal fibres are leaf fibres from the sisal plant.
(12) Asbestos fibres are mineral fibres from a type of rock. They are not often used for textiles because 

of the hazards associated with mining and processing the fibres.
(13) Coir is a seed fibre from the husks of coconuts.

You will learn more about fibre properties and make a more detailed study of fibres in the learning 
units that follow.
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2Fibre theory

2.1 INTRODUCTION
Do you know what a polymer is? Do you know what a polymer is made of and how polymers relate to 
plastic and fibres? For some background, watch this video: https://www.youtube.com/watch?v=ELwj
8RqwnjM&ebc=ANyPxKqSf-IKdKAM7-lIoudR8jY7U7pMTf4A7JXcVqiS5IodbMfb9fXKbrQ7Oad-
YHr4RbCEJYLkgcrgbyBXnAwWRCKNY7gWlog.

In Learning Unit 1 you learnt that there are different natural and manufactured fibres. Fibres, like 
plastics, are composed of polymers. Different fibres are composed of different polymers.

Polymers are made up of molecules called monomers. Polymers are formed naturally in nature, but 
they can also be manufactured from monomers obtained from sources such as trees or petroleum.

You will remember that there are both cellulosic and non-cellulosic manufactured fibres. These fibres 
are produced by spinning the polymers.

This video https://www.youtube.com/watch?v=GYevhe4Av1EIn from ExamFear.com will give you 
background information on manufactured fibres and spinning. The presenter talks about artificial, 
synthetic and man-made fibres – these are all terms used to refer to manufactured fibres.

In this learning unit you will learn that there are four main spinning processes used to produce fibres 
such as rayon, acetate, acrylic, spandex, nylon and polyethylene. Do you remember these generic names 
for manufactured fibres?

Because the spinning of manufactured fibres is a controlled process, the fibres produced can be made 
with different shapes and modifications. These modifications, as you will see, are used to change the 
properties of the fibres. Sometimes this is to make the manufactured fibre behave in a similar manner 
to a natural fibre. A good example is acrylic, which is manufactured to mimic the natural fibre wool. 
In most wool shops the “wool” yarns for sale are probably made from acrylic.
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FIGURE 2.1
A ball of yarn – but is it wool or acrylic fibre?

(Source: http://commons.wikimedia.org/wiki/File:Worsted_wool_yarn.jpg)

By now you know that there are many different types of fibre. But since there are so many different 
fibres, how can we identify them? Is the fibre in the ball of yarn in figure 2.1 acrylic or wool?

There are a number of ways to identify fibres, and some of these need expensive equipment or the use 
of chemical solvents. Fortunately there are simpler methods for identifying fibres, including microscopy 
and a burn test. The burn test, which you will learn more about in this learning unit, is particularly 
useful for categorising fibres as it is quite easy to perform and requires only a small quantity of fibres.

Understanding that fibres differ in composition will help you as you progress further with the module 
content and learn about the properties of different fibres.

2.2 LEARNING OUTCOMES
After you have completed this study unit, you should be able to:

 • Describe the composition of textile fibres
 • Differentiate between manufactured cellulosic and manufactured non-cellulosic fibres
 • Differentiate between wet, dry and melt spinning processes
 • Compare and contrast addition and condensation polymerisation reactions
 • Explain the terminology relating to extruded filaments
 • Give examples of manufactured fibre modifications and in each case state the advantages of the 

modification
 • Give a brief description of the four basic methods used for fibre identification
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2.3 COMPOSITION OF TEXTILE FIBRES
All substances are constructed from atoms. Atoms combine to form molecules. For example, water is 
a small molecule composed of one oxygen and two hydrogen atoms, as illustrated in figure 2.2 below.

FIGURE 2.2
Representation of a water molecule

(Source: Public domain image: commons.wikimedia.com)

Very large molecules are called macromolecules. When they are in the form of long chains of small 
units (monomers) they are called linear polymers.

FIGURE 2.3
Polymers can be thought of as chains. Individual links (monomers)  

are joined to form a long chain (the polymer).

(Source: Author’s image from public domain use images: commons.wikipedia.com)
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All fibres, whether they are from animals or plants or are manufactured, are constructed from polymers. 
Some polymers are naturally formed, as in the case of wool fibres, which are composed of the polymer 
keratin, which is composed of amino acid monomers. Other polymers are manufactured from mono-
mers obtained from sources such as trees or petroleum. Polyethylene (see figure 2.4) is a manufactured 
polymer. The most important atoms in fibre-forming polymers are carbon (C), hydrogen (H), nitrogen 
(N), oxygen (O) and sulphur (S).

FIGURE 2.4
Polyethylene is a non-cellulosic manufactured fibre. It is a polymer formed  

from ethylene monomers.

(Source: Public domain use images: commons.wikipedia.com)

The fibre bulk is constructed from bundles of fibrils (see figure 2.5). The individual fibrils are made 
from polymers.

FIGURE 2.5
Model of fibre construction

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)

In plant fibres, the polymers are primarily cellulose. In animal fibres, they are proteins: keratin in 
wool, mohair and fur, and fibroin in silk.
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Manufactured cellulosic fibres are made from cellulose extracted from plants. Manufactured non-
cellulosic fibres are made from polymers whose monomers are derived mainly from petroleum.

The basic raw material making up the fibre is responsible for many of the basic properties of the fibre.

The fibre bulk (figure 2.5) contains amorphous (having no defined shape) and crystalline (in the 
form of crystals) regions. In the crystalline regions, the polymers are oriented (point) more or less in 
the same direction. In the amorphous regions the polymers are arranged randomly.

The crystalline regions give the fibre its strength. Moisture absorption and mechanical deformation 
occur in the amorphous regions.

2.4 MANUFACTURED FIBRES: FIBRE PRODUCTION

FIGURE 2.6
Silkworm cocoon

The cocoon is made from the filament fibre silk, which the silkworm spins itself.

(Source: Gerd A.T. Müller Copyright Status: [[GNU Freie Dokumentationslizen https://commons.
wikimedia.org/wiki/File:Bombyx_mori_Cocon_02.jpg)

Plants and animals produce natural fibres as part of their growth cycle. As far back as 1664, Robert 
Hooke suggested that if a suitable liquid was squirted through a small hole, and allowed to congeal or 
solidify, a fibre similar to the silk produced by silkworms could be made. However, it was not until the 
20th century that scientists actually began to make artificial fibres.

Manufactured cellulosic fibres have cellulose, as found in wood or cotton pulp, as a starting material. 
The cellulose must be dissolved before it can be spun. There are many ways to do this, but only four 
are used in practice. These are the viscose, cuprammonium, acetate and lyocell processes.

Manufactured non-cellulosic fibres have monomers derived mainly from petroleum as starting materials.
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2.4.1 Formation of polymers

Fibres are formed from polymers, and the fibre-forming materials are made in two steps:

(1) Synthesis of reactive precursors (monomers).
(2) Coupling of thousands of monomers to form macromolecules (polymers). Two different types 

of polymerisation reactions, namely addition and condensation, are used to form the polymers.

When two, usually identical, reactive monomers are directly coupled to form the polymer, without a 
by-product, addition polymers are formed. Addition polymers include polyacrylics and polypropylene.

Condensation polymers are made by coupling two, usually different, reactive monomers, with the elimi-
nation of a small by-product (usually water). Condensation polymers include polyester and polyamides.

FIGURE 2.7
Addition and condensation polymers

(Source: Author’s image)

Block copolymers are made by pre-forming reactive monomers into blocks and then polymerising 
them, usually by condensation reactions. Block copolymer fibres include elastomeric fibres.

2.4.2 Spinning the fibres

Forcing polymers in a liquid state through a spinneret produces manufactured fibres. The spinneret 
is similar, in principle, to a bathroom showerhead. It may have anything from 350 to over 5000 holes. 
The polymers are solid in their initial state and must be converted to a fluid state, usually by melting 
them or dissolving them in a solvent. They are then extruded (forced through) through the spinneret. 
Once the liquid leaves the spinneret, it solidifies again.

This short video https://www.youtube.com/watch?v=cn6K1m7yH0I shows spinning of a fibre. The 
process used is melt spinning (see below). Pellets of the solid polymer are melted before being extruded 
through the spinnerets to produce the fibres. The fibres are cooled and drawn before being wound on 
to a cylinder.

There are four main methods of spinning filaments (the continuous strands of manufactured fibres), 
namely wet, dry, melt and gel spinning.
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FIGURE 2.8
Diagrams showing spinning processes for manufactured fibres

(Source: Author’s image)

 • Wet spinning

Wet spinning is the oldest process. It is used for fibre-forming polymers that have been dissolved in 
a solvent. The spinnerets are submerged in a chemical bath (coagulation bath), and as the filaments 
emerge they precipitate from solution and solidify (coagulate). Because the solution is extruded directly 
into the precipitating liquid, this process for making fibres is called wet spinning.

Rayon, acrylic, modacrylic, aramid and spandex are some of the fibres produced by this process.

 • Dry spinning

Dry spinning is also used for fibre-forming polymers that have been dissolved in a solvent. However, 
in this case the solvent is evaporated in a stream of air or inert gas to enable the fibres to solidify. The 
filaments do not come in contact with a precipitating liquid, which means that there is no need for 
drying, and it is easier to recover the solvent.

This process may be used for the production of acetate, triacetate, acrylic, modacrylic and spandex fibres.

 • Melt spinning

In melt spinning, the fibre-forming polymer is melted for extrusion through the spinneret and then 
cools to solidify immediately. A stream of cold air is used for cooling.

This process is used for the production of nylon, polyester and polyolefin fibres.

 • Gel spinning

Gel spinning is a special process used to obtain high strength or other special fibre properties. The 
polymer is not in a true liquid state during extrusion. The process can also be described as dry–wet 
spinning, since the filaments first pass through air and then are cooled further in a liquid bath.



28

  

Gel spinning produces some high-strength polyethylene and aramid fibres.

After spinning the fibres are drawn and orientated.

 • Drawing and orientation

While extruded filaments are solidifying, or in some cases even after they have hardened, the fila-
ments may be drawn out (stretched) between rollers to impart strength (in other words, to make them 
strong). Drawing pulls the molecular chains together and orients them along the fibre axis, creating a 
considerably stronger fibre.

Spinneret size and drawing conditions determine the final filament diameter.

2.4.3 Activity 2.1
(1)  Draw up a table to summarise wet, dry and melt spinning methods for manufactured fibres. Use 

the following headings in your table:

Name of method Fibre-forming poly-
mer changed to a 
liquid form by

Fibre-forming polymer 
is solidified after extru-
sion by

Examples of fibres 
manufactured by the 
method

Wet

Dry

Melt

(2) What properties do the amorphous and crystalline regions give the fibre?

(3)  Compare (give the similarities between) and contrast (give the differences between) addition 
and condensation polymerisation reactions. Give an example of a polymer produced for each 
polymerisation reaction.

(4) What two factors determine the final diameter of the filament?
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2.4.4 Feedback on Activity 2.1
(1) Your completed table should have looked something like this:

Name of method Fibre-forming poly-
mer changed to a 
liquid form by

Fibre-forming 
polymer is solidified 
after extrusion by

Examples of fibres 
manufactured by the 
method

Wet Dissolving in a 
solvent

Chemical ( coagula-
tion) bath

Rayon, acrylic, mo-
dacrylic, aramid and 
spandex

Dry Dissolving in a 
solvent

Air or gas stream Acetate, triacetate, 
acrylic, modacrylic 
and spandex

Melt Melting Nylon, polyester and 
polyolefin

(2)  The fibre bulk contains two different regions, namely the amorphous (having no defined shape) 
and crystalline (in the form of crystals) regions.

In the crystalline regions, the polymers are oriented more or less in the same direction. The crys-
talline regions give the fibre strength.

In the amorphous regions the polymers are randomly arranged. The amorphous regions are re-
sponsible for moisture absorption and mechanical deformation.

(3)  Addition and condensation polymers are both made by joining monomers together to form a long 
polymer chain.

In addition polymer reactions the monomers are usually the same, whereas in condensation poly-
mer reactions the monomers are usually different.

In the addition reaction there is no by-product, whereas in the condensation reaction there is a 
by-product (usually water).

An example of an addition polymer is polypropylene. An example of a condensation polymer is 
polyester.

(4)  The size of the spinneret and conditions of drawing after spinning determine the final diameter 
of the filament.

2.5 MANUFACTURED FIBRES: FIBRE FORM
Nature produces fibres that are different shapes in cross-section – they could be round, oval or trian-
gular, for example. Manufactured fibres can also be different shapes in cross-section.

The holes in the spinneret may be circular or some other shape, according to requirements. This makes 
it possible to produce filaments of different cross-sections (figure 2.9). A wide variety of shapes can be 
produced.

The filament cross-section influences fibre properties such as lustre and handle.
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FIGURE 2.9
Spinneret shapes and fibre cross-sections

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)

The following CeNTI video https://www.youtube.com/watch?v=2—vIYNwgCY shows the melt spin-
ning of a bicomponent fibre. The bicomponent fibre is made up of two types of polymer. At the end 
of the video you can see the shape of the fibre in cross-section – it is round, and you can clearly see the 
two types of polymers – a dark central bar of polymer surrounded by a clear polymer.

Below is a list of terms relating to extruded filaments and their definitions:

 • Monofilament: A yarn that is composed of a single filament. The hole in the spinneret is the 
diameter of the single filament yarn. The fibre length can be measured in kilometres. The yarn is 
fairly thick, and therefore tends to be stiff and lack draping qualities. Monofilament yarns are often 
used to sew hems or attach labels.

 • Multifilament: A multifilament yarn is composed of a number of filaments that are twisted together. 
The desired number of filaments is extruded simultaneously from one or more spinnerets, and the 
diameter of the yarn is determined by the filament diameter and the number of filaments. Multifilament 
yarns have a much smaller diameter than monofilaments and are therefore more flexible and have 
better draping qualities. They are used for garments and other textiles.

 • Staple fibre filament: Filaments may be cut into short lengths (2–8 cm) and then processed (combed, 
drawn and spun) in the same way as natural staple fibres.

 • Tow filament: Filament tow is an untwisted rope of filament strands, suitable for conversion into 
staple fibres.

 • Textured filament: A textured filament is a multifilament yarn which has been given a treatment 
to provide certain properties. (You will learn more about this in CLO3704.)

2.6 MANUFACTURED FIBRES: FIBRE MODIFICATION
Manufactured fibres can be modified in many ways during the spinning process, for instance by chang-
ing the shape or size of the holes in the spinneret. Table 2.1 gives some of these modifications and their 
advantages. Some of the terms used in the table will be explained further in Learning Unit 3, but you 
can see that the modifications impart (give) certain properties to the fibre.
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TABLE 2.1
Fibre modifications

Type Modification Advantages

Microdenier fibres 
(Microfibres)

Very thin fibres (denier 0.5–1)

(polyester, viscose, nylon, 
acrylic)

 • Appearance and feel of 
silk

 • Improved drape
 • Easy care
 • Generally, improved 

strength
 • Resistance to wind, rain 

and cold

Non-round fibres Changed cross-sectional 
shape,

for example, trilobal

 • Silk-like hand
 • Soil hiding
 • Improved wicking – 

increased comfort
 • Improved durability and 

appearance retention

Thick and thin fibres Variation in diameter along the 
length of the fibre

 • Silk- or linen-like texture
 • Interesting dyeing effects

Hollow or multicellular 
fibres

Hollow fibres or fibres with 
voids

 • Resistance to cold
 • Reduced lustre

Bicomponent fibres Two filaments of different but 
related polymers (bicompo-
nent) or two filaments of dif-
ferent polymers (bigeneric) 
are extruded at the same 
time

 • Fibre crimp
 • Appearance retention
 • Production of microfibres/

nanofibres

High-tenacity fibres Drawing the fibre to align the 
polymer molecules/Chemical 
modification to increase the 
degree of polymerisation

 • Increased strength

Low pilling fibres Fibre engineered to have 
lower flexibility

 • Reduced pilling

Fibres with additives Dependent on the additive:

De-lustre

Antistatic

Fire retardant

UV-stabiliser

 • Reduced lustre
 • Reduced static
 • Improved consumer 

safety
 • Reduced sensitivity to 

sunlight
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2.7 NANOFIBRES

Nanofibres are an exciting new class of material which have unusual properties because of their high 
surface to weight ratio. They can be used for several value-added applications such as medical products, 
filters, wipes, composites, garments, insulation and energy storage.

This video https://www.youtube.com/watch?v=yBuKI5orgas from Nafigate Corporation gives some 
background information on nanofibres.

Although the National Science Foundation (NSF) defines nanofibres as having at least one dimension 
of 100 nanometres (nm) or less, in some textile sectors nanofibres are often considered to be fibres hav-
ing a diameter of less than 0.5 micrometres (500 nm). The nanometre represents a billionth of a metre.

Nanofibres can be produced in a number of ways, including spinning of bicomponent fibres and 
electrospinning

 • Spinning of bicomponent fibres

Nanofibres can be produced from bicomponent fibres such as islands-in-the-sea fibres. From 240 
to as many as 1120 filaments (the islands) are surrounded by a dissolvable polymer (the sea). Dis-
solving the polymer leaves the matrix of nanofibres, which can be further separated by stretching 
or mechanical agitation. The resulting fibres can have a diameter of approximately 300 nm. Nylon 
and polyester are the two polymers used in this method to produce nanofibres.
You can learn more and see an example by following this link to a Hills Inc. publication: 
http://www.hillsinc.net/assets/pdfs/nano-fibers.pdf

 • Electrospinning

An electrospinning process can produce nanofibres with diameters of less than 100 nm. This short 
video https://www.youtube.com/watch?v=luPVP6qJ9qQ from Plantfood in New Zealand shows 
the basic process of electrospinning.

In the process, a polymer is dissolved in a solvent and a high voltage electric field is applied to the solu-
tion. This causes a thin jet of solution in the form of a very fine filament to be produced from the tip 
of a fine orifice or spinneret. This filament is collected onto a rotating or stationary collector, where 
it accumulates to form a web of nanofibres. This process can produce nanofibres with diameters as 
small as 50 nm, although the collected web usually contains fibres of diameters varying from 50 nm 
to several 100 nm. This method has been used since 1934, when the first patent on electrospinning 
was filed. At present, the production rate of this process is very low and research efforts are aimed at 
increasing productivity and producing fibres which are consistently less than 100 nm. Various manu-
factured polymers, including polyester and acrylic, and natural polymers such as chitosan, can be used 
to produce the nanofibres.

2.8 FIBRE IDENTIFICATION

Having studied Learning Unit 1 and most of this unit, you now realise that there are many different 
types of fibre. You also know that the fibres are made from different polymers and so have different 
properties. It is important to be able to identify fibres. For example, if you are designing a garment 
with the properties of a particular fibre in mind, you need to make sure that the fabric you receive is 
made from that fibre.
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With so many different fibres around, how can you identify them? There are in fact a number of ways 
to identify fibres, some involving expensive equipment or the use of chemical solvents. Fortunately 
there are also simpler methods to identify fibres, including microscopy and a burn test. Have a look at 
this video https://www.youtube.com/watch?v=_vU9Ciuejmk to see a demonstration of the burn test.

2.8.1 Burn test
The burn test is a good preliminary test for categorising fibres. It allows you to observe behaviour in a 
flame and smoke generation, and gives you information about odour during burning and ash or residue. 
It should never be used as the only method of identifying a fibre, but it provides valuable information 
that you can combine with other evidence to make a positive identification of an unknown fibre. Blends 
of fibres are difficult to test, as the reaction of the dominant fibre may mask the presence of a second 
fibre. Finishes, especially flame-retardant finishes, can also give misleading results.

The test is relatively easy to perform, but you must take certain safety precautions.

 • Use a small flame in an area where there is no danger of setting other materials alight.
 • Use a candle in a stable base or a small alcohol lamp rather than a hand-held match.
 • Place a non-flammable pad, bowl or pan under the burning material to provide protection from 

molten drip and smouldering ash.
 • Do not touch the ash or tweezers while they are still hot.

This is another useful video https://www.youtube.com/watch?v=kb4tCcnA6jo which gives an idea of 
how different fibres perform in the flame, and what you should be looking for.

Procedure

The sample to be tested should be in fibre form. Untwist a single yarn from a woven or knitted fabric to 
produce a tuft of fibres for testing. Follow these instructions, and observe the reaction of the burning 
fibre very carefully. Repeat the process several times to check your results.

(1) Hold the tuft of fibres with a pair of tweezers.
(2) Move the tuft close to the side of the flame. Do not hold the fibres above or below the flame. 

Observe carefully to see whether the fibres melt, shrink or curl away from the flame.
(3) Move the fibre tuft slowly into the flame to observe its burning behaviour and any smoke produced.
(4) Remove the tuft slowly and carefully from the flame to observe the reaction once the flame source 

is no longer present.

Answer these questions:

b(a)  When the tuft is brought near the flame, does it shrink, melt or curl away from the flame?
c(b)   When the tuft is introduced into the flame, does it burn slowly or rapidly, or does it show no sign 

of ignition?
d(c)  Does the material melt?
e(d)   Does the material produce a spluttering flame, a steady flame or no flame at all when it is in the 

flame?
f(e)  When the material is removed from the flame, does it continue to burn or does it self-extinguish?
g(f )   If it burns, does it continue to melt? Does it glow red (in other words, is there and afterglow)?
h(g)   What is the odour produced when the material is removed from the flame? (If the material is still 

burning when you remove it from the flame, blow out the flame before you make your observation.)
i(h)   What does the residue look like? Is it soft, in the shape of a fibre (ash) or bead-like or sticky? What 

colour is it?
j(i)  After it cools, touch the residue or ash. Is it hard and brittle (easy to crush), or soft and feathery?
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Results

Compare your results with typical fibre reactions given in table 2.2. When interpreting results, remember 
that the presence of blends of fibres or dyes and finishes may affect results. Also, dyes and pigments 
may affect the colour of the residue.

TABLE 2.2
Burn test results for most fibres

Fibre Approaching 
flame

In flame On removal 
from flame

Odour Residue

Wool Curls away 
from flame

Burns slowly Self-extin-
guishes

Burning 
hair

Small, brittle 
black bead

Silk Curls away 
from flame

Burns slowly, 
splutters

Usually self-
extinguishes

Burning 
hair

Brittle black 
bead

Cotton/ 
flax

No shrinkage Burns quickly Continues to 
burn, afterglow

Burning 
paper

Grey, feathery 
ash

Rayon No shrinkage Burns quickly Continues to 
burn, afterglow

Burning 
paper

Small quantity 
of grey, feath-
ery ash, or no 
residue

Acetate Melts away 
from the flame

Burns quickly 
with melting

Continues to 
burn and melt

Acrid, like 
hot vinegar

Irregularly 
shaped brit-
tle, hard black 
bead

Nylon Melts before 
touching the 
flame

Burns slowly 
with melting

Self-extin-
guishes

Celery-like, 
may be 
faint

Hard grey or 
tan bead

Polyester Melts and 
shrinks away 
from the flame

Burns slowly 
with melting, 
black smoke

Self-extin-
guishes

Sweetish, 
chemical

Hard black 
bead

Acrylic Melts and 
shrinks away 
from the flame

Burns rapidly 
with spluttering

Continues to 
burn and melt

Varies Brittle, hard 
black bead

Modacrylic Melts and 
shrinks away 
from the flame

Burns slowly 
with melting

Self-extin-
guishes, white 
smoke

Acrid, 
chemical

Brittle, hard 
black bead

Olefin Melts and 
shrinks away 
from the flame

Burns with 
melting

Usually self-
extinguishing

Paraffin, tar 
(asphalt)

Hard tan bead

Spandex Melts before 
touching the 
flame

Burns with 
melting

Continues to 
burn and melt

Chemical Soft black ash; 
sticky

Glass No effect Softens, glows 
red to orange, 
no burning

Hardens None Hard white 
bead
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2.8.2 Microscopy

Knowledge of fibre structure seen through the microscope and observing some of the differences 
between fibres in each group will help you understand fibres and fabric behaviour.

FIGURE 2.10
Examples of fibres under the microscope

(Source: Author’s image)

Fibre manufacturers can use the microscopy test to identify many natural fibres. Manufactured fibres 
are more difficult to identify, as many of them look similar and variations in the manufacturing pro-
cess may change their appearance. Cross-sectional appearance may be helpful in identification (see the 
diagram in Learning Unit 3).

Have a look at this video https://www.youtube.com/watch?v=Rj82EPee0VA, which shows a number 
of different fibres under the microscope.

This website http://www.microlabgallery.com/ClothingFiberFile.aspx also has a number of images of 
fibres taken through the microscope.

2.8.3 Solubility and melting point

Solubility tests are a good way to identify manufactured fibres and confirm identification of natural 
fibres. The unknown fibres are placed in different solvents to observe their solubility. Watch this video 
https://www.youtube.com/watch?v=y74UUQqgJDs to see a demonstration of how it’s done!

Note: The chemicals used are hazardous, and only people with knowledge and experience should handle them.

We can use the melting point of manufactured fibres in particular to support other identification meth-
ods. The fibres are heated at a certain rate in a special instrument until they melt. Natural fibres, rayon, 
aramid and modacrylic fibres do not melt. Fibres produced by melt spinning will melt.
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2.8.4 Activity 2.2

Answer the following questions and file your answers in your portfolio.

(1) What are the starting materials for manufactured cellulosic and manufactured non-cellulosic fibres?
(2) Define the terms “monofilament” and “multifilament”.
(3) Give four examples of manufactured fibre modifications. What are the advantages of each 

modification?
(4) Referring to table 2.2, explain why it is possible to use the burn test to differentiate between wool 

and acrylic fibres. Refer to the reaction of the fibres when approaching the flame, when in the 
flame and after removal from the flame, and odours and residues.

(5) What two processes can manufacturers use to produce nanofibres?

2.8.5 Feedback on Activity 2.2

(1)  In the case of manufactured cellulosic fibres the starting material is cellulose extracted from plants. 
In the case of manufactured non-cellulosic fibres the starting material is monomers derived from 
petroleum.

(2) Your answer should have contained this information:

Monofilament Multifilament

Yarn made up of a single filament A number of filaments in the yarn

Yarn diameter the same as the spinneret hole 
diameter

Yarn diameter relates to the filament diameter 
and the number of filaments in the yarn

Yarn thick and stiff, and lacks draping qualities Yarn thinner and more flexible, and has good 
draping qualities

Used for sewing of hems or attaching labels Used for garments and other textiles

(3)  You should have used table 2.1 to compile your answer. You should have given four examples 
from the eight given in the table, and included the advantages of each.

(4)  Wool is a natural fibre, and acrylic is a manufactured fibre. The burn test can be used to differ-
entiate between the two fibres because they behave differently during the test. You should have 
explained the differences as set out below.

Fibre Approach- 
ing flame

In flame On removal 
from flame

Odour Residue

Wool Curls away 
from flame

Burns slowly Self-extin-
guishes

Burning hair Small, brittle, 
black bead

Acrylic Melts and 
shrinks away 
from the 
flame

Burns 
rapidly with 
spluttering

Continues 
to burn and 
melt

Varies Brittle, hard 
black bead
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A ball of yarn – is it acrylic or wool? Now you should be able to carry out a test and give the answer!

(5)  Nanofibres can be manufactured by electrospinning or produced from bicomponent fibres such 
as island-in-the-sea fibres. You would have found the detail you needed in section 2.7.

2.9 SUMMARY
Learning Unit 2 covered a number of new topics.

You learnt that everything is constructed from atoms and that atoms combine to form molecules. The 
molecules that combine or are combined to form polymers are called monomers. Different monomers 
form different polymers. Monomers are joined via addition or condensation reactions to form polymers.

Both natural and manufactured fibres are made up of polymers. In each fibre there are fibrillar bundles 
made up fibrils, which are made up of polymer chains. The polymer chains can be arranged in amor-
phous or crystalline regions. These regions influence fibre properties.

Manufactured fibres are produced by spinning through a spinneret in four main processes: wet spin-
ning, dry spinning, melt spinning, and gel spinning. After spinning the fibres are drawn and orientated.

Manufactured fibres are produced in different forms by changing the size and shape of the spinneret 
holes or modifying drawing and orientating operations. These modifications are used to change the 
properties of the fibres and achieve certain advantages, such as increased strength, reduced pilling, 
and reduced lustre.

You learnt about nanofibres and two ways of producing nanofibres. Nanofibres are too small to see with 
the naked eye and have unusual properties because of their high surface to weight ratio.

Finally, you learnt about how to identify fibres through burn, solubility, microscopy and melting-point 
testing.
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3Fibre properties

3.1 INTRODUCTION
In Learning Unit 1 you saw that there are many different end uses for textiles. (Remember the textile 
wheel?) The fabric used by manufacturers for each end use must meet specific performance and other 
requirements.

These requirements vary according to the particular end use. For example, you will need a very strong 
fabric for a seat belt, and a fabric that absorbs water for a wipe.

The properties of the fabric, such as type of construction and the properties of the yarns and fibres 
used in the fabric, determine what the fabric can be used for.

FIGURE 3.1
The properties of the fabrics determine possible end uses for them

(Source: Author’s image)

You saw in Learning Unit 2 that fibre composition (base polymer and polymer arrangement), spinneret 
shape, drawing conditions and fibre modifications all have an influence on the properties of fibres.

This VEA video https://www.youtube.com/watch?v=fuuPDonTbz4 will refresh your memory about 
some of the concepts you have already learnt.

This learning unit will give you some background knowledge about fibre properties. You will need this 
knowledge and knowledge of specific properties of individual fibres in order to make informed deci-
sions relating to fabric performance, serviceability and use.
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The physical structure and chemical composition of the fibre and molecular arrangement of the 
polymer in the fibre determine fibre properties.

3.2 LEARNING OUTCOMES

After you have completed this study unit, you should be able to:

 • Discuss the physical and chemical structure of fibres and explain how physical and chemical structure 
relate to the primary and secondary properties of fibres

 • Discuss and differentiate between the primary and secondary properties of textile fibres and provide 
examples to illustrate these properties

 • Discuss textile serviceability and how fibre properties relate to serviceability

 • Apply textile serviceability criteria to selected garments or evaluate selected garments according to 
serviceability criteria

3.3 PHYSICAL AND CHEMICAL PROPERTIES OF FIBRES

The physical structure of a fibre is determined by its length, diameter, cross-sectional shape, surface 
contour, and crimp (see figure 3.2 below). I will explain these terms in more detail in sections 3.3.1 
and 3.3.2.

FIGURE 3.2
Physical structure of a fibre

(Source: Author’s image)

You learnt about the influence of chemical composition and molecular arrangement in section 2.3 of 
learning unit 2. The chemical composition of fibres is responsible for many fibre properties, as you will 
see when you work through section 3.6 of this learning unit. Fibres with similar chemical composition 
have similar properties. Fibres with different chemical compositions have different properties.
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The number of molecules in a polymer chain (degree of polymerisation) influences fibre strength. Long 
chains indicate a high degree of polymerisation and a high degree of fibre strength. The influence of 
the polymer arrangement (amorphous and crystalline regions) has already been discussed in section 2.3 
of the previous learning unit. The molecular structure of the chains influences the fibre’s ability to be 
stretched and its abrasion resistance and flexibility.

3.3.1 Length, diameter, and crimp

 • Length

The length of the fibre plays an important role in the aesthetic properties of the fabric. It is also a key 
requirement for fibre spinning. Filaments may be many metres or even kilometres in length. Staple 
fibres generally range from 2 to 50 cm in length.

 • Diameter/size

The diameter of fibres is often referred to as fineness. Fibre fineness has a significant influence on the 
aesthetic properties of a fabric.

 – Coarse (thick) fibres are stiffer, and this affects the drape, hand and texture of the fabric.
 – Fabrics made with fine fibres generally have a luxurious hand.

Measuring fineness is not straightforward:

 – The cross-section of the fibre may not be circular (e.g. silk, cotton and trilobal fibres).
 – The cross-section of the fibre may not be uniform along its length (natural fibres).
 – The cross-section may vary from fibre to fibre (natural fibres).

Fineness is a relative measure of fibre size expressed in denier or tex (linear density) for manufactured 
fibres. For cotton, fineness may be expressed as the mean fibre weight in micrograms per inch. For 
wool, fineness is the mean fibre width or mean fibre diameter expressed in micrometres (microns).

Important terms:

 – denier – the mass in grams of 9000 metres of the fibre or yarn
 – tex – the mass in grams of 1000 metres of the fibre or yarn
 – decitex (dtex) – the mass in grams of 10 000 metres of the fibre or yarn

Examples of fibre diameters:

 – denier corresponds to fine cotton, cashmere or wool
 – denier corresponds to average cotton or wool
 – denier corresponds to carpet wool

Apparel fibres range from < 1 to 7 denier, but different fibres of the same denier are not always suitable 
for the same end use.
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 • Crimp

Crimp refers to the waves, twists, curls, coils or bends along the length of the fibre. Inherent crimp 
occurs in wool. Manufactured bicomponent fibres can also have inherent crimp.

FIGURE 3.3
Acrylic fibre with crimp – notice the waviness of the fibres.

(Source: Author’s image)

Crimp increases abrasion resistance, and increases cohesiveness (required for fibre spinning), 
resiliency, elasticity and warmth (heat conductivity).

3.3.2 Cross-sectional shape and surface contour

 • Cross-sectional shape

The cross-sectional shape of the fibre is important in the texture, lustre and hand of a fabric. The 
spinneret and the spinning method control the shape of manufactured fibres. The fibres may be solid 
or hollow, having one or more voids along the length of the fibre.

The shape of natural fibres is determined by cellular growth, the shape of hair follicles, the formation 
of proteins, and the shape of the orifice through which silk fibre is extruded. Plant fibres such as cotton 
and flax have a central cavity known as the lumen. Figure 3.3 shows some typical fibre cross-sectional 
shapes.

 • Surface contour

The surface contour of a fibre influences the hand, lustre, texture and soiling of the fabric. Fibres 
may be smooth (as in silk), serrated, have striations, have nodes (as in flax), scales (as in wool) or cracks, 
or may be rough (as in cotton). In the case of manufactured fibres, many types of surface contour can 
be produced. Figure 3.4 shows some typical surface contours.
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FIGURE 3.4
Typical fibre cross-sectional shapes and surface contours

(Source: Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)

3.4 PRIMARY PROPERTIES
In order to be used as a textile fibre, a fibre must possess certain properties. These are known as pri-
mary fibre properties, and a fibre that does not have these primary properties cannot be processed 
into a yarn or fabric.

These properties include length to width ratio, strength, flexibility, spinning quality (cohesiveness) and 
uniformity.

This video https://www.youtube.com/watch?v=YRYCbJ0_MTg will recap some of the topics you have 
already covered and introduce you to some concepts relating to spinning fibres. Can you see why the 
primary properties are important for spinning?
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3.4.1 Length to width ratio
To be suitable for spinning, the fibre must be long enough and the length must be considerably greater 
than the diameter – in other words, the fibre must have a high length to width ratio.

A minimum length to width ratio of 100:1 is considered essential, but in most fibres this ratio is much 
higher.

FIGURE 3.5
A fibre with a length to width ratio of 100:1

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)

3.4.2 Strength
A textile fibre must be strong enough to allow machinery to work and process it. Tenacity is the term 
normally applied to the strength of individual fibres. It is measured in grams per denier or grams per 
tex or centi-Newtons per tex (cN/tex).

A strong fibre will normally produce a strong, durable fabric, although this is not always the case. 
Wool is a relatively weak fibre with low tenacity, but because it has other important properties such as 
elasticity and resiliency, it can be used to make durable fabrics.

The tenacity of a wet fibre is often different from that of the same fibre when it is dry. Some fibres, 
such as rayon, are weaker when they are wet, and require careful laundering. Cotton is stronger when 
it is wet, and so it can be laundered with ease.
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TABLE 3.1 
Fibre tenacity

Fibre Tenacity rating 
(dry)

Tenacity when wet

Glass High

to

Low

Lower

Olefin Same

Nylon Same to lower

Polyester Same

Aramid Slightly lower

Flax Higher

Silk Lower

Cotton Higher

Acrylic Slightly lower

Modacrylic Lower

Rayon Lower

Wool Lower

Acetate Slightly lower

Spandex Same

Tenacity values occur over a range, and the values are variable according to fibre length and fibre modi-
fications. The order in the table is based on normal higher end values.

3.4.3 Flexibility
Flexibility or pliability is the ability to bend without breaking. Textile fibres need to be flexible so that 
they can be spun, but they must not be too stiff or too brittle, or they will cause problems in spinning.

Fine or thin fibres are very flexible and give yarns and fabrics that are capable of being creased and 
folded to conform to the body shape of the wearer and can move with body movement. Thicker fibres 
are less flexible and give yarns that can be used in carpets, where they are stiff and resist crushing.

Thicker fibres are less flexible and give yarns that can be used in carpets, as they are stiff and resist 
crushing.
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Flexibility depends on the chemical composition of the fibres. It is an important property that is related 
to abrasion resistance.

FIGURE 3.6
Fabrics should be able to move and give with body movement – flexible fibres are required.

(Source: Author’s image)

3.4.4 Spinning quality/cohesiveness
Textile fibres must have the ability to stick together during yarn or non-woven manufacture.

There are many fibres (human hair is one) that possess the first three primary properties but have no 
cohesiveness, and therefore cannot be used as textile fibres.

Fibre surface contours and crimp influence this cohesiveness. For instance, there are scales on the 
surface of wool fibres, and this allows the fibres to interlock in the spinning process (see figure 3.7). 
Manufactured fibres can be given a surface contour to aid spinning.

FIGURE 3.7
Wool fibres have scales on the surface, and these allow the fibres to  

interlock during spinning.

(Source: Author’s image)
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3.4.5 Uniformity
The fibres must be similar in length and width, in spinning quality and in flexibility.

Manufactured fibres can be controlled during production to maintain a relatively high degree of 
uniformity.

Natural fibres are not very uniform, since it is difficult to control all aspects of nature. It is often neces-
sary to blend fibres from several different batches to produce quality yarns and fabrics.

Uniformity depends mainly on fibre length, diameter, cross-sectional shape and surface contours.

FIGURE 3.8
Fibre uniformity is dependent on the physical structure of the fibre.

(Source: Author’s image)

3.4.6 Activity 3.1
Answer the following questions and file the answers in your portfolio.

(1) What are the five components of fibre physical structure, and what fabric properties do they have 
an effect on?

(2) What fibre property does the degree of polymerisation influence?
(3) What are the five primary fibre properties? Why are these primary properties so important?
(4) Looking at the following table, would you say that natural fibres, in general, are stronger than 

manufactured non-cellulosic fibres? How do they compare with manufactured cellulosic fibres? 
What is important about the tenacity of plant fibres when they are wet?
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Fibre Tenacity rating 
(dry)

Tenacity when wet

Glass High

to

Low

Lower

Olefin Same

Nylon Same to lower

Polyester Same

Aramid Slightly lower

Flax Higher

Silk Lower

Cotton Higher

Acrylic Slightly lower

Modacrylic Lower

Rayon Lower

Wool Lower

Acetate Slightly lower

Spandex Same

(5) Why is it difficult to measure fineness?

3.4.7 Feedback on Activity 3.1

(1) 

Physical property Effect on fabric property

Length Aesthetic properties

Diameter Aesthetic properties, drape, hand and texture

Cross-sectional 
shape

Texture, lustre, hand and bulk

Surface contour Hand, lustre, texture, soiling

Crimp Abrasion resistance, resiliency, stretch, bulk, warmth
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(2) The degree of polymerisation influences fibre strength. Long chains indicate a high degree of 
polymerisation and a high degree of fibre strength.

(3) The five primary fibre properties are: length to width ratio, strength, flexibility, spinning qual-
ity and uniformity. These properties are important because a fibre that does not possess these 
properties cannot be processed into a yarn or fabric. Fibres must:

 • have a high length to width ratio
 • be strong and flexible enough to allow processing
 • have the ability to bind to other fibres
 • be of similar length and width

(4) Natural fibres such as flax, silk and cotton are in the middle of the table. They are not as strong 
as manufactured non-cellulosic fibres such as polyester, nylon and olefin, but they are stronger 
than acrylic and modacrylic. They are also stronger than manufactured cellulosic fibres such as 
rayon and acetate. Wool, which is also a natural fibre, is weaker than all the manufactured non-
cellulosic fibres, with the exception of spandex. Wool is comparable in strength to manufactured 
cellullosic fibres. Plant fibres, such as cotton and flax, have a higher tenacity when wet. This means 
that fabrics made from these fibres can be laundered with ease.

(5) It may be difficult to measure fineness (fibre diameter) because:

 • The cross-section of the fibre may not be circular
 • The cross-section of fibre may not be uniform along its length
 • The cross-section may vary from fibre to fibre

(Source: Author’s image)

3.5 SECONDARY PROPERTIES

The secondary properties of fibres relate more to the performance or use of textiles, and it is these 
properties that consumers are usually more aware of.

Not all fibres possess all the desired secondary properties.
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Certain finishing processes can also affect the secondary properties of some fibres. These processes 
can introduce desirable properties that are absent or improve desirable properties that are present at a 
low level, although sometimes this can harm other inherent fibre properties. You will learn more about 
finishing processes in CLO3704.

It is also important to remember that external conditions of temperature and humidity affect a number 
of properties, such as strength, abrasion resistance, moisture absorption and elasticity.

3.5.1 Density

The density of a fibre is the mass per unit volume. Density is expressed as grams (g) per cubic centi-
metre (cm3).

Water has a density of 1 g/cm3. Polyester has a density of between 1.23 and 1.38 g/cm3, nylon 1.1 g/
cm3, and polyethylene 0.90 g/cm3. Because polyethylene fibres have a lower density than water, they 
will float on water. Cotton and rayon have similar densities (1.5 g/cm3), even though one is a natural 
fibre and the other a manufactured fibre.

Low-density fibres can be made into thick fabrics that are lighter and more comfortable to wear than 
higher density fibres made into heavy, thick fabrics.

3.5.2 Lustre

The lustre of a fibre refers to the sheen, shine or gloss of a fibre. The amount of light that the fibre 
reflects determines lustre.

FIGURE 3.10
Comparison of manufactured fibres with high lustre (left) and  

cotton fibres, which are dull (right)

(Source: Author’s image)
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Lustrous fibres reflect a large amount of light, and the fabrics made from them are used for formal 
apparel and furnishings. Matt or dull fabrics reflect little light and are used more for less formal looks. 
Silk has a high lustre compared with cotton.

The lustre of manufactured fibres can be varied during manufacture to give bright, semi- bright and 
matt fibres. Yarn and fabric structure and finishes can increase or decrease the lustre of fibres.

3.5.3 Colour
Most manufactured fibres are white or off-white in colour. The colour of natural fibres varies from 
white to grey, tan or black.

FIGURE 3.11
Fibre colour ranges from white to off-white, grey, tan, and even black.

(Source: Author’s image)

Manufacturers can use bleaching and dyeing processes to change fibre colour. You will learn more about 
these processes in the next module, CLO3704.

3.5.4 Abrasion resistance and pilling
Abrasion resistance is the ability of a fibre to withstand the rubbing or abrasion it gets during everyday 
use. Yarn and fabric constructions influence abrasion resistance.
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TABLE 3.2

Abrasion resistance

Fibre Rating

Nylon Excellent

to

Poor

Olefin

Polyester

Spandex

Flax

Acrylics

Cotton

Silk

Wool (varies with coarseness)

Rayon

Acetate

Glass

FIGURE 3.12

Fabric that has been abraded, showing pilling on the surface.  
(A pill is a small ball of tangled fibres.)

(Source: Author’s image)



CLO2601/1 53

LEARNING UNIT 3: Fibre properties

3.5.5 Elasticity
Although scientists differentiate between elongation (the ability of a fibre to be stretched) and elastic 
recovery (the ability of a fibre to recover from strain), to keep things simple we will refer just to the 
elasticity of a fibre.

Elasticity refers to a fibre’s ability to stretch when strain is applied and return to its original shape when 
the strain is removed.

Rubber and spandex are the two most elastic fibres. Fabrics with poor elastic recovery tend to stretch 
out of shape.

Fabrics with good elastic recovery generally have good resiliency. A fibre’s ability to stretch and recover 
with movement plays a role in the comfort of a textile.

This short video https://www.youtube.com/watch?v=GkUva31B9jQ shows how Lycra®, a brand of 
elastomeric fibre, is used to improve the comfort of jeans.

3.5.6 Moisture absorption (wicking and static)
Moisture absorption influences comfort. Watch this video https://www.youtube.com/watch?v=Sjaxoub-
6SA on choosing running clothes to see how water absorption and wicking can affect the comfort of 
a garment.

On a hot day, it is far more comfortable to wear a natural fibre such as cotton next to the skin rather 
than nylon, which absorbs very little perspiration. On the other hand, nylon dries quickly after washing.

Hydrophilic fibres absorb moisture readily. Hydrophobic fibres have little or no absorbency. Hygro-
scopic fibres absorb moisture from the air.

Absorption refers to the process by which fibres take up water. It also refers to water that the surface 
of the fibre holds in a thin layer. Wicking is the rapid movement of adsorbed moisture on the surface 
of a fibre. A fibre could have poor water absorption but could still be comfortable to wear because 
moisture such as perspiration is wicked away from the skin to the outside, where it rapidly evaporates.

Manufactured fibres can be designed to increase their wicking ability. Blends of fibres and finishing 
treatments, including nanofinishes, are used to increase wicking.

Water absorption also influences the build-up of static electricity in fibres. Hydrophobic fibres are more 
likely to develop a static charge, which results in static cling and fabrics that are uncomfortable to wear 
in certain conditions.

A fibre needs good moisture absorption properties in order to accept dyes and finishes.
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3.5.7 Heat conductivity
A fibre’s ability to conduct heat away from the body is known as its heat conduction ability.

A fibre such as wool, which has poor heat conduction abilities, will not move heat away from the body. 
Instead it retains heat, and will therefore be warm to wear.

A fibre such as cotton, which has good heat conduction abilities, will be cool to wear.

The way in which a yarn or fabric is constructed also has an influence on heat conductivity. Silk has 
poor heat conduction abilities and should be warm to wear, but a silk fabric can be so finely woven 
that it will be cool to wear.

FIGURE 3.13
Finely woven silk is cool to wear despite the fibre having poor heat conduction.

(Source: Public domain use images: en.wikipedia.org)

3.5.8 Resiliency
Resiliency is the ability of a fibre to return to shape after bending, stretching or flattening.

A resilient fibre or fabric will have good crease recovery and good wrinkle resistance.

A fibre with good resiliency, such as wool, is also a good carpet fibre choice, as the flattened carpet pile 
will rapidly regain its shape and its appearance will be restored.
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FIGURE 3.14
Carpets are often made from resilient fibres such as wool, nylon, and polypropylene.

(Source: Public domain use image: pixabay.com)

3.5.9 Dimensional stability
Dimensional stability is the ability to retain a given size and shape through use and care.

Dimensional stability includes the properties of shrinkage resistance and elastic recovery.

A fabric that shrinks is smaller after laundering, and it will have poor fit.

Untreated wool fibres are susceptible to shrinkage during washing as a result of the scales on the surface 
of the fibre.

FIGURE 3.15
There are scales on the surface of wool fibres.

(Source: Author’s image)
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If you have a look at the video on this site http://biotechlearn.org.nz/focus_stories/wool_innovations/
video_clips/shrink_testing_on_nec_fabric you will see a shrinkage test being performed on fabric.

3.5.10 Thermal properties
Thermal properties are important in determining how a fibre should be washed and ironed.

Most manufactured fibres will soften and melt when exposed to heat. Fibres such as nylon and polyester 
are thermoplastic and will melt if they are exposed to an iron that is too hot.

Natural fibres are not thermoplastic, but they may scorch or burn if they are ironed at high temperatures.

FIGURE 3.16
Knowing what fibre a garment is made from will help you select  

the right temperature for ironing and avoid damage to the garment.

(Source: Public domain use image: upload.wikimedia.org)

A fibre’s flammability usually refers to a reaction to open flame. This video https://www.youtube.com/
watch?v=VsUX1-_tOlg shows the reaction of some different fabrics to flame.

You have seen that this property is also important in fibre identification.

Flammability is an important consideration when selecting fibres for particular end uses such as night-
wear, children’s wear or protective clothing. Finishes can be applied that reduce fibre flammability.

3.5.11 Resistance to chemicals, microorganisms and insects, and stability to light
A fibre’s ability to resist the effects of chemicals (including alkalis which can be present in washing 
powders), microorganisms and insects, and its stability to light are important in the care and mainte-
nance of the fabric, and are largely dependent on the chemical composition of the fibre. For example, 
wool is susceptible to attack from the larvae of clothes moths, so manufacturers need to be careful 
when storing wool garments. Also, they can apply finishes to fibres which improve a fabric’s resistance 
to chemicals, microorganisms and insects, and increase its stability to light.
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TABLE 3.3 
Sunlight resistance

Fibre Rating

Glass Excellent

to

Poor

Acrylic

Modacrylic

Polyester

Flax

Cotton

Rayon

Acetate

Olefin

Nylon

Wool

Silk

FIGURE 3.17
Microorganisms can cause unsightly staining on fabrics.

(Source: Author’s image)
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3.5.12 Price
Apart from a fibre’s primary and secondary properties, there are also economic considerations. The fibre 
must be available at a competitive price, and supply and quality must be consistent to meet demands. The 
cost of producing and processing the fibre must not be higher than what the consumer is willing to pay.

The price of fibres varies depending on factors such as: changes in the price of raw materials, fibre 
fineness, finishes applied, additives, special properties such as high tenacity, climatic conditions, eco-
nomic trends, and supply and demand factors. Table 3.4 gives a generalised guide to the relative price 
of a selection of fibres.

TABLE 3.4
Generalised relative price of fibres

Manufactured 
fibres

Natural fibres Price

jute lower

polypropylene sisal

polyester

acrylic cotton

nylon/cellulosic flax

wool

silk higher

3.6 FIBRE PROPERTIES AND FABRIC PERFORMANCE/SERVICEABILITY
In fibre and fabric selection the end use is a key consideration. This fun video https://www.youtube.com/
watch?v=wf4urBhtIoU shows the effects of selecting the wrong “clothing” as running attire (the end 
use). This brings us to the question: Why did Sarah’s clothing help he to win the race? I think you will 
agree with me that her clothing was more suitable for the challenge because it was more flexible and 
waterproof. This allowed her to move freely and to cross the water hazard comfortably. The other com-
petitors’ clothing was not suitable for the end use as running attire – the armour was too heavy and 
rigid, and the bandages were too absorbent.

The serviceability (suitability for the intended use) of the fabric relates to the properties of the fibre. 
Textile serviceability encompasses the five concepts of aesthetics, durability, comfort, appearance re-
tention and care.
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 • Aesthetics

A textile product should be attractive and have an appropriate appearance for its end use. For some 
items of apparel, for example a ball-gown, aesthetic properties may be the overriding criterion. Aes-
thetic qualities include lustre, drape (the manner in which a fabric falls or hangs), texture (the nature 
of the fabric surface), hand (how the fabric feels – crisp, silky, harsh, soft, dry, smooth or rough), and 
colour (natural colour or colour after dyeing). Yarn and fabric constructions play a significant role in 
the aesthetic qualities of fabrics. You will learn more about yarn and fabric constructions in CLO3704.

 • Durability

A textile product should have a lifetime that is adequate for its end use. The need for durability can 
fluctuate with economic indicators. When people have plenty of money, they may buy textiles for aes-
thetic qualities or comfort rather than durability. When times are hard, people are more likely to think 
about durability when they buy textiles. In the case of some products, such as carpets or upholstery 
fabrics, where fashions change slowly, durability is a major factor, as the products must last many years. 
Durability properties include abrasion resistance, strength, flexibility, and elongation or elasticity.

 • Comfort

Textile products should generally be comfortable to wear or use. Comfort is subjective and may vary 
depending on climatic conditions and physical activity. Comfort properties include moisture absorp-
tion, static, heat conduction, density, and wicking. The hand of a fabric can also influence comfort.

 • Appearance retention

Wear and care of textiles should not have too much of a negative effect on their appearance. Appear-
ance retention relates to resiliency (resistance to wrinkling or creasing), dimensional stability, elasticity, 
soiling, and pilling.

 • Care

The care of textiles involves cleaning and storage considerations. Easy care is an important requirement 
for some garments. Improper care can result in a decrease in aesthetic qualities, durability and com-
fort. Besides washing and drying requirements, care properties include resistance to chemicals, light, 
microorganisms, insects and heat.

You will find the relationship between serviceability and the physical and chemical properties of fibres 
summarised in table 3.5. For example, the aesthetic properties of a fabric are influenced by the properties 
of lustre, drape, texture, hand and colour. Lustre, in turn, is determined by fibre length, cross-sectional 
shape, surface contour, and chemical properties. Drape, on the other hand, is determined largely by 
the length and diameter of the fibre.
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TABLE 3.5
Relationship between serviceability properties and the physical and  

chemical properties of fibres

Serviceabi-
lity property

Property

Physical and chemical properties of fibres

Length Diameter
Cross- 

sectional 
shape

Surface 
contour

Crimp
Chemical/ 
molecular 
properties

Aesthetic

Lustre X X X X

Drape X X

Texture X X X X X

Hand X X X X X

Colour X

Durability

Abrasion resistance
X X X

Tenacity X

Flexibility X

Elasticity X X

Comfort

Moisture absorbency 
and wicking X X X

Heat conductivity
X X X

Density X

Elasticity X X

Hand X X X X X

Appearance 
retention

Dimensional stability
X X X X X X

Resiliency X X

Elasticity X X

Soiling X X X

Pilling X X X X X

Care

Chemical 
resistance X

Light resistance
X

Microorganism/ 
insect resistance X

Thermal properties–
heat resistance

X

(Source: Clothing and Textiles, Only study guide for CLO2601, 
University of South Africa, Pretoria, 2012)
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3.6.1 Activity 3.2
Answer the following questions and file your answers in your portfolio.

(1) What effect do the cross-sectional shape and surface contour have on fabric properties? Give 
three examples of different fibre cross-sectional shapes and surface types.

(2) Considering fibre strength, abrasion resistance and sunlight resistance, explain why acrylic fibre 
is used more often for knitting yarns for jerseys than wool fibre. What other factors do you think 
play a role?

(3) State three properties that have an effect on fabric comfort. Discuss how these properties af-
fect comfort during wear.

(4) Which secondary property will have an influence on how you will iron a pair of polyester trousers 
and a cotton shirt? How does this property affect ironing?

(5) List the five fabric serviceability properties. Discuss fabric durability in greater detail.
(6) Answer the following question on the discussion forum on the module web site on myUnisa. 

(Forum 2: Module-related discussions, Topic: Activity 3.2: Improving comfort)

You may recall the video where Lycra® was used to improve the comfort of jeans. How did the 
Lycra® improve the comfort of the jeans? If you’d like to watch the video again, here is the link:

https://www.youtube.com/watch?v=GkUva31B9jQ

(7)  Have another look at your answer to question 2 of Activity 1.1. Would you answer it differently 
now?

3.6.2 Feedback on Activity 3.2
(1) Fibre cross-sectional shape and surface contour both influence the hand, texture and lustre of 

the fabric. The surface contour also influences the soiling of the fabric. For your three types you 
should have referred to figure 3.3. Cross-sectional shapes include round, angular, lobal, serrated, 
oval, flat, hollow, mushroom, and dog bone. Surface contour types include smooth, serrated, 
scales, and fibrillated or cracked.

(2) Acrylic fibre is used more often for knitting yarns for jerseys than wool fibre because acrylic is a 
stronger fibre than wool; it loses less strength when wet, and has better abrasion resistance and 
resistance to sunlight. Wool can, however, be made into durable fabrics, even though it is not a 
strong fibre. This is because it has good elasticity and resiliency.

Besides strength, abrasion resistance and resistance to sunlight, there are other factors that influ-
ence the choice of acrylic over wool. Acrylic is a less expensive fibre than wool. There are surface 
scales on wool fibres which will cause shrinkage of the jersey when the jersey is washed. This 
means that a treatment is necessary to prevent shrinkage, and this will add to the production 
cost. Wool is also susceptible to attack from the larvae of clothes moths, so another treatment is 
required, and this also adds to the production cost.

(3) Three properties that influence fabric comfort are elasticity, heat conductivity and hand. Elastic-
ity is a fibre’s ability to stretch when strain is applied and return to its original shape when the 
strain is removed. A fibre’s ability to stretch and recover with movement will make a fabric that 
is more comfortable to wear than one that is made from fibres that are inelastic. For example, 
stretch jeans are very comfortable to wear because they contain spandex – an elastic fibre. A fibre’s 
ability to conduct heat away from the body is known as its heat conduction ability. Fibres that can 
move heat away easily, such as cotton, will be cool to wear, and so they are useful for clothing to 
be worn in warmer climates. Fibres that have poor heat conduction, such as wool, will be warmer 
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to wear, and so they are useful for clothing to be worn in colder climates. Hand is how a fabric 
feels. Fibre choice can make a fabric feel crisp, silky, harsh, soft, dry, smooth, or rough. If a fabric 
feels rough it will not be comfortable to wear.

(4) Ironing of a garment is affected by the thermal property of the fibres. Fibres such as nylon and 
polyester are thermoplastic and will melt if they are exposed to a too hot iron. Natural fibres, such 
as cotton, are not thermoplastic, but they may scorch or burn when ironed at high temperatures.

(5) The five fabric serviceability properties are aesthetics, durability, comfort, appearance retention 
and care. Durability relates to the length of time that a garment will last. The garment should have 
a lifetime that is adequate for its end use. For example, a child’s school uniform, which is worn 
frequently and subjected to harsh treatment, must be more durable than a fancy evening dress, 
which is only worn occasionally. For some products, such as carpets or upholstery fabrics, where 
fashions change slowly, durability is a major factor, as the products must last many years. The need 
for durability can fluctuate with economic prosperity. When people have plenty of money, they 
may buy textiles for their aesthetic qualities or comfort rather than durability. When times are 
hard, people are more likely to consider durability when they buy textiles. Durability properties 
include abrasion resistance, strength, flexibility, and elongation/elasticity. Durability is influenced 
by the chemical properties of the fibres and to a lesser extent by surface contour and crimp.

(6) What did the other students report in their posts on the discussion forum?

(7) Would you answer this question differently now that you have learnt about fibres and service-
ability properties?

3.7 SUMMARY

This has been quite a challenging learning unit! I hope that you now have a sound understanding of 
the physical structure (length, diameter, cross-sectional shape, surface contour and crimp) and chemi-
cal composition of fibres and how these relate to the primary and secondary properties.

The primary properties (length to width ratio, strength, flexibility, cohesiveness and uniformity) are all 
required if a fibre is to be used as a textile fibre and processed into a yarn or fabric.

Secondary fibre properties (density, lustre, colour, abrasion resistance, pilling, elasticity, moisture ab-
sorption, heat conductivity, resiliency, dimensional stability, thermal properties, resistance to chemicals, 
microorganisms and insects, and stability to light) are desirable and relate more to the performance or 
use of the textile. For example, the properties of a fabric for making curtains will be very different from 
the properties of a fabric to be used for a summer dress. Consumers are more aware of the secondary 
properties. They are also aware of price. The price of a fibre can also influence choice, and may be the 
overriding factor in some cases.

Whenever a textile is produced it must be suitable for its end use. This quality of serviceability encom-
passes five concepts or properties – aesthetic qualities (how it looks and feels), durability (how long it 
will last), comfort (how it feels to wear), appearance retention (how it retains its look), and care (how 
it washes, irons and stores). Serviceability relates directly to fibre primary and secondary properties, 
which in turn relate to the physical structure and chemical composition of the fibres.
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You need to know about fibre properties and how they relate to serviceability when selecting suitable 
fibres for a garment for a particular end use. In the learning units that follow you will learn about the 
properties of specific fibres in relation to serviceability and how these relate to end uses for the fibre.
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4LEARNING UNIT 4
4Natural protein fibres

4.1 INTRODUCTION

In this learning unit, which is the first in which we explore the properties of specific fibres, you will 
learn about natural protein fibres – wool, silk and speciality fibres. We will look at the history and 
processing of wool and silk, the two most important protein fibres, and the properties of these fibres 
in relation to serviceability.

Listen to this Audiopedia file https://www.youtube.com/watch?v=mhUok_SftsA for some background 
on animal fibres, including some of the speciality fibres such as mohair and angora.

Animal fibres are made up of proteins. Proteins are made up of one or more polypeptide chains (the 
polymer) which are formed by the condensation of amino acids (the monomers). Polypeptides are, 
therefore, condensation polymers. (Do you remember this from learning unit 2?)

Wool, mohair and fur fibres are composed of the protein keratin. Silk is composed of the protein fibroin, 
and is a filament fibre. Because they are composed of different proteins, they have different properties.

Wool and silk have been used for producing textiles for thousands of years. They are still used today 
because they possess many desirable properties. Wool, for example, has high moisture absorbency, which 
means it can absorb a lot of moisture without feeling damp. It also wicks moisture away from the skin, 
keeping the wearer warm. This video https://www.youtube.com/watch?v=etT1mb1QhuA shows some of 
the properties of wool compared with cotton. Which fibre would you rather wear on a cold, damp day?

FIGURE 4.1
Which fibre would you rather wear on a cold, damp day?

(Source: Author’s image)
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4.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Briefly discuss the history of the use of wool and silk and the production of wool and silk fibres
 • Differentiate between wool and silk by describing, comparing and contrasting their physical structure, 

and identify the fibres by means of a burn test
 • Evaluate the suitability of wool and silk for a particular end use by examining the durability, comfort, 

appearance retention and care properties of the fibres, and give reasons for your choice
 • Give some examples and properties of speciality fibres

4.3 WOOL
Wool is a protein fibre obtained from sheep. Sheepskin, with the hair, was used as a covering long 
before human beings realised that the fibres could be spun into yarn or felted into fabric. The oldest 
fragments of woollen fabric, dating back to about 4000 to 3500 BCE, have been found in Egypt. There 
is evidence that woollen fabrics were first made in Mesopotamia.

FIGURE 4.2
Wool was used by the ancient Egyptians to produce fabric.

(Source: Public domain use image: pixabay.com)

The earliest example of woollen fabric found in Europe dates back to about 1500 BCE, and was dis-
covered in Germany.
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FIGURE 4.3

Wool from sheep has been used for thousands of years to produce fabrics. It is still used 
today to produce items of clothing such as jerseys, gloves and beanies.

(Source: Public domain use images: pixabay.com)

4.3.1 Fibre production

Wool is obtained from different breeds of sheep. The best quality wool is obtained from the merino 
sheep (figure 4.4). Its fibre is strong, fine and elastic with the greatest degree of crimp of all wool fibres, 
and the largest number of scales.

FIGURE 4.4

A merino sheep. You may see this breed of sheep being farmed in parts of the Western Cape, 
Northern Cape, Eastern Cape, Free State, Mpumalanga, North West and Gauteng provinces.

(Source: Public domain use image: commons.wikimedia.org)
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Australia, South Africa and New Zealand are the world’s largest producers of merino wool. South Africa 
produces fine merino wool suitable for apparel. However, throughout the world the demand for wool 
has declined steadily, from 6% in 1977 to 3% in 1997 to 1.25% in 2015.

This video https://www.youtube.com/watch?v=cK_yxSDzzXo&nohtml5=False shows the early stages 
of wool processing, from obtaining the wool from the sheep (shearing) until the grading and packag-
ing (baling) of wool.

Wool can be sheared from the living sheep or pulled from the hide after the animal has been slaugh-
tered. The first fleece sheared from a lamb aged about six to eight months is known as lamb’s wool. It 
is wool of very fine quality and the fibres are tapered because the ends have never been clipped (cut). 
Lamb’s wool is not as strong as that of a mature sheep.

After shearing, wool will be classified, sorted and baled for sale. Before the fibre is ready for spinning 
into yarn, the wool must be cleaned in a process called scouring. Impurities such as natural wool grease 
(this is called suint), as well as sand and seeds are removed during scouring.

This Discovery Science Channel video https://www.youtube.com/watch?v=uEYsmzophTA recaps some 
of the history of wool, looks at shearing and shows what happens to the wool bales once they reach the 
factory. You will learn more about this stage of wool processing – from fibre to fabric – in CLO3704, 
but I’m sure you will find this information interesting at this point. You will see that wool undergoes a 
lot of processing. This contributes to the cost of the fibre, which can have an influence on its end use.

4.3.2 Fibre properties
Wool can be irritating to the skin. The scales may scratch the skin and the chemical composition of 
wool can cause an allergic reaction.

Wool is an expensive fibre because of the economics of sheep farming and the amount of processing 
that the fibre must go through before being made into fabric.

However, wool has many good properties that make it desirable for a number of end uses. For example, 
wool has a low flammability, and it is possible to reduce this even further by applying a flame-retardant 
finish.

Wool is a matt (lustreless) fibre (figure 4.5).

FIGURE 4.5
Wool fibre is a matt (lustreless) fibre.

(Source: Author’s image)
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4.3.2.1 Physical structure

Wool fibres vary in length from about 12 to 381 mm.

The surface of the fibre is covered with overlapping scales (figure 4.6). You will recall that the scales 
provide cohesiveness in spinning and can cause shrinkage of wool fabric during washing.

Fine wools can have as many as 790 scales per cm, and coarse wools as few as 275 per cm (figure 4.6). 
The tips of the scales point towards the tip of the fibre.

In cross-section wool fibres are roughly cylindrical, and they have a multicellular structure. Typical 
diameters range from 10 to 60 micrometres. Fine wools have an average diameter of about 15 to 17 
micrometres, while coarse wools have an average diameter of 40 micrometres.

Wool has natural crimp. This gives wool its elasticity and helps in yarn manufacture.

FIGURE 4.6
Scanning electron microscope image of wool showing scales.  

Top: fine wool, bottom: coarse wool

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)
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4.3.2.2 Serviceability properties

The serviceability properties of wool are summarised in table 4.1.

TABLE 4.1 
Serviceability properties of wool

Properties relating to durability – wool has high durability

Abrasion resistance Wool fibres have moderate resistance to abra-
sion due to the scale structure of the fibre and its 
flexibility.

Strength Wool fibres have a low tenacity. They have a tenac-
ity of about 8–13 cN/tex when dry, and about 7–12 
cN/tex when wet. Wool is a weak fibre but it can 
produce a strong fabric because of its resiliency 
and elasticity.

Flexibility The flexibility of wool is excellent. Wool fibres can 
be bent back on themselves 20 000 times com-
pared to 3000 times in the case of cotton. Atmos-
pheric moisture helps wool retain its flexibility.

Elongation Wool has excellent elongation (25% elongation 
at break).

Properties relating to comfort – wool has high comfort

Moisture absorption Wool is more hygroscopic than any other fibre. It 
has a moisture regain of 13–18% under standard 
conditions. Wool is comfortable to wear in cold 
and humid conditions. Wool accepts colour readily 
because of its ability to absorb moisture.

Heat conductivity Wool is a poor conductor of heat. Air is also a poor 
conductor of heat, and the crimp of wool fibres 
traps air in between the fibres. Therefore, wool is 
warm to wear.

Properties relating to appearance retention – wool has high appearance retention

Resiliency The resiliency of wool is exceptionally good. It will 
readily spring back into shape after crushing. This 
property is needed in a carpet fibre. The unique 
structure of the wool fibre also allows a durable 
(lasting) crease or pleat to be pressed into the 
fabric with the use of heat, moisture and pressure. 
This is of importance in tailoring, as the fabric is 
permanently shaped during the tailoring process. 
Wrinkling may occur if the fabric is wet.
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Dimensional stability Wool fibres are not dimensionally stable. Wool is 
susceptible to relaxation shrinkage. During the 
spinning of a yarn or weaving and finishing of a 
fabric, the product is often stretched. In the pres-
ence of moisture, the product will then relax and 
return to its original shape, which may mean it 
will shrink. In wool, relaxation shrinkage can be 
controlled by steaming the fabric. This is usually 
done only once before the fabric is cut for garment 
manufacture. Wool is also subject to felting shrink-
age. This shrinkage cannot be reversed. When wool 
fibres are subjected to heat, moisture and agitation, 
the scales on the fibre surfaces interlock and the 
fibres become entangled and matted. This property 
is used when manufacturing wool

felts, but for untreated wool garments it can mean 
that the item will shrink in the wash. Treatments can 
be applied to wool to prevent this type of shrinkage.

Elasticity Wool has excellent elastic recovery (99% recovery 
from 3% stretch) – the highest for natural fibres. 
Elastomeric, aramid and olefin fibres have greater 
extension and recovery.

Properties relating to care

Effect of alkalis Wool is easily damaged by alkalis.

Effect of acids Wool is resistant to acids. Diluted solutions of sul-
phuric acid may be used to carbonise (burn out) 
vegetable matter in wool fibres during scouring 
(cleaning) processes.

Effect of sunlight Sunlight will cause gradual degradation of the fibre, 
but wool has better resistance to sunlight than 
cotton.

Biological properties Wool is fairly resistant to bacteria and mildew, but 
if wool is stored in moist conditions mildew will 
form. Wool is subject to attack from clothes moth 
and carpet beetle larvae. Moth-proofing finishes 
may be applied to wool.

Washing, ironing and storage Dry-clean. Hand or machine wash depending on 
finish. Outer garments such as coats or jackets 
may be worn repeatedly without cleaning. Give 
wool a 24-hour rest period to remove any wrinkles. 
Iron with steam. Safe ironing temperature: 149 ºC. 
Chlorine bleach will cause the fibre to disintegrate. 
Store to prevent attack by clothes moths.
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4.3.3 End uses

The following are end uses of wool:

 • Items worn in cold weather such as coats, jackets, suits, skirts, slacks, jerseys, cardigans and socks.
 • Tailored items such as suits and jackets.
 • Household textiles such as carpets, rugs and hand-knitting yarns.

FIGURE 4.7
Wool from sheep to beanie. The same properties that keep the sheep warm  

make wool ideal for clothing items that will keep you warm.

(Source: Author’s image and public domain use images: pixabay.com)

4.3.4 Activity 4.1

Answer the following questions and file your answers in your portfolio.

Do you think wool is a good choice for the following articles? In each case state which properties of 
wool will be an advantage for the article and which properties will be a disadvantage. Give reasons for 
your answers.

 • Child’s winter jersey
 • Woman’s tailored suit
 • Carpets for a lounge

4.3.5 Feedback on Activity 4.1

To answer this type of question you need to first consider the end use of the item and what service-
ability properties (durability, comfort, appearance retention and care) are important for that end use.

For example, for a child’s winter jersey we want the jersey to provide warmth (it’s for winter), to be com-
fortable to wear (otherwise the child might not wear it), to be relatively easy to keep clean and care 
for (children often spill things, or they may be playing outside), and to be fairly durable (children are 
active!) We might also want the jersey to maintain its appearance, especially if it is to be worn often.
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You must then consider the durability, comfort, appearance retention and care properties of the fibre 
and see how they relate to the requirements for the jersey, and whether the property is an advantage or 
disadvantage. Refer to the summary table to get an overall view, and then to the sections on durabil-
ity, comfort, appearance retention and care to determine why a property is important and to help you 
decide whether it is an advantage or a disadvantage.

Requirement Fibre property and reason Advantage/
disadvantage

Warmth Wool has low heat conductivity, so will be warm to wear. Advantage

Comfortable 
to wear

Wool has high moisture absorption, so it will be comfort-
able to wear in cool and humid conditions.

Advantage

Easy to clean 
and care for

Wool requires more care than some other fibres – it 
might need special washing or dry-cleaning. Bleaches 
and alkalis (in washing powders) can cause damage, and 
wool is susceptible to attack from clothes moths.

Disadvantage

Fairly durable Wool has moderate abrasion resistance and excellent 
elongation. It has low tenacity, but can produce a strong 
fabric because of its resiliency and elasticity. These prop-
erties combined give high durability.

Advantage

Retain 
appearance

Wool has high appearance retention because of its good 
resiliency and elasticity.

Wool may be subject to wrinkling when wet, which will 
require a rest period before use.

Wool may be subject to relaxation shrinkage – this can 
be controlled during manufacture.

Wool may be subject to felting shrinkage – this can be 
controlled by fibre treatment, but this will increase the 
cost.

Advantage

Disadvantage

(Disadvantage)

Disadvantage 

Also consider any other factors (for example, wool can be irritating to the skin) which would be a dis-
advantage for a child’s jersey. Remember that wool is an expensive fibre, which might be a reason not 
to use it for a child’s jersey, especially if the jersey is for a growing child.

Then make your decision about wool as a choice for a child’s winter jersey: Do the advantages of comfort, 
warmth, durability and appearance retention outweigh the disadvantages of higher care requirements, 
susceptibility to wrinkling and attack from clothes moths, possible shrinkage and irritation issues, and 
cost?

I think the decision could go either way, with cost possibly being the deciding factor in the case of wool 
as a choice for a child’s jersey. For the woman’s tailored suit and carpets for a lounge the serviceability 
properties for end use will be different, and wool may well be a good choice. What did you conclude?
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4.4 SILK

Silk is a protein fibre produced by several kinds of insects, but it is only the silk of silk moth caterpillars 
that has been used for textiles.

FIGURE 4.8
Silk moth caterpillars

(Source: Public domain use image: pixabay.com)

The story of a silkworm is shown in this video: https://www.youtube.com/watch?v=EzqZLaaM0vE.

The Chinese started producing silk in about 2700 BCE. Interesting legends are told about how silk was 
discovered. For 3000 years the Chinese held the secret of silk and monopolised the silk industry. They 
were willing to export the silk yarn and fabric, but not the knowledge of how these were made. In about 
300 CE some silkworm eggs were smuggled to Japan, and eventually knowledge of silk production as 
well as the silkworms spread to the rest of the Eastern world, as well as to France and Italy. Today silk 
fabrics are still woven in England, France and Italy, but silk fibres are no longer produced there. The 
fibres are produced in China, India and Thailand. Silk has always been considered a luxury fibre with 
great prestige value – it is often called the “queen of fibres”.

The growth and production of silk is known as sericulture. The silkworm, which is the larva of the 
Bombyx mori moth, produces silk. A moth lays roughly 700 eggs, each of which is smaller than a pinhead. 
They hatch when new leaves appear on mulberry trees. The larvae (little worms) are very small when 
they emerge from the eggs. Larvae live on mulberry leaves, which they consume in large quantities, and 
they rapidly increase in size. The larva sheds its outer skin four times during the 35-day eating period, 
before it is ready to spin its cocoon (figure 4.9).

FIGURE 4.9
Silkworm cocoon cut open to reveal the chrysalis

(Source: Public domain use image: pixabay.com)
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Inside the completed cocoon, it changes into a chrysalis. This is the stage of growth during which the 
moth is turning into an adult. During commercial silk production the chrysalis must be killed by heat, 
as continuous fibres are required, and the moth cuts the fibres when making its way out of the cocoon. 
Only those moths to be used for breeding are allowed to hatch, or emerge from their cocoon.

This short video https://www.youtube.com/watch?v=ecHUHRhY3FU shows a silkworm spinning 
its cocoon.

As the silkworm spins its cocoon, the liquid silk fibre emerges from two openings called spinnerets, which 
are situated in the head of the silkworm. These fibres solidify into silk filaments when they come into 
contact with the air. The fibres consist of the protein fibroin, and are coated with a gummy substance, 
sericin. Each single stand of silk is called a brin, and the two threads together are known as a bave.

Wild silk, or tussah silk, comes from wild silkworms that feed on oak leaves and produce brown, 
orange, yellow or green fibres. Because the moth cuts the filaments when it emerges from the cocoon, 
the fibres cannot be reeled. They are used as staple fibres for spun silk. Wild silk is often used to weave 
shantung fabrics.

Dupion silk comes from two silkworms that spin their cocoons together or very close to each other, 
as a result of which the yarn becomes entangled. It is then impossible to separate the yarn into two 
separate strands. The strands are irregular in diameter and are used in linen-like silk fabrics. It is very 
popular for wedding gowns.

FIGURE 4.10
Luxurious silk fabrics

(Source: Public domain use image: pixabay.com)
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Wild African silk (mopane silk) is derived from the Gonometa postica moth, which occurs naturally in 
the Kalahari regions of Southern Africa. The cocoons are harvested on a sustainable basis, degummed 
and processed in Botswana, Namibia and South Africa. The silk is fawn coloured, with a soft sheen 
(lustre) (see figure 4.11).

FIGURE 4.11
Bundle of wild African silk. The silk is fawn coloured, with a soft sheen.

(Source: Author’s image)

4.4.1 Fibre production
This video https://www.youtube.com/watch?v=6Zzz7zo6UuI shows the story of silk from the silk-
worm to fabric.

Before silk can be made into textiles it must be processed. It undergoes the processes described below.

 • Reeling

The cocoons are placed in hot water to soften the gum. The surfaces of the cocoons are then brushed 
lightly to find the ends of the filaments. Several of these ends are threaded simultaneously through a 
guide and wound onto a wheel called a reel. The usable length of reeled filament that can be obtained 
from one cocoon is 300 to 600 metres. Silk is the only natural filament yarn.

 • Throwing

The reeled silk filaments are twisted to hold them together. Several kinds of silk yarn or threads can be 
made, depending on the amount of twist and on the methods of combining single yarns. This process 
is known as throwing. The word “thrown” as it is used here comes from the word “thrawn”, which 
means “twisted”.

 • Degumming

The thrown silk threads still contain some sericin, which is removed by boiling the silk in soap and 
water. This brings out the natural lustre and the soft feel of the silk. Twenty-five per cent of the mass 
is lost by degumming. Degumming can take place after the silk thread has been thrown or even after 
the fabric has been woven.



76

  

From time to time raw silk fabrics become available on the South African market. These are fabrics 
from which the sericin has not been removed, and which have not been boiled, which is why the name 
“raw” silk is used. These fabrics are often woven from staple silk fibres. They do not look like anything 
like the silk from which silk scarves are made – they actually look a bit like unbleached calico, and 
often have a similar colour.

 • Weighting

In order to replace some of the mass lost during the degumming process, silk is sometimes weighted 
with metallic salts. A small quantity of metallic salts is not considered harmful, but large quantities 
will damage the fibres.

 • Spun silk

All silk that cannot be reeled into filament fibres is called waste silk. It can be used as staple fibre. Short 
lengths of silk fibres are carded and combed and then spun together. These staple lengths of silk come 
from pierced cocoons, double cocoons, the uneven silk fibres at the beginning of each cocoon and 
scrap or machine waste.

Mopane silk is also spun, because it is a wild silk and the moth pierces the cocoon when emerging. The 
cocoons are harvested after the moths have emerged.

4.4.2 Fibre properties
Silk is an expensive fibre and it remains a luxury fabric.

FIGURE 4.12
Luxurious silk garments

(Source: Public domain use image: pixabay.com)
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Silk will burn in a flame, but is self-extinguishing when you remove the flame.

Perspiration tends to weaken the fibre, and silk blouses and dresses tend to tear or disintegrate under 
the arms.

4.4.2.1 Physical structure

Silk is a natural filament fibre. It is usually between 600 and 1500 metres in length.

The fibre surface is smooth. Tussah silk may have slight striations, or lines, along the length of the fibre.

FIGURE 4.13
Microscope image of tussah silk. Note the striations along the length of the fibre.

(Source: Author’s image)

The filament brins of silk are triangular in cross-section, with rounded corners. They are irregular in 
diameter, with a diameter of between 9 and 12 micrometres.

The fibres are off-white to cream in colour, and lustrous.

4.4.2.2 Serviceability properties

The serviceability properties of silk are summarised in table 4.2.
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TABLE 4.2 
Serviceability properties of silk

Properties relating to durability – silk has high durability
Abrasion resistance Silk has moderate abrasion resistance, but because 

of its cost and end use, it is seldom subjected to harsh 
environments.

Strength Silk is one of the strongest natural fibres, with a tenac-
ity of 31–44 cN/tex. Its strength is excellent in relation 
to its fineness. However, its strength is about 20% 
lower when it is wet.

Flexibility Generally, flexibility is good.

Elongation Silk is not as elastic as wool (20% elongation at break).

Properties relating to comfort – silk has high comfort
Moisture absorption Silk has good absorbency, with moisture regain of 11%. 

This contributes to its comfort in warm conditions. Silk 
may develop static cling.

Heat conductivity Silk is a poor conductor of heat, which means it is 
warm to wear. However, it can be woven into very fine 
fabrics that can be cool to wear.

Properties relating to appearance retention – silk has moderate appearance retention
Resiliency Silk has medium resiliency. Creases will hang out 

relatively well, but not as well as in the case of wool.

Dimensional stability Silk fabrics have good resistance to stretch or shrink-
age when laundered. Raw silk fabrics are inclined to 
show more relaxation shrinkage than other silk fabrics.

Elasticity Silk has moderate elasticity. When it is stretched by 
3%, its elastic recovery is only 90%. This poor elasticity 
may be seen in baggy elbows in silk blouses.

Properties relating to care
Effect of alkalis Strong alkalis will damage silk.

Effect of acids Strong mineral acids will destroy silk, but organic acids 
do not damage silk and are used in some finishing 
processes.

Effect of sunlight Sunlight exposure will weaken silk. Silk must be stored 
in carefully selected containers, otherwise the fibres 
will lose strength and eventually be destroyed.

Biological properties Silk is resistant to many microorganisms, but will be 
attacked by rot-producing bacteria. Silk is susceptible 
to attack by carpet beetles.

Washing, ironing and storage Dry-clean. It is possible to use mild detergents and 
gentle agitation, avoiding wringing and rubbing. Do 
not use detergents with stain removers containing 
protein-digesting enzymes. Silks may water spot eas-
ily. Pure dye silks should be ironed damp with a press 
cloth. Wild silks should be ironed dry. A safe ironing 
temperature is 149 ºC. Chlorine bleach will damage 
the fibres. For long-time storage, seal the item to keep 
out light, air and insects.
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4.4.3 End uses
The following are end uses of silk:

 • It is used primarily for apparel (e.g. dresses, shirts, blouses – suitable for warm or cold weather, 
neckties and scarves).

 • It is used for home furnishing items (e.g. upholstery and curtaining) because of its appearance and cost.
 • It is also used in Oriental rugs (e.g. Persian carpets).

FIGURE 4.14
Some end uses of silk

(Source: Public domain use images: pixabay.com)

4.4.4 Activity 4.2
Answer the following questions and file your answers in your portfolio.

(1) Do you think silk is a good choice for the following articles? In each case state the advantages 
and disadvantages of silk properties. Give reasons for your answers.

 • Summer blouse
 • Winter blouse
 • A child’s everyday dress

(2) Draw up a table to show the differences between wool and silk. Use the following headings: 
Fibre length, Fibre diameter, Surface contour, Crimp, Lustre, Resiliency, Dimensional stability 
and Elastic recovery.

(3) Try to find a piece of scrap silk and a piece of scrap wool fabric. Perhaps you can ask at your local 
fabric shop. Try to get real silk and real wool, not imitations made from other fibres. Carry out a 
burn test on both fabrics. You will find the correct procedure in section 2.8.1 of Learning Unit 
2. Follow the instructions carefully and write your observations down. Include them and a piece 
of each of the fabrics in your portfolio. Compare your results with the results given in table 2.2 
in section 2.8.1 in Learning Unit 2. Do your observations lead you to conclude that the scraps of 
fabric were made from real silk and real wool?
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Answer the following question on the discussion forum on the module web site on myUnisa. 
(Forum 3: Module-related discussions, Topic: Activity 4.2: Animal fibres)

(4) Examine the labels of the clothes in your wardrobe. Are there any garments with a label stating that 
they are made from wool or silk? Alternatively, look for silk and wool labels on garments in shops.

Carefully observe what the fabric of these garments looks like. Do the garments drape well? 
Are they soft and warm to the touch? Make a note of your findings and place your notes in your 
portfolio. Post one set of your observations on the discussion forum – state the type of garment 
and give your findings.

4.4.5 Feedback on Activity 4.2
(1) Again, you should have followed a similar procedure.

 • What is the end use?
 • What are the serviceability properties (durability, comfort, appearance retention and care) that 

are important for that end use?
 • What are the durability, comfort, appearance retention and care properties of the fibre?
 • How do they relate to the requirements of the end use, and is the property an advantage or a 

disadvantage?
 • Are there any other factors that would be a disadvantage or an advantage?
 • Is the fibre the right choice for the end use?

Example: Summer blouse

The blouse should be cool to wear, as it is for summer. Because it is a summer blouse, it is likely to be 
washed often, so it needs to be easy to wash and care for. As it could be worn often, it should also be 
durable and it should retain its appearance.
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Requirement Fibre property and reason Advantage/ 
disadvantage

Cool to wear Silk has high absorbency, which would mean it can ab-
sorb perspiration from the body and remain cool.

It has low heat conductivity, which would make it warm to 
wear; however, silk can be finely woven, which makes it 
cool to wear.

Advantage

Advantage

Frequent 
washing 

Silk is difficult to wash. Only dry-cleaning or mild wash-
ing is recommended, and strong alkalis and chlorine 
bleach can damage the fibre. Care must be exercised 
when ironing.

Disadvantage

Easy to care 
for

Silk is damaged by sunlight (it is a summer blouse), and 
is susceptible to attack by rot-producing bacteria and 
carpet beetles.

Disadvantage

Durable Silk has good strength (it is one of the strongest natural 
fibres), flexibility and elongation, which contribute to high 
durability.

It has moderate abrasion resistance, so should not be 
worn in harsh environments; since the garment is a 
blouse, this should not be a problem.

Advantage

Advantage

Retain 
appearance

It has good resistance to shrinkage.

Medium resiliency means it may show creases.

Poor elasticity may result in baggy elbows.

Advantage

Disadvantage

Disadvantage

Other factors: Silk is one of the more expensive fibres, and should not be used for garments worn in 
harsh environments or subjected to excessive wear or washing. If the blouse is to be worn only infre-
quently, then I would choose silk. If the blouse is to be worn frequently, then I would not choose silk.

Did you find the same result for the winter blouse?

How suitable is silk for a child’s everyday dress? I would think not very suitable.



82

  

(2) A comparison of some of the properties of wool and silk

Property Wool Silk

Fibre length 12–381 millimetres 600–1500 metres

Fibre diameter 10–60 micrometres 9–12 micrometres

Surface contour Scales Smooth, some types (such as  
tussah silk) have striations 

Crimp Yes No

Lustre No – matt fibre Yes

Resiliency Exceptionally good – makes fibre 
useful for carpets and for tailored 
garments that require durable creas-
es; however, wrinkling may occur if 
the fabric is wet

Medium

Dimensional 
stability

Not dimensionally stable – suscep-
tible to relaxation shrinkage during 
manufacture and felting shrinkage 
in washing

Good resistance to stretch or 
shrinkage when laundered. Raw 
silk may show some relaxation 
shrinkage.

Elastic recovery Excellent – adds to appearance 
retention

Moderate – may result in baggy 
elbows in blouses

(3)  Were your scraps of fabric real silk and real wool? Silk (and even wool) may have been hard to come 
by – this video shows a burn test with silk https://www.youtube.com/watch?v=eZeU80r5PN4&
nohtml5=False, and this one shows wool https://www.youtube.com/watch?v=fXHb8Py8cSY&
nohtml5=False. Wool and silk perform similarly in a burn test, and it might be hard to tell them 
apart.

(4)  Were you able to find some wool and silk garments? What sort of garments were they? Did the 
end use relate to the properties of the fibre?

On the discussion forum, did others identify the same aesthetic and comfort properties for a particular 
garment type? Were the properties the same, regardless of garment type?

4.5 SPECIALITY FIBRES
Besides sheep and silkworms, other animals also produce fibres which are useful for textiles. These are 
called speciality fibres. They may have special qualities, and they are often produced in limited quantities.

Fur fibres are obtained from animals normally used for fur pelts. Generally speciality and fur fibres are 
expensive because of limited availability and the amount of processing required to obtain them. They 
are often used in blends to add softness, lustre or insulating properties. The speciality and fur fibres are 
all used to produce luxury yarns. Mohair is the only one frequently used in South Africa.
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4.5.1 Speciality fibres from goats

 • Mohair

High quality mohair, the fibre from the angora goat (figure 4.15), is produced in South Africa.

FIGURE 4.15
An angora goat. Mohair is obtained from this type of goat. Notice how wavy the fibre is.

(Source: Public domain use image: commons.wikipedia.org)

This interesting video https://www.youtube.com/watch?v=g26MzaVTTr0 shows the journey of mohair 
from Eastern Cape farms to luxurious yarn. Did you see any similarities to the production of wool?

South Africa is the largest producer of mohair. Mohair is also produced in the United States of America, 
Turkey, Australia and New Zealand.

Angora goats are sheared twice a year. The fibres are fine and silky and measure 10 to 15 cm in length. 
If a longer fibre is desired (20 to 30 cm), the goats are sheared only once a year.

Mohair has a remarkable resistance to wear and abrasion, a high degree of lustre and excellent resiliency. 
It felts less than wool, but is attacked by clothes moths.

Mohair is frequently combined with wool to produce men’s summer suits, and can also be used for 
upholstery fabrics, pile fabrics and curtains. It can also be used to manufacture lightweight but warm 
blankets, shawls and sweaters.

If you are interested, you can read more about mohair on the following web page: http://www.mohair.
co.za/page/mohair_knowledge_and_information_database
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 • Cashmere

Cashmere is the fibre from the Kashmir goat of Asia (figure 4.16). The fibre is combed from the goat, 
and the yield per animal averages only about 114 g of good fibre. It has similar properties to wool, but 
is more easily damaged by alkalis. It is an expensive but very soft and attractive fibre. It is warm and 
has beautiful drape. It is normally used in knits for sweaters, high-quality clothes, shawls and hosiery.

FIGURE 4.16
Kashmir goat

(Source: Public domain use image: pixabay.com)

In South Africa efforts are underway to establish a “cashmere” industry using the fibres from indigenous 
goats, such as boer, nguni and savanna goats, which are normally only kept for meat, milk or skins. The 
fibres are obtained from the fine, soft undercoat.

If you are interested, you can read more about the South African cashmere industry on the following 
web page: http://www.nda.agric.za/docs/Infopaks/Cashmere_e-book.pdf

4.5.2 Speciality fibres from the camel family

 • Camel hair

The Bactrian, or two-humped camel (figure 4.17), sheds about 2,5 kg of fibre each year. The fine, soft 
underhairs are used to make high-quality coat fabrics and knitted goods. The natural tan or reddish 
brown colour is very attractive and is often retained in the fabric. The coarse camel hair fibres are used 
for belting, ropes and artists’ brushes.

FIGURE 4.17
Bactrian camel

(Source: Public domain use image: pixabay.com)
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 • Alpaca and llama

The alpaca is also a member of the camel family, and originates from the Andes Mountain regions of 
South America. It is sheared once every two years, and its fibre is warm, glossy and strong. The fibres 
range in colour from white to fawn, brown and black. This video https://www.youtube.com/watch?
v=JbxcMoQOwHQ&nohtml5=False shows the process from fibre to yarn. It is a similar process to 
that for producing wool and mohair. The fibres are used for dress fabrics, linings and tropical suiting.

The llama, also a member of the camel family, is found in the same geographical regions as the alpaca 
and its fibre is very similar to, but weaker than that of the alpaca and the camel. The llama is sheared 
once a year. The fibres are used for carpets and rugs.

FIGURE 1.18
A llama

(Source: Public domain use image: pixabay.com)

 • Vicuna

The most valuable and prized hair fibres come from the vicuna (figure 4.19). It is a member of the llama 
family, and is found at altitudes of nearly 5000 m in the Andes. The vicuna, which is about the size of 
a large dog, was placed on the endangered species list in 1969, with only about 200 animals remaining 
worldwide. However, very recently the Peruvian government, with the aid of an Italian textile company, 
managed to establish a large herd of more than a thousand animals in a wildlife protected area. These 
animals can now be sheared and the fibre should become more readily available. However, as each 
animal yields only 114 g of fibre, it will still be very scarce and expensive.

The fibre is not only warm, light and lustrous, but it is also one of the softest. It is made into quality 
dressing gowns, coating materials and shawls.
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FIGURE 4.19
A vicuna

(Source: Public domain image use image: pd4pic.com)

4.5.3 Fibres from musk oxen
The musk ox (figure 4.20) is found in Alaska. It sheds its hair, which is collected. The undercoat fibres 
(called qiviut) are soft, fine, warm and attractive. The Inuit people process much of the fibre into textiles 
with traditional designs. The fibre is similar to mohair in texture.

FIGURE 4.20
Musk oxen

(Source: Public domain use image: pixabay.com)

4.5.4 Fur fibres
Fur fibres are obtained from animals normally used for fur pelts such as mink, fox, chinchilla and 
rabbit. These fibres are used in small amounts in blends with wool or manufactured fibres. They add 
softness, colour interest and prestige value to the fabrics.

In South Africa the best-known example of fur fibres comes from the angora rabbit (figure 4.21). These 
fibres are produced in different locations in South Africa, the largest production being in the Colesberg 
area.
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If you are interested, you can read more about angora rabbits and the products produced from them on 
these web sites: http://www.angorarabbits.co.za/ and http://www.makoadi.co.za/angora/.

The rabbits are combed and clipped three times a year, and in most cases the fibre is spun into the 
knitting yarn on the farm where it is produced. The fibres give a fluffy, white, silky look to the garment. 
The fibre is usually blended with wool to produce knitted goods such as cardigans and gloves.

FIGURE 4.21
An angora rabbit

(Source: Public domain use image: en.wikipedia.org)

4.5.5 Activity 4.3
Answer the following question and file your answers in your portfolio.

(1) Briefly discuss two different speciality fibres.
(2) For a person who is prone to skin allergies, which speciality fibres from the camel family would 

you suggest? Why?

4.5.6 Feedback on Activity 4.3
(1) Speciality fibres include those from goats (mohair and cashmere), the camel family (camel, alpaca, 

llama and vicuna), and the musk ox. You should have stated the animal from which the fibre comes 
as well as some facts about production, and the use or properties of the fibres.

(2) Alpaca – have another look at the video https://www.youtube.com/watch?v=JbxcMoQOwHQ
&nohtml5=False
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4.6 SUMMARY
Wool and silk are both protein fibres, yet they have different properties. This is because they are made 
from different proteins and have different physical structures. Because they have different properties 
they find use in different products – you are unlikely to see a jersey for winter being made from silk, 
or a summer blouse being made from wool.

Wool and silk have both been used for thousands of years. They both require a great deal of processing. 
This increases the cost of the fibre, which can further limit their use. Cost is also an issue in the case of 
speciality fibres, which also require many stages of processing and are available only in limited quantities.

In this learning unit, we looked at the properties and serviceability of wool and silk. You should now 
have a better understanding of the link between the properties of a fibre and the end use of the fibre. 
For a particular end use, there are certain serviceability requirements. These should be met by the 
properties of the fibre. In some cases the fibre property will be an advantage, while in others it will 
be a disadvantage. Cost may also be an important consideration. In the end a decision must be made 
whether or not a fibre meets the serviceability requirements and is suitable for the end use.

FIGURE 4.22
Example of matching fibre properties to end-use serviceability requirements

(Source: Author’s image)
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5LEARNING UNIT 5
5Natural cellulose fibres

5.1 INTRODUCTION
You will recall from figure 1.14 in Learning Unit 1 that natural cellulose fibres are classified according 
to which part of the plant they come from. For example, cotton is a seed fibre because the fibres sur-
round the seeds of the cotton plant, and flax is a bast fibre because it comes from the phloem in the 
stem of the plant. Other fibres, such as agave, are obtained from leaves.

FIGURE 5.1
Natural fibres are classified according to which part of the plant they come from.

(Source: Public domain use images: pixabay.com, commons.wikimedia.org, wikipedia.org)

Natural cellulose fibres have different properties from animal fibres because they are composed of dif-
ferent polymers. They are usually composed of varying proportions of three main polymers, namely 
cellulose, hemicellulose and lignin. Flax and cotton differ in the proportions of polymers present, 
and so their properties are not the same.

In Learning Unit 4 I gave you the link to a video that compared the properties of wool and cotton, and 
asked you the question, “Which fibre would you rather wear on a cold, damp day?” After watching the 
video and studying the section on wool properties, you should have reached the conclusion that wool 
would probably be a good choice for clothing to be worn on a cold, damp day. However, cotton has 
many properties that make it a very popular choice for textiles. This video https://www.youtube.com/
watch?v=PR-q4xS6eCs illustrates the properties and uses of cotton in clothing.

Like the protein fibres, natural cellulose fibres have also been used for thousands of years, and because 
of their unique properties they are still in great demand today. In this learning unit we will look at the 
history, processing and properties of the two most important natural cellulose fibres – cotton and flax. 
We will also look, in less detail, at some other plant fibres.
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5.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Describe, briefly, the historical background and the production of cotton and flax
 • Differentiate between cotton and flax by describing, comparing and contrasting their physical 

structure, and identify cotton by means of the burn test
 • Evaluate the suitability of cotton and flax for a particular end use by examining the durability, comfort, 

appearance retention and care properties of the fibres, and give reasons for your choice
 • Give some examples and properties of other bast, leaf and seed fibres

5.3 COTTON
Although the origin of cotton is unknown, there is some evidence that it was grown and used in India 
in about 3500 BCE and in Peru in 3000 BCE (figure 5.2). Fragments of cotton fabrics dating back to 
about 500 BCE have been found in American Indian caves and burial sites.

FIGURE 5.2 
The Paracas Textile. About 2000 years old, it was made in  

Peru from cotton and fur (alpaca/llama) fibres

(Source: Public domain use image: Paracas textile en.wikipedia.org)

Cotton is still by far one of the most widely used fibres, although world consumption has dropped 
from 75% of all fibres to less than 50%. China is the world’s largest producer of cotton fibre, and along 
with the United States of America, India and Pakistan it produces the bulk of world cotton. Burkina 
Faso, Egypt, Tanzania, Nigeria and Zimbabwe are Africa’s largest cotton producers. However, African 
producers account for only about 2 to 3% of total world production.

Although South Africa produces cotton fibre, it does not produce enough for local use and cotton is 
imported mainly from Zambia, Zimbabwe and Malawi. Local production also varies from year to year 
depending on cotton prices.
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FIGURE 5.3
Cotton is grown in the Limpopo, North West, KwaZulu-Natal, Mpumalanga and Northern 

Cape provinces of South Africa.

(Source: Public domain use images: pixabay.com)

5.3.1 Fibre production
Cotton is a seed fibre. It is a natural cellulose fibre obtained from the seed hairs of the cotton plant 
(figure 5.4). These seed hairs are attached to or surround the seed of the plant. Cotton needs a warm, 
humid climate with enough water for irrigation. It requires a long frost-free growing period of 6 to 7 
months, with 12 hours of sunlight daily.

FIGURE 5.4
Cotton seed

(Source: Thamizhpparithi Maari https://commons.wikimedia.org/wiki/ 
File:A_bag_of_cotton_seeds.JPG)

This video https://www.youtube.com/watch?v=svvNNpp4CDs shows cotton in the field, the process 
of ginning and the production of fabric. A number of cotton products are mentioned.
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 • Harvesting

The blossom appears 100 days after planting. After 2 days the flower falls and the young ball or seedpod 
remains. The seedpod takes 50 to 80 days to ripen and burst open. The cotton can be picked either 
by hand or by machine, but hand-picking results in better quality. This short video https://www.you-
tube.com/watch?v=_4ku4blO8eQ shows hand picking of cotton. Compare it with this video https://
www.youtube.com/watch?v=yOjyeKo67zo, which shows mechanised harvesting.

 • Ginning

The harvested raw cotton contains seeds, leaf fragments, dirt and other foreign matter, which must 
be removed before the cotton can be baled. The seeds are removed by the cotton gin. Inside the cot-
ton gin, the cotton balls are thrown against rapidly turning saws. The dirt falls through the openings 
in the bottom of the machine. The saw teeth take up the cotton still attached to the seeds, pressing it 
against bars that are situated close to the saws. These teeth let the lint pass through, but hold back the 
seeds. Eli Whitney invented the cotton gin in 1794. (You can learn more about Whitney’s invention 
here: http://www.havefunwithhistory.com/movies/cottonGin.html).

Cotton goes through several cleaning processes and the by-products are used not only in the textile 
industry, but also in other industries. The short fuzzy fibres that remain on the seeds after they have 
been separated from the fibre in the cotton gin are called cotton linters. The longer fibres are known 
as cotton lint.

The linters are removed and used in the manufacture of manufactured cellulosic fibres, plastics, 
photographic film and other items. The outer portion of the cotton seed, called the hull, is rich in 
nitrogen. These hulls are used in fertilizers, cattle feed, paper, plastics and explosives. The inner seeds 
are compressed to remove the cottonseed oil, which is used in cooking oils and soap, while the residue 
becomes cattle feed. It is estimated that as much as one-sixth of the income derived from cotton plants 
is obtained from these by-products.

5.3.2 Fibre properties
Cotton is very comfortable to wear next to the skin because of its fineness and softness. Cotton is also 
hypoallergenic, which means that it doesn’t irritate sensitive skin or cause allergies.

FIGURE 5.5
Cotton is a very soft fibre.

(Source: Public domain use image: pixabay.com)
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A number of finishing treatments can be applied to improve properties:

 • Mercerisation increases strength and lustre
 • Cross-linking/an easy-care finish reduces wrinkling
 • Raising increases warmth
 • An anti-shrink finish reduces shrinkage

Depending on the end use, a flame retardant finish may also be applied (you may recall that cotton 
burns easily). Protective clothing made from cotton must be flame-proofed. This video https://www.
youtube.com/watch?v=OhjpEE8sclE shows one of the treatments used to make cotton flame-proof.

5.3.2.1 Physical structure

Cotton fibres range from 12.5 to 63.5 mm in length. The fibres are in the shape of a collapsed, spirally 
twisted tube or ribbon (figure 5.6), and have a rough, granular surface. A central lumen is visible in 
cross-section.

FIGURE 5.6
Scanning electron microscope image of cotton

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)

The diameter of the fibres varies between 12 and 25 micrometres. The fibres are, generally, white to 
creamy and matt. A mercerisation treatment can cause the fibres to swell and straighten, resulting in a 
circular cross-section. Mercerisation increases the strength, absorbency and lustre of the fibre.

5.3.2.2 Serviceability properties

The serviceability properties of cotton are summarised in table 5.1.
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TABLE 5.1 

Serviceability properties of cotton

Properties relating to durability – cotton has moderate durability

Abrasion resistance Abrasion resistance is moderate. Cotton does 
not tend to pill.

Strength Cotton has moderate strength, with tenacity 
values ranging between 22.5 and 27 cN/tex. 
It is stronger when wet.

Flexibility Cotton is less flexible than wool, but more 
flexible than flax.

Elongation Cotton has a low elongation (3–7% elonga-
tion at break).

Properties relating to comfort – cotton has excellent comfort

Moisture absorption Cotton has excellent absorbency, with a mois-
ture regain of 7%, so it is generally comfortable 
to wear. With high levels of water uptake cotton 
fabrics feel wet. Absorbency can be increase 
by mercerisation.

Heat conductivity Cotton is a good conductor of heat, and is 
therefore cool to wear.

Properties relating to appearance retention – cotton| 
 has moderate appearance retention

Resiliency The resiliency of cotton is low, and it therefore 
tends to crease.

Dimensional stability Cotton fibres are stable and do not easily 
stretch or shrink. However, cotton fabrics 
are stretched during construction and tend 
to shrink during the first wash if not spe-
cially treated (they are subject to relaxation 
shrinkage).

Elasticity Cotton has little natural elasticity – 75% elastic 
recovery at 3% stretch.

Properties relating to care

Effect of alkalis Cotton is highly resistant to alkalis. Sodium hy-
droxide is used in the mercerisation process.

Effect of acids Strong acids or hot diluted acids destroy 
cotton.
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Effect of sunlight Prolonged exposure will cause yellowing and 
deterioration of the fibre.

Biological properties Mildews will damage cotton. Silverfish will eat 
starched fabrics or fabrics with food stains.

Washing, ironing and storage Cotton is easy to launder. It can withstand high 
temperatures (boiling water does not damage 
the fibre). Any good detergent can be used to 
wash cotton; cotton releases soil easily.

Cotton fabrics may wrinkle easily.

A higher heat setting is needed in the dryer 
to dry cotton. Some fabrics may shrink in the 
dryer. Cotton will take much longer to dry than 
less absorbent fibres.

Cotton can be ironed with a hot iron; iron damp 
or with steam. Cotton does not scorch easily. 
Safe ironing temperature: 218 ºC.

Chlorine bleach can generally be used safe-
ly on cotton whites, but excessive bleaching 
weakens the fibres.

5.3.3 End uses
The following are end uses of cotton:

 • It is used in a wide range of clothing (e.g. panties, jeans, T-shirts, shirts, socks and dresses).
 • It is used for its high absorbency and softness (e.g. towels and wash cloths).
 • It is also used for household items (e.g. upholstery, curtaining, tablecloths, napkins, sheets, pillowcases 

and duvet covers).
 • Uses also include medical supplies, threads, tents and tarpaulins.
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FIGURE 5.7
Cotton has many different uses

(Source: Public domain use images: pixabay.com)

5.3.4 Activity 5.1
Answer the following questions and file your answers in your portfolio.

(1) Do you think cotton is a good choice for the following articles? In each case state which properties 
of cotton will be an advantage or a disadvantage for the article. Give reasons for your answers.

 •  A child’s summer dress
 •  Bed linen

(2) Try to find two to four scraps of cotton and cotton blend fabrics. (You could ask at your local 
fabric shop.) Carry out a burn test on the fabrics. Refer to section 2.8.1 in Learning Unit 2 for the 
correct procedure. Follow the instructions carefully and write your observations down and include 
them and a piece of each of the fabrics in your portfolio. Compare your results with the results 
given in table 2.2 of section 2.8.1 in Learning Unit 2. Do your observations tell you whether the 
fabric was pure cotton or a cotton blend?

Answer the following question on the discussion forum on the module web site on myUnisa. 
(Forum 4: Module-related discussions, Topic: Activity 5.1: Cotton or not?)

(3) Examine the labels of 10 different clothing items in your wardrobe or in shops that you think 
would be made of cotton. What are the garments actually made of? What fibre is most often 
blended with cotton? Make a note of your findings for your portfolio and post your findings on 
the discussion forum – for each of your clothing items, give the type of item and the fibre(s) it is 
made out of, and also state which fibre was most often blended with cotton.
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5.3.5 Feedback on Activity 5.1
(1) You should have followed a similar procedure to what you have done previously.

 • What is the end use?
 • What are the serviceability properties (durability, comfort, appearance retention and care) that 

are important for that end use?
 • What are the durability, comfort, appearance retention and care properties of the fibre?
 • How do they relate to the requirements of the end use, and is the property an advantage or a 

disadvantage?
 • Are there any other factors that would be a disadvantage or an advantage?
 • Is the fibre the right choice for the end use?

Example: Bed linen

Bed linen should be cool for summer use, or alternatively warm for winter use. It should be com-
fortable, and not cause irritation. It will be washed often, so it needs to be easy to wash and care 
for. It should also last a long time, and it should retain its appearance.

Requirement Fibre property and reason Advantage/ 
disadvantage

Cool in sum-
mer, warm in 
winter

Cotton has excellent absorbency, which would mean it can 
absorb perspiration from the body and remain cool.

It is a good conductor of heat and would be cool to the touch 
– ideal for summer.

Raising the fabric would increase warmth for winter bed linen.

Advantage

Advantage

Advantage

Comfortable, 
no irritation

Cotton is comfortable against the skin because of its softness 
and fineness.

It is hypoallergenic and would not cause skin irritation or 
allergies.

Advantage

Advantage

Frequent 
washing 

Cotton is easy to wash – it can be washed at high temperatures, 
releases soil easily, and can be ironed safely.

Mild bleach may be used on cotton whites.

Excessive bleaching may weaken the fibre.

Advantage

Advantage

Disadvantage

Easy to care for Sunlight may cause yellowing and the fibre takes a long time 
to dry.

Mildew may damage cotton, so it should not be left damp.

Disadvantage

Disadvantage

Durable Cotton has moderate durability, which should not be a problem 
for bed linen.

It is stronger when wet, so frequent washing is not a problem.

Advantage

Advantage

Retain 
appearance

It generally displays resistance to shrinkage, provided the 
fabric is treated for relaxation shrinkage.

Cotton does not tend to pill. If pills do occur they normally 
break off in the wash because of cotton’s lower tenacity (do 
you remember this from Learning Unit 3, section 3.5.4?), so 
appearance is retained.

Because of low resiliency, cotton tends to wrinkle and crease, 
easily spoiling appearance.

Advantage

Advantage

Disadvantage
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Other factors: Cotton is a relatively inexpensive fibre, so would be ideal for bed linen. Generally, the 
advantages of cotton outweigh the disadvantages, so cotton would be a good choice for bed linen.

Did you find the same result for the child’s summer dress? I would think so.

(2)  Fabric made from cotton and another fibre often behaves differently in the burn test compared 
with cotton on its own. This video https://www.youtube.com/watch?v=_ki9nZVzPMU shows 
a cotton polyester blend fabric in a burn test. Did you notice the smoke and the black residue? 
Cotton on its own leaves a grey feathery ash; the ash from the blend is more like that of polyester 
on its own. The blend continued to burn after the flame was removed, much like cotton does on 
its own. Polyester on its own tends to self-extinguish when the flame is removed.

(3)  What was the most frequently used fibre in cotton blends? Was it polyester? Why do you think 
that is the case? You might want to answer this question again after you have studied the learning 
unit on polyester. Did other students come to the same conclusions as you?

5.4 FLAX
Flax was probably the first textile fibre that human beings used. Linen is the name of the fabric pro-
duced from flax fibres. Fragments of linen fabrics dating back to about 10 000 BCE have been found 
in excavations in prehistoric lake regions of Switzerland. Very fine linen fabrics were used in Egypt 
for mummy wrappings between 3000 and 2500 BCE (figure 5.8). The use of flax also spread to the 
parts of Europe. Belgium became a very important flax growing centre. The water from the river Lys 
was found to be excellent for the retting of the flax, and a high quality fibre could be produced. Linen 
fabric was brought to Great Britain in about 1000 BCE, but it was only by 500 CE that Ireland began 
to process flax into fine linen fabrics.

FIGURE 5.8
Flax was used by ancient Egyptians for wrapping mummies

(Source: Public domain use image: pixabay.com)
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Today flax is grown for fibre in Russia, Poland, Belgium and Ireland. Linen has always been considered 
a prestige or luxury fibre. Production costs are high, but this is compensated for by linen’s cool, crisp 
and clean look. Linen accounts for about 2% of the world’s fibre consumption.

FIGURE 5.9
Linen is produced from flax fibre.

(Source: Public domain use image: pixabay.com)

5.4.1 Fibre production
Flax is a bast fibre, obtained from the stalk or stem of the flax plant. This video https://www.you-
tube.com/watch?v=24yQ5R8On2U gives a good overview of the processing of flax. The flax plant 
requires a temperate climate with generally cloudy skies and adequate moisture. Bright sunlight and high 
temperatures can damage the plant. The flax plant needs a deep, rich, well-ploughed soil, and only one 
crop in every five to seven years can be raised on a specific piece of land. This adds to the cost of linen. 
The flax seeds are sown by hand from March to May and the flax is harvested by the end of August (in 
the northern hemisphere). The flax plant is pulled out of the ground, usually by hand. It is not cut, as 
cutting affects the quality of the fibre, and the sap is lost when the plant is cut.

 • Rippling

After drying, the plant is rippled. This means that it is pulled through special threshing machines that 
remove the seed balls or pods. This video https://www.youtube.com/watch?v=Y6KLJB5FF08 shows 
hand rippling of flax.

 • Retting

The outer woody portion must be rotted away before the fibres can be obtained.

 – Dew retting
 The flax straw is spread out on the grass and exposed to the action of dew and sunlight for four to 
six weeks. This produces a strong fibre, but takes space and time, and is seldom used these days.

 – Pool retting
 The flax is packed in sheaves and immersed in pools of stagnant water. This takes two to four weeks.

 – Tank retting
 This is similar to pool retting, but the water is heated. Retting can be accomplished in a couple of days.
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 – Chemical retting
 Chemicals such as sodium hydroxide (caustic soda) and dilute sulphuric acid are added to the water 
in the tanks. Retting is completed in a matter of hours, but the fibres can easily be damaged.

 • Breaking and scotching

After retting the stalks are bundled together and passed between fluted rollers, which break the outer 
woody covering into small particles called shives. The scotching machine removes broken shives by 
beating or shaking the flax.

 • Hackling

This is a simple combing process which separates the short fibres (tow) from the long fibres (line), leaving 
the latter in parallel formation. The process is similar to the carding and combing of cotton and wool.

 • Spinning

The fibres are now combed into a sliver, drawn out into rovings and wound onto bobbins, ready for 
spinning. Flax fibres are spun either dry or wet, but wet spinning gives the best quality yarn.

This video https://www.youtube.com/watch?v=Le9u7hTIvnQ shows the processing of flax by hand.

5.4.2 Fibre properties
Flax fibres occur in bundles. The irregular appearance of linen fabrics is a result of the fibre bundles. 
Linen fabrics are stiffer and harsher than cotton fabrics because the flax fibres have a higher degree of 
orientation and crystallinity. Crease-resistant finishes can be used to reduce wrinkling. Flax burns easily. 
Flax has a high natural lustre (figure 5.10), and is a more expensive fibre than cotton.

FIGURE 5.10
Flax has a natural lustre

(Source: BERTFR https://commons.wikimedia.org/wiki/File:Lin_teill%C3%A9_%28%3D_fibres_
longues%29_extrait_des_pailles.JPG)
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5.4.2.1 Physical structure

Flax fibres occur in fibre bundles. The individual fibres are about 25 to 40 mm in length, and a mixture 
of lignins, pectins and hemicelluloses cements them together. A process known as cottonisation is 
used to break down the fibre bundles into the individual fibres.

Flax fibres are smoother than cotton fibres. The fibres have crosswise markings called nodes or joints 
(figure 5.11). In cross-section, they are polygonal in shape (angular) and have a central canal (lumen). 
The diameter of the fibres is around 11 to 20 micrometres.

Dew-retted fibres are greyish in colour, while water-retted fibres are yellowish.

FIGURE 5.11
Scanning electron microscope image of flax (note the presence of nodes and angular shape)

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)

5.4.2.2 Serviceability properties

The serviceability properties of flax are summarised in table 5.2.



102

  

TABLE 5.2
Serviceability properties of flax

Properties relating to durability – flax has moderate durability

Abrasion resistance The fibre has good abrasion resistance, 
which is related to the fibre’s high orientation 
and crystallinity.

Strength Flax is very strong for a natural fibre, with a 
tenacity of about 31–44 cN/tex, and 57 cN/
tex when wet.

Flexibility Flax is a stiff fibre, so flexibility is poor.

Elongation Flax has a low elongation (about 2–3% elon-
gation at break).

Properties relating to comfort – flax has high comfort

Moisture absorption Flax fibres are more absorbent than cotton 
and have moisture regain of 12%. Linen has 
good wicking properties.

Heat conductivity Linen is a good conductor of heat and there-
fore is cool to wear.

Properties relating to appearance retention – flax has low appearance retention

Resiliency Resiliency is poor, which means that linen 
fabric will crease and wrinkle badly.

Dimensional stability Flax fibres do not stretch or shrink to any 
marked degree but, as with cotton, linen fab-
rics are subject to some relaxation shrinkage 
unless they are pre-shrunk during finishing.

Elasticity Elasticity is poor: when it is stretched by 3% 
its elastic recovery is only 65%.

Properties relating to care

Effect of alkalis Flax is not damaged by alkaline solutions.

Effect of acids Cool diluted acids do not damage flax. 
However, concentrated acids and hot diluted 
acids can damage it.

Effect of sunlight Linen is not greatly affected by sunlight, 
which makes it a good choice for curtains.
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Biological properties Mildew will attack damp linen fabrics. Linen 
is resistant to most insects.

Washing, ironing and storage Generally speaking, dry-cleaning is recom-
mended for drapery linens, upholstery linens 
and decorative linens. Washable household 
linen, handkerchiefs, and linen apparel can 
be washed easily, at the boil with alkaline 
detergents. Linen fabrics may need frequent 
pressing, unless treated for crease resist-
ance. Linen is more resistant to sunlight than 
cotton. Iron damp or with steam. Safe ironing 
temperature: 232 ºC. Can be bleached with 
chlorine. Older linen fabrics may break along 
crease lines if they folded repeatedly in the 
same place. Store linen cloths rolled up or 
flat.

5.4.3 End uses
The following are end uses of flax:

 • Low heat conductivity and good moisture absorption and wicking make linen ideal for warm weather 
clothing (e.g. shirts, trousers and suits).

 • Flax is also used for linen (e.g. curtaining, upholstery, tablecloths and tea-towels). It is particularly 
suited for tea-towels, as the fibres are longer than those of cotton and the fabric therefore produces 
less lint.

FIGURE 5.12
Flax can be used for similar uses to cotton, but it is more expensive  

and has lower appearance retention

(Source: Public Domain use images pixabay.com)
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5.4.4 Activity 5.2
Answer the following questions and file your answers in your portfolio.

(1) Do you think linen is a good choice for a tablecloth? State which properties of linen will be an 
advantage for the tablecloth, and which properties will be a disadvantage. Give reasons for your 
answers.

(2) Briefly discuss the differences between the processing of cotton and flax.

5.4.5 Feedback on Activity 5.2
(1) Tablecloths are expected to last a long time, so they should be durable. They don’t require any com-

fort properties. They may get stained and will be washed frequently, so they must be easy to wash 
and iron. They should retain their appearance.

Requirement Fibre property and reason Advantage/ 
disadvantage

Durability Flax has good abrasion resistance (fibre orientation and 
crystallinity) and is a strong fibre, so would be durable 
enough.

Flax has low flexibility. This may result in breaks along 
crease lines in linen items.

Advantage

Disadvantage

Easy to wash Flax is not damaged by alkaline solutions, and linen can 
be washed easily at high temperature with alkaline deter-
gents to remove dirt and stains.

Advantage

Retain 
appearance

Flax has poor elasticity and resiliency, which means that 
linen will not retain its appearance. It wrinkles badly.

Provided the fabric is treated for relaxation shrinkage, the 
fabric should not shrink with frequent washing.

Disadvantage

Advantage

Flax is a relatively expensive fibre. It wrinkles badly unless it is given a crease-resistant treatment, 
which would add to the cost. Otherwise, it is a good fibre to use for tablecloths – it is durable and 
easy to wash – and proper storage can eliminate breaks along crease lines. Cost is probably the 
overriding factor in deciding whether flax (linen) is the best choice for tablecloths.

(2) You needed to discuss the different climatic conditions required to produce cotton and flax. Cot-
ton has a longer growing time than flax: 6 to 7 months versus 4 to 6 months. You should then 
have compared the different processing procedures. For cotton it is harvesting and ginning, for 
flax it is rippling, retting (you should have explained the different types of retting), breaking and 
scotching, and hackling. The fact that more processes are required for flax makes production 
more expensive than cotton production.

5.5 OTHER BAST, LEAF AND SEED FIBRES
Although cotton and flax are the most important natural cellulose fibres, other fibres are also used. 
These are obtained from the stem, leaves or seeds of various plants.

Their properties differ from those of cotton and flax because the proportions of the three main polymers 
in the fibre, cellulose, hemicellulose and lignin, differ. Consequently, the fibres have different end uses.
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In South Africa small volumes of sisal, agave and pineapple leaf fibre are produced.

FIGURE 5.13
Rough blankets made from jute, a bast fibre

(Source: Public domain use image: pixabay.com)

5.5.1 Other bast fibres

 • Jute

Jute is a bast fibre. It is widely used and is a relatively inexpensive fibre. It is grown throughout tropical 
Asia, chiefly in Bangladesh, India and Thailand. The processing of jute is labour intensive, and as a result 
it is grown in developing countries where labour costs are low. This video https://www.youtube.com/
watch?v=07mMlazrXYE shows jute production in West Bengal, India.

In fabric form, it is often called burlap or hessian. It is difficult to bleach jute to a pure white colour, and 
jute fabrics are naturally beige to brown in colour (figure 5.14). Jute is a weak fabric with little elasticity 
and resiliency. It will deteriorate in moist conditions. Its chemical, thermal and biological properties 
are similar to those of cotton and flax.

FIGURE 5.14
Woven jute fabric

(Source: Public domain use image: pixabay.com)
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Jute is used mainly for bagging and carpet backing. In the manufacture of furniture, jute is used as a 
base fabric before the actual surface fabrics are attached. It is also used as a base for the manufacture 
of linoleum. Jute is now being replaced in many products by olefin fibres.

 • Ramie

Ramie, frequently called China grass, is a bast fibre. It is a fairly unknown fibre in the West, but is now 
frequently seen in ready-to-wear garments as well as fabrics sold for home sewing. It has been cultivated 
in China, Taiwan, Korea, the Malaysian peninsular and the Philippine islands for hundreds of years. 
Currently, it is also grown in Brazil.

This video https://www.youtube.com/watch?v=lwJPGzDPv-A shows the production of mosi fabric, 
which is made from ramie.

Ramie fibres are long and very fine, with an almost silk-like appearance. The fibres are stiff, however.

FIGURE 5.15
18th century Japanese robe made from ramie and silk

(Source: Public domain use image: commons.wikimedia.org)

Its properties are similar to those of other cellulosic fibres. It is a very strong fibre (the strongest of 
the natural fibres) and highly resistant to microorganisms, insects and rotting. It is frequently blended 
with other fibres, such as cotton or rayon. The ramie gives strength and softness to the other fibres.

 • Hemp

Hemp is a bast fibre that is grown on every continent and in nearly every country. This video https://
www.youtube.com/watch?v=4cWp7qSJXTA shows the processing of hemp.

The properties of hemp are similar to those of cotton. It is also one of the strongest natural fibres, com-
parable with flax in tensile strength. In the past, hemp was used mainly for rope, sacking and heavy-duty 
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tarpaulins, but it is becoming popular as a fashion fabric. Well-known designers such as Calvin Klein 
and Giorgio Armani have used hemp fabrics in their garment collections. Research is currently being 
done to establish a hemp industry in Southern Africa using suitable varieties of the plant.

5.5.2 Other leaf fibres

 • Sisal

Sisal fibres are obtained from the leaves of the sisal plant. (The botanical name of this plant is Agave 
sisalana.) This video https://www.youtube.com/watch?v=ijHvfn2vcss shows the production and uses 
of sisal.

The sisal plant is cultivated mainly in Brazil, China and Mexico, but also in Africa, Java and other parts 
of South America. Sisal is used for matting, ropes, cordage and carpeting.

FIGURE 5.16
Sisal is used for ropes.

(Source: Public domain use image: pixabay.com)

 • Abaca

Abaca is a leaf fibre grown in the Philippines. The plant is a member of the banana family. The fibre is 
used in the Philippines for clothing, but is exported mostly the form of place mats or other decorative 
items. Sometimes it is also used to make rope and cordage.

FIGURE 5.17
Abaca fibre

(Source: Gobautista https://upload.wikimedia.org/wikipedia/commons/8/88/Abaca.jpg)
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 • Pina

Pina fibre is made from the leaves of the pineapple plant, and is produced in the Philippines. Fabrics 
made from this fibre range from crisp to very soft, and are used for clothing and accessories. You will 
learn more about this fibre in Learning Unit 13.

FIGURE 5.18
Fibres can also be obtained from the leaves of the pineapple plant.

(Source: Public domain use image: pixabay.com)

5.5.3 Other seed fibres

 • Coir

Coir is the fibre obtained from the coconut. It is used for outdoor carpets and mats. This video https://
www.youtube.com/watch?v=6VyLhQWMjgs shows the process for obtaining the fibre from the co-
conut husks.

FIGURE 5.19
Fibres are obtained from the outer husk of the coconut.

(Source: Public domain use image: pixabay.com)



CLO2601/1 109

LEARNING UNIT 5: Natural cellulose fibres

 • Kapok
Kapok is a seed fibre obtained from the Java kapok tree. This fibre is difficult to spin, so it is used mainly 
for padding and stuffing, for example in life jackets, and pillows. This video https://www.youtube.com/
watch?v=2AXn00OxrWc shows the fibre. Kapok fibre has mostly been replaced by polyester fibre fill-
ing, foam, rubber or polyurethane foam.

5.5.4 Activity 5.3
Answer the following questions and file your answers in your portfolio.

(1) Briefly discuss two bast (excluding flax), leaf or seed fibres.
(2) If you wanted to add strength and softness to other fibres, what bast, seed or leaf fibre would you 

choose? Give reasons for your answer.

5.5.5 Feedback on Activity 5.3
(1) Bast fibres include jute, ramie and hemp. Leaf fibres include sisal, abaca and pina. Seed fibres 

include coir and kapok. You should have chosen two types, said where the fibres come from, and 
given some properties of the fibres.

(2) Ramie adds strength and softness to other fibres. It is the strongest natural fibre.

5.6 SUMMARY
Natural cellulose fibres are obtained from different parts of plants. They are composed of different 
proportions of three main polymers: cellulose, hemicellulose, and lignin. Because of this they have 
slightly different properties.

Cotton and flax are both important natural cellulose fibres. Both have been used for thousands of years, 
and cotton is still one of the most popular fibres. Like the protein fibres, they require a great deal of 
processing, which increases the cost of the fibre.

Besides cotton and flax, there are a number of other bast, leaf and seed fibres. Many are used for ropes, 
rugs, carpets and stuffing, while others are increasingly being used for apparel.

Just as in the case of the protein fibres, the properties of the fibre determine its possible end uses, and 
you must weigh up the advantages against the disadvantages when selecting a fibre for a particular end 
use. As with the protein fibres, the disadvantage of a fibre can be overcome by applying a treatment or by 
blending it with another fibre. For example, although flax creases badly, application of a crease-resistant 
treatment corrects this disadvantage (but increases the cost!) Likewise, while cotton may be too expen-
sive for some applications, blending it with a cheaper fibre such as polyester can bring the cost down.
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6LEARNING UNIT 6
6Manufactured cellulosic fibres

6.1 INTRODUCTION
Silk, as you have learnt, is an expensive luxury fibre. It was a very popular fibre and scientists tried for long 
time to produce a cheap artificial silk. The first successful attempt was made by Count de Chardonnet in 
1891. The fibre was spun from nitrocellulose, and it was known as “Chardonnet silk”. The fibres were, 
however, very flammable and were soon replaced by other more stable materials such rayon, produced 
by the viscose process, and later acetate. All these fibres used natural cellulose as a starting material.

FIGURE 6.1
Machine for spinning viscose rayon (1901)

(Source: Geni, https://commons.wikimedia.org/wiki/File:Viscose_Rayon_spinning_machine.JPG)

The availability of artificial silk led to a number of changes in the fashion world. Artificial silk stock-
ings (figure 6.2), which appeared in the early 1920s, encouraged the introduction of shorter skirts and 
the new fibre was used to make soft and silky lingerie.

FIGURE 6.2
Artificial silk fibres brought about a fashion revolution

(Source: Public domain use image: wikipedia.com) 
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Although the artificial silk fibres were replaced by a new generation of non-cellulosic manufactured 
fibres, they are still used today – about 5% of global fibre production is manufactured cellulosic fibre.

6.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Give a brief history of rayon, acetate and triacetate and describe the processes for manufacturing 
these fibres

 • Evaluate the durability, comfort, appearance retention and care properties of rayon and acetate fibres 
for a particular end use

 • Discuss the care requirements for these fibres

6.3 RAYON
The first manufactured fibres were made in an attempt to replicate silk from silkworms. In 1883 the 
English physicist and chemist JW Swan and in 1885 the French chemis Count Hilaire de Chardonnet 
patented synthetically made fibres. Count de Chardonnet exhibited and sold his fibres at the Paris Ex-
hibition of 1889 under the name of Chardonnet silk. In 1891 two English scientists, Charles Cross and 
Edward Bevan, invented the viscose process of making rayon. In 1910 the first American rayon plant, 
the American Viscose Company, was opened.

The cuprammonium process of manufacturing rayon was introduced in Germany in 1891. In 1975 the 
United States of America stopped its production of cuprammonium rayon, although it is still produced 
in Italy, Japan and Germany. Most of the rayon used today is viscose rayon, and for that reason I will 
not discuss the other types in detail.

In 1989, a company called Courtaulds introduced a new process of manufacturing rayon, a solvent-spun 
method. The product is called lyocell (see Learning Unit 13), and it was the first new manufactured 
fibre developed in many years.

FIGURE 6.3
Rayon is soft and comfortable to wear.

(Source: Public domain use image: wikipedia.org)
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6.3.1 Fibre production
Rayon is made from cellulose that is obtained from wood pulp and cotton linters. This video https://
www.youtube.com/watch?v=5QFOnZ3TLHQ shows the stages in the process on a small scale.

 • Sheet production

The wood pulp and cotton linters are processed, and pure cellulose is extruded and formed into sheets.

 • Alkalisation and pressing

The sheets are steeped in caustic soda (sodium hydroxide (NaOH)) and then pressed to remove excess 
liquor.

 • Shredding and aging

The soda cellulose is shredded and aged. Aging reduces the length of the cellulose polymer.

 • Xanthation and solvation

Carbon disulphide is added to convert the cellulose into a form which is soluble in caustic soda. This 
forms a viscous (thick and sticky – this is why it is called viscose) honey-coloured liquid, called the 
viscose dope.

(In the case of cuprammonium rayon a solution of ammonia, copper sulphate and caustic soda is used. 
This video https://www.youtube.com/watch?v=f_AvqnMTJjg shows the process on a laboratory scale.)

 • Spinning

The viscose is then forced through a spinneret (this is an instance of wet spinning – you learnt about 
this in section 2.4.2 of Learning Unit 2). The fibres coagulate in an acid bath.

High-wet-modulus rayon is manufactured by making certain changes to the process. The fibre retains 
its microfibrillar structure and has a higher degree of polymerisation compared with regular rayon. The 
high-wet-modulus rayon is much stronger when wet than regular rayon. This means that its performance 
is more similar to cotton than that of regular rayon.



CLO2601/1 113

LEARNING UNIT 6: Manufactured cellulosic fibres

6.3.2 Fibre properties
The use of rayon is dictated more by its aesthetic qualities than its durability. Rayon is soft and com-
fortable to wear next to the skin.

The lustre of the fibre can range from dull to bright. The fibres burn easily. Rayon is generally a cheaper 
fibre than cotton.

FIGURE 6.4
Rayon fibres and yarn

(Source: Author’s image)

6.3.2.1 Physical structure

As with most other manufactured fibres, the length and diameter of rayon fibres can be controlled. 
Fibre diameter can vary from 12 to 1000 micrometres, for example.

The manufactured fibres are white, cream or beige (figure 6.5), unless they are pigment dyed during 
manufacture.

FIGURE 6.5
Rayon fibres can be beige in colour

(Source: Public domain use image: wikipedia.org)
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6.3.2.2 Serviceability properties

The serviceability properties of rayon are summarised in table 6.1.

TABLE 6.1 
Serviceability properties of rayon

Properties relating to durability – rayon has low durability

Abrasion resistance Abrasion resistance is low.

Strength The tenacity of rayon varies from 13 to 22 
cN/tex. High-wet-modulus rayon can have a 
tenacity of about 44 cN/tex. Both fibres lose 
strength when wet, with regular rayon losing 
about half of its strength. The tenacity of the 
different fibres is given so that you can com-
pare different fibres. You do not need to re-
member the exact figures, but you should 
be able to say whether a fibre is stronger or 
weaker than another.

Flexibility Rayon has poor flexibility.

Elongation Rayon has a low elongation (15% elongation 
at break).

Properties relating to comfort – rayon has excellent comfort

Moisture absorption Rayon is more absorbent than cotton and linen, 
and only wool and silk exceed it in terms of 
absorbency. Rayon has a moisture regain of 
between 12 and 14%. It accepts colour eas-
ily and can be dyed or printed with beautiful 
colours.

Heat conductivity Rayon is a good conductor of heat, and is 
therefore cool to wear.

Properties relating to appearance retention – rayon has low appearance retention

Resiliency Rayon has little resiliency, and special fin-
ishes must be applied to prevent creasing and 
wrinkling.

Dimensional stability Rayon shows some relaxation shrinkage in 
the first wash. It shrinks more than cotton, 
and the fabric must be pre-shrunk before a 
garment is cut out.



CLO2601/1 115

LEARNING UNIT 6: Manufactured cellulosic fibres

Elasticity Rayon has little elasticity (80% at 2% stretch 
– the lowest of any fibre). The fabric stretches 
easily without returning to its original size and 
shape, which is a problem for home sewers, 
who may find that the fabric “grows” if it is 
handled too much. High-wet-modulus rayon 
has better elastic recovery.

Properties relating to care

Effect of alkalis Concentrated alkaline solutions will cause 
rayon to disintegrate, but weak alkalis do not 
damage it.

Effect of acids Hot diluted acids and cold concentrated acids 
will cause rayon to disintegrate.

Effect of sunlight Rayon fibres deteriorate with prolonged expo-
sure to the sun.

Biological properties Rayon is resistant to all insects except 
silverfish.

Washing, ironing and storage Rayon should be dry-cleaned, but some types 
of fabric and garment construction are such 
that they can be hand or machine washed if 
care is taken. Do not wring or twist the article. 
Press the article while damp on the wrong side 
with the iron at a moderate setting. Between 
wearings, rayon articles may be pressed with 
a cool iron.

6.3.3 End uses
The following are end uses of rayon:

 • One of the main uses for rayon is lining fabrics.
 • Other uses include dresses, blouses, shirts, curtains, lingerie, ribbons and trimmings.
 • Rayon is also used in non-woven fabrics such as industrial wipes, bandages, tampons and sanitary 

towels. These products are disposable and biodegradable.
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FIGURE 6.6
Rayon is used to produce different types of textiles including lingerie,  

linings, blouses, ribbons and bandages.

(Source: Author’s images and public domain use image: wikipedia.org)

This video https://www.youtube.com/watch?v=KhcY3H0QmLI of an old film shows the popularity 
of rayon in the 1940s!

6.3.4 Activity 6.1
Answer the following questions and file your answers in your portfolio.

(1) The most widely used rayon is viscose rayon. The fabric has been popular for a number of years, 
mainly because of its aesthetic and comfort properties. Why is the fabric so comfortable to wear?

(2) What properties make rayon a good choice for a shirt? What properties make it a bad choice?

6.3.5 Feedback on Activity 6.1
(1) Rayon is very comfortable to wear. It is more absorbent than cotton and linen, and only wool and 

silk are more absorbent. It has a moisture regain of between 12 and 14%, which means it absorbs 
a great deal of moisture, keeping the wearer cool and dry. The high moisture absorbance also 
means a lower chance of static build-up. Rayon is also a good conductor of heat, moving heat 
away from the body, and is therefore cool to wear. The fibre itself is very soft and so is comfort-
able to wear next to the skin.

(2) Rayon for a shirt
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Good properties (Advantages) Bad properties (Disadvantages)

Comfort is excellent – it is soft against the 
skin, has high moisture absorption, and high 
heat conductivity

Durability is low – it has low abrasion resistance, 
low strength, poor flexibility and low elongation, 
and it loses strength when wet.

Cost – rayon is generally cheaper than cotton 
and much less expensive than silk.

Appearance retention is low – it has little resil-
iency and wrinkles easily; special finishes are 
required to prevent creasing and wrinkling, which 
would add to the cost. It has low dimensional 
stability. It has very little resiliency, which means 
that it stretches easily and does not return to its 
ordinal size and shape.

Aesthetic – the lustre of rayon can be varied, 
from dull to bright.

Care – rayon will disintegrate in strong alkalis and 
acid solutions. It will also deteriorate in sunlight. 
It is susceptible to being eaten by silverfish.

Care must be exercised with washing. Wringing 
and excessive handling (which may stretch the 
fabric) should be avoided. It must be ironed with 
a cool iron.

Flammability – rayon burns easily.

6.4 ACETATE AND TRIACETATE
Cellulose acetate was developed in England during the First World War by the Dreyfus brothers to be 
used as a lacquer on aircraft wings (figure 6.7). After the war, in 1918, the Dreyfus brothers developed 
the technique for spinning the substance into “artificial silk” fibres. Commercial production of acetate 
fibres started in 1921 in England and in 1924 in the United States of America.

FIGURE 6.7
Cellulose acetate was originally used on aircraft wings.

(Source: Photograph by MilborneOne https://commons.wikimedia.org/wiki/File:RAF2699.jpg)

Although triacetate fibres were developed along with regular acetate, triacetate manufacture had to be 
delayed until 1952 when satisfactory and safe solvents became available. In 1954 the Celanese Corpora-
tion of America began with the large-scale commercial production of Arnel®, a triacetate fibre. The 
production of Arnel® was stopped in 1986.
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6.4.1 Fibre production

 • Manufacturing processes

The raw materials for the manufacturing of acetate are cellulose, acetic acid and acetic anhydride, 
with sulphuric acid as a catalyst. After the cellulose has been ripened, washed and dried, the acetate 
flakes are dissolved in acetone. The spinning solution then formed is forced through a spinneret into a 
chamber of warm air where the acetone evaporates and the acetate fibres coagulate (this is an example 
of dry spinning, which you learnt about in section 2.4.2 of Learning Unit 2). This video https://www.
youtube.com/watch?v=FCzI—Sk5Zs shows some of the processes used in manufacture.

Triacetate follows very much the same process except that the acetate solution is not allowed to ripen. 
After washing and drying, the acetate flakes are dissolved in dichloromethane and then dry spun into 
a warm-air chamber.

 • Finishing processes

Acetate and triacetate fibres differ from all the fibres we have discussed so far in that they are thermo-
plastic. This means that they can be softened by the application of heat, and placed or pressed into a 
particular shape. Consequently, the fabrics made from these fibres can be permanently embossed or 
pleated. This also means that they must be ironed at lower temperatures.

6.4.2 Fibre properties
Acetate has a high lustre and pleasant hand. Like viscose rayon, its aesthetic properties outweigh (are 
more important than) its durability and ease of care. Most dry-cleaning solvents have no effect on 
acetate and triacetate. However, acetone (found in nail-polish remover) will destroy acetate, and other 
solvents will destroy triacetate.

FIGURE 6.8
Advertisement for an evening gown made from acetate – beautiful and comfortable to wear, 

but difficult to care for

(Source: Public domain use image: commons.wikimedia.org)
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6.4.2.1 Physical structure

As with rayon, the length and diameter of the fibres can be controlled.

Acetate has and keeps a good white colour, which is one of its advantages over silk.

FIGURE 6.9
Example of acetate yarn

(Source: Author’s image)

6.4.2.2 Serviceability properties

The serviceability properties of acetate are summarised in table 6.1.
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TABLE 6.1 
Serviceability properties of acetate

Properties relating to durability – acetate has low durability

Abrasion resistance Acetate has poor abrasion resistance.

Strength Acetate is a weak fibre, having a tenacity of 
10–13.2 cN/tex when dry and 7–9 cN/tex when 
wet. Other weak fibres have some compensat-
ing property, such as good elastic recovery 
in the case of wool and spandex, but acetate 
does not. Triacetate is also weak, with a tenac-
ity of 10.3–11 cN/tex when dry and 6–7 cN/tex 
when wet.

Flexibility Acetate is not a very flexible fibre.

Elongation Acetate has an elongation at break of 25%.

Properties relating to comfort – acetate has moderate comfort

Moisture absorption Acetate has a moisture regain of 6–7% and is 
subject to static build-up. Triacetate is less ab-
sorbent. The low water absorption means that 
the fabric is uncomfortable to wear in warm, 
humid weather, although it dries quickly.

Heat conductivity Heat conductivity is moderate. Although acetate 
and triacetate are poor conductors of heat and 
warm to wear, it is possible to make garments 
suitable for summer wear by using very fine 
yarns and sheer fabric construction.

Properties relating to appearance retention – acetate has low appearance retention

Resiliency Acetate fabrics are not very resilient. They 
wrinkle as they are worn and may develop wrin-
kles during washing which are hard to remove. 
Triacetate is the most resilient of the cellulosic 
fibres.

Dimensional stability Dimensional stability is moderate; the fibres are 
weaker when wet, and heat make them shrink.

Elasticity Elastic recovery is low (58% at 4% stretch), but 
is better than that of rayon.

Properties relating to care

Effect of alkalis Alkalis have little effect on acetate.

Effect of acids Acetate is resistant to weak acids.
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Effect of sunlight Acetate has a better sunlight resistance than 
silk or nylon, but less than the cellulose fibres.

Biological properties Acetate is resistant to moths, mildew and 
bacteria.

Washing, ironing and storage Most acetate garments should be dry-cleaned. 
Some knits are washable. Hand wash in warm 
water with mild detergent. Do not twist or wring 
out the garment. Do not soak colour items. 
Press while damp on the wrong side with a 
cool iron. Maximum ironing temperature: 177 
ºC (Triacetate has a higher melting point than 
acetate.) Circular knits should be laid flat to dry. 
Chlorine bleach can be used.

6.4.3 End uses

The following are end uses of acetate and triacetate:

 • Acetate is used in blouses, dresses, lingerie, robes, bedspreads, quilts and linings. It is also used for 

wedding gowns.

 • Triacetate can be heat-set and is used in dresses and skirts where pleat retention is important.

FIGURE 6.10

Some uses of acetate and triacetate fibres

(Source: Author’s image and public domain use images: pixabay.com, commons.wikimedia.org)
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6.4.4 Activity 6.2
Answer the following questions and file your answers in your portfolio.

(1) How do you tell rayon and acetate fibres apart in the burn test?
(2) Considering ironing in fabric choice, which would be more suitable, rayon, acetate or triacetate? 

Give reasons for your answer.

6.4.5 Feedback on Activity 6.2
(1) Acetate will melt and curl away when approaching the flame. In the flame it burns with melting 

and continues to do so when the flame is removed. It smells like hot vinegar. The residue takes 
the form of irregularly shaped, brittle, hard black beads. This video https://www.youtube.com/
watch?v=vDCv5yfzwQk shows a burn test on acetate.
Rayon behaves more like cotton. It does not shrink from the flame. In the flame it burns quickly 
and continues to burn after the flame is removed. The fabric exhibits afterglow. It smells like 
burning paper and the residue, when there is any, is a grey, feathery ash. This video https://www.
youtube.com/watch?v=QiIUavnTnlA shows a burn test on rayon.

(2) Considering ironing in fabric choice, the choice of fabric would be rayon over triacetate over 
acetate. This is because acetate and triacetate are both thermoplastic fibres and will melt when 
exposed to a hot iron. Triacetate is better than acetate because it melts at a higher temperature 
than acetate. All three should be ironed while damp. On rayon a moderate heat can be used, while 
on acetate and triacetate a cool iron must be used.

6.5 SUMMARY
The quest for an artificial silk led to the development of manufactured fibres produced from cellulose 
sources. Early fibres were very flammable and were replaced by more stable fibres which included rayon 
and acetate, and later triacetate. You will see in the learning units that follow that the quest for fibres 
with better properties continued; however the scientists now turned to different monomers.

The choice regarding the use of manufactured cellulose fibres is based mainly on their appearance 
and comfort properties – rayon in particular has excellent comfort properties. Acetate and triacetate 
are thermoplastic, and the fabrics produced can be embossed or pressed into a particular shape. The 
manufactured cellulose fibres have low durability and appearance retention, and are difficult to care 
for, which often limits their usage. Figure 6.11 illustrates the origin of cellulose fibres.

FIGURE 6.11
Cellulosic fibres come directly and indirectly from plants

(Source: Author’s image)
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7.1 INTRODUCTION
After the development of manufactured cellulosic fibres the search for an artificial silk continued. 
However, this time the starting materials were not cellulose, but chemicals from petroleum (crude oil). 
In 1939 the public was introduced to nylon, a polyamide polymer in which the simple compounds used 
in its production are linked together by amide linkages.

FIGURE 7.1
Two ladies demonstrating the strength of nylon at the 1939 New York World’s Fair

(Source: American Oil and Gas Historical society http://aoghs.org/products/
petroleum-product-nylon-fiber/)
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When silk became scarce during the Second World War, nylon was used as a substitute for silk in a 
variety of products, such as parachutes and flak vests. It entered the world of fashion in 1940 in the 
form of stockings, which came to be known as “nylons”.

FIGURE 7.2
Nylon: a truly synthetic fibre

(Source: Public domain use image: commons.wikimedia.org)

7.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Give a brief history of nylon and describe the process for manufacturing this fibre
 • Evaluate the suitability of nylon for a particular end use by examining the durability, comfort, 

appearance retention, and care properties of this fibre, and give reasons for your choice
 • Relate the outstanding properties of Nomex and Kevlar to their end uses

7.3 NYLON
The general public was first introduced to a truly synthetic fibre on 15 May 1940, when nylon stockings 
were launched after a successful mass advertising campaign. However, the history of nylon dates back 
to 1927 when the DuPont Company decided to give a small group of scientists, under the leadership 
of Wallace Caruthers, unrestricted funds to do research into fibre development.

FIGURE 7.3
In the fashion world nylon first gained prominence in the manufacture of stockings.

(Source: Public domain use image: pixabay.com)
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One of the problems with the early stockings was laddering. This video https://www.youtube.com/
watch?v=3hmoQWnYW_I shows the manufacturing of stockings in the 1960s by a new method, in-
tended to reduce ladders.

7.3.1 Fibre production
Before continuing with this section, watch this video clip showing the production of nylon. https://
www.youtube.com/watch?v=4GxeSO7DyaE

You really do not have to remember any of the very complex chemical names from the video on nylon or those included in 
the descriptions of the manufacturing processes for the manufactured non-cellulosic fibres. They are given purely for back-
ground information.

Nylon is a manufactured fibre in which the fibre-forming substance is a long-chain synthetic polymer 
in which less than 85% of the amide linkages attach directly to two aliphatic groups. Nylon contains 
carbon, hydrogen, oxygen and nitrogen, as well as two basic chemicals, hexamethylene diamine and 
adipic acid. It is formed by condensation polymerisation, which means that a molecule of water is given 
off when a molecule of acid joins a molecule of the diamine.

When the diamine and the acid combine they form nylon salt. The nylon salt is purified and then 
polymerised in an autoclave. It is extruded in ribbon form and chipped into small flakes. In this form 
it can be easily transported to other factories or even other countries to be spun into nylon filaments. 
The flakes are melted and extruded through a spinneret, after which they coagulate in cold air (this is 
an instance of melt spinning, which you learnt about in section 2.4.2 of Learning Unit 2).

Different types of polyamides are made by using monomers of different sizes (different numbers of 
carbon atoms). Nylon 6 has six carbon atoms in the repeating unit, while nylon 6.6 has two sets of 
six carbon atoms. High-tenacity nylon is made by drawing out the fibres more than regular nylon 
fibres, and hence increasing crystallinity and orientation. These fibres are stronger than regular nylon, 
but have less elongation.

7.3.2 Fibre properties
Nylon has a protein-like molecule and is related chemically to the protein fibres wool and silk. It is a 
more expensive fibre than polyester and is used in applications where its specific properties are needed. 
Fabrics may be fine and soft or firm depending on fibre fineness, fabric construction and finishing. 
Fibres can be either matt or lustrous, depending on fibre cross-section and additives.

FIGURE 7.4
An early use of nylon was parachute fabrics. It is still used for this purpose today.

(Source: Public domain use image: pixabay.com)
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7.3.2.1 Physical structure

As with most other manufactured fibres, the length and diameter of nylon can be controlled. A wide 
range of cross-sections is produced, including Y-shaped, trilobal, round, triangular, pentagonal and 
hollow (refer to section 3.3.2 in Learning Unit 3).

Filaments, textured filaments (about 80% of nylon filament production) and staple fibres are available.

FIGURE 7.5
Nylon 6.6 fibres

(Source: Author’s image)

7.3.2.2 Serviceability properties

The serviceability properties of nylon are summarised in table 7.1.
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TABLE 7.1 
Serviceability properties of nylon

Properties relating to durability – nylon has excellent durability

Abrasion resistance Nylon has excellent abrasion resistance. Nylon 
carpet fibres can outwear all other fibres.

Strength Nylon is a very strong fibre. It can have a tenac-
ity between 31 and 45 cN/tex. Tenacity drops 
by about 10–20% when the fibre is wet.

Flexibility Nylon has good flexibility.

Elongation Nylon has high elongation (16% at break).

Properties relating to comfort – nylon has low comfort

Moisture absorption Compared with natural fibres, nylon has rath-
er low moisture absorption (moisture regain 
of about 3.5–5%). However, its regain is the 
highest for manufactured non-cellulosic fibres. 
Static can be a problem, particularly when the 
air is dry.

Heat conductivity Nylon fibres are not good conductors of heat. 
However, nylon fabric either may or may not 
conduct heat well. Nylon can be made into very 
fine filaments which, if woven compactly, will 
result in a warm fabric. However, if extremely 
thin, lightweight, sheer fabrics are woven, they 
can be suitable for summer wear – though they 
are not as comfortable to wear as cotton and 
linen.

Properties relating to appearance retention – nylon has high appearance retention

Resiliency Nylon has excellent resiliency and therefore re-
covers well from creasing, wrinkling or crushing.

Dimensional stability Nylon is thermoplastic. It can be heat set so that 
it will retain its shape during use and washing. 
High temperatures are used for heat setting. 
Application of temperatures higher than those 
used for heat setting may cause fibre deforma-
tion, shrinkage or even melting.

Elasticity Nylon is a highly elastic fibre (82–89% at 3% 
stretch). This property makes it suitable for end 
uses where stretch and recovery are important.
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Properties relating to care

Effect of alkalis Alkalis have no effect on nylon.

Effect of acids Mineral acids will dissolve nylon or cause it to 
disintegrate. Nylon stockings have been known 
to disintegrate while being worn in industrial 
areas where acid fumes are present.

Effect of sunlight Sunlight causes gradual degradation of nylon. 
Therefore, it is not suitable for curtains.

Biological properties Mildew, bacteria or insects do not generally 
affect nylon.

Washing, ironing and storage Most items made from nylon can be machine 
washed. Warm water and the addition of a fabric 
softener to the final rinse cycle are recom-
mended. Nylon tends to pick up colours from 
other items in the wash. Wash white nylons 
separately to avoid a grey look.

They can be hung out to dry (nylon is quick 
drying) or tumble-dried at low temperatures. 
Tumble-drying can cause static build-up. Re-
move articles from the dryer as soon as the 
cycle is completed. If ironing is required, use 
a warm iron. Safe ironing temperature: 150 ºC. 
Nylon is resistant to chlorine bleach.

7.3.3 End uses
The following are end uses of nylon:

 • It is used in ‘Dri-mac’-type jackets and tracksuits, linings, lingerie, blouses, dresses and socks.
 • Its elastic recovery makes it suitable for hosiery (stockings), ski pants and swimsuits.
 • It is used in luggage and carpets.
 • It also has many industrial uses (e.g. belting, parachute fabric, cords, robes, netting, brush bristles, 

umbrellas and sporting goods).
 • Staple fibres are often used in blends with other fibres in these end uses.
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FIGURE 7.6
Some of the many uses of nylon

(Source: Public domain use images: pixabay.com filcr.com)

7.4 ARAMID
An aramid fibre is one in which the fibre-forming substance is a long-chain polyamide in which at least 
85% of the amide linkages are attached directly between two aromatic rings. The first aramid fibre was 
introduced in 1963. In 1980 there were two aramid fibres available in the United States of America, 
namely Nomex® and Kevlar®, and one available in Japan, namely Conex®.

FIGURE 7.7
Aramid fibres are used for protective garments.

(Source: Public domain use images: commons.wikimedia.org)
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The most important property of Nomex is its resistance to high temperatures and flame. This video 
https://www.youtube.com/watch?v=YK4E9SrVTKs demonstrates the fire protection of Nomex. 
The fibre can withstand temperatures of up to 370 ºC. It has extremely low flammability and is self-
extinguishing as soon as it is removed from the flame. However, it has poor resistance to sunlight. It 
is used for heat-protective clothing, space apparel, ironing- or pressing-machine covers, and for other 
industrial and military applications.

Kevlar has an extremely high tenacity of approximately 194 cN/tex. This is more than five times 
the strength of steel wire. It is also used for protective clothing, particularly for body armour, such 
as bullet-proof vests, or for the strings on tennis racquets. This video https://www.youtube.com/
watch?v=eRabvfq8TdA shows the manufacture of a bullet-proof vest, and this video https://www.
youtube.com/watch?v=XDjjs225lCw demonstrates the cut resistance of Kevlar.

7.4.1 Activity 7.1
Answer the following questions and file your answers in your portfolio.

(1) Give the names of two aramid fibres and state the most important property and use of each.
(2) What effect does the thermoplasticity of nylon have on its dimensional stability and care 

requirements?
(3) Do you think nylon is a good choice for the following articles? State which properties of nylon 

will be an advantage for the article and which properties will be a disadvantage. Give reasons 
for your answers.

 • Net curtaining
 • A petticoat
 • Carpets for a lounge

Answer the following question on the discussion forum on the module web site on myUnisa. 
(Forum 5: Module-related discussions, Topic: Activity 7.1: Nylon petticoat)

(4) On the discussion forum, post one advantage and one disadvantage of using nylon for a petticoat. 
Give reasons for your answer.

7.4.2 Feedback on Activity 7.1
(1) Nomex: it is resistant to high temperatures and flame. It is used for heat-protective clothing. 

Kevlar: it is extremely strong – five times stronger than steel. It is used for bullet-proof vests.
(2) Nylon is a thermoplastic fibre. Because it is thermoplastic it can be heat set so that it will retain 

its shape during use and washing, and thus has good dimensional stability. Application of heat 
at temperatures higher than those used for heat setting may cause deformation, shrinkage, or 
melting. Because it is thermoplastic, care must be exercised when ironing. Too high an ironing 
temperature will cause melting. The safe ironing temperature for nylon is 150 °C.

(3) You should have followed a similar procedure to that used previously.

 • What is the end use?
 • What are the serviceability properties (durability, comfort, appearance retention and care) that 

are important for that end use?
 • What are the durability, comfort, appearance retention and care properties of the fibre?
 • How do they relate to the requirements of the end use, and is the property an advantage or a 

disadvantage?
 • Are there any other factors that would be a disadvantage or an advantage?
 • Is the fibre the right choice for the end use?
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Example: Carpets for a lounge

A lounge is probably only a medium-traffic area. The carpet should be durable enough to last a 
number of years. It should also retain its appearance, as it is in a very visible position. Cleaning 
will be minimal – vacuuming and occasional shampoo cleaning.

Requirement Fibre property and reason Advantage/ 
disadvantage

Durability Nylon has excellent abrasion resistance, it is a strong fibre, 
and has high elongation. All these factors give nylon excel-
lent durability.

Advantage

Appearance 
retention

Nylon has excellent resiliency and elasticity and will recover 
well from people walking on it.

Advantage

Care Nylon is easy to care for and will dry quickly after 
shampooing.

Sunlight cause gradual degradation of nylon, so it might be 
a problem if the carpet receives a lot of light through the 
windows.

Nylon is generally resistant to biological attack.

Advantage

Disadvan-
tage

Advantage

Other fa ctors: Nylon is cheaper than wool, which is another option for carpets. Generally, the 
advantages of nylon outweigh the disadvantages, so nylon would be a good choice for a lounge 
carpet.

What conclusions did you come to for nylon as a fibre for net curtains and a petticoat? For net 
curtains the effect of sunlight might be an overriding disadvantage. For a petticoat the moisture 
regain might be a disadvantage and the heat conductivity of a thin, lightweight, sheer fabric a 
possible advantage.

(4) Were your answers similar to those posted by other students?

7.5 SUMMARY
Nylon was the first non-cellulosic manufactured fibre – it is manufactured from chemicals from pe-
troleum. Its first textile use was as a replacement for silk in stockings. It has some similarities to silk in 
that it has a protein-like molecule.

Its introduction, like that of rayon before it, brought about changes in the clothing we wear. Nylon has 
excellent durability and good appearance retention, and it is relatively easy to care for. It is, however, 
more expensive than many other fibres and has low comfort properties, which can limit its use.

Nomex and Kevlar are aramid fibres. Nomex has a high resistance to heat and flame, while Kevlar is 
extremely strong. These fibre properties determine the end use of these fibres in protective clothing.
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FIGURE 7.8
Nylon, Nomex and Kevlar provide protection.

(Source: Public domain use images: pixabay.com, commons.wikimedia.org)

Let’s end this learning unit by taking a more modern look at nylon stockings in this video: https://
www.youtube.com/user/ExquisiteNylon.
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8Manufactured non-cellulosic fibres: polyester

8.1 INTRODUCTION
Polyester is a category of polymers that contain the ester functional group in their main chain. The 
monomers for polyester are also obtained from petroleum.

Polyester missed out on being the first commercially viable manufactured non-cellulosic fibre because 
researchers thought that nylon showed greater promise. In 1946 the polyester fibre Terylene® was first 
introduced to the public, followed by Dacron® in the early 1950s. Polyester became known as the 
“scrunch it, pull it, wash it – without any wear and wrinkles” fabric.

FIGURE 8.1
By the end of the 1950s polyester was competing with cotton and nylon as the fibre of choice 

for a range of clothing. Terylene meant permanently pleated, non-iron skirts for easy wear 
and easy care.

(Source: Fashion for the people: a history of clothing at Marks & Spencer, https://rbkclibraries.
wordpress.com/2015/08/07/fashion-for-the-people-a-history-of-clothing-at-marks-spencer/com-

ment-page-1/ )

Polyester increased in popularity until the 1970s, when it came to be thought of as a cheap fibre that 
was uncomfortable to wear. The fortunes of polyester were revived by a campaign promoting its “wash 
and go” properties, and by blending it with other fibres such as cotton and wool. This video https://
www.youtube.com/watch?v=R8jPt5-7ips highlights the differences between cotton, the most popular 
natural fibre, and polyester, the most popular manufactured fibre.

Today, microfibre polyester has caused polyester to regain its popularity because it has a silk-like feel 
and excellent drape, is lightweight, and is more comfortable to wear.

(A microfibre has a diameter of less than one denier. Polyamide and polyester/polyamide microfibres are also produced.)
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8.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Give a brief history of polyester and describe the process for manufacturing this fibre
 • Evaluate the suitability of polyester for a particular end use by examining the durability, comfort, 

appearance retention, and care properties of this fibre, and give reasons for your choice

8.3 POLYESTER
The initial work on polyester fibres was conducted by the American chemist and inventor Dr WH 
Carothers, who was the leader of organic chemistry at DuPont. Polyester was in fact developed before 
nylon, but when the polyamides showed more promise, research was concentrated on them and poly-
esters were set aside.

British chemists decided to continue research on polyester and in 1946 the polyester fibre, Terylene®, 
was introduced to the public.

DuPont’s polyester fibre came onto the market in the early 1950s and was known as Dacron®. Since then 
many other polyester fibres such as Tergal®, Tetron®, Trevira®, Crimplene® and Kodel® have come 
onto the market.

FIGURE 8.2
Trevira® is blended with wool and used in suits.

(Source: Author’s image)
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8.3.1 Fibre production
Polyester is a manufactured polymer in which the fibre-forming substance is any long-chain synthetic 
polymer composed of at least 85% by weight of an ester of a substituted aromatic carboxylic acid. The 
principal raw material is ethylene, which is obtained from petroleum. Over 70 to 75% of polyester is 
produced by a continuous process using terephthalic acid and MEG (mono ethylene glycol). The other 
process is a batch process using dimethyl terephthalate and MEG. The process from there on is the 
same as for nylon.

This video https://www.youtube.com/watch?v=KHGGX9y4Mjc shows a production line for the 
manufacture of polyester staple fibre.

Today recycling is important. Polyester fibre is also produced by recycling of polyester waste and bottles. 
This video https://www.youtube.com/watch?v=ofU1wK4sZDs shows the process.

8.3.2 Fibre properties
Polyester has good resistance to solvents. Polyester is oleophilic (oil-loving), and so it absorbs oily 
substances and holds on to the oil. This means that polyester picks up oil stains easily, and these are 
difficult to remove during laundering.

Fabrics may be fine and soft or firm, depending on fibre fineness, fabric construction and finishing. 
Fibres can be either matt or lustrous, depending on cross-section and additives.

FIGURE 8.3
Polyester fibre

(Source: Author’s image)
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8.3.2.1 Physical structure

As with most other manufactured fibres, the length and diameter of polyester can be controlled. Mi-
crofibre polyester has a diameter of less than one denier.

A range of cross-sectional shapes is also produced, including round, trilobal, octolobal, pentalobal, 
triangular and hollow.

FIGURE 8.4
Hollow polyester fibres trap heat and are used as filling for duvets and pillows.

(Source: Public domain use image: pixabay.com)

Filaments, and textured and staple polyester fibres are available.

Different fibres can be produced to satisfy particular end use requirements. Examples are high strength, 
flame resistance, heat resistance, high shrink resistance, high crimp, antistatic, low melting and low pilling.

8.3.2.2 Serviceability properties

The serviceability properties of polyester are summarised in table 8.1.
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TABLE 8.1 
Serviceability properties of polyester

Properties relating to durability – polyester has excellent durability

Abrasion resistance Polyester fibres possess excellent abrasion 
resistance. However, the fibres are very strong 
and fabrics have a tendency to pill with pro-
longed use.

Strength The tenacity of polyester ranges from 31 to 39 
cN/tex. Polyester does not lose much strength 
when wet, and therefore requires less care 
during laundering.

Flexibility Polyester fibres have good flexibility.

Elongation Polyester has high elongation (40–45% elon-
gation at break).

Properties relating to comfort – polyester has low comfort

Moisture absorption Polyester fibres have low moisture absorp-
tion (0.4–0.5% moisture regain). A polyester 
garment is uncomfortable to wear in humid 
conditions, but is quick drying. It is possible to 
improve wicking properties by using finishes 
and fibres which have different cross-sectional 
shapes. To improve comfort it is also possible 
to blend polyester with other fibres such as 
cotton, which are able to absorb moisture. 
Polyester is inclined to build up static electric-
ity (the use of a fabric softener in laundering 
may reduce static build-up). Static can be a 
distinct disadvantage in the case of dark fab-
rics because they tend to attract lint, which 
spoils the appearance of the fabric.

Heat conductivity Although polyester fibres are better conductors 
of heat than acrylic fibres, their heat conduc-
tivity is still low. Yarn and fabric construction 
play a role in how cool or warm a polyester 
garment is. Blending can increase its comfort: 
for example, blending with wool increases 
warmth, and blending with cotton increases 
coolness.

Properties relating to appearance retention – polyester has high appearance retention

Resiliency Polyester fibres are highly resilient and recover 
excellently from creasing and wrinkling. Some 
polyester fibres have a recovery similar to 
that of wool at the higher elongations, which 
helps explain the compatibility of wool and 
polyester blends.
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Dimensional stability Polyester that has been heat set will not stretch 
or shrink at temperatures lower than the heat-
setting temperature (normally around 200 ºC). 
Knitted polyester fabrics (and sometime woven 
fabrics) may shrink in the laundry if they have 
not been properly heat set. High temperatures 
in laundering can set creases.

Elasticity Polyester fibres are more elastic (76% recov-
ery at 3% stretch) than cellulosic fibres, but 
less elastic than nylon.

Properties relating to care

Effect of alkalis Polyester has good resistance to alkalis at 
room temperature.

Effect of acids Polyester has good resistance to acids at room 
temperature.

Effect of sunlight Polyester has good resistance to sun-
light, which is why Terylene® is popular for 
curtaining.

Biological properties Polyester is resistant to mildew, bacteria and 
insects.

Washing, ironing and storage Most items made from polyester can be dry-
cleaned. Most items made from polyester 
can be machine washed. Use warm water to 
minimise wrinkling and add a fabric softener 
to the final rinse cycle. Fibres may hold on 
to oily stains. Machine dry at a low tempera-
ture setting. Remove articles as soon as the 
tumble-drying cycle is complete. If ironing is 
needed, use a moderately warm iron. Safe 
ironing temperature: 163 ºC. Resistant to chlo-
rine bleach.

8.3.3 End uses
The following are the end uses of polyester:

 • Polyester is used in a wide range of applications, such as clothing, home furnishings and industrial 
products.

 • As a staple fibre, its biggest use is in blends with cotton. It is also blended with other fibres, such 
as wool.

 • Filament yarns, usually textured, are used in apparel fabrics for dresses, blouses, ties, scarves and 
rainwear. They are also used in linings.

 • Polyester on its own (hollow fibre) is used as a stuffing for duvets, pillows and toys and in jackets.
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 • High tenacity polyester is used for tent-roofing, tarpaulins, tyre cord fabrics and geotextiles.
 • Flame-retardant varieties are used in hotel bedding, children’s nightwear, and furnishings and 

upholstery in theatres and transport.

FIGURE 8.5
Polyester’s properties and price have given it wide appeal.

(Source: Public domain use images: pixabay.com, publicdomainpictures.net,  
commons.wikimedia.org)

8.3.4 Activity 8.1
Answer the following questions and file your answers in your portfolio.

(1) Why are polyester fibres blended with other fibres?
(2) Do you think polyester is a good choice for the following articles? State which properties of 

polyester will be an advantage for the article and which properties will be a disadvantage. Give 
reasons for your answers.

 • Net curtaining
 • Towels
 • Summer blouse
 • Winter blouse
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8.3.5 Feedback on Activity 8.1
(1) Polyester generally has very good properties. However, its shortcomings lie in its comfort prop-

erties. It has low moisture absorption (0.4–0.5%moisture regain) and is uncomfortable to wear 
in humid conditions. The comfort properties of polyester can be improved by blending it with 
fibres that can absorb moisture, like cotton. Polyester also has low heat conductivity, which can 
make it uncomfortable to wear. Blending it with another fibre can improve comfort: for example, 
blending with wool can increase warmth, and blending with cotton can increase coolness.
Blending also improves the properties of the other fibre, resulting for example in increased dura-
bility and easier care. Blending cheaper polyester with more expensive natural fibres means that 
fabrics can be produced that have (most of) the properties of a 100% natural fibre, but at reduced 
cost. Blending of polyester with other fibres was one of the reasons for its increase in popularity.

(2) Polyester for a summer blouse

We can use the same serviceability properties we used when we considered silk as a choice for a 
summer blouse. This time, we can put the requirements, based on serviceability, in a table:

Requirements

Serviceability 
property

Requirement

Durability As it could be worn often, it should be durable, having good strength, 
flexibility, elongation and abrasion resistance. 

Comfort (1)  It should be cool to wear, and therefore be a good conductor of heat.

(2)   It should be able to absorb perspiration, keeping the wear-
er comfortable.

Appearance retention (1)   It should retain appearance and not wrinkle, and therefore should 
be resilient.

(2)   It will be washed often, and so should be dimensionally stable.

Care The blouse should be easy to wash and iron.

Other factors The blouse should not be too expensive.
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Suitability

Requirement Fibre property and reason Advantage/ 
disadvantage

Durability Polyester has excellent strength and high flexibility and 
elongation, so is very durable.

It has excellent abrasion resistance, so should be 
durable.

Polyester has a tendency to pill with prolonged use, so 
may become unsightly.

Advantage

Advantage

Disadvantage

Comfort (1)   It has low heat conductivity, which would make it warm 
to wear.

(2)   Polyester has low moisture absorbency, which would 
mean it will not absorb perspiration from the body, mak-
ing the blouse uncomfortable to wear.

Low moisture absorbency also means that polyester is 
inclined to build up static electricity, giving poor comfort 
properties.

Disadvantage

Disadvantage

Disadvantage

Retain 
appearance

Polyester is highly resilient, which means it will not wrin-
kle or crease.

It has good resistance to shrinkage provided it is heat 
set.

Advantage

Advantage

Care Polyester can be machine washed and is resistant to 
chlorine bleach, so cleaning is not a problem.

Polyester is quick drying.

Polyester can be ironed with a moderate iron, but could 
be damaged with a hot iron, as it is thermoplastic.

For the same reason, some care may be required if the 
blouse is going to be tumble-dried.

Polyester does not lose much strength when wet, so 
laundering is not a problem.

Polyester is resistant to most chemicals, and has good 
resistance to sunlight and insects, so is easy to care for.

Polyester may hold on to oily stains, which would be 
unsightly.

Advantage

Advantage

Disadvantage

Disadvantage

Advantage

Advantage

Disadvantage

Other factors Polyester is a cheap fibre. Advantage
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Choice

Polyester is a cheap fibre, and so if cost is the main consideration it would be a good choice for a summer 
blouse – it is durable, relatively easy to care for (“wash and go”), and retains its appearance. However, 
its low comfort properties may count against it – it will be hot and sticky to wear and may build up 
static electricity. These problems could, however, be minimised by using a fibre that wicks moisture 
away, applying an anti-static finish, choosing a suitable yarn or weave, or using a microfibre polyester.

How does polyester compare with silk for a summer blouse?

Was polyester a good choice for net curtains? (Probably). Towels? (Probably not). A winter blouse? 
(Perhaps better than for a summer blouse).

8.4 SUMMARY
Polyester is by far the fibre with the greatest demand – approximately 54% of the total fibre market in 
2014. Although the fibre is in great demand, its fortunes have risen and fallen depending on whether 
or not its poor comfort properties were important. Often, the overriding factor in choosing polyester 
is cost: polyester is one of the least expensive fibres. This, coupled with excellent appearance retention 
and durability, makes it a fabric of choice for cost-conscious consumers.

Polyester also blends well with natural fibres such as wool and cotton, and the blend fabrics have the 
best properties of both fibres. This video https://www.youtube.com/watch?v=-5Y9NthvSmc shows 
a comparison between polyester, cotton and polyester/cotton for uniforms.

The production of microfibre polyester has also increased its use, as its comfort properties are better 
than normal polyester.
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9LEARNING UNIT 9
9Manufactured non-cellulosic fibres: acrylic

9.1 INTRODUCTION
Acrylic is a manufactured fibre in which the polymer is composed of at least 85% by weight of acryloni-
trile units. It is an addition polymer, and the monomers are obtained from petroleum.

This video https://www.youtube.com/watch?v=bxXQCOHv7mQ gives an overview of acrylic, and its 
history, production, properties and end uses.

The development of acrylic grew out of attempts to improve rayon. The polymer developed was not 
thermoplastic, and was considered as a replacement for wool. It was initially produced as a filament 
yarn, but only gained popularity when a yarn made from staple fibres was produced. The first fibre 
produced was marketed under the name Orlon® in 1950.

FIGURE 9.1:
In the 1950s, acrylic was used alone or in blends with nylon or wool. Orlon® was promoted as 

being easy to wash, not requiring ironing, having lasting crispness, and being durable.

(Source: Public domain use image: wikipedia.org)

Modacrylic (modified acrylic) fibres were produced commercially before acrylic fibres. The first com-
mercial fibre was Dynel®, which came on to the market in 1949. Modacrylic fibres are made from 
acrylonitrile and another chemical. Modacrylic fibres do not support combustion.
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9.2 LEARNING OUTCOMES

After you have completed this learning unit, you should be able to:

 • Give a brief history of acrylic and describe the process for manufacturing this fibre

 • Evaluate the suitability of acrylic for a particular end use by examining the durability, comfort, 
appearance retention, and care properties of the fibres, and give reasons for your choice

 • Relate the properties of modacrylic to their end uses

 • Use the burn test to identify nylon, polyester and acrylic fibres

9.3 ACRYLIC

This video https://www.youtube.com/watch?v=-qbKbugrdqY explores the development of acrylic and 
highlights its uses as these relate to its properties.

DuPont developed an acrylic fibre in 1944 and commercial production of this fibre, called Orlon®, 
started in 1950. Other companies soon followed suit and manufactured acrylic fibres such as Acrilan®, 
Creslan®, Courtelle®, Dralon® and Crylor®. Most articles bought locally are simply labelled “acrylic”.

9.3.1 Fibre production

Acrylic is a manufactured polymer in which the fibre-forming substance is any long-chain synthetic 
polymer composed of at least 85% by weight of acrylonitrile units. Acrylic is made by addition poly-
merisation of acrylonitrile (and not condensation polymerisation as in the case of nylon and polyester). 
After polymerisation, the acrylonitrile is dissolved in dimethyl formamide. Both wet and dry spinning 
methods are now used for acrylic fibres.

A number of acrylic fibres are manufactured as bicomponent filaments. These form a fibre that is 
mushroom-shaped in cross-section (see figure 3.3 in Learning Unit 3). Each component has different 
properties. One component may shrink less, or curl and give a spiral crimp to the fibre when dry. The 
other may absorb more moisture and therefore dye a deeper colour, giving an interesting variation in 
colour to the final yarn.

FIGURE 9.2

The main use of acrylic fibre is for apparel.

(Source: Public domain use image: pixabay.com)
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9.3.2 Fibre properties
Acrylic fibres are soft and warm. They are produced primarily as staple fibre and then spun into 
wool-like knitting yarns or fabrics. Most of the jerseys that we buy today are made from acrylic yarns. 
Acrylic yarns have many advantages over wool. For instance, they are cheaper and do not shrink, and 
are therefore easier to wash. They are also non-allergic, so people are less likely to develop a rash from 
wearing acrylic than from wearing wool.

This video https://www.youtube.com/watch?v=14xzC51KfbQ shows how acrylic yarns are made from 
acrylic fibre.

FIGURE 9.3
Acrylic yarns

(Source: Public domain use image: pixabay.com)

9.3.2.1 Physical structure

As with most other manufactured fibres, the length and diameter of acrylic fibres can be controlled. It 
is generally used as a staple fibre. A wide range of cross-sections are produced. The fibre surface has 
mini-striations and indentations. The fibres are usually textured after extrusion. Many types of acrylic 
are manufactured, including heat stabilised, light stabilised, pigmented, acid dyeable, solution dyed, 
bicomponent and fibrillated acrylics.
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FIGURE 9.4
Acrylic staple fibre (Note the crimp)

(Source: Author’s image)

9.3.2.2 Serviceability properties

The serviceability properties of acrylic are summarised in table 9.1.
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TABLE 9.1 
Serviceability properties of acrylic

Properties relating to durability – acrylic has moderate durability

Abrasion resistance Abrasion resistance is moderate and slightly better 
than for wool. Pills will form on some acrylic fabrics, 
although this is less of a problem than in the case 
of polyester fabrics.

Strength Acrylic fibres are not very strong – they are slightly 
weaker than cotton fibres. However, their tenac-
ity (23–29 cN/tex) is adequate for their end use. 
They are stronger than wool fibres. Acrylic fibres are 
slightly weaker when wet (2–27 cN/tex).

Flexibility Acrylic is a fairly flexible fibre, but not as flexible 
as wool.

Elongation Acrylic has an elongation at break of 20%, slightly 
lower than that of wool.

Properties relating to comfort – acrylic has moderate comfort

Moisture absorption Acrylic has low moisture absorption (1.2–2% mois-
ture regain). This contributes to problems associated 
with dyeing and printing, as well as the build-up of 
static electricity. Wicking is better than expected for 
a non-cellulosic fibre because of the surface contour 
of the fibres.

Heat conductivity Acrylic fibres are poor conductors of heat, and there-
fore warm to wear.

Properties relating to appearance retention – acrylic has high appearance retention

Resiliency Acrylic fibres have good resiliency and resist wrin-
kling. They can be textured. These crimped staple 
fibres are spun into thick, soft spongy yarns called 
high-bulk yarns, which combine warmth with light 
weight.

Dimensional stability With proper pre-treatment and care during washing, 
acrylic fabrics are dimensionally stable. Excessive 
heat and steam can cause acrylic fibres to shrink. 
The crimp developed during manufacture may disap-
pear over time, causing the product to lose shape. An 
acrylic jersey that has been washed at a temperature 
of 40 ºC or more may end up looking like an over-
sized garment. Acrylic fibres cannot be heat-set like 
polyester or nylon because acrylic does not melt, but 
decomposes and discolours when heated.

Elasticity Most acrylic fibres have excellent elastic recovery 
(92% at 3% stretch). Elasticity is lower in modacrylic 
fibres.
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Properties relating to care

Effect of alkalis Concentrated alkalis cause a loss of strength.

Effect of acids Concentrated acids cause a loss of strength.

Effect of sunlight Acrylic fibres have excellent resistance to sunlight 
and are frequently used in the production of sun-
filter curtaining.

Biological properties Acrylic fibres are resistant to mildew, bacteria and 
insects.

Washing, ironing and storage Acrylic garments may be washed or dry-cleaned. 
Wash delicate items by hand in warm water. Avoid 
excessive wringing and squeezing. When machine 
washing, use a warm water setting.

Tumble dry at low temperature. Remove from dryer 
as soon as garments are dry. Static electricity can 
be reduced by using a fabric softener.

If ironing is required, use a moderately warm iron. 
Maximum ironing temperature: 149–176 ºC.

Chlorine bleach will damage the fibres.

9.3.3 End uses
The following are end uses of acrylic:

 • Acrylic is used in articles such as jerseys, fleece fabrics, socks and blankets, carpets and rugs.
 • Nearly all hand-knitting yarns are made from acrylic or acrylic blended with another fibre.

FIGURE 9.5
About 75% of acrylic fibre production is used for apparel, 20% for home furnishings and 5% 

for industrial applications.

(Source: Public domain use images: pixabay.com)
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9.4 MODACRYLIC
The first modacrylic fibre, Dynel®, came onto the market in 1949. Modacrylic fibres are made from 
acrylonitrile (at least 35–85%) and another chemical, such as vinyl chloride. The polymer that is formed 
is dissolved in acetone, and then spun in warm air to allow the solvent to evaporate. Because of this, 
modacrylic garments should never be cleaned with nail polish remover or any other acetone-containing 
cleaner.

The properties of modacrylics are fairly similar to those of acrylics. The most important property of 
modacrylic is that it does not support combustion. The fibres are difficult to ignite and are self-extin-
guishing. No dripping occurs, and a hard black char remains. Modacrylics can be washed or dry-cleaned, 
although they should be rubbed as little as possible in order to prevent pilling. They are resistant to 
acids, weak alkalis, most organic solvents, and mildew and insects.

Modacrylic fibres are used for fur-like fabrics (“fake” furs), wigs and hairpieces and children’s sleepwear. 
Two types of modacrylic fibre, each possessing a different crimp and shrinkage potential, can be mixed 
when making a fur fabric. After heat treatment the one type will shrink more and form soft, highly 
crimped undercoat fibres while the other will form long, polished fibres (guard hairs), much like real 
fur. Dunova® is a porous acrylic fibre that contains many micro-capillaries which are able to absorb 
liquids. It is used for warm and absorbent underwear.

FIGURE 9.6
Modacrylic fibre’s fire resistance property makes it useful for children’s sleepwear.

(Source: Public domain use image: wikipedia.org)

This video https://www.youtube.com/watch?v=fOUbdm-2tU8 shows the flame-retardant properties 
of modacrylic fibres used in a safety vest.
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9.4.1 Activity 9.1
Answer the following questions and file your answers in your portfolio.

Answer the following question on the discussion forum on the module web site on myUnisa. 
(Forum 6: Module-related discussions, Topic: Activity 9.1: Nylon, polyester and acrylic)

(1) Visit a shop and look for garments made from nylon, polyester and acrylic. Make a note of the 
general appearance of the fabric, for example whether it is woolly, silky, smooth and so on, as 
well as the type of garment, for example underwear, blouses, or jerseys. Post your observations 
relating to one nylon garment, one polyester garment and one acrylic garment on the discussion 
forum – state the type of garment and your findings.

(2) Nylon, polyester and acrylic are the most important manufactured non-cellulosic fibres. Try to find 
a few pieces of each of these fabrics. (Perhaps you could ask at your local fabric shop.) Carry out 
the burn test on the fabrics. Refer to section 2.8.1 of Learning Unit 2 for the correct procedure. 
Follow the instructions carefully and write your observations down, and include them and small 
pieces of the fabrics in your portfolio. Compare your results with the results given in table 2.2 of 
Learning Unit 2. Do your observations indicate whether the fabric was nylon, polyester or acrylic?

(3) Compare your burn test results for acrylic with wool, and for polyester with silk. What are the 
main differences?

(4) Compare acrylic with wool as a fibre of choice for curtaining fabrics.
(5) Discuss the properties of acrylic that make it a popular choice for jerseys.
(6) What is the most important property of modacrylic fibres?
(7) Compile your own mind map of fibre properties relating to durability, comfort, appearance reten-

tion and care for:

 • Wool
 • Silk
 • Cotton
 • Flax
 • Rayon
 • Acetate and triacetate
 • Nylon
 • Polyester

Remember, this summary could serve as part of your exam preparation!

How to create a mind map:

To learn more about creating mind maps, click on the following link:

http://www.mind-mapping.co.uk/mind-mapping-information-and-advice/how-to-make-a-mind-map/

If you would like to create an electronic mind map, you can make use of free software such as FreeMind 
and EdrawMindmap. You can access these via the links below:

 • http://freemind.sourceforge.net/wiki/index.php/Main_Page
 • https://www.edrawsoft.com/freemind.php

9.4.2 Feedback on Activity 9.1
(1) I hope that you were able to find some nylon, polyester and acrylic garments. What sort of items 

were these fibres used for? Did the end use relate to the properties of the fibre?
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Judging by other posts on the discussion forum, did others find the same aesthetic and comfort 
properties for a particular garment type? Were the properties the same, regardless of garment type?

(2) Were your scraps of fabric made from nylon, polyester or acrylic? This video https://www.you-
tube.com/watch?v=ekhTxXfN5X8 shows a burn test of acrylic and this video https://www.
youtube.com/watch?v=Z7gUJ8PHRow shows a burn test of polyester, while this video https://
www.youtube.com/watch?v=UTgtxNy3g3A shows a burn test of nylon.
This video https://www.youtube.com/watch?v=kb4tCcnA6jo shows a burn test of natural and 
manufactured fibres, including wool, silk, acrylic, polyester and nylon.

(3) Comparison of wool and acrylic, and silk and polyester during the burn test:

Fibre Behaviour during the burn test

Wool Curls away from flame. Burns slowly in flame with the smell of burning hair.

Self-extinguishes when flame removed. Residue is a small, brittle black bead.

Acrylic Melts and shrinks away from flame. Burns rapidly with spluttering and variable 
odour.

Continues to melt and burn when flame removed. Residue is a brittle, hard 
black bead.

Silk Curls away from flame. Burns slowly with spluttering and the smell of burning 
hair.

Usually self-extinguishing when flame removed. Residue is a brittle black 
bead.

Polyester Melts and shrinks away from the flame. Burns slowly with melting and black 
smoke, and gives off a sweetish chemical smell.

Self-extinguishes when flame removed. Residue is a hard black bead.

(4)  A comparison of wool and acrylic as the fibre of choice for curtaining fabrics.

Curtains are expected to last a long time, so should be durable. They will only be cleaned occasionally, 
but should retain their appearance after cleaning. The most important factor is that they should be resist-
ant to sunlight. They should also be resistant to biological attack. Price might be a determining factor.

(1) Durability – wool is more durable that acrylic. However, curtains are not exposed to high levels 
of abrasion or harsh treatment, so both fibres would be suitable.

(2) Cleaning and appearance retention – both fibres can be dry-cleaned. Both can be machine washed, 
provided the wool has been given a shrink-resist treatment, which would add cost. Both fibres 
have a high level of appearance retention. However, wool may wrinkle when wet, which would 
be a disadvantage.

(3) Resistance to sunlight – acrylic has excellent resistance to sunlight, whereas wool is gradually 
damaged by sunlight.

(4) Resistance to biological attack – acrylic is resistant to mildew, bacteria and insects, whereas wool 
is subject to attack from the larvae of carpet beetles and clothes moths. A chemical treatment 
can be given to wool to prevent insect attack, but this would add cost. In damp conditions, wool 
will also support mildew growth.

(5) Cost – acrylic is a less expensive fibre than wool, so curtains made from acrylic would be cheaper. 
Chemical treatment of wool would make wool even more expensive.
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Based on cost and resistance to sunlight and biological attack, acrylic would be a better choice 
than wool for curtaining fabric.

(6) Again, first determine what requirements are essential for a jersey – comfort (softness and warmth), 
durability (durable – most people keep jerseys for a number of years), appearance retention (you 
don’t want it to wrinkle or change shape after washing) and care (easy to wash and dry). Then 
examine the properties of acrylic and see which meet the requirements and make acrylic a popular 
choice for jerseys.

(7) The most important property of modacrylic fibres is that they do not support combustion. The 
fibres are difficult to ignite and are self-extinguishing. This video https://www.youtube.com/
watch?v=hEWN9BFczrE shows a burn test on acrylic fibre.

(8) You should have used the serviceability property tables showing durability, comfort, appearance 
retention and care to create your mind map.

9.5 SUMMARY

Acrylic, under the trade name Orlon®, was created by scientists at DuPont in 1944, but it was not 
produced in large quantities until the 1950s. It is manufactured as a filament, either by wet or dry spin-
ning, then cut into short staple lengths and spun into yarn. The fibre contains at least 85% by weight of 
acrylonitrile monomers. The fibre is strong, resilient and warm. It is used for jerseys, fleece fabrics, socks 
and tracksuits, and as linings for boots and gloves, as well as in furnishing fabrics, blankets and carpets.

Modacrylic is a modified acrylic fibre that contains between 35% and 85% acrylonitrile monomer. The 
other monomers used in modacrylic give the fibre its flame-retardant properties. End uses of modacrylic 
include fake fur, hair extensions, children’s sleepwear and protective clothing.

This video https://www.youtube.com/watch?v=t3DwEARhcuU gives an audio recap of the history, 
production, properties and uses of acrylic and modacrylic fibres.

FIGURE 9.7
Acrylic and wool have similar properties and are used for similar products.

(Source: Public domain use images: pixabay.com, wikipedia.org)
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10LEARNING UNIT 10
10Polyolefin

10.1 INTRODUCTION
An olefin is a manufactured polymer in which the fibre-forming substance is any long-chain synthetic 
polymer composed of at least 85% by weight of ethylene, propylene or other olefin units. This video 
https://www.youtube.com/watch?v=FIclQ9_pGTg shows the manufacture of polypropylene fibre. The 
manufacture of polyethylene would be the same.

The main reasons for the interest in the olefin fibres polyethylene and polypropylene are their low cost 
and high strength. Olefin fibres have largely taken over the markets once dominated by jute and sisal. 
Olefin fibres are made from the petroleum by-products ethylene and polypropylene gas.

The fibres have high durability, moderate comfort and excellent resilience. However, the fibres are heat 
and light sensitive and have poor dyeing capacity. They shrink at temperatures as low as 75 ºC.

FIGURE 10.1
Polyolefin fibres find use in ropes, protective gear and clothing.

(Source: Author’s image and public domain use images: commons.wikimedia.org, wikipedia.org, 
pixabay.com)

10.2 LEARNING OUTCOME
After you have completed this learning unit, you should be able to:

Discuss some of the properties and uses of olefin fibres (polyethylene and polypropylene)
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10.3 POLYETHYLENE
Polyethylene is also known as polythene. This video https://www.youtube.com/watch?v=U6d_F1jcKzI 
shows a production plant.

Polyethylene fibres are produced as monofilaments or split film. Polyethylene melts at 105 ºC. As the 
lowest temperature possible on household irons exceed 100 ºC, polyethylene fibres are generally used 
in products that do not require ironing. The fibres are hydrophobic and cannot be dyed by normal 
techniques. They have good abrasion resistance and excellent elastic recovery. They are resistant to acids 
and alkalis. Polyethylene fibres are widely used in industrial fabrics, ropes, nets and filters, but they are 
not generally used for garments or home furnishings.

In a modified process, a bright white polyethylene can be produced which is ten times stronger than steel, 
more durable than polyester and has a specific strength that is 40% greater than aramid fibre. Spectra® 
is best known as the super-fibre used in Small Arms Protective Insert (SAPI) plates used by soldiers. It 
is also used in numerous high- performance applications, including police and military ballistic-resistant 
vests, helmets, sailcloth, fishing lines, marine cordage, lifting slings, cut-resistant gloves and apparel.

FIGURE 10.2
Member of the military wearing a helmet made from Spectra® fibre

(Source: Public domain use image: commons.wikimedia.org)

This video https://www.youtube.com/watch?v=Pf0SsoKiPPY gives information about Spectra® fibres.
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10.4 POLYPROPYLENE
Polypropylene fibres are produced as both filament and staple fibres. Polypropylene melts at 170 ºC, and 
so polypropylene fabrics should be ironed at the lowest iron setting. The fibres are hydrophobic, but 
have good wicking action. They have good abrasion resistance and excellent elastic recovery.

FIGURE 10.3
Polypropylene staple fibres

(Source: Author’s image)

Polypropylene fibres are used for carpeting, drapery and upholstery fabrics. They are also used for 
carpet tiles of the indoor–outdoor type for kitchens, bathrooms and even around swimming pools, 
and for sports undergarments.

FIGURE 10.4
Polypropylene can be used for the inner (base) layer of a layered jacket because it has good 

wicking properties.

(Source: Public domain use image: wikipedia.org)

This video https://www.youtube.com/watch?v=YNTaJNRjlO8 shows the manufacture of polypropyl-
ene bags. You will see the initial process in which the polypropylene is produced as a thin sheet before 
being split into monofilaments. These are then wound onto cones. The filaments are then knitted into 
a circular tube. The tube is flattened for printing, cutting and final sewing of the bags.
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10.4.1 Activity 10.1
Answer the following questions and file your answers in your portfolio.

(1) Why are olefin fibres not really suitable for everyday garments?
(2) List two uses, each, for polyethylene and polypropylene fibres.

10.4.2 Feedback on Activity 10.1
(1) Although polyolefin fibres have good abrasion resistance and excellent elastic recovery, they do 

not find widespread use in everyday garments because of their heat and light sensitivity, poor 
dyeing capacity and their tendency to shrink at temperatures as low as 75 °C.

(2) Uses of polyethylene and polypropylene fibres

Polyethylene Polypropylene

Industrial fabrics, ropes, nets, filters, ballis-
tic-resistant vests, helmets, sailcloth, fishing 
lines, marine cordage, lifting slings, cut-
resistant gloves, apparel

Carpeting, drapery, upholstery fabrics, carpet 
tiles, sports undergarments

10.5 SUMMARY
The main reasons for interest in polyolefin fibres are their high strength and low cost. Their use in 
textiles is limited because they are heat and light sensitive and have poor dyeing capacity.

The two main fibres are polyethylene, which is made up of ethylene monomers, and polypropylene, 
which is made up of propylene monomers. They are thermoplastic and are produced by melt spinning. 
High-strength polyethylene fibres can be produced by gel spinning.

Spectra® is a very strong polyethylene fibre that is used in protective wear such as helmets, ballistic-
resistant vests, and cut-resistant gloves.

Polypropylene has good wicking properties and is used in sports undergarments. It also has excellent 
resiliency, so is used in flooring products such as carpets.

This video https://www.youtube.com/watch?v=eFjGSq2Qinc shows polyolefin fabric being used as 
an upholstery fabric.
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11Elastomeric fibre

11.1 INTRODUCTION
An elastomer is an elastic, rubber-like or synthetic substance characterised by extreme elongation. Elas-
tomers can be stretched to many times their original length and then return to the original length, as 
shown in this video on the stretching of a rubber band https://www.youtube.com/watch?v=fFtM9JznLh8.

There are both natural and synthetic elastomers. Rubber is a natural elastomer which is produced from 
the sap of the rubber tree, which belongs to the genus Hevea. Rubber has been used for a long time; one 
of the most common uses today is in vehicle tyres. Synthetic elastomers were known in the early 1800s, 
but did not come into common use until the 1940s. Synthetic elastomers include spandex, a polyure-
thane marketed under the name Lycra®, Lastol®, a cross-linked olefin co-polymer, and Elasterell-P, a 
bicomponent polyester.

FIGURE 11.1
Sap being collected from a rubber tree

(Source: Public domain use image: commons.wikimedia.org)
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11.2 LEARNING OUTCOME

After you have completed this learning unit, you should be able to:

 • Discuss some of the properties and uses of rubber and spandex fibres

11.3 NATURAL RUBBER

Rubber is a manufactured elastomeric fibre in which the fibre-forming substance is natural or manu-
factured rubber. Rubber is a thick, gummy liquid obtained from trees of the genus Hevea. This video 
https://www.youtube.com/watch?v=CKq42J7SaWw shows how the rubber is produced.

Rubber has been used for hundreds of years, but it was in 1920 that scientists discovered that liquid 
rubber (latex) could be extruded in round, fine filaments. The rubber filaments are covered with a textile 
fibre such as cotton, nylon or rayon. The rubber gives extension, and the type of fibre used to cover the 
rubber determines the comfort, absorbency and appearance properties.

Unfortunately, rubber itself is very sensitive to temperature above 93 ºC, as at this point it starts to lose 
pliability. It is damaged by sunlight, body oils and petroleum solvents, and will lose strength and elas-
ticity with age. Rubber should not be washed in water above 60 ºC. Rubber items should be laundered 
after each wearing to reduce damage from body oils, and should not be dry-cleaned. Rubber is also 
very sensitive to high concentrations of chlorine, and may be damaged in hot spas.

FIGURE 11.2
Although not common in apparel, rubber is still used for gloves and boots.

(Source: Public domain use images: commons.wikimedia.org, public-domain-image.com)

Synthetic rubbers were developed in the 1930s. They are produced from a wide range of chemicals. Two 
of the more common synthetic rubbers are neoprene, used in wetsuits, and silicone rubber, used as a 
fabric coating for industrial textiles, for example for tent fabrics. Both natural and synthetic rubbers 
are used today in a wide range of applications.

For interest, this short video https://www.youtube.com/watch?v=2m3giPZcQwg gives some background 
on elastomers and gives the properties of some synthetic elastomers, including spandex, which we will 
look at in the next section. (You are not required to know the chemistry of elastomers, entropy, or the properties of 
neoprene, silicone and urethane.)
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11.4 ELASTANE/SPANDEX: A MANUFACTURED ELASTOMERIC FIBRE

Spandex or elastane is a manufactured elastomeric fibre in which the fibre-forming substance is a 
long-chain synthetic polymer, at least 85% of which is a segmented polyurethane. Spandex was first 
produced by DuPont in 1958, and is known by the trade name of Lycra®. It can be produced by either 
dry or wet spinning.

This is a short promotional video for Lycra https://www.youtube.com/watch?v=M9k9DFtwpj0 that 
highlights some of the fibre’s properties.

Polyurethane is used as a base during the production of spandex. Like rubber, spandex is fairly weak. 
Although it is weak, its advantage over rubber lies in its ability to be stretched from 500 to 700 per cent, 
with excellent recovery. This video https://www.youtube.com/watch?v=-yM1azbNBgc&feature=youtu.
be shows the stretch and recovery of Lycra® fibres.

Spandex has a greater tear resistance and durability than rubber. Spandex absorbs very little moisture, 
but can be easily dyed. The fibre will burn and form a gummy residue. It can be ironed safely at 149 
ºC. Spandex can be dry-cleaned, but like rubber it is damaged by chlorine, so chlorine bleaches should 
never be used on it. It is also cheaper than rubber.

It can be incorporated directly in fabrics, or covered or core spun with another fibre for weaving. It is 
used in swimsuits, foundation garments, bras, sock tops, sportswear, active wear, stretch fabrics and 
hosiery. It increases shape retention and accelerates crease recovery in woven and knitted blend fabrics.

FIGURE 11.3
Spandex is used to give elasticity to many types of garments

(Source: Public domain use images: commons.wikipedia.org, pixabay.com)

This video https://www.youtube.com/watch?v=-CIFB5FRlFo shows some of the properties, qualities 
and uses of spandex.
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11.4.1 Activity 11.1
Answer the following questions and file your answers in your portfolio.

(1) Why are rubber fibres not really suitable for garments?
(2) What properties make spandex a more desirable fibre to use in textiles than rubber?

11.4.2 Feedback on Activity 11.1
(1) Rubber is not really suitable for garments because:

 • It is very sensitive to temperature above 93 ºC, at which point it loses pliability.
 • It is damaged by sunlight, body oils and petroleum solvents.
 • It will lose strength and elasticity with age.
 • It requires frequent washing – rubber items should be laundered after each wearing to reduce 

damage from body oils, and should not be washed in water above 60 ºC.
 • It cannot be dry-cleaned.
 • It is also very sensitive to high concentrations of chlorine, and may be damaged in hot spas.

(2) Spandex is used in a range of textiles, including swimsuits, foundation garments, bras, sock tops, 
sportswear, stretch fabrics and hosiery. It has the ability to be stretched from 500 to 700 per cent, 
with excellent recovery. Besides greater extension, spandex also has a greater tear resistance and 
durability than rubber. It can be easily dyed. It can be ironed safely at 149 ºC, whereas rubber 
will degrade at temperatures above 93 ºC. Spandex can be dry-cleaned. It is also a cheaper fibre 
than rubber.

11.5 SUMMARY
Elastomeric fibres are fibres that possess extremely high elongation and that recover rapidly and fully 
from high elongation. The first elastomeric fibres were made using natural rubber; however, rubber has 
largely been replaced by synthetic elastomeric fibres such as spandex (elastane).

Because of their extension, resistance to heat and oils, tear resistance and durability, synthetic elasto-
meric fibres have really made their mark in the fashion world, especially in sportswear, active wear, 
lingerie, and stretch jeans.

This video https://www.youtube.com/watch?v=SIzo_sQIyHE shows the use of elastane in stretch jeans.
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12LEARNING UNIT 12
12Mineral and metallic fibres

12.1 INTRODUCTION
A mineral fibre is an inorganic fibre obtained from rocks and minerals, slag, or clay. Inorganic sub-
stances do not contain carbon. Asbestos (figure 12.1) is the only naturally occurring long mineral fibre.

FIGURE 12.1
Asbestos fibres are obtained from rocks.

(Source: Public domain use image: commons.wikimedia.org)

Mineral fibres can also be manufactured. Manufactured mineral fibres include glass fibres, mineral 
wool, and ceramic fibres. This video https://www.youtube.com/watch?v=4aGOAIScs0o shows the 
production of mineral wool from slag and rock. (Slag is the rock that remains after metals are removed 
from ore by smelting or refining.)

Mineral fibres are generally more resistant, more rigid, and more heat resistant than traditional fibres. 
Their textile importance is limited and they are generally not used for apparel. They mainly find use 
in industrial fabrics.

Fibres can also be produced from metals such as gold, silver and aluminium. Metallic fibres (figure 
12.2) are often used for decoration.
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FIGURE 12.2
Metallic fibres are used for decoration.

(Source: Public domain use image: pixabay.com)

12.2 LEARNING OUTCOME

After you have completed this learning unit, you should be able to:

 • Discuss some of the properties and uses of asbestos, glass and metallic fibres

12.3 NATURAL ASBESTOS FIBRE

Asbestos is a natural fibre, used in the form in which it is found in nature. It is a mineral fibre that 
is completely non-flammable. However, it is being replaced due to health hazards associated with its 
use. Asbestos has been known to human beings since the days of early Greece and Rome. Its most 
important property is its ability to withstand high temperatures of between 500 and 1000 ºC. Asbestos 
fabrics are used in industry only if no alternative is available. For health reasons the use of asbestos in 
clothing is prohibited. The danger of using and working with asbestos has received much attention. 
Tiny pieces of asbestos can easily be inhaled into the lungs. This can lead to asbestosis (a chronic lung 
condition), and also increases the risk of certain kinds of liver and lung cancer.

FIGURE 12.3
Asbestos fibres

(Source: Public domain use image: wikipedia.org)
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FIGURE 12.4
Heat resistant gloves made from asbestos fibre

(Source: Author’s image)

12.4 MANUFACTURED GLASS FIBRE
Glass is a manufactured fibre in which the primary fibre-forming substance is silica. It is produced in 
both filament and staple forms, and is also called fibreglass. Glass fibres are made of silica, sand, soda 
ash, borax and limestone that are melted at 1650 ºC and extruded through a spinneret. As the melted 
glass leaves the spinneret, it solidifies into fibres.

Watch this video https://www.youtube.com/watch?v=SeqDm9l3yEM, which shows the production of 
fibreglass and fibreglass products. (You don’t need to know how fibreglass products are produced.)

Glass fibre is very strong, and has the tenacity of 56 to 61 cN/tex. It has virtually no elasticity and very 
little absorbency, and it will not burn. It has excellent resistance to age, sunlight, fungi and insects, but 
lacks abrasion resistance. Where a glass fibre fabric repeatedly rubs against another surface such as a 
floor or window sill, it tends to crack.

Although glass fibres are non-allergenic, the cut ends of the fibres can be very irritating, causing a red 
rash similar to that of an allergic reaction. Glass fibre fabrics should be laundered carefully, not dry-
cleaned, and care must be taken to prevent excess abrasion. Never wring, spin-dry, iron or rub glass 
fibre fabrics. They should be washed separately, preferably not in a washing machine, as tiny fragments 
from the fibres may be left in the machine. Always wear gloves when working with glass fibre fabrics.

Glass fibre cannot be used in clothing, but it can be used in curtaining, lampshade cloth, awnings and 
screens. It is mainly used in industry as insulating material, and also in filter cloth, fire blankets, roof 
sheets, and the bodies of sports cars, dune buggies and boats.
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FIGURE 12.5
Glass fibre fabric

(Source: Author’s image)

12.5 MANUFACTURED METALLIC FIBRE
Metallic fibres are manufactured fibres composed of metal, plastic-coated metal, metal- coated plastic, 
or a fibre core completely covered by metal. Metallic threads were used in ancient Persia and Assyria. 
The metals most often used are gold (figure 12.6), silver and aluminium. Owing to the high cost of 
gold and silver, aluminium has replaced them in Western countries. Some very expensive fabrics from 
the Orient may still contain pure gold and silver threads.

This video https://www.youtube.com/watch?v=_aE5y8oHNts shows a process for making metallic yarns.

FIGURE 12.6
Traditional costume with gold embroidered collar

(Source: Public domain use image: commons.wikimedia.org)
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Modern aluminium yarns are produced in a variety of colours, or with gold or silver sheen. A plastic 
coating prevents the metal from tarnishing and damage from salt water, chlorine and detergents.

In this video https://www.youtube.com/watch?v=UNmUze07ul8 you will see a machine that covers 
metallic yarns.

Metallic yarns are not very strong, but because they are normally combined with other yarns in evening 
gowns, uniforms, shoes or handbags, this is not so important.

Metallic threads can be used for decorative purposes, as shown in this video: https://www.youtube.com/
watch?v=FOGrh0501Yg .

Stainless steel fibres are also sometimes used, mostly in carpets to reduce static electricity, but also in 
tyre belts, medical sutures and aerospace applications.

12.5.1 Activity 12.1
Answer the following questions and file your answers in your portfolio.

(1) Which property of asbestos made it popular up to a few decades ago?
(2) Why is asbestos seldom used today?
(3) What are the main advantages and disadvantages of glass fibres for textile use?
(4) Why must glass fibre fabrics be washed with care?
(5) Where are metallic yarns used?

12.5.2 Feedback on Activity 12.1
(1) The most important property of asbestos is its ability to withstand temperatures of between 500 

and 1000 ºC. This made it popular in the past for heat resistant materials.
(2) Asbestos is seldom used today because of the health hazards associated with its production and 

use. Tiny pieces of asbestos can easily be inhaled into the lungs. This can lead to asbestosis (a 
chronic lung condition), and also increases the risk of certain kinds of liver and lung cancer.

(3) Glass fibre for textile use:

Advantages Disadvantages

Glass fibre is very strong. It has the tenacity 
of 56–61 cN/tex

It will not burn

It has excellent resistance to ageing, sunlight, 
fungi and insects

Glass fibres are non-allergenic

Glass fibres have virtually no elasticity and very 
little absorbency

They lack abrasion resistance

Cut ends of the fibres can be very irritating, caus-
ing a red rash similar to that of an allergic reaction

Glass fibre fabrics require careful laundering to 
avoid fibre breakage

(4) Glass fibre fabrics must be washed with care to prevent excess abrasion. Abrasion causes break-
ages of the fibres into small fragments. Glass fabrics should not be wrung, spin-dried, ironed or 
rubbed. They should be washed separately, preferably not in a washing machine, as tiny fragments 
from the fibres may be left in the machine. They cannot be dry-cleaned.

(5) Metallic yarns are used for decoration and may be found in evening gowns, uniforms, shoes 
(figure 12.7) and handbags.
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FIGURE 12.7
Silk and leather shoe decorated with metallic thread

(Source: Public domain use image: commons.wikimedia.org)

12.6 SUMMARY
Mineral fibres are inorganic fibres made from rocks, minerals, slag, or clay. They can be natural, as in 
the case of asbestos, or manufactured, for example glass and ceramic fibres.

Although they have some important properties, mineral fibres are not widely used in apparel. This is 
because they have some major drawbacks – asbestos is a health hazard, and glass has poor abrasion 
resistance.

Metallic fibres are produced from metals such as gold, silver and, more commonly, aluminium, and 
they find use as decorative additions to items such as handbags, shoes, evening dresses, and uniforms.

.

FIGURE 12.8
Examples of mineral and metallic fibre use: Asbestos fibre is used for heat resistant gloves, 

glass fibre is used in roof sheets, and metallic fibres are used for decoration.

(Source: Author’s images and public domain use images: pixabay.com, commons.wikimedia.org, 
wikipedia.org)
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13LEARNING UNIT 13
13Green fibres

13.1 INTRODUCTION
In this unit we are going to look at some “green fibres”. What is a green fibre? For our purposes, it is 
a fibre that is produced with the environment in mind. Green fibres include organic wool and organic 
cotton, as in producing these fibres care is taken to minimise the environmental impact of the process.

Green fibres also include manufactured fibres such as lyocell, which is produced from renewable agri-
cultural resources using an environmentally friendly process. This video https://www.youtube.com/
watch?v=UQIw6Ljb4S0 outlines the “green” nature of Tencel®, a lyocell fibre, and also its many uses. 
Other fibres produced from biopolymers from renewable resources are soybean protein, bamboo and 
polylactic acid fibres.

Biopolymers are made from renewable resources – they are made from plant materials which can be 
grown every year. These plant materials come from non-food crops, and so the use of biopolymers can 
create a sustainable industry. The fibres made from biopolymers are competing with petroleum-based 
fibres. This is due to rising oil prices and limitation in the supply of fossil-based raw materials (petroleum 
is a fossil fuel). In addition, biopolymers are biodegradable under the right conditions.

Other fibres that can be considered green fibres are those that are produced from waste plant material. 
The plant is usually grown for some other reason, such as for its edible part, and the fibres are recovered 
from parts of the plant that would normally be discarded. Pineapple and agave fibres are examples of 
fibres from plant waste.

Although natural fibres have been around for thousands of years and manufactured fibres for over a 
hundred years, new fibres are still appearing on the market. As a consumer scientist, you should be on 
the lookout for information about these new fibres in the news and on the internet, and be aware of 
them as they appear on fabric labels.

This video https://www.youtube.com/watch?v=ksBRj9-tKfw gives an overview of some eco-friendly 
textiles.

13.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Discuss the concept of green fibres
 • Give examples and uses of these fibres
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13.3 NATURAL PROTEIN FIBRES: ORGANIC WOOL
As we discussed in Learning Unit 4, wool is a natural fibre. You might assume that because it is natural 
it is eco-friendly, and, compared with a manufactured fibre such as polyester, it is – products made from 
wool have high durability and are less likely to end up as landfill within a couple of years of purchase. 
However, the typical production of wool is far from eco-friendly. Wool production requires arable land 
and sheep. Sheep create carbon dioxide and they degrade the land. Also, synthetic pesticides and non-
organic feeds may be used. In addition, wool needs to be scoured before it can be processed further. 
Typically, about 7000 to 40 000 litres of water are used for each ton of wool scoured.

This video https://www.youtube.com/watch?v=5Enw75v_w9E shows the production of organic wool 
in Kyrgyzstan. The production of organic wool is aimed at reducing the environmental impact of wool 
production. Different countries have different standards governing organic certification. The govern-
ment, non-profit organisations or private companies set and oversee these standards, the requirements 
of which include:

 • Certifying organic livestock feed and forage used from the last third of gestation
 • Prohibiting the use of synthetic hormones and genetic engineering
 • Prohibiting the use of synthetic pesticides (internal, external, and on pastures)
 • Encouraging livestock health through good cultural and management practices
 • Ensuring that producers do not exceed the natural carrying capacity of the land on which their 

animals graze

Organic wool is more expensive than conventional wool because of increased production costs associated 
with higher labour, management and certification costs, and the small size of the organic wool industry.

Organic wool can be used in any application in which conventional wool is used. Uses of organic wool 
include baby clothes, blankets, coats, knitting yarn, socks and jerseys. This video https://www.you-
tube.com/watch?v=U4RdP42JtHM highlights the benefits of organic wool in bedding and mattresses.

FIGURE 13.1
Organic wool yarn for knitting

(Source: LollyKnit, https://www.flickr.com/photos/lollyknit/353026463/in/photostream/CC2.0)
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13.4 NATURAL CELLULOSE FIBRES: ORGANIC COTTON
Like wool production, cotton production also has a negative impact on the environment. It requires 
a great deal of water, fertilisers and pesticides to produce cotton. In recent years, producers have 
worked together to create an organic cotton industry. Changes to common practices such as using 
manure to replace synthetic fertilizers, biological pest control instead of synthetic pesticides and more 
efficient weeding strategies are being developed to help minimise the environmental impact of cotton 
growing. The benefits of using organic cotton are shown in this video: https://www.youtube.com/
watch?v=t6ir1NDFu4k.

Organic cotton must be pesticide and herbicide free and must not be a GM (genetically modified) 
strain. Furthermore, its production should not have a negative effect on the health of farmworkers. 
Companies or farms become certified to traceability standards, such as the Organic Exchange (OE) 
Blended, OE 100, EcoCert and EU standard, which trace the fibre from the field to finished product. 
Many manufacturers also become certified to the Global Organic Textile Standard (GOTS), which 
governs textile processing stages and includes strict labour provisions. Traditional farming methods in 
Africa are ideal for the production of high quality organic cotton. This video https://www.youtube.com/
watch?v=r1o_kaBrYxo shows the production of organic cotton in Mali.

Just as organic wool is more expensive to produce than non-organic wool, production of organic cot-
ton is more expensive than that of conventional cotton, so a 100% organic cotton garment might cost 
you more than a normal cotton one. Some companies use blends of organic and non-organic cotton to 
minimise the price increases, but the organic cotton in the blend may be as little as 1 to 3%.

According to Organic Cotton Market Reports, global sales of organic cotton apparel and home textile 
products reached an estimated $4.3 billion in 2009. In 2014 this figure stood at $15.7 billion. Tanzania, 
India, China, Turkey and the USA are all large producers of organic cotton, and produced almost 97% 
of total global organic cotton fibre in 2014. South African retailer Woolworths was the top user by 
growth in 2014.

Organic cotton is used in a variety of items such as sanitary products, cotton puff, towels, bathrobes, 
sheets, blankets, toys, diapers and clothes of all kinds and styles.

FIGURE 13.2
Organic cotton is used for many of the products for which non-organic cotton is used.

(Source: Public domain use images: pixabay.com, commons.wikimedia.org)
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13.5 NATURAL CELLULOSE FIBRES: COLOURED COTTON
Indigenous populations of Central and South America cultivated and used coloured cottons in textile 
products for centuries. The cottons were grown in shades of mocha, tan, grey and red-brown. The 
industrial revolution saw the introduction of industrial cotton looms, and short-fibred coloured cotton 
was replaced by long-fibred, all-white cotton that processed better on the industrial looms. The natural 
coloured varieties almost became extinct.

In 1982 Sally Fox, a plant breeder in America, began a breeding and selection programme to improve 
the length and quality of naturally coloured cotton fibres. By 1988 she had developed coloured cotton 
hybrids with fibres long enough to machine-spin successfully. She later established Natural Cotton 
Colors, Inc. to produce coloured cotton registered under the name FoxFibre®. Other breeders in 
many countries such as Peru and Brazil are continuing the work, and a number of coloured cottons are 
again available today. Colours include green, brown, red (a reddish brown) and mocha (similar to tan). 
Naturally coloured cottons do not fade with laundering as most conventionally dyed cottons do – in 
fact, after laundering, the colour becomes stronger and more intense.

Yields of coloured cotton are lower than for conventional cotton, and for this reason coloured cotton 
is more expensive than regular cotton. In addition, the quality of the cotton is not as good as that of 
conventional cotton: the fibres are shorter and weaker. However, it is favoured because no dyeing is 
required and growers of naturally coloured cotton find less need for pesticides – this makes the fibre 
more environmentally friendly. Coloured cotton is used in shirts, trousers, T-shirts and so on.

This interesting video https://www.youtube.com/watch?v=lAx37DchfwY shows the production and 
uses of organic cotton.

13.6 NATURAL CELLULOSE FIBRES FROM WASTE

 • Pineapple

Pineapples (figure 13.3) are grown for their fruit in many regions of the world. However, the credit for 
making textile fibres from the leaves goes to the Philippines. Pina weaving is an age-old tradition, and 
during the nineteenth century pina fabrics were much in demand. However, demand declined when 
cheaper cotton fabrics became readily available. The desire for green fibres, and in particular fibres 
from plant waste, has led to a revival of the fibre.

FIGURE 13.3
Pineapple leaf fibres are obtained from the leaves of the pineapple plant.

(Source: Public domain use image: pixabay.com)
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This video https://www.youtube.com/watch?v=xDyU4UNZ1jUT gives an overview of pineapple leaf 
fibre and its application in textiles. Traditionally, the fibres are extracted from the leaves by hand, as 
seen here: https://www.youtube.com/watch?v=yRvWiiGoOzI, but the fibres can also be extracted by 
retting or decortication. This is a process in which the outer fibrous layer is removed from the inner 
core layer by machine. This video https://www.youtube.com/watch?v=C0rkcfIhLbg shows the type 
of machine that is used. The silky white fibres can be hand-spun and hand-woven to produce a light-
weight, soft, shiny, transparent and somewhat stiff fabric. The fibres are sometimes blended with silk 
or polyester. The resultant fabric is lightweight, easy to care for, and looks similar to linen. The fibre 
can also be blended with cotton or abaca to produce strong, light and breezy fabrics. The pina and pina 
blend fabrics are used for wedding dresses, shirts, blouses and handkerchiefs.

In South Africa research has been undertaken into using pineapple waste beneficially by extracting the 
fibres from pineapple leaves and an enzyme from the stems. The CSIR has shown that the extracted 
fibres can be processed according to the cotton system.

 • Banana

Fibres are also obtained from banana trees. Bananas are grown in over 107 countries all over the world. 
The fibres are obtained from the plant stem (figure 13.4), which is considered a waste material.

FIGURE 13.4
Fibres are obtained from the stem of the banana plant.

(Source: Public domain use image: pixabay.com)

The fibres are usually extracted by hand, as seen in this video https://www.youtube.com/
watch?v=4MS9zq4Q_Y0, or by chemical means. Both soft and hard fibres are obtained. The fibres 
have strength and lustre like silk, and they do not wrinkle easily.

The fibres are spun wet to avoid breakages. The woven fabrics produced can be used for traditional 
dresses (where their light weight and skin-friendliness have made them a preferred choice for summer 
wear), shirts, nightwear, cushion covers, curtains and table cloths. The fibres can also be blended with 
viscose rayon, cotton, jute, coir and pineapple fibres.
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 • Agave

Agave americana (figure 13. 5) is grown primarily for the production of tequila. Although native to Central 
America, the plant does very well in the extremely harsh and dry regions of Southern Africa.

FIGURE 13.5
Agave plant, showing the long leaves from which the fibres are extracted

(Source: Public domain use image: commons.wikimedia.org)

Like sisal, the leaves contain numerous fibres that run along the length of the leaf. They can be ex-
tracted mechanically, chemically or by retting with seawater. In South Africa, the possibility has been 
explored of modifying sisal decorticating machines so that they can process agave leaves. The agave 
fibres produced are strong and have been utilised in the manufacture of non-woven fabrics, often in 
blends with polypropylene.

13.7 LYOCELL
Lyocell is a separate generic name, but lyocell is classified as a subcategory of rayon. The extract be-
low comes from page 155 of the sixth edition of Understanding textiles by BJ Collier and PG Tortora, 
published in 2001 by Prentice Hall.

Lyocell: The “Green” fibre

Lyocell was the first new manufactured fibre to be developed in many years. The name was derived 
from “lyo”, meaning solution, and “cell”, for cellulose. The process for making lyocell is environ-
mentally friendly in that the solvent used to dissolve the cellulose is non-toxic and has actually 
been used in a number of cosmetic and hair products. In addition, the solvent is almost completely 
recycled during the manufacturing of the fibre.

The process of lyocell manufacture is shown in this video: https://www.youtube.com/watch?v=k2lthqIafoc.

Lenzing AG produces lyocell fibres under the brand names Lyocell by Lenzing® and Tencel® (figure 
13.6) for high-end apparel uses where the aesthetics of rayon, with added durability qualities, have 
appeal. Lyocell fabrics have good drape and are comfortable to wear because of their high moisture 
absorbency. They can also be dyed in a wide range of colours.
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FIGURE 13.6
Tencel is a brand name for lyocell fibres.

(Source: http://www.basic-mode.de/wp-content/uploads/2011/04/T-Shirt_Lyocell.jpg)

The tendency of lyocell to fibrillate, that is, to have very small microfibrils break off from the fibre 
surface, is utilised to produce various surface textures. The fibrils create a fine, soft finish which is 
variously referred to as “peach skin”, “mill wash” or “soft touch”.

This video https://www.youtube.com/watch?v=FKjUO1NvqSE shows soft denim made from lyocell.

The amount of fibrillation can be controlled by fibre spinning processes and finishing treatments that 
deliberately cause fibrillation by subjecting wet fabric to agitation and abrasion and then shearing it to 
produce a fine, even surface. The intensity of the treatment and the manner of shearing can be controlled 
to produce a range of fabric surface textures.

When first marketed, lyocell was used primarily in woven fabrics, because the woven structure was 
tighter and helped to control the fibrillation. The desire to make knitted fabrics from lyocell fibres led 
to the development of lower fibrillating fibres such as Tencel® A100. These fibres will retain their 
original appearance better in the looser knitted fabric structure.

Lyocell fibres are considerably stronger than rayon, both wet and dry, and therefore can be laundered. 
Fabrics are usually given a finishing treatment to stabilise them so that they will have low shrinkage. 
The propensity of lyocell to fibrillate is considered an aesthetic advantage, but can be a drawback when 
items are laundered. After numerous washings the fibrillation becomes worse, and can cause changes 
in surface appearance as well as decreases in strength.
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13.8 BAMBOO
Bamboo is a grass (figure 13. 7). It is the fastest growing plant on Earth, and has the ability to grow 
under many different climatic conditions with minimal inputs.

FIGURE 13.7
A bamboo forest

(Source: Public domain use image: pixabay.com)

Bamboo is used for construction, but its pulp can also be used to manufacture fibres. The fibres are 
made by means of a chemical process similar to that for manufacturing viscose rayon. The fibres pro-
duced have a slightly lower tenacity than cotton fibres, but have similar moisture regain to viscose. Their 
elongation at break is between that of cotton and viscose. Watch this video https://www.youtube.com/
watch?v=_BYWhKGAdnE about bamboo, which gives useful background as to why bamboo is used, 
from its environmental benefits to the fibre properties. You will also see a number of uses of the fibre.

The fibres (figure 13.8) have numerous micro-gaps and micro-holes, which allow for better moisture 
absorption and ventilation, making bamboo very comfortable to wear, especially in summer. Bamboo 
fibres also possess a natural antibacterial and antifungal agent called “bamboo kun”. Bamboo fabrics 
are extremely soft, smooth and comfortable to wear next to the skin.

FIGURE 13.8
Bamboo fibre – smooth and soft

(Source: Author’s image)
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Bamboo clothing is more wrinkle resistant than cotton and the fabrics can be ironed at lower tempera-
tures than cotton. At warm temperatures, shrinkage during washing and drying is minimal. Bamboo 
also offers protection against UV-rays.

Use of bamboo is varied and includes sweaters, bathing suits, towels, summer clothing, baby clothes, 
sheets, medical textiles and socks.

Bamboo fibres can also be produced by means of a more environmentally friendly mechanical process 
similar to that used to obtain flax fibres. This process is more expensive but more eco-friendly. The 
cost of producing bamboo fibres using this method is far lower than the chemical method. The fibres 
produced are somewhat harder, and are used to produce linen-like fabrics.

13.9 SOYBEAN PROTEIN FIBRE
Soybean protein fibre (SPF) is the only plant protein fibre. It is made from soybean cake. The residue 
after extraction of the protein is used as stock feed.

FIGURE 13.9: SOYBEANS
(Source: Public domain use image: commons.wikimedia.org)

Fibres are spun by means of a wet spinning process. SPF has many of the physical properties of manu-
factured fibres. The fibres have a higher breaking strength than wool, cotton and silk, but a lower 
breaking strength than polyester fibre. The fibres have the same moisture absorption as viscose and 
better moisture transmission than cotton, which makes them comfortable to wear. The fibres are also 
soft, smooth and lightweight. Fabrics are anti-crease, easy to wash and fast drying. In addition, the 
fibres have antibacterial properties.

SPF is ideal for products that are worn close to the skin such as underwear, sleepwear, sportswear, 
children’s clothes and baby clothes, and sheets, towels and blankets.

Fabrics made from SPF and linen or other fibres are ideal for functional underwear and summer wear. 
When mixed with cashmere, SPF provides smoothness and increases ease of care. When mixed with 
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wool, it reduces shrinkage and increases ease of care. When blended with silk it improves the properties 
of silk and prevents the fabric from sticking to the skin when wet.

To learn more about SPF, have a look at this website: http://www.swicofil.com/soybeanproteinfiber-
properties.html.

Protein fibres can also be made from animal proteins, for example from the protein in milk. This video 
https://www.youtube.com/watch?v=AzjM-4OIlxY shows how the fibres are made and some of the 
wonderful garments that can be produced.

13.10 POLYLACTIC AID AND OTHER POLYMERS

 • Polylactic acid

Polylactic acid (PLA) was first discovered in 1932 by the American chemist and inventor Dr WH Caroth-
ers at the DuPont Company (do you remember that I mentioned him in Learning Unit 8 in connection 
with polyester?), who produced a low molecular weight product by heating lactic acid under vacuum. 
Developments in increasing the molecular weight and advances in the process, which reduced costs, 
have made the use of the fibre feasible. PLA is the first melt processable natural based fibre.

The environmental benefits of PLA are shown in this short video: https://www.youtube.com/
watch?v=JgrevlhUSNI.

PLA is composed of lactic acid, which is produced by converting corn starch into sugar and then fer-
menting it to yield lactic acid. The polymer can be formed by condensation reactions, using a solvent 
to remove the water formed, or by a solvent-free process where an intermediate, lactide, is formed from 
the lactic acid monomer prior to formation of the polymer. The resulting polymer is extruded (melt 
spun) like other thermoplastic polymers to form fibres.

This interesting video https://www.youtube.com/watch?v=0WZNugiVT68 shows the production of 
a sunscreen fabric used for curtains and various types of blinds.

PLA has better resilience, crease resistance and drape than polyester. When it burns, it produces less 
heat and lower levels of smoke than polyester. PLA is biodegradable.

The uses of PLA include apparel, such as shirts and uniforms, carpet tiles, upholstery fabrics and non-
woven textile items such as disposable nappies. PLA can also be used in blends with other fibres such 
as rayon, cotton and wool.

 • Other polymers

Research is being conducted to find other monomers from renewable sources. Possibilities include eth-
ylene from ethanol derived from sugar cane to produce polyethylene fibres, succinic acid from glucose 
to produce polyamide fibres, and polyols from soybean oil or sugars to produce polyurethane fibres.

There are many possibilities for producing polymers from renewable resources. However, the sustain-
ability of the resource is dependent on the environmental impact of the chemicals produced, the need 
for renewable energy and the possible conflict between land use for biofuels and land use for food 
production.
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13.10.1 Activity 13.1
Answer the following questions and file your answers in your portfolio.

(1) What is a “green” fibre?

(2) Compile a table summarising the types of green fibre that you have learnt about. For each fibre, 
give the properties that make it desirable for textiles and some uses.

(3) Compare the production of bamboo fibres with that of banana fibres.

(4) What two processes are used to manufacture PLA?

(5) What is the starting material for PLA?

Answer the following question on the discussion forum on the module web site on myUnisa. 
(Forum 7: Module-related discussions, Topic: Activity 13.1: Green fibres)

(6) Watch the video clip in section 13.3 (see hyperlink below) and identify the benefits of organic 
wool in bedding and mattresses. Share one or two benefits on the discussion forum.

https://www.youtube.com/watch?v=U4RdP42JtHM

13.10.2 Feedback on Activity 13.1
(1) A green fibre is a fibre that is produced with the environment in mind. This includes the follow-

ing types of fibres:

 • Organic fibres such as organic wool and organic cotton: in producing these fibres care is taken 
to minimise the environmental impact of the process.

 • Fibres from waste plant material. The plant is usually grown for some other reason, such as for 
its edible part, and the fibres are recovered from parts of the plant that are normally discarded. 
Pineapple and agave fibres are examples of fibres in this category.

 • Biopolymer fibres, which are made from a renewable resource – they are made from plant 
materials which can be grown every year. These plant materials generally come from non-food 
crops. Polylactic acid, bamboo and soybean fibres are examples of biopolymers.

 • Manufactured fibres such as lyocell, which is manufactured according to an environmentally 
friendly process.
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(2) Your table should have looked something like this. (You can use and complete this table too.)

Fibre Desirable properties End uses

Organic wool Baby clothes, blankets, knit-
ting yarn, socks, jerseys

Organic cotton Comfortable to wear, excellent comfort prop-
erties, easy to wash and care for, environ-
mentally friendly

Coloured cotton Comfortable to wear, excellent comfort prop-
erties, easy to wash and care for, environmen-
tally friendly, natural colour (no dyes)

Shirts, trousers, T-shirts

Pineapple Soft, blended with other fibres to improve the 
properties of those fibres, e.g. blended with 
cotton to produce strong, light and breezy 
fabrics

Wedding dresses, shirts, 
blouses, handkerchiefs

Banana

Agave Strong, obtained from waste Non-woven fabrics

Lyocell Good drape, high moisture absorbency, ac-
cepts dye well, fibrillated fibres used for fine, 
soft-textured fabrics (peachskin), stronger 
than rayon, dyeable in a wide range of colours, 
environmentally friendly process

Bamboo Sweaters, bathing suits, 
towels, summer clothes, 
baby wear, medical textiles, 
socks

Soybean protein Higher breaking strength than wool, cotton 
and silk, better moisture absorption than cot-
ton, soft, smooth, lightweight, anti-crease, 
easy to wash, fast drying, antibacterial, bi-
opolymer made from a renewable resource

PLA

(3) 

Banana Bamboo

Natural fibre from waste Manufactured fibre (biopolymer) Natural fibre from renewable 
resource

Chemical or hand extraction 
of fibres

Chemical process similar to rayon Mechanical process similar 
to that of flax

Fibres mechanically spun into 
yarn when wet

Fibres spun during the manufactur-
ing process (filament)

Fibres mechanically spun 
into yarn
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(4) PLA is composed of lactic acid, which is produced by converting corn starch into sugar and then 
fermenting it to yield lactic acid. The polymer can be formed by condensation reactions, using a 
solvent to remove the water formed, or by a solvent-free process where an intermediate, lactide, 
is formed from the lactic acid monomer prior to formation of the polymer.

(5) What benefits did you identify? Did other students on the discussion forum recognise the same 
benefits, or did they identify some you didn’t mention?

13.11 SUMMARY
Green fibres are fibres that are produced with the environment in mind. Green fibre production can 
extend to the production process – we think here of organic wool and cotton and lyocell fibres, where 
production conditions are geared to minimise the environmental impact of growing or manufacturing 
the fibres.

Green fibres also include fibres from waste plant material. The plant is usually grown for some other 
reason, such as for its edible part, and the fibres are recovered from parts of the plant that are normally 
discarded. Pineapple, banana and agave fibres are examples of fibres in this category.

Green fibres are also produced from biopolymers. These fibres are made from a renewable resource, in 
that they are made from plant materials which can be grown every year. These plant materials gener-
ally come from non-food crops. Polylactic acid, bamboo and soybean fibres are examples of biopolymer-
based fibres.

Figure 13.10

Green textiles from green fibres

(Source: Public domain use images: pixabay.com, commons.wikimedia.org)
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14LEARNING UNIT 14
14Fabric labelling and care

14.1 INTRODUCTION

In the learning units that you have completed so far, you have learnt about the different types of fibre, 
their properties and their uses. These days there are labels attached to most textiles that give a range of 
information. This video https://www.youtube.com/watch?v=9AZg8DrObkQ by a label manufacturer 
shows some of the different types of label (and the manufacturing process). Beside brand and designer 
names, these labels include information on specific fabric treatments (for example flame retardant), the 
manufacturer, the country of origin, fibre content, fibre type, and the care of the textile (figure 14.1).

FIGURE 14.1
Labels provide a great deal of information

(Source: Author’s image)

Other labels, known as eco-labels, assure the customer that the item that they are buying was produced 
in an environmentally responsible manner.

The labels in a garment guide the consumer, especially regarding care requirements, and assure them 
of what they are buying, for example 100% wool, produced in an eco-friendly manner.

These labels are also a source of information for the consumer scientist. You can link the care require-
ments given on the label to the fibres used, and apply your knowledge of the properties of fibres to the 
fibres listed.
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This video https://www.youtube.com/watch?v=_D38L-QHWs8 shows what might happen if there 
were no labels.

14.2 LEARNING OUTCOMES
After you have completed this learning unit, you should be able to:

 • Discuss fibre labelling and fibre blending
 • Discuss eco-labelling
 • Discuss care labelling and explain what is meant by each care label symbol
 • Suggest suitable care label symbols for different articles

14.3 FIBRE LABELLING
On 7 May 2008, the South African government issued a notice to announce that from 15 May the 
country of origin labelling in terms of the Merchandise Act 17 of 1941 would be enforced. All imported 
and locally made merchandise governed by the Act must bear a label indicating the country of origin 
if mostly imported textiles were used, and the fibre content and care instructions (see figure 14.2).

Even so, some textile labelling in South Africa can be very misleading. You may find a label stating 
“linen look” or “French linen” in a garment made from 100% polyester, or a label stating “rich in silk” 
may actually describe a fabric that contains only 2% silk. A well-known example is the fabric known 
in South Africa as “butcher’s linen”, which is made from 100% polyester filament fibre. Real butcher 
linen is a coarse, stiff, heavy linen fabric of plain weave, originally made for butcher’s aprons.

Knowing which fibres are present in a garment or piece of fabric can be very important to the consumer. 
The fibre content will be given on the label of most textiles. If there is no label, you will probably have 
to learn to make a shrewd guess by looking at and feeling different fibre fabrics, especially since you 
can’t put a match to each article to do a burn test before buying it!

FIGURE 14.2
Example of a textile label showing fibre content (fibre types and percentages),  

country of origin and care instructions

(Source: Clothing and Textiles, Only study guide for CLO2601,  
University of South Africa, Pretoria, 2012)
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You can see in the example of the textile label in figure 14.2 that the item is made from a blend of 50% 
polyester and 50% cotton. You will also have come across some examples of blended fibres in the learn-
ing units you have already studied. The following video shows some common blends and the process 
of blending fibres: https://www.youtube.com/watch?v=ohDWa9SgQ68.

 • Fibre blending is used to:

 • improve the quality of a textile

 – improved performance in use (abrasion resistance, durability, creasing)

 – improved comfort (thermal insulation, moisture absorption, next-to-skin comfort)

 – improved care performance (laundering, drying, ironing, shrinking)

 • improve appearance

 – create optical effects (colour, lustre, fancy yarns)

 – improved texture and hand

 • increase profitability

 – improved cost efficiency (fibre cost, fibre supply, yarn fineness, process efficiency)

Fibres are blended at the stage of staple yarn production by combining different types of fibres. Blend-
ing can also take place during fabric production, when yarns made of different fibres can be mixed. 
Blends of natural and manufactured fibres are very popular – the most desirable properties of both 
fibres can be exploited, while some of their disadvantages can be offset. The comfort properties of the 
natural fibres are supplemented by the high durability, appearance retention and care properties of the 
manufactured fibres. The most common blending ratios are between 70:30 and 50:50.

 • Popular blends include:

Polyester: cellulose. The cellulose component is usually cotton, but may also be viscose or flax. Com-
mon blend ratios are 67:33, 65:35, 50:50 and 80:20.

Polyester: wool. This blend of fibres is used for woven textiles and knitwear. The most common blend 
is 55:45.

 – Nylon: cellulose. Staple blends containing 10 to 30% nylon with cotton or viscose are used in 
lightweight suiting, dresses and leisure shirts.

 – Nylon: wool. Common blend ratios are 20:80 and 60:40. The addition of 5 to 20% nylon is often 
used for strength in socks and thermal clothing.

 – Acrylic: wool. This blend is used to reduce the price of the garment.

 – Polyester: acrylic. This blend is used for outerwear and furnishing fabrics.

 – Nylon: acrylic. This blend is used to create imitation wool fabrics, used in ski wear.

 – Elastane: various. The elastane gives stretch, and the blends are used for sportswear, bandages and 
body-fit clothing.
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Besides fibre content, labels may also indicate the types of fibres. A few examples are given in figure 14.3:

FIGURE 14.3
Special labels. Top left: the Woolmark, showing that the item is made from pure new wool; top 

right: the certifying mark for pure cotton; bottom left: the Woolmark blend, showing that the 
item is made of a blend of wool; bottom right: the certifying mark for cotton blends

(Source: Clothing and Textiles, Only study guide for CLO2601, University of South Africa, Pretoria, 2012)

14.4 ECO-LABELLING
Consumers are becoming increasingly aware of the adverse impacts of industrial pollution on the 
environment and their health. Consequently, there has been pressure on the textile industry to adopt 
more “eco-friendly” manufacturing processes. (You will learn more about this in CLO3704.) This 
has led to a significant increase in the use of eco-labels on textiles. Here https://www.youtube.com/
watch?v=42YfbsF2CNU is an example of a company that utilises sustainable materials for their fabrics. 
In addition, to assist entry into new markets and to maintain existing ones, obtaining an eco-label can 
generate financial savings through process optimisation, and improve working conditions.

An eco-label provides brief information on environment-related product qualities. It enables consumers 
to identify those products that have been manufactured using eco-friendly materials. These products do 
not contain chemicals, such as pesticides, heavy metals and formaldehyde, or certain dyestuffs which 
are harmful to the wearer. Eco-labels are normally issued either by government-supported or private 
enterprises once it has been proved that the product for which the application has been made has met 
the criteria set for the label. Organisations involved in eco-labelling include:
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Private Non-governmental organi-
sations (NGOs)

Good Environmental Choice (Sweden)

Institution related Öko-Tex (Oeko-Tex) (Germany)

Producer’s association AKN Trademark (Germany)

Company related Steilmann, Otto Versand, Hess Natur, Green Cot-
ton.LiViTy Outernational

Government National EKO-Seal (Holland), Environmental Choice (Can-
ada), Eco-Mark (Japan), Green Mark (China–Tai-
wan), Eco-Mark (Korea), Environmental Labelling 
(China), Eco-Mark (India)

Multinational EU-label, Nordic Eco-label

Figure 14.4 shows some examples of eco-labels.

FIGURE 14.4
Examples of eco-labels. Top left: Oeko-Tex Standard 100; top right: EU-label, bottom left: 

Japan’s Eco-mark; bottom right: Nordic Eco-label

(Source: Clothing and Textiles, Only study guide for CLO2601, University of South Africa, Pretoria, 2012)

14.5 CARE LABELLING
These days most textiles bear a label showing care instructions. The South African Bureau of Standards 
has published a textile care labelling code based on the international care symbols.

The care labelling symbols were designed to standardise care instructions. The care label attached to 
an article takes into account both the fibre or combination of fibres used and the dyes and finishes 
applied to the fabric.
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In South Africa five symbols are commonly seen:

 • Washing: wash tub

This symbol indicates that the article can be machine washed. The maximum temperature for washing 
is indicated by the number on the wash tub. A hand in the tub means that it must be washed by hand, 
while a crossed-out tub indicates that the article must not be washed.

 • Bleaching: triangle

This symbol indicates whether or not chlorine bleach can be used on the article. A triangle means that 
ordinary household bleach can be used on the article. If the triangle is crossed out, bleach must not be 
used on the article.

 • Ironing: iron

The iron indicates that the article can be ironed and at what temperature: a single dot means use a cool 
iron (120 ºC), two dots mean use a warm iron (160 ºC), and three dots mean use a hot iron (210 ºC). If 
the iron is crossed out, do not iron the article.

 • Dry-cleaning: circle

A circle symbol means that the article can be dry-cleaned. The letter in the circle indicates to the dry-
cleaner what solvent can be used. A crossed-out circle means that the article must not be dry-cleaned.



186

  

 • Drying: square

Various symbols are used for drying. A square containing a circle indicates that the article can be 
tumble-dried, on any heat setting. A single dot in the circle means dry using a low heat setting, two 
dots indicate a warm heat setting and three dots indicate a hot setting. A crossed-out square means do 
not tumble-dry. There are also symbols for other methods of drying.

The following table may assist where an article carries no care label (adapted from SABS: Textile Care 
Labelling Code – What it means).

TABLE 14.1
Fabric care

Fabric Examples Washing Bleaching Ironing Dry-
cleaning

White cotton or linen 
without special finishes

Sheets, towels √ 95 ºC √ √ 210 ºC √

Cotton, linen or rayon 
colour-fast at 60 ºC

Sheets, towels, dresses, 
nightwear

√ 60 ºC No √ 160 ºC √

Nylon, cotton/nylon, 
cotton/polyester, poly-
ester, polyester/rayon, 
cotton, linen or rayon 
with special finishes

Various garments and 
household items; drip-
dry items

√ 50 ºC No √ 120 ºC √

Acrylic, acrylic/cotton, 
acrylic/nylon, acetates

Various garments and 
household items; knit-
wear, curtains

√ 40 ºC No √ 120 ºC √

Machine-washable 
wool, wool blends with 
cotton, silk, rayon

Blankets, knitwear √ 40 ºC No √ 160 ºC √

Hand-washable wool, 
wool blends

Hand-knits, delicate 
items, lace

√ Hand 
cold

No √ 120 ºC √

Dry-cleanable, of-
ten with linings and 
inter-linings

Suits, costumes, blaz-
ers, overcoats; lined 
curtains

No No √ 160 ºC √

Special fabrics and 
garments

Swimsuits, girdles, 
nylon hosiery

√ Hand 
cold

No No No
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Written care instructions are often included too (figure 14.5). These may explain the symbols and give 
additional recommendations, such as “wash separately”. You might also see some variations of the 
symbols on clothes from other countries. Have a look at these two videos https://www.youtube.com/
watch?v=hb_N7N_ETTI and https://www.youtube.com/watch?v=J9w17vyypT0, which show some 
variations.

FIGURE 14.5
Besides care symbols, written instructions are often also included on the label.

(Source: Author’s image)

14.5.1 Activity 14.1
Answer the following questions and file your answers in your portfolio.

(1) Examine five ready-to-wear (factory-made) garments that have care symbols on their labels, and 
for which the fibre content of the garment is indicated. Make a note of the information on the 
label and enter it in a table with the following headings:

 • Type of garment
 • Fibre content (type and percentage)
 • Symbol for washing
 • Symbol for ironing
 • Symbol for dry-cleaning
 • Symbol for bleaching
 • Symbol for drying (if there is one)
 • Meanings of the symbols

(2) State how you would care for a garment bearing each of the care labels below.

2.1
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2.2

(3) There are no care labels stitched into the following articles. Give the care label symbol that would 
apply to each with regard to washing, ironing, bleaching and dry-cleaning.

 • A white cotton sheet
 • An acrylic knitted cardigan
 • A lined suit
 • A hand-knitted all-wool top
 • A swimsuit

(4) For the consumer, what are the advantages of buying a textile that has an eco-label?

(5) Why are fibres blended? Give two examples of fibre blends and their end use.

14.5.2 Feedback on Activity 14.1

(1) Your table could have looked something like this:

Type of garment Sleeveless windbreaker Chino trousers

Fibre content 100% polyester Pure cotton

Symbol for washing

machine wash at 40 ºC  machine wash at 40 
ºC

Symbol for ironing

 cool iron (120 ºC)  warm iron (160 ºC)

Symbol for dry-cleaning

do not dry-clean do not dry-clean

Symbol for bleaching

do not bleach do not bleach

Symbol for drying

do not tumble-dry  may be tumble-dried 
(warm heat setting)

  2.1 Hand wash, do not bleach, do not iron and do not dry-clean

 2.2 Machine wash at 95 ºC, may use bleach, hot iron (210 ºC), may be dry-cleaned



CLO2601/1 189

LEARNING UNIT 14: Fabric labelling and care

(3) Example: An acrylic knitted cardigan:

Washing Ironing Bleaching Dry-cleaning

 (Remember, you can use the information in table 14.1.)

(4)  Eco-labels enable the consumer to identify those products that have been manufactured using 
eco-friendly materials and do not contain chemicals, such as pesticides, heavy metals and formal-
dehyde or certain dyestuffs which are harmful to the wearer.

(5) Fibres are blended together to:

 • improve the quality of a textile

 – improved performance in use (abrasion resistance, durability, creasing)

 – improved comfort (thermal insulation, moisture absorption, next-to-skin comfort)

 – improved care performance (laundering, drying, ironing, shrinking)

 • improve appearance

 – create optical effects (colour, lustre, fancy yarns)

 – improved texture and hand

 • increase profitability

 – improved cost efficiency (fibre cost, fibre supply, yarn fineness, process efficiency)

Two examples of blends are:

 • Nylon with acrylic. This blend is used to create imitation wool fabrics, used in ski wear.

 • Elastane with various fibres. The elastane gives stretch and the blends are used for sportswear, 
bandages and body-fit clothing.

14.6 SUMMARY

Garment labels tell us who the manufacturer or designer of the garment is, where the garment was 
manufactured and, what is important, the fibre type or types and percentages used in the garment, and 
how to care for it.

This video https://www.youtube.com/watch?v=8eKpIa1lISg summarises some of what you have learnt 
in this unit. (Did you notice the special label shown in the video?)

A label can also tell us about the environmental friendliness of the garment. This type of labelling is 
known as eco-labelling and there are many organisations around the world, both private and govern-
ment, that issue eco-labels based on environment-related product qualities.



190

  

For the consumer scientist, labels can tell a great deal. They give the care instructions for an item. 
These can then be related to the type of fibre used in the garment. Equally, if you know what fibres 
have been used in a garment, you can determine the care requirements if you have a knowledge of the 
fibre properties. I hope that you now have that knowledge.
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15.1 INTRODUCTION

The knowledge that you have gained in this module would be of no use if you could not apply it practi-
cally in a given situation.

In order to pass this module you will have to demonstrate that you can decide which fibre properties 
will be desirable in any given article, and you will then have to make a well-motivated choice of fibre 
that will satisfy these requirements. You will also have to evaluate the contribution that the fibre content 
of a given article will make to that article.

This video https://www.youtube.com/watch?v=9QmTnHNb8ro gives a good summary of the advan-
tages and disadvantages of most of the fibre types that you have studied. Watch it as a refresher.

(Source: Author’s images)

15.2 LEARNING OUTCOMES

After you have completed this learning unit, you should be able to:

 • Analyse textile products to decide on the fibre properties needed for a particular end use
 • Make an informed choice of fibre for the products based on your knowledge of individual fibre 

properties
 • Evaluate the fibres in a product in relation to end use and care, setting out the advantages and 

disadvantages of each
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15.3 ANALYSIS OF TEXTILE REQUIREMENTS
When deciding on fibres suitable for a particular garment, you must decide what properties are required 
for the garment. Based on these requirements, you must then select suitable fibres. You have already 
done this to some degree during your study of specific types of fibres (Learning Units 4 to 13). For those 
activities you often used a table. However, in section 15.3.1 you will learn another method for doing this.

Figure 15.1: Do you remember this figure from Learning Unit 3? We discussed matching the require-
ments for a particular end use to the properties of the fibres. (Source: Author’s image)

15.3.1 Required properties
You will have to decide which properties you think will be required for any given article. You must 
discuss the properties required, even if you feel that no fibre possesses all the properties you want. If 
the article is, for example, an everyday summer dress for an eight-year-old girl, your analysis may look 
something like this:

FIGURE 15.2
Everyday summer dress

(Source: Public domain use image: pixabay.com)
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Durability

The dress will be worn by a child for everyday activities and will not be kept just for special occasions. 
It will therefore be subjected to harsh wear and tear and must be strong, durable, have good abrasion 
resistance and have reasonable elasticity.

Comfort

 • Heat conductivity

As it is a summer dress, I would like it to be cool. The fibre should be a good conductor of heat.

 • Moisture absorption

As it is a summer dress, it would be more comfortable if the fibre was a good absorber of perspiration 
to prevent the child from feeling clammy.

Appearance retention

 • Resiliency

As the dress will be washed frequently, it would be an advantage if the fabric did not crease too much, 
so that ironing is minimised. The fibre should therefore be resilient.

 • Dimensional stability

As this garment is a child’s everyday dress, it will be washed repeatedly. The fibre must be dimension-
ally stable and not stretch or shrink.

Care

It must be possible to wash the dress at home without using special or delicate techniques. The fibre 
must be able to withstand normal washing powders. It must be possible to line-dry or drip-dry the 
garment. It must definitely not be a dry-clean only garment.

Other considerations

 • Hand/texture/drapability

The fabric must not be so rough or hard that it will irritate the child’s skin. A crisp fabric rather than 
one that is too soft and drapable will be preferable, but the fabric must not be so stiff that it is a nui-
sance to the child while she is playing. (Remember, some of these properties come from the construction of the yarn 
and fabric, which is something we will be dealing with in more detail in CLO3704.)

 • Price

An everyday dress should not be too expensive. Expensive fibres should not be chosen, as they will 
increase the price without adding other value. On the other hand, as the dress will be worn often, it 
would be foolish to buy poor quality simply because it is cheap.

Different people will select different properties for any given article. I’m sure you will agree, however, that the requirements 
for an evening dress for a mature woman and those for a child’s dress will differ enormously. Your answer must always be 
well motivated. If you provide a vague answer, or merely list a number of properties, you will earn few marks.

DO NOT SIMPLY COPY OR REWORD THE EXAMPLE I HAVE GIVEN!
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15.3.2 Suggestion of suitable fibre
Once you have decided which characteristics will be required of the fibre, you can make a well-motivated 
suggestion. Limit your answer to one or two fibres only. Your answer must be linked to the require-
ments you set in the previous section. If the fibre you have chosen does not possess that property, you 
must state why you feel it is not suitable and should not be used.

Your answer may read something like this:

I would choose a polyester/cotton mixture with at least 60% cotton and 40% polyester for the follow-
ing reasons:

Durability

The fibres must be strong and durable. Both cotton and polyester are strong and have good abrasion 
resistance. This blend will give good durability.

Comfort

 • Heat conductivity

I wanted a fibre that is a good conductor of heat and cool to wear. Cotton is a good conductor of heat, and 
as 60% of the fabric will be cotton, it will be sufficient to make up for the polyester’s poor conductivity.

 • Moisture absorption

I am looking for a fibre that is a good absorber of moisture. Again, the absorption offered by the 60% 
cotton will make up for the polyester’s very limited absorption.

Appearance retention

 • Resiliency

The dress needs high resiliency so as not to crease too much, and not to require too much ironing. 
The cotton has low resiliency, but the inclusion of the polyester will add resiliency. The dress will not 
be completely without wrinkles and creases, but if it is drip-dried (or tumble-dried and removed from 
the tumble-dryer as soon as it is dry), it will not need a lot of ironing. The dress will also not look too 
creased by the end of the day.

 • Dimensional stability

The fibre must be dimensionally stable and not stretch or shrink. Both cotton and polyester are fairly 
dimensionally stable. The fibres will not stretch during washing or wear, and the relaxation shrinkage of 
cotton should be limited. If the dress is going to be self-made (as opposed to ready-to-wear) the fabric 
must be shrunk before garment construction.

Care

Both cotton and polyester can withstand normal washing powders and washing techniques. They can 
be machine washed and line-dried or tumble-dried, and do not need dry-cleaning.

Other considerations

 • Hand/texture/drapability
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Polyester/cotton mixtures have a pleasant hand. A mixture of 60% cotton and 40% polyester has slightly 
more body than the usual 35% cotton 65% polyester mixture. The latter is better suited for blouses or 
shirts.

 • Price

A reasonably priced fabric was required. Although 60% cotton fabric will be more expensive than the 
usual 35% cotton one, the slightly more expensive fabric will be worthwhile because of the better heat 
conduction, moisture absorption and body that the higher percentage cotton will provide.

15.4 EVALUATION OF TEXTILE PROPERTIES
You will not always be in a position to make the decision on which fibre or fabric to use. When you 
wish to buy a factory-made (ready-to-wear) article, you will have to decide whether the fibre, fabric 
construction method, finish, and so on is suitable for the end use of the article and for your needs.

You may find that a question on the evaluation of textile properties as they relate to end use and care 
would be formulated something like this:

You wish to buy an unlined summer jacket in a classic style. The jacket swing tag states that the garment 
consists of 60% linen and 40% polyester.

b(a)  Evaluate the advantages of both fibres with regard to the jacket.
c(b)  Evaluate the disadvantages of both fibres with regard to the jacket.

When answering a question of this kind, you must remember that any given property can be both an 
advantage and a disadvantage, depending on the circumstances. Your answer must always relate to the 
article and its end use. As the garment in question is a summer jacket, you cannot say: “Disadvantage of 
linen: linen is a good conductor of heat, therefore the jacket will be cool to wear”. In a summer jacket, 
good heat conduction will be an advantage. You must also work with the information given and stick to 
the relevant facts. Do not write a long story about silk if you are not told that the garment contains silk!

Your answer to this question may look something like this:

Advantages

Linen

 • Flax is very strong for a natural fibre. It has high tenacity. I can expect the garment to last a long time.
 • Flax has good abrasion resistance, which adds to its durability.
 • Flax is a good absorber of moisture. This will make the garment comfortable to wear in summer.
 • Flax is a good conductor of heat. This will make the garment cool to wear, which is an advantage 

in a summer jacket.
 • Linen washes well. It is not affected by the alkalis in soap. Unless the garment contains other fabrics 

or fibres that are not washable, the jacket can be laundered at home. This will save on laundry bills.
 • Linen has a crisp look and a natural sheen. This will add to the aesthetic appeal of the garment, 

particularly since it is a tailored jacket.
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Polyester

 • Polyester has high tenacity and abrasion resistance, and will last a long time.
 • Polyester is resilient; this means the garment will be less likely to crease.
 • Polyester has good flexibility and elasticity, which will add to the durability of the jacket.
 • Provided it is heat set, it will have good dimensional stability.
 • Polyester is washable and can withstand the alkalis in soap. This will add to the washability of the 

garment.

Disadvantages

Linen

 • Flax is very expensive. This could add to the cost of the garment.
 • Flax has a low resiliency; it creases easily and is difficult to iron. However, the polyester should compensate 

for this.
 • Linen has poor flexibility and elasticity. This can make the fabric stiff. However, the polyester 

should compensate for this.

Polyester

 • Polyester is a poor conductor of heat. This will make the garment warm to wear.
 • Polyester is also a poor absorber of moisture. This could make the garment uncomfortable to wear. 

However, the fact that the garment contains more linen than polyester should compensate for this. (If 
it had contained only 10% linen, the linen may only have added aesthetic appeal and not much else.)

As you can see from the above, you will not be able to answer this type of question unless you know and understand your 
basic textile theory very well. You can expect at least 50% of the examination paper to deal with relating textile properties 
to end use. Remember that you will not earn many marks for an unsubstantiated list of properties.

15.4.1 Activity 15.1
Answer the following questions and file your answers in your portfolio.

(1)  Do an analysis of the textile requirements, giving the required properties, and suggest a suitable 
fibre for the following:

b(a)  Trousers for a 15-year-old boy
c(b)  Winter coat for a 20-year-old female university student, to be worn to lectures

(2)  You are interested in buying a winter blouse made from 100% viscose. The blouse is to be worn 
for smart occasions, such as going to church. Evaluate the suitability of the textile for the speci-
fied use.

DO NOT SIMPLY COPY OR REWORD THE EXAMPLES I HAVE GIVEN.

There is no feedback on this activity, as I have already given examples. You should use the 
activity as examination preparation.
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15.5 A WORD IN CLOSING
This brings us to the end of this module – I hope you enjoyed it!

In the next textile module (CLO3704) you will learn more about the spinning of yarns, fabric manu-
facture, and finishes applied to textiles. Do not give or throw this guide or your portfolio away, as 
you will need it for the next module.

Make sure you carry out all the activities diligently. File them all in your portfolio. Be constantly aware 
of textiles and their possible fibre content. Now you have a real excuse to go to clothing and fabric 
shops – but the emphasis should be on observing, not buying!

Remember that this is a 12-credit module, and that in order to pass the average student working in his 
or her home language can expect to have spent 120 hours on it.

(Source: Author’s images, public domain use images: pixabay.com,  
commons.wikimedia.org, wikipedia.org)
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