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Introduction

Colour Chemistry and Technologyis a second semester course and a
three - credit degree course available to studefiesing Bachelor of
Science (B.Sc) Chemistry.

Colour Chemistry and Technology is an emergingdfief Industrial
Chemistry.The first synthetic dye, Mauveine, was discovered by Perkin
in 1856. Colour, pigment and polymer industry ceyhtty be described
as a new idea. However, it remains a virahallenging industry
requiring a continuous stream of new products bezanf the quickly
changing world in which we live. Polymer science dsiven by the
desire toproduce new materials for new applications. The success of
materials such as polyethylene, polypropylene, polystyrene is so
enormous that these materials are now manufacamedhuge scale and
are indeed ubiquitous. There is still a massiveadto understand these
materials and improve their properties in ordernteet the material
requirements. However, increasingly, polymers lz@eng applied to a
wide range of problems and in developing new malteri

The oil crisis in the early 1970s, which resultedisteep increase in the
prices of raw materials for colour, dyes, fibresl gmwlymers, led to the
search for more cost-effective materials, hbdty improving the
efficiency of the manufacturing processes and Ipfang tinctorially
weak chromogens such as anthraquinone withtotiially stronger
chromogens such as (heterocyclic) azo andzduk#iuranone. These
themes are still important and ongoing, as thette#ecurrent themes of
product safety, quality, and protection of the emwiment. There is also
considerable activity in colour and dyes fagh-tech applications,
especially in the electronics and non-impact pmoptindustries.

This course guide is primarily a simple descriptdnvhat the course is
made up of, the materials to be used and how yoweak with these
materials. In addition, it advocates some genaralalines on the time
you are likely to spend on each unit of the coumsader to complete it
successfully.

What you will Learn in this Course

In this course, you will learn about important cheahmaterials such as
colour, dyes, pigment, etc. You will also learnnhbbres and related
polymers are produceflom naturalsources and in synthetic forms. In
addition, the applications of colours, dyegigments, fibres and
polymers in the environment will be examined. Nehallengesand
economic importance of chemical material in an gyngreconomy will
alsobediscussed.
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Course Aims

The aim of the course is to provide a basic undatshg of the nature
of chemical materials and the emerging trend. dditaon, it seeks to
address the massive drive to understand theseriatgtand improve
their properties in order to meet material requeata

Course Objectives

To achieve the set aims, the course has a setjeftoles. Each of the
unit contained in a specific module has stabdgectives which are
included at the beginning of the unit. A clearedemstanding of each of
the objectives is a prerequisite for also undeditanthe contents of the
unit. It is highly essential to reflect, as you wdahrough each unit, on
the objectives.

The main objectives of the course are listed belByw.meeting these
objectives, you should have achieved the aims fuchvthe course has
been designed. At the end of this course, you shosilable to:

I explain the concept of colour, pigments/esl and related
materials

. identify each of the colours, dyes and pigmetitgir properties
and uses. In addition, you should be able to predwtours that
best suited your desired need

iii.  explain the relationship and difference betwe®lours, pigment

and dyes

iv.  illustrate how fibers and related polymers preduced

V. define the concept of dyeing and pigment teabgplin relation
to specificmaterials

Vi. describe new challenges in the emerging wofldhemical and
material technology

vii. demonstrate the basic mechanism and pgs®E= involved in
dyeing and pigment.

Working through this Course

In order to successfully complete this courgeu are required to
carefully study each unit along with other recomdezh textbooks and
materials that may be provided by the National rOpiversity. You

may also need to exploit e-reading such as thenetdéor further useful
information on the course.

Each unit contains self assessment exercise amwmaé point in the
course youwould be required to submit assignments for grading and
recording purposes. You are also to participatdénfinal examination
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at the end of the course. It is recommended thatd@vote sufficient
time for reading and comprehension. It is highlgassary that you avail
yourself the opportunity of attending the tutosaksions where you will
be able to compare your understanding of the caroreents with your
colleagues.

The Course Materials
The main components of this course are:

The Course Guide

Study Units

Self Assessment Exercise
Tutor-Marked Assignments
References/Further Reading

arwpdPE

Study Units
There are 17 study units in this course as follows:

Module1l  Colour, Pigments and Dyes

Unit 1 Colour and its Features

Unit 2 Types of Colour

Unit 3 Pigments

Unit4 Organic, Inorganic and Metallic Pigments
Unit 5 The Linkages between Pigments and Dyes
Unit 6 Application of Dyes and Pigments

Module2  Classification of Dyes and Fibres

Unit 1 Classification of Dyes
Unit 2 Classification of Fibres
Unit 3 Natural Dyes and Dyeing Processes

Module3  Synthetic Dyes and Fibres

Unit1 Synthetic Fibres

Unit 2 Polymer Fibres

Unit 3 Polyesters and Polyamide Fibres

Unit4 Polyurethanes, Cellulose and Polyacryloleitri

Unit5 Aramids, Poly (methyl methacrylate) and Raljponate
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Module4  Dyeing Mechanisms

Unit1 Textile Dyeing Process

Unit 2 Beam Dyeing Machine, Hank Dyeing Machine algl
Dyeing Machine

Unit 3 Jet Dyeing Machine

The first unit addresses the nature and conceptotfur and related

materials. It focuses on why objects are in colversee. The second
unit describes in details the different typef colour and their
application in the environment. The third unit ignparily concerned

with the nature and properties of pigmenss aa class of coloured
materials. The fourth unit addresses the classgsgments and their

chemical characteristics. The fifth unit deals witle linkages between
pigments and dyes. The sixth unit explains theiegfibns of dyes and
pigments. The seventh unit enumerates the vari@sses of dyes while
the eighth unit addresses the classification ofeBb The ninth unit is

concerned with the dyeing processes.

Unitl0 focuses on the meaning and different typesyathetic fibres.
Unit 11 also addresses the nature and chemicatitt@rgs of synthetic
polymers with emphasis on the polyethylene grddipit 12 discusses
the chemical formation and importanoé polyestersand polyamide
fibres, while the 13th unit explains the naturesnation and usesof
Polyurethanes, Cellulose and Polyacrylonitriénits 14, 15 and 16
focus on the advances in the instruments and mest@mployed in the
dyeing processes. The"4nit explains the textile dyeing process with
emphasis on the continuous, semi-continuous e batch dyeing
processesUnit 15 primarily deals with the workings of beam dyeing
machine, hank dyeing machiaedjig dyeing machine. Lastly, the 17th
unit addresses the jet dyeing machine.

Each of the units is made up of one or two weeks’kwconsisting of
introduction, objectives, reading materials)f sesssessment exercise,
conclusion, summaryutor- markedassignment (TMA), suggestions for
further reading and source materials. The uniealg you to work on
exercises related to the required reading. Togetitérthe TMAs, they
are meant to test your basic understanding and @rapsion of the
course materials, which is a prerequisite for eaghg the stated aims
and objectives of the course.

Presentation Schedule

The course materials have important dates forithely completion and
submissionof your TMAs and tutorial lessons. You are vividly
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reminded of the need to promptly submit amsw® tutorials and
assignments as at when due.

Assessment

The course assessment consists of three aspeuhely the self
assessment exercise, the tutor- marked assignmedriha end of course
examination.

It is essential that you attempt all exercises asglgnments and submit
appropriately to the course facilitator for gradimgt your answers be
concise and as accurate @sssible.You are expected to consult other
materials in addition to your course material tevaer the questions.
Kindly note that the tutor- marked assignment dtuist only 30 per
cent of the total marks for the course.

Tutor-Marked Assignment (TMA)

The TMA is a continuous assessment component of gourse. It
accounts for 30 per cent of the total score. Youlve given five TMAs

to answer. Three of these must be answered beforang allowed to sit
for the end of the course examination. THdAs will be given to you
by your facilitator and returned after you have @ldhe assignment.
Note that these assignments are already contamgteiassignment file
to be givento you. You may do yourself good by reading and
researching well before you attempt to answer thestons.

You are warned to submit these assignments to db#itdtor at the
stipulated time as indicated in the assignment flewever, if for any
reason you are unable to meet the deadline, yotegrered to intimate
the facilitator of your problem before the dueedand seek for an
extension which may be granted or not.

Final Examination and Grading

The end of the course examination for Colour Chamisand
Technology will be for about three hours with maMmmscore value of
70 per cent of the total course work. The exanmomaivill be made up of
guestions which will reflect what you have learnt in the ceurs
materials/further reading. In addition, they magy $imilar to the self
assessment exercises and the TMAs. The end obtlrse examination
is intended to cover information from all partstteé course.

Avall yourself the opportunity of the period betwethe completion of
the course and the beginning of the examinatioretse as much as
possible the whole course material, the exercisdsaasignments.
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Course Marking Scheme

Assignment Marks

Assicnments 1-5 Five assignments, besi three of the five
count at 10% each i.e. 30% of the
course marks

Enc of coursi Examination 70% of overal course marks

Total 100% of the courst materials

Facilitation/Tutorials

There are 17 hours of tutorials provided in suppdrthis course. You
will be informed appropriately of the name, telepb number and e-
mail address of your facilitator. In addition, ttieme, dates and location
of the tutorial lessons will be communicatbdforehand. You are
required to mail or submit your tutor- matk@ssignmento your
facilitator, at least two working days, before #uleduled date.

Note that all the submitted assignments will beydodarked by the
facilitator with further comments that can imprawe your performance.
The facilitator will from time to time takérack record of your
comprehension, progress and difficulty in the ceurs

Endeavour to attend tutorial lessons at tixedf appointment. It is
probably the only avenue to meet face- to- face @nsduss with your
facilitator. This will also afford you the opportityto ask questions or
seek clarification on seemingly grey areas in tberge material. It is
advisable that you have questions and commentsydar facilitator
before the due date. An active participation dyine tutorial lessons
will be an added advantage to boost your confidésas.

In case any of the situations listed below arighks not hesitate to
intimate your facilitator using his or her telepleonumber or e-mail
address:

You do not understand any part of the study orabsigned
readings

You are not skilled enough to attempt théf sssessment
exercise

The questions in the TMAS are not clearly understoo

Vi
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Summary

Colour Chemistry and Technology is a course whghntended to
provide students with the nature and concept ofmoted materials that
are indispensable and highly valuable in @nvironment. Upon
completion of this course therefore, it is expedtet you would apply
the knowledge to cause a positive change in our@mwent.

Accept my best wishes in the course and | do hbaeyou will benefit
considerablyrom its application.

Vii
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MODULE 1 COLOUR, PIGMENTS AND DYES

Unit 1 Colour and its Features

Unit 2 Types of Colours

Unit 3 Pigments

Unit4 Organic, Inorganic and Metallic Pigments
Unit 5 The Linkages between Pigments and Dyes
Unit 6 Application of Dyes and Pigments

UNIT 1 COLOUR AND ITS FEATURES
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Colour
3.2  History of Colour
3.3  Where does Colour Come from?
3.4 Electromagnetic Waves and Visible Spectrum
3.5 Wavelength and Frequencies of Colour
3.6  Properties of Colour
3.7  Colour Perception
3.8 Why are Objects the Colour they are?
3.8.1 Reflection and Scattering
3.8.2 Absorption
3.8.3 Transmission
3.8.4 Refraction
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Electromagnetic radiation is characterised by wsvelength (or
frequency) and its intensity. When the wavelengthvithin the visible
spectrum (the range of wavelengths humans caniper@pproximately
from 380 nm to 740 nm), it is known as "Wblsei light". Most light
sources emit light at many different wavelengthsparce'spectrumis
a distribution giving to its intensity at each wkrgth. Although the
spectrum of light received by the eye from a gid@ection determines
the colour sensation in that direction, there ay@ny more possible
spectral combinations than colour sensatiomberefore, one may
formally define a colour as a class of spectra ¢finads rise tdhe same

1
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colour sensation, although such classes waady widely among
different species, and to a lesser extent amodiyiduals within the
same species. In each such class, the memberzaléd metamersof

the colour in question.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

explain the history of colour

define colour

identify the different kinds of colour

explain why objects appear the colour they are.

3.0 MAIN CONTENT

3.1 Definition of Colour

Colour is simply defined as the light of fdient wavelengths and
frequencies. Light, however, is just one form okemgy that we can
actually see that is made up of photons.

3.2 History of Colour

Some of the early studies and theories abigiitt were done by
Aristotle. He discovered that by mixing twemlours, the third is
produced. He did this with a yellow and blue pietglass, which when
brought together produced green. He also discovibiadight travels in

waves. Plato and Pythagoras also studied lightheénl10th century, Al-

Haytham researched into colour and his figdirninspired Newton.
During the Middle Ages, Paracelsus reintroducesl khowledge and
philosophy of colour using thpower of the colour rays for healing
along with music and herbs. Unfortunately, he wasnded throughout
Europe and ridiculed for his work. Most of his maaupts were burnt,

but now he is thought of, by many, to be one ofgteatest doctors and
healers of his time. A man, it would seem, very mabead of his time.
Not only do we now use Colour Therapy once aghut, his other

ideas, using herbs and music in healing, can atésgden reflected in
many of the complementary therapies now quite mmonplace.

A pioneer in the field of colour, Isaac Newton, 1672 published his
first, controversial paper on colour, andtyoyears later, his work
'Opticks'. Newton passed a beam of sunlight thraugmism, when the
light came oubf the prism it was not white but was of seven different
colours: Red, Orange, Yellow, Green, Blue, Indigad &Violet. The
spreading into rays of these colours was callesp&lision’ by Newton

2
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and he called the different coloured rays the ‘spec. He discovered
that when the light rays were passed again thraugtism, the rays
turned back into white light. If one ray was pas#augh the prism it
would come out the same colour as it went in. Newdoncluded that
white light was made up of seven different colouys.

3.3 Where Does Colour Come from?

Colour comes from light. We can see seven mainucslof the Visible

Spectrum. The retinas in our eyes though havestkypes of colour

receptors in the form of cones, we can actually adeftect three of these
visible colours — red, blue and green. These celaue called additive
primaries. It is these three colours that are mixedur brain to create
all of the other colours we see. The wavelength fanguency of light

also influences the colour we see. The seven c®louthe spectrum all
have varying wavelengths aricequencies.Red is at the lower end of
the spectrum and has a higher wavelength but Irequency than that
of violet at the top end of the spectrum which haswer wavelength
and higher frequency.

To physically see this, we need a prism. When lighh the sun passes
through aprism, the light is split into the seven visible colours by
refraction. Refraction is caused by the change@ed experienced by a
wave of light when it changes medium.

VIOLET
INDIGO
, BLUE
(\. | GREEN

YELLOW

ORANGE

RED

www.colourtherapyhealing.com

Fig. 1.1: Colours of Visible Spectrum
Source: www.colourtherapyhealing.com

3.4 Electromagnetic Waves and Visible Spectrum

The electromagnetic spectrum is the range of abibe frequencies of
electromagnetic radiation. The electromagnetic tspectof an object is
the characteristic distribution of electromagnetcliation emitted or
absorbed by that particular object. The tetecagnetic spectrum

3
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extends from below frequencies used for modexdio through to
gamma radiation at the short wavelength end, cogyewavelengths
from thousands of kilometers dowm a fraction of the size of an atom.
The long wavelength limit is the size of thaiverseitself, while it is
thought that the short wavelength limit is in thieinity of the Planck
length, although in principle the spectrum is irtérand continuous.

Generally, electromagnetic radiation (EM) is claedi by wavelength
into radio wave, microwave, infrared, the visibégion we perceive as
light, ultraviolet, X-raysand gamma rays. The behaviour of EM
radiation depends on its wavelength. When EM ramhaiteracts with
single atoms and molecules, its behavior also dipen the amount of
energy per quantum (photon) it carries.

The diagram below shows what small part of the wladctromagnetic
visible spectrum light actually forms.

THE ELECTRO MAGNETIC SPECTRUM

Wavelength
(metres)
Radic Microwave Infrared  Visible Ultraviclet K-Ray Gamma Ray
I 1 l 1 1 I 1
T i — | 1 i L
103 102 103 106 108 1010 1012
Frequency
{Hz)
L 108 1012 1 1013 1018 0!8 1020
Fig. 1.2: Nature of Electromagnetic Radiation
Source: www.colourtherapyhealing.com

The amount of energy in a given light wave is prtipoally related to
its frequencythusa high frequency light wave has a higher energy than
that of a low frequency light wave.

E=hv where E= Energy; h=Planck’ constant; v= velooityight
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SELF ASSESSMENT EXERCISE 1

1. Explain briefly the origin of colour.
2. Highlight the content of visible spectrum.

3.5 Wavelengths and Frequencies of Colour

Each colour has its own particular wavelength aretjdency. Each
colour can be measured in units of cycles or waeesecond. If we can
imagine light traveling in waves like that in aneag, it is these waves
that have the properties of wavelengtid frequency.A wavelength is

the distance between the same locations on adjacems.

wavelength

AVAVA

Each of these waves has a different wavelengthsaedd of vibration.
Together they form the electromagnetic spectrum. Light traveis
waves.

The frequency of a wave is determined by the nundfecomplete
waves or wavelengths that pass a given point sacbnd. All light
travels at the same speed but each colour haseaedif wavelength and
frequency. It is these different wavelengths anefjiiencies that cause
different colours of light to be separate and Vesivhenpassinghrough
a prism. This can be compared to the radio wavashniave different
frequencies and wavelengths in which certsiiations can only be
listened to at a particular frequency or wavelen&ib, colour blue, for
instance, - can only be visible at a particulag@irency and wavelength
range. The higher the frequency of a colour, tlser the waves of its
energy.

W AN NN
IR \ f
ATATATARAVAY

high low

Higher frequency colours are violet, indigo, andebwhile the lower
frequency colours are yellow, orange and red. ghHrequency light
wave has a higher energy than that of a low frequéght wave.
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3.6 Properties of Colour

Each colour has its own properties with dawn wavelength and
frequency.Although white could be said to be a colour, it is generally
not included in the scientific spectrum as it idaet made up of all the
colours of the spectrum, but it is often being nefd to as a colour.

Table 1.1: Colour and Relative Property

Colouti Wavelength Ranc (nm) | Frequeicy Range
(THz)
Rec 70C-63E 43C-48C
Orange 635-590 480-510
Yellow 59(-56C 51C-54C
Greet 56(-49C 54(-61C
Blue 49(-45C 61C-67C
Violet 45C-40C 67C-75C

(Frequency= Terahertz (one trillion cycles per secondjavelength=
Nanometers

One meter equals 1,000,000,000 nanometers. Onaned@iois about
the length of ten atoms in a row)

3.7 Colour Perception

We see colour with the sensors in the retina ofetye called rods and
cones. The rods are sensitive to low light andcthees, which require a
greater intensity of light, are sensitive to cololine message is passed
to the optic nerve and then on to the brain.

Light Section '

Merve fibres
Ganglion cells i'ﬁ%l :!

Bipolar cells f”ii”r i ”“ 'l::: Svnaosis
i Hﬂ,i.—if“

":::: T"' . Receptors

Pigmented ——= @]o]a]alo@l2—

cells

Rod

Fig. 1.3: Colours and Eyes
Source: www.colourtherapyhealing.com
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The eye picks up colour and light by the rods ames. It is theCones
that detect colour. Each cone contains one of thigments sensitive to
either red green or blue. There are about 120anillods and about 6 to

7 million cones in the human eye. Rods are moreitea than the
cones but thegrenot sensitive to colour, they perceive images as hlack
white and different shades of grey. More than tmasand times as
sensitive, the rods respond better to blue but hite/ to redlight.

Each pigment absorbs a particular wavelength ajwolThere are short
wavelength cones that absorb blue light, middle elength cones that
absorb green light, and long wavelength cones dhaorb red light.
When we observe a colour that has a wavelengtivelset that of the
primary colours red, green and blue, combinatiohsth@ cones are
stimulated. An example could be that yellow lightnsilates cones that
are sensitive to red and green light. The resuhas we can detect light
of all colours in the visible spectrum.

People who suffer from colour blindness have lagslyers of particular
cones than normal, so they get confused with celdtirve lose our eye
sight, the body adapts and receives colour raysigir the skin. It takes
time for the body to adapt, but it has been shdvat people, who are
blind, can differentiate between different colours.

3.8 Why are Objects the Colour they are?

Everything we can see has a colour. Around usuimhomes, at work,

in nature, inspace- it is universal; everywhere has a colour, of some
sort. The colour of anything we observe dependmup few factors.
Firstly - Everythingis made up of electrons and atoms. Different
materials, objects and items have a different mafeof atoms and
electrons. Any object, by its nature, will, wherpesed to light, do one
of the following: reflect or scatter lighteflection and scattering),
absorb light (absorption), do nothing (transmisyiand refract light
(refraction).

3.8.1 Reflection and Scattering

A lot of objects reflect light to some degree, mamething that is
particularly reflective, has more free electrorst thre able to pass from
one atom to another with ease. The light energyishabsorbed by these
electrons is not passed onto any other atansiead, the electrons
vibrate and the light energy is sent out of the emak atthe same
frequency as the original light coming in. Smootitface reflect light
while rough surface scatter it and the angle oildieace is always equal
to angle of reflection.
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3.8.2 Absorption

When something appears to have no reflection apesque, then the
incoming light source frequency is the same as, or very close to the
vibration frequency of thelectronsin the given material. The electrons
of the material absorb the energy of the lightirce,and because the
light is absorbed, the material or object appepesjae - it has very little

or no reflection.

3.8.3 Transmission

This occurs when the energy of the incoming ligheither much lower
or much higher than the energy or frequency reguio making the
electrons in the particular material vibrates a result of this, the
electrons in an object that appears to be transpanstead of capturing
the light energy, allows the light wave pass thtotige object/material
unchanged, thus the object/material is transpaethat frequency of
light.

3.8.4 Refraction

If you have ever put a straw in a drink, then yoayrhave noticed that
the strawappearsto be bent under the water. The reason for this is
Refraction. If the energy of the incoming light isetrsame as the
vibration frequency of the electrons in the matetize light is able to
go deep into the material and causes small vibratio the electrons.
These vibrations are passed on to the atoms bgl¢gleérons, and in turn
they send out lightvavesat the same frequency as the incoming light.
Although this happens extremely quickly, some ef light that is inside
of the material slows down, but the frequency & light outside the
material remains the same. The result of this a the light inside the
material is bent. The angle of the distortion r@efion) depends upon
how much the material is able to slow down thetligh this case as in
the image above water.

A good example as to why objects possess a paticolour is shown

in the picture below (of ripe tomatoes). Tomatoes appear to be red
because when ripe, tomatoes contain a carotenomrkas “Lycopene”.
Lycopene is a bright red carotenoid pigment, a @ttyemical found not
only in tomatoes but also other red fruits. Lycapaisorbs most of the
visible light spectrum, and being red in colourcbpene reflects mainly
red back to the viewer, and thus, a ripe tomate@argpto be red.
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Fig. 1.4: Tomato and its Colour
Source www.colourtherapyhealing.com

Another example is the green leaf or green grasshauses Chlorophyll
to change light into energy. Because of its naturé chemical makeup,
Chlorophyll absorbs the blue and red coloafsthe spectrum and
reflects the green. The green is reflected backamtite viewer making
the grass and leaves appear green.

SELF ASSESSMENT EXERCISE 2

1. Explain in detail why objects possess a paricablour.
2. Mention the relationship between colours andceyes.
3 What is colour perception?

4.0 CONCLUSION

Colour comes from light which resides mainly in tisible region of
the electromagneticradiation. This should not be interpreted as
definitive list — the pure spectral colours forntentinuous spectrum,
and how it is divided into distinct colours lingtically is a matter of
culture and historical contingency. (Although pe&opherywhere have
been shown tperceivecolours the same way). A common list identifies
six mainbands: red, orange, yellow, green, blue, and violet. kevg
conception included a seventh colour, indigo, betwklue and violet —
but most people do not distinguish it, and mosbgbiscientists do not
recognise it as a separate colour; it isnetomes designated as
wavelengths of 420-440 nm. Theensityof a spectral colour may alter
its perception considerably; for example, a loveirsity orange-yellow
is brown, and a low-intensity yellow-green is ohlgeeen.
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5.0 SUMMARY

In this unit, you have learnt that:

colour comes from light which is the visibfrtion of the
electromagnetic radiation

there are seven different kinds of colours namedgt, orange,
yellow, green, blue, indigo and violet

the intensity of a spectral colour may alter its percaptio
considerably; for example, a low-intensityamge-yellow is
brown, and a low-intensity yellow-green is oliveegn

the colour of anything we observe depends on wappéned on
exposure to light source

any object, by its nature, will, when exposed tghij do one of
the following: reflect or scatter light (reflecticand scattering),
absorb light (absorption), do nothing (transmisysiand refract
light (refraction).

6.0 TUTOR-MARKED ASSIGNMENT
Explain the concept of colour.

1.
2. What are factors that determine what the coddwbjects are?
3 Examine the concept of colour perception.

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

The science of colour is sometimes calddomatics It includes the
perception of colour by the human eye and bram,attgin of colour in
materials, colour theory in argnd the physics of electromagnetic
radiation in the visible range (that is, what wenoaonly refer to simply
aslight). The familiar colours of theainbowin the spectrum- named
using theLatin word for appearanceor apparition by Isaac Newtornn
1671 — include all those colours that can be preduxyvisible light of

a single wavelength only, thpaire spectrabr monochromaticolours.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

identify the different types of colour

describe the constitution of each type of colour

produce colour combination

determine the kind of colour that besiitss a particular
environment

enumerate the use to which colours are subjected.
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3.0 MAIN CONTENT

3.1 Types of Colours

There are basically three types, namely primargpséary and tertiary
colours

3.2  Primary Colour

Contrary to popular belief, there are actually mwethods of producing
colours. They are thAdditive and Subtractive Colour. To create all
the colours of the rainbow, both processes usagmsi colours, which
are colours that cannot be created by mixing atbkrurs.

3.2.1 Additive Primary Colours

Additive colours are colours that are assedatvith emitted light

directly from a source before an object reflects light. These colours
are red, green and blue. These are the colouraresgrobably most
familiar with that are associated with televisiamd computer displays.
If all three of the additive colours were combiriedether in the form of
light, they would produce white. Some examples wlaglditive primary

colours are used include television, theatriggihting and computer
monitors. The additive colour theory was first déssd by James Clark
Maxwell in the mid 1800s. When equal amounts of grden and blue
light are combined, they produce white light. Bydedd) the colours

together to produce white, we call these additmews. Red, green and
blue are the'primary” coloursof white light. This is called colour by
addition and is a direct way to prove that all loéde three colours do
indeed come from white light.

Magenta

12
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3.2.2 Subtractive Primary Colours

Subtractive colours are colours that are associated with reftetght.
In this case the subtractive colours are blue,amrd yellow. These are
the colours we are probably most familiar withpasnary colours in
school. These colours are associated whh subtraction of light and
used in pigments for making paints, inks, colouf@arics, and general
coloured coatings that we see and use every dagll lthree of the
subtractive primary colours are combined togethieey will produce
black. By adding the colours together to produlzely we call these
subtractive colours.

Qrange

The subtractive primary colours used in the prioptprocess are cyan,
magentaand yellow. Black is also used. All printing processes use
subtractive colours in the form of cyan (blue),g®ata (red), yellow,
and sometimes black. This is known as CMYK for sljoyan, magenta,
yellow, black) the K stands for black in the pnngiprocess. These
colours: cyan, magenta and yellow are a set ofracibie primaries and
are commonly used by printers. They are commorfiermred to as the
‘printing primaries'. It is difficult to achievegood black from just these
colour pigments so printers sometimes also usekblBhe reason that
printers use this set of primaries as opposedea@#inting primaries of
blue, red and yellow, is that they yield far betsults. If you are using
these colours for painting however, you will fitdht mixing them is far
less intuitive than when mixing the painting primnear

Some examples where subtractive primary coloursuaesl: textiles,
clothes, furnishings, printing, paints and coloucedtings.

SELF ASSESSMENT EXERCISE 1

1. What is colour?
2. Differentiate between additive and subtractikienpry colours.

13
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3.3 Secondary Colours

If two of the primary colours are mixed togethesezondary colouris
created. As more colours are mixed, the selecti@olours growsThe
following colours can be created:

Violet/Purple — mixing of Blue and Red
Orange - mixing of Red and Yellow
Green - mixing of Blue and yellow
Black - mixing of Blue, Red and Yellow

These colours that are created from mixing the @arymcolours are
calledsecondary colours

3.3.1 Additive Secondary Colours

Secondary additive colours are produced byingi two additive
primary colours together. The additive primaryocok are red, green
and blue. When thesadditive colours are mixed, they produce three
secondary colours. These are: cyan, magenta alwvyel

3.3.2 Subtractive Secondary Colours

Secondary subtractive colours are produced by mikvo subtractive
primary colours together. The additive primaryotok are red, green
and blue. When these subtractive colours are mikexy, produce three
secondary colours. These are: Violet/pur@legsngeandgreen.

3.4 Tertiary Colours

Tertiary colours are combinations of primary andoselary colours.
There are six tertiary colours; red-orange, yellmnange, yellow-green,
blue-green, blue-violet, and red-violet. An easywa remember these
names is to place the primary name befdwe dther colour. For
instance, the tertiary colour produced when mixing primary colour
blue with the secondary colour green, is callegeireen”

14
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Fig. 2.1: Formation of Colours
Source www.colourtherapyhealing.com

3.5 Colours in the Home

There are many variations of the basic colodrse paler versions,
which are sometimes more appropriate for covetiegwalls within our
homes, give us the same qualities as the bolducdiat in a gentler
way. When decorating an area - the complementalyucs, and their
variations, should be remembered and combined @athmain choice
of colour by way of soft furnishings, pictures etc.

It is also helpful to take in to account the asp#a room. For example,
should you require a calming atmosphere in a nactng room, which
may well be one of the colder rooms in your housejember to use
some warm colours (i.e. variations of thermvacolours of yellow,
orange and red) to avoid the room feeling colder.

3.5.1 Using Colours in the Home

When using colour in the home environment, we alVeh our own
personal choices. A Particular colour choice cdp tewvards providing
a specific 'feeling' for a space. Below are songgested uses of colour
in the home, workplace and various environmentd, tae effects these
colours can produce.

15
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Table 2.1: Colours, Features and Uses

Colout Effeci SucgesteiAree of Use

Violet Calming for body angd Places of worship
mind. Entry areas to clinics and
Good for meditation hospitals
andprayer. Festival areas
Enhances purpose and Pale violet in bedrooms.
dignity.

Heightens out
awareness and helps us
to give our very best.
Purifying.

Indigo Sedative Not suitable for areas rfp
Helps to open upour entertainment but for more
intuition ‘quiet’ places
The colour of diving Bedrooms
knowledge and thel Treatment rooms
higher mind. Some people find indigcs|

helpful for studying so this
colour could be used as
part of the decor of a
library or study.

Blue Calming, relaxing ai  Any rooms except those
healing used for physical activity
Not as sedating 4ds or play.
indigo. Also the colou
of communication.

Greet Balancing, harmonisgny  Depending upon the shade,
and encourages can be used for most areas
tolerance and Useful for any rooms
understanding. except those used for

physical activity or play. It
can be usedwith other

colours/colour as well to
avoid the balanceand

harmony becoming more
like total inactivity and
indecision.

Yellow Stimulates mental  Activity rooms
activity Entrance halls
Promotes feeling of Not for bedrooms as
confidence yellow can interferewith

Helpful for study as it
helps us to stay alert.

sleep since it tends tceep

our minds "switched on"

16
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Not ideal for areas ¢
possible stress.

—

Orang Warming and Any activity area and
energizing creative areas
Can stimulate creatiwt  Not ideal for bedrooms or
Orange is the colourfo areasf possible stress.
fun andsociability.

Red Energizing, exciting the  Any activity area butred
emotions needs careful choice of
Stimulates appetite. tone and depth and the

space in whicht is to be
used as it can make pae
look smaller and ca be
claustrophobic or
oppressive. However, used
well, red and its variations
can make a space feel
warm and cosy. Often usged
in restaurants.

Magent: Magenta is the eigh Lecture spaces
colour in the colour Chapels halls etc
spectrum and is a| Notideal for play roomsr
combination of red ral activity rooms
violet, it combines our
earthly self and spiritual
self, thus balancing spirit
and matter.

It is uplifting and hgbs

us to gain a feelingf

completeness and
fulfillment.

White White contains all #  Any room, but it can be a
colours. It emphasise little intimidating to some
purity and illuminate Needs to be broken up with
our thoughts, giving us another colour or with
clarity. plants/ornaments/pictures

etc.

Black Black used with anotli¢ Not ideal as a single
colour enhances the colour, but when usedith
energy of that secomd care,can enhance and
colour complement other colrs
Black gives us the inalmost any situation.
space for reflectiorand
inner searching.

Pink This colour soothes and Ideal for a baby's or child’s

17
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nurture: bedrcom.
It helps to dissolve
anger and encourages
unconditional love.

Turquoist Cool and calming ai  Any room except it is not
good for the nervous idealfor activity areas.

system and immung
system.

SELF ASSESSMENT EXERCISE 2
Distinguish between secondary and tertiary colours
4.0 CONCLUSION

There are basically three types of colours: nangelgnary, secondary
and tertiary colours. In addition, both the secondary and the tertiary
colours arise through combinations of some printatgurs.

5.0 SUMMARY

In this unit, we have learnt that:

additive colours are colours that are associated &mitted light
directly from a source before an object refletis light. These
colours are red, green and blue.

subtractive colours are colours that are associated with reftec
light. By adding the colours together to produdack, we call
these subtractive colours.

the colours that are created from mixing the primawlours are
called Secondary Colours

if the secondary colours are mixed, they producatvaine called
Tertiary Colours

use of colour in the home, workplace and variougrenments
to produce aesthetic, psychological or healing.

6.0 TUTOR-MARKED ASSIGNMENT
1. Write short notes on the followings:

(@) Primary colours
(b)  Secondary colours

2. In a tabular form, compare and contrast thereatad the uses of
violet, magenta and blue colours
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1.0 INTRODUCTION

Both dyes and pigments appear to be coloured bedhay absorb some
wavelengthsof light preferentially. In contrast with a dye, @mgment
generally is insoluble, and has no affinity for thebstrate. Some dyes
can beprecipitatedwith an inert salt to produce lake pigmen{ and
based on the salt used they could be aluminum leidejum lake or
barium lake pigments.

2.0 OBJECTIVES

By the end of this, you should be able to:
define what a pigment is

identify types of pigments and thaitructure
differentiatebetween the known pigments.
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3.0 MAIN CONTENT
3.1 Definition of Pigments

Pigments are generally coloured, organic or inaigaalid powder, and
usuallyareinsoluble.They are not affected physically or chemically in
the substrate in which they are incorporated. Bigm can give a full
range of colours.

3.2 Features of Pigments

The pigments are versatile colouring agents thatecovith all round
features to give credence to their suitabilityairvariety of mediums.
Some of the striking features are: -*--------------

Excellent light and weather fastness:

A good baking stability that makes them suitabledotomotive
and other industrial paints

High tinting strength--

Good over spray fastness when applied in paints

Gives heat stability of around 300° C in the cak®ayolefins
Plastics

Excellent solvent resistance properties

Easily dispersible

Consistency and uniqueness of shades.

3.3 Types of Pigments

a. Inorganic Pigments: Those pigments that are made up of
mineral compounds are known to be Inorganic Pigmehhese
minerals are mainly oxides, sulphides of one oranoetals. To
impart colours in different compounds, inorganignpents are
applied.

b. Organic Pigments:In organic pigments, the molecules are made
of carbon atoms along with hydrogen, nitrogen oygen atoms.
Organic pigments can be subdivided into two viztuxa organic
pigments and Synthetic organic pigments.

C. Metallic Pigments: Obtained from the ores of metal

3.3.1 Natural and Synthetic Organic Pigments

I Natural Organic Pigments - Pigments of this category are
derived from animal and plant products. Thee of these
pigments is rare due to their poor light fastnasperty.

. Synthetic Organic Pigments- Pigments of this category are
carbon based and are often made from petroleunuptadJnder

21



CHM304

COLOUR CHEMISTRY AND TECHNOGY

intense pressure or heat, carbon base moleculesaarafactured
from petroleum, acids, and other chemicals andhgjitt organic
pigments have bedormulatedfrom these molecule. Most of the
synthetic organic pigments except carbon blacknatestable and
they will wear away at the time of use as a pigment

Table3.1: Comparison between Natural and Syntheti®©rganic
Pigments
Natural Synthetic Organic Pigments
Organic
Pigments
Miscellane | Quinacr | Phthalo| Peryl | Pyrrol | Ary- | Metal Miscellane
ous: e.g.id- Cc- e-nes| es lamid | Complex | ous: e.g.
Rose- ones yanines es es: e.g.| Dioxazsine-
Madder, Transpar | in
Bone ent Danthrone.
Black, Yellow,
Carbon New
Black Gambog
e
3.4 Differences among Types of Pigments
Table 3.2: Property of various Kinds of Pigments
Property Inorganic Classpal Spec"’%"ty Organic
Behaviour Pigments O_rgamc O.rganlc Dyestuffs
Pigments |Pigments
Opacity Usually high |[Translucentto Transport very
Transparer
Low to|Considerably stronger th:
Colour Strengthmoderate Inorganic Pigments ’gtrongest
Usually Not
Dispersability |Good: OftenAdequate [Poorto good |required;
Abrasive Soluble
Usually 500
. _ 150 C- 250  C-
Heat Resistant E Some 209 300 C 200 c-300 C 3e0 C
Migration Moderate 1Good -Very Poor -
resistance Excellent Good Outstanding |good
Light Fastnesg,,, o 2t06  |6t08 2t07
(on a Blue scale
Weather Outstanding Insufficient Excellent forGood fr
resistance for selection Selection selection

Source www.dyespigments.com
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SELF ASSESSMENT EXERCISE 1

1. What do you understand by the word pigment?
2. List the kinds of pigments you know

3.5 Natural Pigments

Different types of natural pigments are fouimd different kinds of
natural sources. Some of these pigments are obtained from
insects/animals and others are obtained from gla@ther pigments
belong to cosmetics and have affinity to all sugbds and drugs which
require colour additives. Natural pigments @@od for use in the
shower gel, bath bombs, bath salts, shampoo, $oiggn and in many
more other products. These pigments have gogaality of bleed
protectiveness in soap and these are also watperdible. But, these
pigments do not have high intensity in light.

3.5.1 Kinds of Natural Pigments

3.5.2 Annatto Natural Pigments

Annatto natural pigments have reddish-orange calduiThis colourant
is derived from seeds of Achiote trees. Annatigm@nts are given

‘annatto’ as a name because these pigments avediérom Annato
shrubs. The concentration of annatto pigmenthéannatto shrubs,
vary from place to place. When the foodstuffs regjhiues of yellow to
orange, annatto based pigments are used. The p@inittms in which
annatto dyes are used are: in making chdassund 50%), fish
processing (around 20%), confectionery (around )1 @fairy products
except cheese (around 20%). Bixin is the magptenoidf annatto

Ty

Bixin
3.5.3 Plant Pigments
Chlorophyll is responsible for the green colafr flowering plants.
Acetone is required for the extraction ofarmil pigments. Calcium

carbonate must be present for stimulating theaettin process. Any
other mild alkali can also be used for the extmacf plant pigments.
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The alkali is used during the extraction procesadatralize the acid
which liberates from the plant tissues.

COOH  OR,

Chlorophyll

3.5.4 Carotenoid Pigments

Carotenoid pigments e.@-carotene, have colour range from yellow to
red. Mixture of acetone and hexane in the 1:3sais used for the
extraction of carotenoid pigments. The acetonetifva containing the
extracted carotenoid pigments is removed with waler remove the
hexane residue, the mixture tseated with activated Mg® in
diatomaceous earth column.

P-Carotene

y-Carolene

g-Carotenes

Figure 1. Chemical struciure of caroteng serigs.
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3.5.5 Betalain Pigments

Betalains are another type of colour pigments wtach also derived
from plants. These pigments are present in twm$orThe first is -
cyanin having purple-red colour and are presertigh concentration.
The second is -xanthine which is yellow in colowmtsich are obtained
in low concentrationThesepigmentscan easily be extracted from plant
tissues with water as they are highly soluble iatex. The extracted
water is then mixed smoothly with ethyl alcohollii ratio. The use of
ethanol in the mixture is to reduce the enzymatiooa; otherwise the
pigments will be degraded.

!CHS
+/ / N\
CHgCHg_N\ / CH3
Cyanin
0
H
HN —N
A At
o= "N~ N
H
Xanthine

3.5.6 Anthocyanin Pigments

Anthocyanin pigments are coloured pigments andetree found in
abundance in plant kingdom. The colours impartgdhese pigments
are blue, red and purple. The colour of fruits Haders are also due to
the colour impartation of these pigments. Anthoaysarare soluble in
water and their extraction from the plant partalso easy. Slightly acid
mixed water is required for the extraction of thpggments.
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ANTHOCYANIDINS

Delphinidin

3.6

N =

Limitations of Natural Pigments

Natural pigments are produced by traditionalhods.

These pigments have lower intensity in comparignsynthetic
pigments.

To obtain the same depth like synthetigments, natural
pigments require large quantities of raw materials.

These pigments are not efficient for colouririgh®e synthetic
clothes.

To ensure adequate wash and light fastnibese pigments
require application with different metallic mordant

Application with few mordants like alumina amdn has adverse
effects on the environment.

The liquid waste of natural pigments corgaheavy metals
which is much more than the desired limit.

3.7 Factors affecting the selection of Pigments

Factors affecting the choice of a pigment dependmplication. The
following broad factors can be taken as a guide:

26

Hiding efficiency
Colour pH value
Bulking value
Density
Refractive index
Hardness
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SELF ASSESSMENT EXERCISE 2

1. Mention four limitations of natural pigments.
2. Give the names and structures of three comnygments.

4.0 CONCLUSION

Pigments have been known since ages to impactiyegitas coloured
substancesnade of both natural and synthetic materials. There a
several factors to be taken into consideratndmen working with a
pigment.

5.0 SUMMARY

In this unit, we have learnt that:

pigments are generally described as insoluble cotaierials
there are different kinds of pigments, both nataradl synthetic
forms

these natural pigments are made of diverse chermsinattures
which affects their colouring properties.

6.0 TUTOR-MARKED ASSIGNMENT
1. Differentiate between natural and synthetic mgts.
2. Mention four limitations of natural pigments.
3 With structural examples, explain.
Betalain pigments

a.
b. Anthocyanin pigments
C. Carotenoid pigments

7.0 REFERENCES/FURTHER READING

Brunello, F. (1973)The Art of Dyeing in the History of Mankinderi
Press: Vincenza.

www.dyepigments.com
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1.0 INTRODUCTION
There are a number of pigments available todajadt after the advent

of synthetic pigments there has evolved variouggypf pigments that
are suited to particular needs and types of inchsstr

2.0 OBJECTIVES
By the end of this unit, you should be able to:

State the different types of pigments
discuss the features of each type of pigments
identify the differences and similarities betwegypes of

pigments.
3.0 MAIN CONTENT
3.1 Definition of types of Pigments

Inorganic Pigments Pigments that are made up of mineral compounds
are known as Inorganic Pigments.
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Organic Pigments Organic Pigments are not usually found in nature.
That isthe reasonwhy a majority of these pigments are chemically
synthesized. They contain carbon and come withivels low levels of
toxicity, not providing any major environmental dbage.

Industrial Pigments: These are based on their industrial application.

3.2 Organic Pigments

Raw materials include coal tar and petroledistillates that are
transformed into insoluble precipitates. Tradiéithy organic pigments
are used as mass colouranifiey are popular in plastics, synthetic
fibores and as surface coatings-paints and.ink recent years the
organic pigments are used for hi-tech applicatithred include photo-
reprographics, opto-electronic displays and optieda storage.

3.2.1 Categories of Organic Pigments

Monoazo Pigments

Diazo Pigments

Acid and base dye Pigments

Phthalocyanine Pigments: Some of the strikingtui@s which

makes it a very useful for a variety ofplgations are the

following: Light fastness, tinting strengthowering power,

resistance to the effects of alkalies and acidsgamaod stability

e. Quinacridone Pigments: The following are impatrteeatures of
these pigments; outstanding light fastness, exaelbleed and
heat resistance, bright and vibrant tones, veryddoting value
along with working properties and high transparesci

f. Other polycyclic Pigments

ooow

3.2.2 Key Features of Organic Pigments

Very good stability to solvents, light, heatd ameathering
Good tinctorial strength

Cost effectiveness

Consistency and unique shades

Completely non-toxic

Very bright, pure, rich colors

Organic pigments shows good color strength

@~pooow

SELF ASSESSMENT EXERCISE 1

1. Mention the source of organic and inorganic [@gts.
2. Mention three of the characteristics of orgamgments.
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3.3 Inorganic Pigments

Inorganic pigments may be obtained from vividturally occurring
mineral sourcesor minerals which have been obtained synthetically.
They are of the typenineral-earthbut generally are metallic oxides or
synthetics. Pigments that are of the type Minesatreare very simple
and naturally occurring coloured substances. Tle@gration process is
also simple and consists of the steps of washingngl, pulverizing and
mixing into a formulation. Inorganic pigmentse available in the
market in different forms. These different form® gpowder, pastes,
slurries and suspensions. The Inorganic Pigmeetagain divided into
two sub types.

3.3.1 Natural Inorganic Pigments

Natural inorganic pigments are the earth coloursatural form like
ochers, umbers etc. These colour pigments arectstrdrom the earth
bed, Iron oxide and hydroxidghich are present in the soil. These two
compounds are responsible for the colouration e$é¢hcolour pigments.
Clay, chalk and silica are also present in theggmpints in varying
guantity.

The types of Natural Inorganic Pigments are:

(i)  Azurite- Actually these kind of natural inorganic pigmeiatse
copper carbonates having greenish blue shadinger @Qwery
long period, azurite has been used as a pigment. Bet) these
pigments have been replaced by synthetic pigmentssed to
paint the expensive ultramarine as under paintings.

(i)  Red earths These pigments are the most diverse kind of ahtur
inorganic pigments. These are made from clay and they have a
large amount of iron oxide. The colour varies frdall yellow to
dull deep yellow or from dull orange tlull red or from dull dark
brown to dark brown.

(i)  Yellow earths- These are natural earth containing silica anyl. cla
These pigments are present in hydrous form of iade. These
pigments also contain gypsum or manganese carboAditever
the world, these pigments are available and haee bised from
the prehistoric period.

3.3.2 Synthetic Inorganic Pigments

Synthetic inorganic pigments are manufactured enlétoratory. These
pigments consist of metallic compounds like mamganviolet; cobalt
blue e.t.c. Synthetic inorganic pigments can dsoproduced by the
replication of the natural earth colours like maesl or yellow. As these
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pigments are manufactured in the laboratory, sg #re found in pure
form having fine particles.

Table4.1: Refractive Index of some of the very Papar Class of
Inorganic Pigments

Piament Refractive
9 Index
TiO, (rutile) 2.71

TiO, (Anatase) [2.55

Antimony Oxide |2.20

Zinc Oxide 2.01
Calcium
Carbonate 1.65

Fumed Silica 1.45

Sourcewww.dyespigments.com

Synthetic organic pigments are mainly deriviesin some selective
elements atoms. These are as follows:

@ hydrogen
. carbot ' B 4
@ o chlorine

Chromophore is a pair or group of atoms which e®a complex and
dynamic clouding of the electrons within the respecelectron shells
in single atom or more than one atom. €hekromophores are
responsible for the colour creation phenomeifathe pigment’s
molecules.

»0 -9 -0

o »e
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3.3.3 Shortcomings of Inorganic Pigments

Colour that comes from inorganic pigments is corapeely less bright.

These pigments also seemed to be less rich amdtpan the organic
pigments. As these pigments have low tinting stileisg a large number
of pigments are required to produce the desireztedf

3.4 Differences between Organic and Inorganic Pigmes

The differences between organic and inorganic prgsare based upon
three principal factors.

I Molecular structure of the pigments

Carbon chains or carbon rings are always presdheimolecules of the
Organic Pigments As carbon element is associated with nitrogeth an
sulphur elements of the same class of the atorble,tao, sometimes in
the molecules of the organic pigments, thhema of nitrogen and
sulphur are also found along with the carbon atoms.

Examples: Azo, Phthalocyanine, Diazo and Anthragpen pigments.

However, in the molecules of theorganic Pigmentsthe cations of
metal are found in an array form with the non-metahnions. This
arrangementloesnot allow these pigments to dissolve in the solvent
and plastic. Examples: Iron oxide, yellow, blagd and tan pigments.

. Sources
The main sources of organic pigments are plantgpband products.
lii.  Exposure

Inorganic pigments are considered better over thrgianic counterparts.
These inorganic pigments can withstand theaohpof sunlight and
chemical much better. .They have also good opacitythus can protect
other objects by preventing light. These pigmen$® ancrease rash
inhibition, abrasion resistance and rigidity the molecules. These
pigments are available at low cost in respect ® dlganic pigments.
They are also durable.
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Table4.2: The Differences between Organic and Inganic

Pigments

Particulars In_orgamc Organic Pigments
Pigments

Source Minerals Chemically refined oil

Color Often dull Bright

Dyeing/Coloring .

Strength Low High

Opacity Opaque Transparent

Light fastness Very good Vary from poor to good

Solubility Insoluble in Have_ _ little degree of
solvents solubility

Degree of safety May be unsafe |Usually safe

Chemical Stability Often sensitive |Usually good

Cost Moderate Mostly too expensive

Sourcewww.dyespigments.com
3.5 Metallic Pigments

Nowadays, metallic pigments are a very populargmieof pigments,
as a further classification. Metallic pigments &&nof two types:

()  Aluminium Pigments: Aluminium pigments are further divided
into two categoriesnamely leafing grade and non-leafing grade.
The aluminum pigments are produced from aluminithat has
purity in the range of 99.3-99.97%. The particles Hamellar
shape with 0.1-2 um in thickness and diameter 6200 pum.
These pigments found use in automotive topocoameSof the
preferred applications of Aluminium pigments are tbllowing:

I Corrosion protection coats

. Reflective paints

1 In Marine paints (covering coats)

\Y2 Roof coatings

V. In Heat-proof and highly heat-resistance paints
Vi. Chrome effect paints

vii.  Aerosols

(i)  Zinc Pigments: Zinc Pigments come in two forms of powder and

dust. Usually the zinc dust is finer as comparegdeder and is
spherical in shape. The dust alssa light coating of zinc oxide.
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Table 4.3:  Zinc Pigments along with their Applicatons

Zinc Pigments |Application
Zinc dust Chemical applications Metallurgical applications
Zinc phosphate |Active ingredient in domestic cleaning products
Zinc oxide Agricultural applications

Rubber industry

Brick kilns

Ceramics

Sourcewww.dyespigments.com
4.0 CONCLUSION

There a number of pigments in the world today tieate serve mankind

in various applications. The use to which pigmexts put depends on a
number of factorsThe presence of chromophores that absorbs light of
certain wavelength is the mastiking featureof individual pigments.

5.0 SUMMARY

In this unit, you have learnt that:

natural organic pigments are abundant in naturecangist of
carbon and some other elements

inorganic pigments are obtained from naturally egog mineral
sources or minerals which have been obtained sycdifig. They
are of the type mineral-earth but generally areathetoxides
synthetic inorganic pigments are manufactured enléoratory.
These pigments consist of metallic compounds lilnganese
violet, cobalt blue

metallic pigments are primarily composed of alumamiand zinc

6.0 TUTOR-MARKED ASSIGNMENT

1. Differentiate between organic and inorganic gis.
2. Write short notes on the following:

a. kinds of natural inorganic pigments

b. Application of aluminium pigments

C. Categories of organic pigments
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1.0 INTRODUCTION

Both dyes and pigments appear to be coloured bedhay absorb some
wavelengthsof light preferentially. In contrast with a dye, @mgment
generally is insoluble, and has no affinity foe teubstrate. However,
there has been an interchange of usage betweénwdah®igment dyeing
Is a comparatively recent addition.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

state what makes a dye

identify the types of dyes

differentiate between a dye and pigments
explainhow dyes work.

3.0 MAIN CONTENT
3.1 Definition of Dyes

A dye can generally be described as a colouredtautes that has an
affinity for the substrate to which it iseibg applied. The dye is
generally applied in an agueous solution, and regyire a mordant to
improve the fastness of the dye on the fiber.
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3.2 Features of Dyes

At the very basic level, the use of coldar identifying individual
component®f tissuesections can be accomplished primarily with dyes.
Although there are other means, Dyes are howeékerjargest group
that can easily be manipulated to our likifgyes are applied to
numerous substrates for example to textiles, leagtastic and paper in
liqguid form. One characteristic of dye ikat the dyes must get
completely or at least partially soluble in whaisibeing put to. The rule
that we apply to other chemicasssimilarly applicable to dyes also. For
example, certain dyes can be toxic, carcinogenimotagenic and can
be hazardous to health.

3.3 How Can the Colour of the Dyes be Altered?

The answer lies in the modifiers. Colour modifitke methyl or ethyl
groups can actually alter the colour of dyes. THeyso by altering the
energy in the delocalised electrons. It has beanddhat by addition of
a particular modifier there is a progressiveeration of colour. An
example can be given for methyl violet series.

The following step explains what happens to theowolof the dyes
when modifiers are added

Step A When no methyl group is added, tbeginal dye
Pararosanilas it is called is red in colour.

MH=

Step B As four methyl groups are added a reddish pudye
Methyl Violetis got.

[CHs)e «Qc%ﬁ Ha
=
|

M{CHa)=
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Step C With the addition of more methyl groups a puripliee dye
Crystal Violetis obtained. It has in it six such groups.

mw&r:@—;\:—@:ﬁm@q
Q)

PI{CHs2

Step D: Further addition of a seventh methyl group the th is
got is calledMethyl green.

© Hgﬁ:N—@\—C{}ﬁ{cmaz

)

4
MO H )

3.3.1 What Gives Dyes Solubility and Cohesiveness?

The answer to this riddle lies in substancaled Auxochrome.
Auxochromes have the abilty to intensify coloutssla group of atoms
which attachesto non-ionising compounds yet has to ionise.

Auxochromes are of two types, positively deal or negatively
charged.

—OH —MNHR — —Rr

SELF ASSESSMENT EXERCISE 1

1. What is a dye?
2. What are the basic features of a dye
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3.4 Dyeing and Fabric
This is an application of dyes with respect toftiarics.

Table 5 .1: Types of Dyes and Fabric

Group Application

Direct Cotton, cellulosic and blended fibres

Vat dyes Cotton, cellulosic and blended fibres
Sulphur Cotton, cellulosic fibre

Organic pigments |Cotton, cellulosic, blended fabric, paper
Reactive Cellulosic fibre and fabric

Disperse dyes Synthetic fibres

Acid Dyes Wool, silk, paper, synthetic fibres, leather
Azoic Printing Inks and Pigments

Basic Silk, wool, cotton

Sourcewww.dyespigments.com

3.5 Conventional Pigment Dyeing System

There is a challenge in pigment dyeing. In the essaf pigment dyeing
no actual chemical reaction takes place betweemyeeand the fabric.
Instead, what happens is that the pigments ge¢deat the fabric with
the help of binders.

Pigments are not soluble in water and show no igffifor fibre. So,
conventional dyestuff-based dyeing conditicer® not feasible for
pigment dyeing. To come to terms with such limdas, a new kind of
pigments have been formulated for use in fibreeséhare maintained
in a stable dispersion in the medium of water bio@in surfactants.
This type of pigment is known as pigment resin c¢RRC), primarily
used in printing. Some of the popular pigments usddbrics are given
here.

a. Yellow colour: Acetoacetic acid anilide pigments
b. Red: Azoic pigments
C. Blue or green: Phthalocyanine pigments

A typical process of pigment dyeing for chlkic textile materials
consists of padding the textile materials with & dyath. The dye bath
contains anionic or neutral colour dispersions iginents. Along with
the pigments it also contains anionic bindersd-éiberating catalyst,
anti-migrating agents, and other types of additividsen, the textile
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materials are dried at high temperatures, thissctine film-forming
binders and pigment colours firmly on the textiles.

3.6 Differences between Dyes and Pigments

The major differences between the Dyes and Pigmaathighlighted

below
Table5.2: Differences between Dyes and Pigments
Points of :
Difference Dyes Pigments
They are soluble Pigments are colourantsa
Solubility are insoluble in wateanc
most solvents
. : Comparatively lesser in
Number Available in large number number
Pro_duct prer as comparedto Very high
resistance |pigments
Lower Dyes are very nali Traditionally pigmentshave
vulnerable. Lightsdestrgibeen found to be me
Light coloured  objects  by|lightfast than dyes
fastness breaking open elexainic
bonding within the
molecule
Dye molecules  arePigment particles are abag
comparatively smallerit's|1-2 microns in size.(1
Size like comparing a dotballmicron =1/1000 meter)lt
(pigment) to say a head gimeans that the particlesr
pin (dye) be seerundera magnifying
glass
Taking the example of|Taking the example ofe
dyeing a wood surfacahewood surface giment
dye and the substraterequires the help of binde
(wood) that is dyed arefor gluing. As it is aniner
chemicals that haveedairsubstance which is mey
features called functionalsuspended in
Bonding groups. At the level of|carrier/binder

molecules thesegroups

serve as open pocketsf
electrostatic charges (+ of
). The functional groupn
dyes, serve as a poinbf
attaching the dye to tk

f
ne
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wood
Structure During application prces/During appliation,
during thejthere is a temporay|pigments have the capagit
application |alterationin the structureofito retain its particulate of
process the dyes crystalline structure
: , Pigments impart coloursyb
e D e oo Hithr scaterng o igho
y P by selective absorption
Taking the example ofgln the example of aamndlé
candle making processfmaking as pigmentsare
the candles are dyed it igcoloured particles, theyemd
Combustible |easily combustible andarto clog a wick when buned
properties |be applied throughouthgThis makes them
candle undesirable for a candle iif
is coloured throughoutng
used for burning
. \While pigments are
Chemical qually the dyes are gani ormally inorganic
. |(i.e. carbon-base o2
Composition ompounds, often invaing
compounds :
heavy toxic metals
Longevit The dye based printinopks In case of ink based prting
f 9eVIY " do not last as long ahgprints made with pignmes
actor ) :
pigment inks last longer
Compatible with almosallOwing to the physial
Printing on|the substrates that neettemakeup of the pigmennks
substrates |be dyed the range for suitable
substrates are limited
Taking the case oprintingAs compared to dybase
Colour amutinks’ dye based inks offegsnks, pigment  inksets
g wide variety somewhat lags behindyn
the same paper stock
Sourcewww.dyespigments.com
4.0 CONCLUSION

It could be seen that dyes and pigments are nosdhee, though they
may be similar in some cases. Interestingly, pignoan be dyed too.
Certain chemical modification explains the reasemind the dyeing
processes.
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5.0 SUMMARY

In this unit, you have learnt that:

6.0

=

7.0

a dye can generally be described as a colouredaswdesthat has
an affinity to the substrate to which it is beimgphed

dye is generally applied in an aqueous solutiod, may require
a mordant to improve the fastness of the dye offiltee

the functional group in dyes, serve as a poinaftaching the dye
to the wood

in the process of pigment dyeing no actual chemieattion
takesplacebetweerthe dye and the fabric.

TUTOR-MARKED ASSIGNMENT
What are auxochromes? Mention four kinds of abxome.
In a tabular form, mention five differencbstween dye and

pigment.

REFERENCES/FURTHER READING

Industrial Dyes, Chemistry, Properties, Applicaipidited by Klaus

Hunger (2003). Wiley-VCH.

Herbst, W. & Hunger, K. (1997)ndustrial Organic Pigments
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1.0 INTRODUCTION

Modern dyes serve more than just being pretty. Thaye become
indispensable tools for a variety of industrieseddy various dyes are
manufactured to meet the requiremeotsvarious industries. Dyes are
available in various forms. Examples are dry powdgranules, pastes,
liquids, pellets, and chips. Today the role andliapfion of pigments
have increased.. There would hardly be any industtywhere dyes and
pigments do noplay any substantial role. The challenge is now to
discover pigments that are capable of not only d@asting applications
but also are environmentally safe.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

identify the various applications of dyes and pigtse
describe the economic importance of dyes and piggnen
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3.0 MAIN CONTENT

3.1 Application of Dyes and Pigments

From acting as colourants for plastics, textileidgeindustries and the
highly sophisticatedbiotechnology industry, dyes are touching dive
everywhere. Dyes and pigments are also used bginesi for inks and
tinting. Other industries, where dyes are used wariety of products
include paper and pulp, adhesives, art suppliegerbges, ceramics,
construction, cosmetics, food, glass, painislymers, soap,wax,
biomedicineetc.

3.2 Overview of the Important Applications of Pigmats

. Paints- A diversified application in the whole garofipaints that
include decorativeand protective coatings, in paints that are olil
and resin based, automotive finishes, emulsiontpailistempers

etc.

- Printing inks- Pigments are used in all kinds dahfng inks that
includes inks for printing metal foils, lacquers.et

. Pigment finishes for leather and textiles: Colowrat@application
for populartextilessuch as polyesters, nylon etc

- Colouration of Plastics- Pigments are usedhast of plastic

applications that includes poly vinyl chloride (P)/@ubber and
synthetic polymers, urea-formaldehyde (U-F)d amelamine-
formaldehyde moulding powders polystyrene, nylgmalyfins,
phenol-formaldehyde (P-F), acrylonitrile-butadiestgrene resins
(ABS).

SELF ASSESSMENT EXERCISE 1

Give a brief account of the industrial applicatafrdyes and pigments.
3.3 Industrial Application of Dyes and Pigments

3.3.1 Colourants for Plastic Industry

Colour selection is one of the vital things to loesidered in the plastics
industry. Colour is an integral part of the plastiaterial and it should
not be considered as afterthoughtThe whole system of colouring has
to deal with using what is called a total systemmgraach. No doubt the
colour enhances the part's functionality, but & laéso the potential to
degrade certain material properties like impaatrgjth, if not properly
applied. The colourants that are used in the iplastiustries are the
dyes and pigments. Both dyes and pigments exhobituc through the
process of visible light absorption and satg. Typically colour
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formulations generally have four colourants. Blasid white are used
basically to control the value and Chroma, whil®e woloured pigments
or dyes are applied to establigie Hue. The resulting colour that is
achieved is governed by the laws of subtractiveingix the same law
that is used in printing and painting.

3.3.2 Cement Industry

Over the years, people have generated interesfilegt® by mixing

cement and pigments in different ways and in d#fifé proportions.
Concrete is derived from cement. For about last aerury, pigments
have been used with concrete to give them differemiburs. When
pigments are mixed with concrete, then actuallgséhpigments tint the
colour of the paste portion of the concrete.

To ensure a long lasting cement colour shade, itheegnt that is being
used in the cement, must have a good quality. Th&gaents (colour)
are made from both naturahd synthetic iron oxide, cobalt, titanium
dioxide and chromium oxide. From iron oxide pignsgmed, black and
yellow colour can be obtained. From cobalt pigmelnlise colour canbe
obtained. White colour and green colour can beiobthfrom titanium
dioxide and chromium oxide respectively. Otlwalours like buffs,
brown, tans, coppers, oranges, chocolates and otary colours can be
obtained from the blends of the red, black andoyelcoloured iron
oxide pigments. These coloured pigments arater-wetableJightfast,
alkali resistant and will not negatively affect fivnness and strength of
the cement. But, one thing we should remember atb@utoncentration
of these pigments in the cement. This concentratimuld be within the
range of 10% of the weight of the cementation idgrets.

3.3.3 Ceramic Industry

The applications of different pigments on ods are brought in
different forms. These applications are as follows:

. In Coating Ceramic Materials; Ceramic Glaze; Fits- By
formulating these coating applications of pigmeorsceramics,
the end users get attractive looking products witre durability
and utility.

. In Glaze development One of the applications of pigments on
ceramics is to develop leading glazes forious whiteware
ceramics. These include sanitary ware, tile, dinvemne etc.

. In preventing Ceramics Corrosion and colour fading In this
process, by applying pigment coating and proteckayer with
other kind of chemicals, the corrosion of thmetals can be
prevented. The lasting effect of colours also iases.
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For enforcing the different applications on ceranigarious kind of
special pigments are available. How much of whpalment will be
used depends upon the desired colour intensity, Be quantity of
pigments that is used for these applications cay fram 1% to 10%.
This variation does not make any noticeable impantshe substances.
Enamel (colourful) can be produced by cologrithe melt during
manufacturing. Enamel can also be generated byhmislouring stains
during the milling process.

3.3.4 Colourants for Security Printing

In view of the ever increasing threats of the caseslving forgery and
fraud being committed in the financial instituttomvolving currency,
both dyes and pigments play a vital role in givaugting edge solutions
to detect and prevent such fraud. Here wik discuss about the
fluorescent dyes as well as about the luminesagments as applied in
security applications.

Considerable research over the last decade or wwréne study of
fluorescence has borne fruits in the form dmvelopment of new
fluorescent dyes. These secudtyesare now applied increasingly in the
very sensitive area of security printing. Tlieiorescent dyes are
providing ways to create and apply effectively coled’signatures®.
The United States Pharmacopeia (USP) of these idydsat they are
customized and are printed as patches on diffekigrats of surfaces.
Each of them has a signature element that is abtéentify the patch as
authentic. As the different dye formulas aable to vary their
fluorescence characteristics in various ref@atavays, as a result
unique signatures can be achieved. A very poptilample of a dye
that is used isecurityprinting is that of Coumarin.

Coming now toLuminescent pigmentshese days a new range of
luminescence has been developed that are eitloge@Xy ultraviolet
(UV) or infrared (IR) or applied in security pring applications. Here a
few specific uses of the luminescent pigments engcurity printing are
discussed.

- Security Printing and prevention of countdnfg- Security
marks and features that are not visible under abiight are
made with Luminescent pigmentsThey cannot be duplicated
even by the ultra sophisticated photocopiers. T¢ewy be easily
verified using a very simple Ultra violet light arluminescence
sensor. That is the reason why security tipgnof stamps,
checks, credit cards, licenses etc are deite Luminescent
pigments.
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- Brand Protection and Security of Products- In aapions that
involve product security, luminescent pigmerase used in
making tamper evident seals for pharmacesti@nd other
products. When it comes to brand protectidaminescent
pigments and fluorescent dyes are used for pr@pyiehvisible
security marks and features which get printed products,
packaging and labels.

- Property Identification and Prevention of loss- #he invisible
security marks created by luminescent dyes arevisitle under
normal conditions, daot deface the property and cannot be
removed they are an ideal forensic tool.

SELF ASSESSMENT EXERCISE 2

Describe in detail, the application of dye or piginen a security and
printing industrial.

3.3.5Colourants for Cosmetics Industry

Dyes have found a wide variety of uses in the cosséndustry. Be it
the hair dyes or lipsticks or nail polish shampm@rywhere there is
wide use of dyes. Most of the commercial hair dyamulas available
now are complex that use bountiful of ingrediemsd the formulas also
differ considerably with manufacturers. The dyemluals thatareused

in making hair dyes usually consist of amino comqutsy like 4-amino-

2-hydroxytoluene and m-Aminophenol. Pigments of ahekides, like

titanium dioxide and iron oxide, are also used.

CHj3

OH NHo

NH, OH

4 _amino_2_hydroxyltoluene m_amino phenol

In the category of decorative cosmetics, the migj@f colours used are
pigments. It is the inorganic pigments that arpytar with cosmetics
but are subject to purity levels of heavy metalse Tange of inorganic
pigments used in cosmetics is generally made upadgbus chemical
types. A few of the popular ones are provided antdble.
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Table 6.1: Applications of Pigments

Pigments Features and applications

Iron Oxides |Three basic shades: black, yellow and red, findsins
liquid foundations, face powders, and blushers.

Chromium [Shades range from dull olive green, to a blue green

Dioxides bright green, finds use in most categories of &gl

preparations but prohibited for use in lip producighe
USA.

m

Ultramarines

Shade range from bright blue to violet, pink andegr
also, not allowed for lip products in the USA.

th
pta

Manganese |Shade is purple.

Violet

Iron Blue Colour is dark blue, used in a wide range of ajggilbns.
White White pigments have a wide use in all cosmeticsy
Pigments  |show extremely good covering power, are almostilig
Titanium inert also extremely stable to heat and light.

Dioxide

Zinc Oxide

Mica Mica gives a natural translucence when usedfage

powders and powder blushers.

Source www.dyespigments.com

In addition to this some types of organic pigmearts also used along
with water soluble and oil soluble dyes in the ceBos application.

Some examples of water soluble dyes are given here.

Dye

Colours

Carotene PS 300

Annato Hydrosouble

Carmin of Cochineal

Table 6.2: Colour of some Dyes

Dye Colours
Caroten PS 30C Medium yellow
AnnatcHydroscuble Sanc

Carmin of Cochineal Orchid
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3.3.6 Dyes in Medicine

Dyes are now an important ingredient in medicaistdglany of the tests
that are carried out on patients use dye to getrateresults. One such
example is that of Fluorescein angiography. Flsoeeé angiography
derives its name from fluorescein, the dye thatsed very successfully
for carrying out tests. Angiogram is a veryualle test that gives
information about the circulatory system.

3.3.7 Colourants for Agriculture Industry

Primarily there are three main types of agricultunaustries that use
the dye. They are the crop protection industrtjlizer industry and the
seed dressing industry. The purpose of the dye luselis for colouring
of agricultural chemicals or in the identificatipmocess of agricultural
chemicals. The basic selection criteria depend tiperiollowing:

Colour strength of the particular dye

Dye colour

Colour stability

Compatibility of the dye with the particular agent

0] Fertilizer Industry: Fertilizers are often addeith colouring to
differentiatebetweenqualities and to avoid any type of errors in
application. Fertilizersare also coloured for purely marketing
purposes. Usually water based pigment isnofised in the
diluted form and is sprayed onto the fem#ifi or sometimes
incorporated into a melt.

(i)  Crop Protection Industry: Use of colourants arop protection
agents of the type insecticide and fungicithefps to clearly
demarcate treated areas from the untreated onesldition, the
dye stuffs also help in promoting safety ihe handling
techniques. Colouring of pesticides or hedamsi is generally
done by mixing chromaticpigments with dry powder
formulations of the agents. Milori blue is a veypplar pigment,
which goes well with viticultural fungicides. Otheategories of
pigments include lithol rubine, heliogen blue ef@yes used in
the crop protection industry are Solvent dyes, Abyds or Basic
dyes.

(i)  Seed Dressing Industry: The main objectivecofouring the seed
dressings is used for marking and a warning reteremo avoid
any sort of confusion and making sure that it doesend up
being used as fodder. The most important colouwaatl here is
red with typical concentrations of 600 ppm.
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3.3.8 Paper Industry

Over the years Paper makers have used dyes. Sbeirggowth in the
paper industry it can be safely assumed that Dygepdper industry has
a very promising futureGiven below is a comprehensive list of the
various grades of paper that are open to dyeing.

Writing and printing paper

Tissue - Facial, toilet, towel, napkin

Copier papers

Boards/Cover papers

Decorative laminated paper

Packaging grades - corrugated case stuff
Envelope grades

Specialty papers like, label, laundry tag, posters

The dyes that are used include sulphur dyes andneatdirect dyes.
Other than these two popular options, acid dyeshkasic dyes are also
used. Sulphur dyes are reduced alkaline solutions.

Coming to the Cationic Direct Dye, some featuresctvimake them
suitable towards use in paper are:

An extended conjugation
A planar molecular structure

An excess of positive charge over the negativefyrgbd surface
groups

A typical structure of a cationic direct dye is giivhere.

OH
Ar—— N=N OO Y R—NH;
NH—A
HO4S AN

.
R—NH;

Ar = Aromatic

R = Aliphatic
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3.3.9 Pigments in Paints Industry

Pigments are the colouring elements present imp#nets. They have a
very specialplacein the paints industry. The paints industry uses them
from a broad array, which includes specialty pigteeto manufacture
paints for a variety of applications. Rangifigm automobiles to
buildings to hardware the list is virtually endless

The paints that employ the wide variety of pigmecas be broadly
classified according to application into two typdfiey are colourants
for the industrial applications and architectudatorative applications
respectively. The pigment types are:

0] Earth colour Pigment- Earth colours are derived from natural
sources and are inorganic in nature (i.e. metade®i Examples
that can be given oéarth colours are: ocher, umber, terra di
siena, bolus, swedish red etc.

(i)  Mineral Pigments- Mineral pigments comprise synthetic
inorganic pigments. They include among others cleraxide
green, titanium dioxide, iron oxide yellow, redpin and black,
ultramarine blue, nickel-titanium vyellow etc. Ond d¢he
disadvantages of mineral pigments is the toxicig acological
imbalance.

(i)  Plant Colour Pigments- Plant colours are sourced from natural
organic pigment found in plants. Examples of pleoiours can
be given of indigo, alizarin red, woad, resedaaatia violet and
saffron.

(iv) Synthetic Pigments Synthetic Pigments are the most widely
used artificial organic pigments and dyddiey give the
advantage of synthesisation of almost any shasigecslly of
pure colour tones and gives dazzling visual effdeimamples are:
azo, dioxazine and phthalocyanin.

3.3.10 Wire and Cable Industry

In the Wire and cable industry, various types ajnments are used to
colour polyolefins. Mainly they are employed forird/ Identification
Methods. As in cables, it can be seen that theucmlg done on the
outer layer is governed by a different set of regmients as from the
inner layers. Pigments that are used in the wickaable industries are
of two typesinorganic and organic. Newer alternatives thatamaing
in to the market are known as the "mixed-phase Inogide" pigments.
Examples can be given of, yellow nickel titanadésl blue and green
cobalt aluminates. A relatively new entrast the brilliant yellow
bismuth vanadate. Organic pigments are also usiearewnot as popular
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because they are more difficult to disperse thanganic ones leading

to possible loss in mec

hanical strength.

Table 6.3: Common Pigments and Applications

lv2)

Pigment Colour Application
Titanium White Used in variety of resin
dioxide
Zinc sulphide White Wide use
Iron oxides Red, yellow, brownWide use
and black
Lead chromates anColourscan includ/Good use
lead chromat|bright yellow am
molybdates orange
Cadmium Comes in reds|Excellent br

yellows, orages an
maroons

engineering resins

Chromium oxides

Green

Shows good heat ne
light fastness, varietyf
uses

!

Ultramarines

Comes in blue, pin
and violet shades

AWorks in a wide gamu
of resins

—

Source www.dyespigm

4.0 CONCLUSION

ents.com

It could be seen that the use to which dyes anchgmngs are employed is
endless. These vary from cosmetic industry to papking. They have
added value to our day to day living.

5.0 SUMMARY

In this unit, we have learnt that:

from acting as colourants for plastics, textile idgeindustries
and the highly sophisticated biotechnologyustdy dyes are
touching lives everywhere
pigments have diversified application in paintsfite, printing
wide variety of options applicable for theage of dye and

pigment.
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6.0 TUTOR- MARKED ASSIGNMENT

Describe in detail, the application of dye or pignnan the following
industries:

I Paper making
. Cosmetic

iii.  Security printing
Ilv.  Wire and cable

7.0 REFERENCES/FURTHER READING
Buxbaum,G. (1998)ndustrial Inorganic PigmentsVCH, Weinheim.
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MODULE 2  CLASSIFICATION OF DYES AND FIBRES
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UNIT 1 CLASSIFICATION OF DYES
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1.0 INTRODUCTION

A dye can generally be described ags@ouredsubstance that has an
affinity to the substrateto which it is being applied. At the very basic
level the use of colour in identifying individuabmponents of tissue

sections can be accomplished primarily with dy&ghough there are

other means, dyes are however, the largest grdwgiscan easily be

manipulated to our liking. Dyes are applied to nwons substrates for

example to textiles, leather, plastic, paper imiticform.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

define what a dye is
describe the several ways for classification ofsdye

identify each class of dye with the veryique chemistry,
structure and particular way of bonding.

54



CHM304 COLOUR CHEMISTRY AND TECHNOGY

3.0 MAIN CONTENT
3.1 Definition of Dyes

By definition dyes can be said to be coloured, song and aromatic
organic compounds which show an affinity towartle substrate to
which it is being applied. It is generally applieda solution that is
aqueous. Dyes may also require a mordant to imgtm/stnessf the
dye on the material on which it is applied. A morda an element
which aids the chemical reaction that takes plaatsvéen the dye and
the fiber so that the dye is absorbed.

3.2 Different Classification of Dyes

There are several ways for classification of dyeshould be noted that
each class of dye has a very unique chemistryctsirel and particular
way of bonding. While some dyes can redcénucally with the
substrates forming strong bonds in the procesgr®tban be held by
physical forces. Some of the prominent ways ofsifastion is given
hereunder.

a. Organic/Inorganic

b. Natural/Synthetic

C. By area and method of application

d. Chemical classification- Based on the naturéheir respective
chromophores.

e. By nature of the Electronic Excitatione(i.energy transfer

colourants, absorption colourants and fluorescelaucants).
f. According to the dyeing methods

Anionic (for Protein fibre

)

Direct (Cellulose)
Disperse (Polyamidibres)

3.2.1 Chemical Classification of Dyes

Table 1.1: Chemical Classification of Dyes

Groug Use:
Acridine dyes, derivatives of acridine >C=N- | Textiles
and>C=C leather

Anthraqunone dyes derivative: of anthraqinone | Textiles
>C=0and >C=C

Arylmethane dyes
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Diarylmeihane dyes, base( on diphenyl methane
Triarylmethane dyes, based on triphenyl metha

Azodyes baseion ¢ -N=N- azc structure

Cyanine dyes, delivalives of phthalcyarine

Diazonum dyes base(on diazorium sats

Nitro dyes, basec on the -NO, nitro functional
group

Nitrosc dyes, are based on a -N=O nitrosc
functional

Phthalcyanine dyes, derivatves of | Pape

phthalocyanine >C=N

Quinone-imine dyes, derivatives of quinone Wool and
paper

Azin dyes Leathe  and

Eurhodin dyes textile

Safranin dyes, derivatives of safranin -C-N=C- {C-

N-C

Xanthene dyes, derived from xanthene -0 | Cotton Silk
and Wool

Indophencdyes, derivatives of indophenc >C=N- | Coloul

and >C=0 photography

Oxazir dyes derivatves of oxazir -C-N=C =C-O-
C=

Célico printing

Oxazonidyes, derivaiives of oxazon

Thiazir dyes, derivatives of thiazir

Thiazole dyes, derivaives of thiazole >C=N-anc -
S-0=

Intermediate

Fluorentdyes, deiivalives of fluorene

Rhocamine dyes derivatives of rhocamine

Pyronin dyes

Source www.dyespigments.com

Yellow azo dye

SELF ASSESSMENT EXERCISE 1

1.
2.

List carefully the different means of class

the phthalocyanine types of dyes.
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3.2.2 Industrial Classification of Dyes

Majority of the dyestuff is primarily consumed thettextile industry, so
at this level a classification can be done accgrdmntheir performances
in the dyeing processes. Worldwide around 60%hef dyestuffs are
based on azo dyes that are used in the textilshiimy process. Major
classes of dyes in textile finishing are as lidietbw;

(@) Acid dves They arewatersoluble anionicdyes that are applied
to fibers such assilk, wool, nylon and modifiedacrylic fibers
using neutral to acid dye baths. Attachm@mtthe fiber is
attributed, at least partly, to sdlirmation between anionic
groups in the dyes anchtionicgroups in the fiber. Acid dyes are
not substantive teellulosic fibers. Most synthetic food colors
fall in this category.

(b)  Basic dyes These are water-solubtationicdyes that are mainly
applied toacrylic fibers but find some use for wool and silk.
Usually acetic acids added to the dye bath to help the uptake of
the dye onto the fiber. Basic dyes are also uselarcolouration
of paper

(c) Direct or substantive dveing This is normally carried out in a
neutral or slightlyalkalinedyebath, at or nedvoiling point with
the addition of eithesodium chloridgNaCl) or sodium sulfate
(N&SQy). Direct dyes are used arptton paper,leather wool,
silk and nylon. They are also used gdd indicatorsand as
biological stains

(d) Mordant dyes. This class of dye requires raordant which
improves the fastness of the dye againstenvdight and
perspiration The choiceof mordantis very important as different
mordants can change the final color significaniost natural
dyes are mordant dyes and there is therefore @& latgrature
base describing dyeing techniques. The most impbrterdant
dyes are the synthetic mordant dyes, or chrome,dysed for
wool; these comprise some 30% of dyes used for waul are
especially useful for black andavy shades. The mordant,
potassium dichromateis applied as amfter-treatment.lt is
important to note that many mordants, particuldhgse in the
heavy metal category, can be hazardous to heatlheatreme
care must be taken in using them.

(e) Vat dyes They are essentially insoluble in water and iratd@
of dyeing fibres directly. However, reduction @ikaline liquor
produces the water solubsgkali metalsaltof the dye, which, in
this leuco form, has an affinity for the textildie. Subsequent
oxidationreforms the original insoluble dye. The colour ehdn
is due to indigo, the original vat dye.
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(f)

Reactive dyes They utilise achromophore attached to a
substituentthat is capable of directlyeacting with the fibre
substrate. Theovalentbonds that attach reactive dye to natural
fibers make them among the most permanent of dyesld"
reactive dyes, such d@rocion MX Cibacron F and Drimarene

K, are very easy to use because they can be appliedoat r
temperature. Reactive dyes are by far the bestelfor dyeing
cottonand othecellulosefibers at home or in the art studio.

3.2.3 Classification Based on the Source of Matals

(@)

(b)

Natural Dyes These are dyes obtained from natural sources —
plant, animal or mineral. Roots, nuts and flowé grow in the
backyard are all sources of colouring pigments kmew Natural
Dyes. Many natural dyes had been earlier createdused at
home long before the chemist created dyes in |awoes, there
were dyers who extracted colours from flowers, ésavoots, the
outer and inner bark of trees as well lasirt heartwood. A
common example is Indigo.

N

H,N N i “NH
Indigo

Synthetic Dyes The first human-made (synthetioyganicdye,
mauveine was discovered bWilliam Henry Perkinin 1856.
Thousands of synthetic dyes have since been pikp@yathetic
dyes quickly replaced the traditional natural dyEsey cost less,
they offered a vast range of new colours, and imparted better
properties upon the dyed materials.

3.2.4 Classification Based on Application

A number of other classes have also beeablksted, based on
application that includes the following:

(a)
(b)
(c)

58

Leather Dyes— Used for leather.

Oxidation Dyes— Used mainly for hair

Optical Brighteners — Used primarily for textile fibres and
paper.



CHM304 COLOUR CHEMISTRY AND TECHNOGY

(d) Solvent Dyes- For application in wood staining and production
of coloured lacquers, solvent inks, waxes and aalguoils etc.

(e) Fluorescent Dyes- A very innovative dye. Used for application
in sports good etc.

()  Fuel Dyes— As the name suggests it is used in fuels

(g0 Smoke Dyes- Used in military activities.

(h)  Sublimation Dyes— For application in textile printing.

0] Inkjet Dyes — Writing industry including the inkjet printers

() Leuco Dyes— Has a wide variety of applications inchgli
electronicindustriesand papers.

3.3 Classification based on International Trade Commission

However the most popular classification is the tre is advocated by
the US International Trade Commission. This systassifies dyes into
12 types:

Type 1: Acridine dyesderivatives ofacridine
Type 2 Anthraguinone dyeslerivatives ofanthraguinone
Type 3 Arylmethane dyes

- Cateqgory I Diarylmethane dyedased on diphenyl methane
- Cateqory 2 Triarylmethane dyes derivatives of triphenyl
methane

Type 4 Azo dyes based on -N=Nazostructure

Type 5. Cyanine dyes, derivatives phthalocyanine

Type 6. Diazonium dyes, based dirzoniumsalts

Type 7. Nitro dyes, based on a -N@itro functional group
Type 8 Nitroso dyes, based on a -N+@rosofunctional group
Type 9 Phthalocyanine dyes, derivativesgfthalocyanine
Type 10 Quinone-imine dyes, derivatives gfiinone

- Category 1 Azin dyes

Class (a) Eurhodin dyes
Class (b) Safranin dyesderivatives ofsafranin

- Category 2 Indamins

- Cateqgory 3 Indophenol dyesderivatives of indophenols
- Cateqgory 4 Oxazin dyesderivatives of oxazin

- Category 5 Oxazone dyes, derivatives okazone

- Category 6 Thiazin dyesderivatives of thiazin

Type 11 Thiazole dyesderivatives ofthiazole
Type 12 Xanthene dyes, derived froxanthene
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- Category 1 Fluorene dyes, derivatives fifiorene

Pyronindyes

- Category 2 Fluorone dyesbased ofluorone
Rhodamine dyederivatives ofrhodamine

SELF ASSESSMENT EXERCISE 2

1. Mention four types of dyes and their applicasion
2. Enumerate the specific role of a mordant indy&ing process.

4.0 CONCLUSION

Dyes are applied to numerous substrates for exatapkxtiles, leather,
plastic and paper in liquid form. One charactarisf dye is that the
dyes must get completely or at least partiallyubl@ in the medium
which it is being put to. The rules that apply tihey chemicals are
similarly applicable to dyes. For example, certkiimd of dyes can be
toxic, carcinogenic or mutagenic and can posetazard to health.

5.0 SUMMARY
In this unit, you have learnt that:

dyes generally can be describedcasouredsubstances that have
anaffinity to thesubstrateo which they are being applied

dyes may also require a mordant to improve thenésst of the
dye on the material on which it is applied

there are different means of classification of ¢dymg the most
generally acceptable one is based on thernational Trade
Commission, which differentiated dyes into twelagegories.

.0 TUTOR-MARKED ASSIGNMENT

Dyes are made up of vast arrays of chemical ingn®iscuss
Write short notes on dyes obtained from natswalce.
Mention four types of dyes and their uses.

Wwh ke o
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1.0 INTRODUCTION

Plants which yield fibres have been companion tendmu kind since
time immemorial. Materials for rope and weaving @epllected from
the wild by the earliest peoples; later sbes began to care for
particular strands of these plants. Fibresehbbng been of natural
origin. Human uses for fibres are diversdaeyf can be spun into
filaments, thread, string or rope. They can be uws®e@ component of
composite materials. They can also be maitéd sheets to make
products such as paper or felt. Fibres are oftex us the manufacture
of other materials.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

identify the sources of fibres

describe the several ways for classification ofe#

identify some of the plants and trees that gigesd natural
fibres.
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3.0 MAIN CONTENT
3.1 Definition of Fibres

Fibre or fibre is a class of materials that are continuous filasen are

in discrete elongated pieces, similar to lengththeead. Fibres are of
great importance in the biology of both plants angmnals, for holding

tissues togther.

3.2 Classification of Fibres

Fibres used by man come from a wide variety of cesir They are
classified into two broad types namely natural synthetic fibres.

3.3 Natural Fibres

Natural fibres include those produced by plantgnats, and geological
processes. They are biodegradable over time. Thaybe classified
according to their origin:

(@) Vegetable Fibres: Vegetable fibres are generally based on
arrangements of cellulose, often with lignin: exdéas include
cotton, linen, hemp jute, flax, ramie, and sisdnPfibres serve
in the manufacture of paper and cloth.

(b)  Wood Fibres: Wood fibre, distinguished from vegetable fibre, is
from tree sources. Forms include groundwood, thereahanical
pulp (TMP) and bleached or unbleached kraft oriteufjulps.
Kraft and sulfite, also called sulphite, refer be type of pulping
process used to remove the lignin bonding theirmalgwood
structure, thus freeing the fibres.

(c) Animal Fibres: They consist largely of particular proteins.
Instances are spider silk, sinew, catgut and madtuding wool).
Polar bear fibres are noted for being hollow.

(d)  Mineral Fibres: This comprises of asbestos. Asbestos is the only
naturally occurring long mineral fibre. Short, fhlike minerals
include wollastinite, attapulgite and halloysite.

In general, natural fibres can be grouped into tategories: soft fibres
and hard fibres.

3.3.1 Soft Fibres
Most soft fibres come from the bast portion of ghent. Also called the

phloem, the bast lies directly under the outekbar skin. Here the
transport of the products of photosynthesisl she development of
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stabilizing structures take place. Through the essof retting, the bast
Is removed from the stems. Hemp, Flax, Jute andi®are soft fibres.

3.3.2 Hard Fibres

Hard fibres are comprised not only of the phloermdso partly of the
hardenedvood core of the plant, the Xylem. The hardness in the dant
fibres is caused by the deposit of lignin in tledl evalls. Hard fibres
generally come from the leaves of monocot (singged-leaf) species,
for example Sisal agave, fibre banana and diveabag

SELF ASSESSMENT EXERCISE

1. List carefully the different types of nedl fibres you have
studied.
2. Distinguish a soft fibre from a hard one.

3.4 Human -Made Fibres

These may come from natural raw materials fram synthetic
chemicals. They are of two types:

(@) Many types of fibre are manufactured fromurelt cellulose,
including rayon, modal, and the more recently depetl Lyocell.
Cellulose-based fibres are of two types, megated or pure
cellulose such as from the cupro-ammonium procasd
modified or derivitized cellulose such as the deBe acetates.
Fibreglass made from specific glass formulas apiical fibre,
made from purified natural quartz, are also maneridares that
come from natural raw materials. Metallic fibresnche drawn
from ductile metals such as copper, gold or sibvedt extrudear
deposited from more brittle ones such as nickel, aluminum o
iron.

(b)  Synthetic fibres are a subset of man-made dibnnich are based
on synthetic chemicals (often from petrochemicalrses) rather
than arising from natural materials by a purely 963l process.
Such fibres are made from polyamide, nylon, polylethe (PET)
or PBT polyester, phenol-formaldehyde (PF), polyVvialcohol
fibre (PVOH), polyvinyl chloride fibre (PVC), polyefins (PP
and PE),or acrylic polymers, although pure polyacrylonitrile
(PAN) fibres are used to make carbon fibre by iogghem in a
low oxygen environment. Traditional acrylic fibie used more
often as a synthetic replacement for wool. Carbbre$ andPF
fibores are noted as two resin-based fibres that are not
thermoplastic, most others can be melted. Aromaions such
as Kevlar and Nomex thermally degrade at high teatpees and
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do not melt. More exotic fibres have strong bondbejween

polymer chains (e.g. aramids), or extremelyglocchains (e.g.
Dyneema or Spectra). Elastomers can even be ugpdpandex

although urethane fibresare starting to replace spandex
technology.

3.5 Extraction of Fibres

The extraction of bast fibres from the stems oéhinhemp, ramie, nettle
and manyotherfibre plants is accomplished through retting. The s&ing
of fibres in each are glued together and to therobé&rk and the inner
wood by pectin. During the retting process, thevagtof various fungi,
bacteria and weathering dissolve the pectid #e fibres can be
separated by chemical and/or mechanical means.

3.5.1 Dew Retting

Dew retting takes place directly on the field. T$tems of plants are
harvested, gathered in bundles, stacked laftd to the elements.
Depending on temperature and weather, rettingal@dome weeks.

3.5.2 Water Retting

Water retting is done in large basins filled witater. Soaking in water,
the pectin is more quickly dissolved. Earlier inrgpe and still today in
developing countries, plant fibres are retted uens and streams which
often is the cause for severe water pollution.

3.6 Natural Sources of Fibres

3.6.1 Cotton

Cotton is King, the most produced and most consupofedll natural
fibres. Cotton'ssoft, flexible qualities and its unique ability to regida
moisture and warmth make it first choice mater@l fhany industries.
Few can deny the fundamentabmfort of cotton in its most
recognizable form, 'jeans and T-shirt’, simple fastand skin-friendly
uniform of the American West. Cotton is ded from the plant
Gossypium arboreunt., G. herbaceuni. (Old World Cotton) and
Gossypium barbadengeandG. hirsutumL (New World Cotton). New
world cotton give much higher yields than those from the Old World,
their fibres are finer and generally longer.
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3.6.2 Flax or Linen

In Western Civilisation linen was the most impottanaterial made
from plant fibres, from ancient times until the ewidthe 18th Century.
Finds of archaic linen seeds in Irag and in sagtern Turkey show
that wild linenLinum biennewas cultivated as early as 9000 years ago.
The living and the dead of Egypt were, for thousaoflyears, wrapped

in linen.

Linen from the plantinum usitatissimunk.., grows to 120cm. Its short
fibres are found in the stem. Bound together enehtband into bundles
by pectin, linen fibres form stran@® to 90cm long. Linen is extremely
rip-resistant but not particularly flexible. Foretifinest of fibres, the
green plant is harvested following its floweringipd. When leftuntil
golden, middle-ripe, linen gives stronger fibres and rogig textiles.
Completely ripe and dried when harvested, linerefis only useful for
ropes and sackcloth. Thextreme parallel order of flax fibres in their
bundles gives linen fabric a characteristic wrinkle

4.0 CONCLUSION

Fibres are all inclusive natural products. t8gtic fibres can be
produced very cheaply and in large amounts compareatural fibres,
but natural fibres enjoy some benefits, such asfadover their man-
made counterparts.

5.0 SUMMARY

In this unit, we have learnt that:

fibres are of great importance in the biology oftbplants and
animals, for holding tissues together

fibres are divided into tow types namely naturad agnthetic or
man- made

fibres are extracted from plants by retting

cotton and Linen or Flax are the two sources afinafibre
fibres are divided into two major groups- natunad synthetic.

6.0 TUTOR-MARKED ASSIGNMENT
Mention four types of synthetic fibres.

Mention the major differences between vegetabttwood fibre.
Discuss briefly the method of extraction of &br

wn e
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1.0 INTRODUCTION

Historically, natural dyes were used to colour lalog or other textiles,
and by the mid-1800, chemists began producing syictsubstitutes for
them. By the early part of this century only a drpafcentage of textile
dyes were extracted from plants. Lately, ehdwas been increasing
interest in natural dyes, as the public became e@wérecological and
environmental problems related to the use of syitltles. The use of
natural dyes cuts down significantly on the amoahtoxic effluent
resulting from the synthetidye processNatural dyes generally require
a mordant, which are metallic sakb$ aluminum, iron, chromium,
copper and others, for ensuring the reasonabledsstof the colour to
sunlight and washing.

67



CHM304 COLOUR CHEMISTRY AND TECHNOGY

2.0 OBJECTIVES
By the end of this unit, you should be able to:

define natural dye

identify categories of natural dye
produce dye from natural plant
identify different sources of natural dye
explain the simple dyeing procedure.

3.0 MAIN CONTENT

3.1 Definition of Natural Dyes and Mordant

Natural dyes are a class of colourants extractewoh vegetative matter
and animal residues.

A mordant is an element which aids the chemicattrea that takes
place betweethedye and the fiber so that the dye is absorbed.

3.2 Types of Natural Dyes

Natural dyes can be sorted into three categoriaral dyes obtained
from plants (e.g. indigo), those obtained from aasn(e.g. cochineal),
and those obtained from minerals (e.g. ocher).

3.2.1 Natural Dyes Obtained from Plants

(@) One example of a natural dye obtained from tplas madder,
which is obtained from the roots of the madder pldhe plants
are dug up, the roots washed and dried and graundpowder.
During the 18 century, the most widely available fabrics were
those which had been dyed with madder. Analysesfabrics
found in King Tutankhamen’s tomb show that they eveyed
with madder a plant-based dye. This red was considereddilli
and exotic. The madder plant continued to be deedlyeing
until the mid-1800s when a synthetic substitute deageloped.

(b)  Another example of a natural dye obtained fygants is woad.
Until the Middle Ages, Europeans used woad to ereatblue
fabric dye. The woad was a shrub that grew abuhdanparts
of Europe. The colouring was in the leaves, whiehnendried and
ground, mixed with water and made into a pastes Tye was
supplanted by indigo, an ancient shrub wealown to the
Egyptians and Indians. Lik&oad,its colour lay in its leaflets and
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branches. The leaves were fermented, the sedimeifted, and
the remaining substance was pressed into cakes.

(c) Indigo prevailed as the preferred bluee dpr a number of
reasons. It is a substantive dye, needingnuoodant, yet the
colour achieved is extremely fast to washing antigiat. The
manufacture of natural indigo lasted well into daly 1900s. In
1905 Adolf von Bayer (the scientist who also foratabl aspirin)
was awarded the Nobel Prize for discovering the molecular
structure of indigo, and developing a procéssproduce it
synthetically.

3.2.2 Natural Dyes Obtained from Animals

A good example is cochineal, which is a brilliaed dye produced from
insects living on cactus plants. The propertiethefcochineal bug were
discovered by pre-Columbian Indians who would diry temales in the
sun, and then ground the dried bodies to producehared powder.

When mixed with water, the powder producedleep, vibrant red
colouring. Cochineal is still harvested today om thanary Islands. In
fact, most cherries today are given their briglit appearance through
the artificial colour "carmine”, which comes frohretcochineal insect.

3.2.3 Natural Dyes Obtained from Minerals

Dyes made with minerals, coloured clays and eatithes. For example,
Ochre made from iron ore, is one of the oldest pigmeanis has been in
use since pre-historic times.

Categories of Natural Dyes

Table 3.1: Categories of Natural Dyes

Colours Chemical Common Names
Classifications

Yellow anc Brown FlavoneDyes Weld, Queilcitron,
Fustic, Osage,
Chamomile, Tesu,
Dolu, Marigold, Cutch

Yellow Isc-quinoline Dyes Barbery

Orange-Yellow Chromene Dyes Kamala

Brown anc Purple- | Naphthowinone Dyes | Henna Walnut

Grey Alkanet, Pitti

Red Anthraquinone Dyes | Lac, Cochineal
Madder (Majithro)

Purpleanc Black Benzothyrone Dyes Logwooc

Blue Indigoid Dyes Indigc

Neutrals Vegetabl Tannns: | Wattle, Myrobalan
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gallotannins, Pomegranate, Sumadh,
ellagitannins and Chestnut, Eucalyptus
catechol tannins

Source: Colour TrendU.S. Agency for International Development

3.4 Natural Dyeing

Beautiful bright colours can be obtained by dyewigh natural dyes.
Dyes can be gathered from nature or you can uestufy which will
give you any colour under the rainbow.

3.4.1 Some Natural Dyeing Materials

a.

7C

Alkanet Root (Alkania tinctoria) This will give colours from
bluish grey to soft burgundy. This plant grows Ikeveed when
planted.

Annato Seed(Bixa Orellang: Will give an orange shade, it is a
good dye for cotton.

Brazilwood Dust (Caesalpania echinaja This dye will give
reds. Before using the dust, it is first exposedh® air and
sprinklewith water and alcohol.

Cochineal (Dactylopius coccys The little cochineal bug will
give themostcolourwhen ground into a fine powder. Obtainable
colours are dark burgundy to bright red, soft lga pink.

Indigo Solution Natural (Saxony blue): Produces a bright blue
and is very easy to use, similar to a chemical éyjeof the dye
will be absorbed in the fiber. It is not very goteddye cotton or
other vegetable fibers.

Red Sandalwood (Pterocarpu$:. This dye is beautiful for
blending. It produces lovely browns and ast good shade
combinations for doll hair.

Madderroot (Rubia tinctoruny Is available in two forms: root or
dust. Colour rangesfrom red to red-brown and oranges. It dyes
cotton well.

Logwood Concentrate(Hematoxylon campechianjntExpected
colours anywhere from magenta's and brown to psirgtel pink.
A mordant is absolutelpeeded.The concentrated powder will
give more bluish colours. It dyes cotton well.

Osage Orange Dust(Maclura pomife): Two different colours
can be obtained; bright yellow and gold.
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SELF ASSESSMENT EXERCISE 1

1.
2.

What is a natural dye?
Describe four categories of natural dyes withpeet to source
and colour they produced.

3.4.2 Mordants for Natural Dyeing

Mordants are needed to set the colour when usingalalyes. Different
mordants will give different results:

(@)

(b)

()

(d)
(e)
(f)
(@)

(h)

Alum: (AIK ;SO,. Aluminum Potassium Sulfate): This is the most
widely used mordant. Be careful not to use too mwith wool,
otherwise you will get a sticky feeling that doed come out.
Copper: (CuSQ; Copper Sulfate): This mordant is used to bring
out the greens in dyes. It will also darken the dgt®urs, similar

to using tin, but is less harsh.

Chrome: (K,Cr,0O;; Potassium Dichromate): Chrome brightens
dye coloursandis more commonly used with wool and mohair
than with any other fiber. Chrome should not bkaled and
gloves should be worn while working with chromeeft_over
mordant water should be disposed of at a chemiaateisposal
site and treated as hazardous waste.

Iron: (FeSQO,; Ferrous Sulfate): Dulls and darkens dye colours.
Using too much will make the fiber brittle.

Glaubersalt: (Na,SO;; Sodium Sulfate): Used in natural dyes to
level out the bath. Also use in chemical dye.

Spectralite: (Thiourea Dioxide): This is a reducing ageat f
indigo dyeing.

Tara Powder: (Caesalpinia spinoga Tara Powder is a natural
tannin product. It is needed for darker colourscotton, linen

and hemp.

Tartaric Acid: A must for cochineal. This mordant will expand
the cochineal colours.

OH O

HO
o

O OH

Tin: (SnCb; Stannous Chloride): Tin will give extra dint
colours to reds, oranges and yellows on proteiarébUsing too
much will make wool and silk brittle. To avoid thysu can add
a pirch of tin at the end of the dying time with fiber tivaas
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0)

3.5

premordanted with alum. Tin is not commoniged with
cellulose fibers.
Calcium Carbonate (CaCQ): Is to be used with indigo powder
for the saxon blue colour. It can also be useateel the acidity
of a dye bath.

Making Natural Dyes from Plant Source

There is a simple experiment requires to iobtyes from plant
materials.

(@)

(b)

3.6

(a)

(b)

()

Gathering plant material for dyeing: Blossoms should be in
full bloom, berries ripe and nuts mature. Nevehgaimore than
2/3 of a stand of anything in the wild when gathgrplant stuff
for dying.

To make the dye solutionChop plant material into small pieces
and place in a pot. It is most appropriate to deube amount of
water being added to the plant materials. Bring tmwil, and then
simmer for about an hour. For a stronger shadewathaterial to
soak in the dye overnight.

Natural Dyeing Process

Equipment The water you use for dyeing should be soft. Most
tap water is too hard, and you should add a saftené&. Rain
water may be an ideal option. The following items aseful for
dyeing; stainless steel pot, strainer, stirre&vooden spoon,
measuring utensils, like cups and spoons;h&i scale and
rubber gloves.

Wool Preparation: When working with raw wool fleece, you
must first scour the wool to remove the oil frore fiber. For 1Ib
of wool: fill 3-4 gallons of water in a pot with tiggent. Put the
wool in and slowly simmer for 45 minutes. Cool,rihrfense.

Mordant Directions: Dissolve the mordant in a small amount of
hot water. Add 4-5 more gallons of water, enoughadweer 1lb of
wool, and heat to luke warm. Add the waold simmer 45
minutes to 1 1/2 hours. Cool and rinse.

3.6.1 Dyeing Process

(i)
(ii)
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Place wet wool in luke warm dye bath and slowdyse to a
simmer.

Dyes from flowers, fruits, and tender leavesnmer 30 minutes -
1 hour
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(i) Dyes from tough leaves, roots, nut hulls, abdrk: simmer 1
minute - 2 hours

(iv) Cool and rinse until the rinse water is clear.

(v)  Never agitate the wool or it will felt. Lift @hturn it gently in
plenty of water.

(vi)  Never shock with extreme changes in water terafure

(vii) Do not wring or twist - squeeze gently to reve excess water. It
IS not necessary to cover the pot when simmerntess you are
using chrome which is light sensitive.

(ix) Dye entire amount of wool needed for projecbne bath

(x)  Add white vinegar (1/4 cup per gallon) to ringater to help
soften the wool.

3.7 Fibre Dyeing
Natural dyes can dye fibres in three main forms:

(@) Direct dyes can colour fibres without otherirfix agents, often
after simple extraction from plant material. Theselude very
fast colours, such as walnut and bark browns, dsw dye with
very poor fastness, such as Saffr@roCus sativus Safflor
(Carthamus tinairum) and Pomegranite rinds.

(b)  Adjective dyes colour fibres only in combinatiaith a mordant.
The most important mordants are metal salts (aluminiron,
copper) and tannins. The ancient dyeing tiad of Egypt,
India, China and Central America all incorporathé use of
these minerals. The practices of mordant-dyeingdwmaode are
remarkably similar and such discoveries as theifiggroperties
of metal salts were made by many early peoples.

(c) Indigo dyes are a unique form of natudge, which utilise
particular processes. Complicated dye extractioningus
fermentation and even more complicated dyeing pestwere
developed in pre-historic cultures of Europe, Agifrjca and the
Americas, wherever indigo-bearing plants have bemmd in
nature. Indigo blues can be quite permanghen properly
applied.

3.8 Dyeing Process of Leather

Dyeing Leather substrate is an uphill task. AsHeathas myriad of
structuraldifferences,grooves, knurls, and folds along with other sorts
of imperfections. Therefore for achieving therget of a level and
uniform dyeing, the dyer needs to be experienced,l@ve a thorough
knowledge of the dyeing processes, properties hadatxiliaries that
need to be used. Leather dyeing is generally dognéwb processes.
Drum dyeingandRub dyeing, with Drum dyeing being predominant. In
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the process of drum dyeing, the application of tlyiés to the leather is
done by immersing the leather in drums. The druthes tumbled. This
tumbling allows the leather to be fully penetrateyg the dyes. The
ultimate aim of drum dyeing is getting the desicetbur, which appears
level and uniform throughout the skins. The leatt@ourants that are
usedis dominated by the acid dyes which accounts forlp€&&% of the
market, followedby metal complex dyes and, cationic dyes to some
extent. The dyes are applied either on the grasuede side.

3.9 Some Dyeing Patterns

0] Raw fibres are generally dyed by the dipping process. They are
placed in a perforated metal cylinder that is dippeo a vat full
of dye.

(i)  Velour cloth and furs are often hand-dyed. The dye is applied
with a brush that has been dipped in a dye solution

(i) Batik is an ancient method of applying coloured dyesatwits,
usually cotton and silk. It originates in Java awosv widely used
throughout the world.

(iv) Tie- dyeing, a hand-dyeing technique often practised as 4d, craf
can be used to create multi-coloured patterns.

SELF ASSESSMENT EXERCISE 2

1. What is a mordant? Mention two types and theatures.
2. How would you dye a fabric?

4.0 CONCLUSION

The dyes were obtained froemimal vegetableor mineralorigin, with
no or very little processing. By far the greatesirse of dyes has been
from the plant kingdom notably roots berries bark Ileavesand
wood but only a few have ever been used on a comniescie.
These dyes can dye different shades of materials as plastic, fibres,
cotton etc.

50 SUMMARY
In this unit, we have learnt about:

the types and nature of natural dyes

sourcef natural dyes

the nature and role of mordant in dyeing process
natural dyeing process

simple dyeing process for fibres.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Describe a simple experiment for the extractibdye from plant
materials.

2. What is a mordant? Mention two types and theatures.

3. In a tabular form, describe four plants and dbeur of the dye

they produced.
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MODULE 3 SYNTHETIC DYES AND FIBRES
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UNIT 1 SYNTHETIC FIBRES
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1.0 INTRODUCTION

Synthetic or man-made fibres generally come fromtlsstic materials
such as petrochemicals. But some types yithstic fibres are
manufactured from natural cellulose, includingamymodal, and the
more recently developed Lyocell. Cellulose-lbasibres are of two
types, regenerated or pure cellulose such as fr@nctapro-ammonium
process and modified cellulose- the cellulose aeeta

2.0 OBJECTIVES
By the end of this unit, you should be able to:

define synthetic dyes and fibres

differentiate between synthetic dye and fibre

identify eachkind of synthetic dye and fibre

identify the properties and applications of synthdye and fibre.
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3.0 MAIN CONTENT
3.1 Definition of Synthetic Fibres

Synthetic fibres are a subset of man-made fibrdsclware based on
synthetic chemicals (often from petrochemisalurces) rather than
arising from natural materials by a purely physjmalcess.

While, Synthetic dyes are man made dyes that impeiter properties
upon the dyed materials.

3.2 Kinds of Fibres

(@) Cellulose fibresare a subset of man-made fibres, regenerated
from natural cellulose. The cellulose comes fromous sources.
Modal is made frontbeechtrees,bamboo fiber is a cellulose fiber
made from bamboo, soy silk is made from soybeseacell is
made from seaweed, etc.

(b)  Mineral fibres

Fiberglass made from specific glass, and optidedrfimade from
purified natural quartz, are also man-made fibheg tome from
natural raw materials.

Metallic fibres can be drawn from ductile metalglsas copper,
gold or silver and extruded or deposited from miniétle ones,
such as nickel, aluminum or iron.

Carbon fibres are often based on carbonised poljnmrt the
end product is pure carbon.

(c) Polymer fibres

Polymer fibres are a subset of man-made fibresclwlire based on
synthetic chemicals (often from petrochemisalurces) rather than
arising from natural materials by a purely physigaicess. These fibres
are made from:

polyamide nylon,

PET or PBT polyester phenol-

formaldehyde (PF) polyvinyl

alcohol fiber (PVA) polyvinyl

chloride fiber (PVC)

polyolefins (PP and PE)

acrylic polyesters, pure polyester PAN fibres aseduto make
carbon fiber by roasting them in a low ogggenvironment.
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(d)

78

Traditional acrylic fiber is used more ofteas a synthetic
replacement for wool. Carbon fibres and PF filaes noted as
two resin-based fibres that are not thermoplastiest others can
be melted.

aromatic polyamids (aramids) such as Twarkeylar and
Nomex thermally degrade at high temperatures andatonelt.
These fibres have strong bonding between polymainsh
polyethylene (PE), eventually with extremdbng chains /
HMPE (e.g. Dyneema or Spectra).

elastomers can even be used, e.g. spandesugh urethane
fibres are starting to replace spandex technology.
polyurethane fiber

Microfibres: Micro fibres in textiles refer to sub-denier fibe
(such as polyester). Denier and Detex are two meamnts of
fiber yield based on weigdand length. If the fiber density is
known you also have a fiber diameter, otherwiss simpler to
measure diameters in micrometers. Microfibres ammécal fibres
refer to ultra fine fibres (glass or meltblown tmeplastics) often
used in filtration. Newer fiber designs includerexing fiber that
splits into multiple finer fibres. Most synthetiibffes are round in
cross-section, but special designs can be holleal, star-shaped
or trilobal. The latter design provides more oghcaeflective
properties. Synthetic textile fibres are often @&d to provide
bulk in a woven, non woven or knitted structurebdfisurfaces
can also be dull or bright. Dull surfaces reflearenlight while
bright tends to transmit light and make the fib@rentransparent.

SELF ASSESSMENT EXERCISE 1

Mention two kinds of synthetic fibres.
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3.3 Properties and Applications of Synthetic Fibres

Table 1.1: Application of Synthetic Fibres

Polymer
family and
type
Polyamide
s

Polycaprd
actam
(textile
fibre)

Polyhexa
methyleng
adipamide

(textile
fibre)

Polycaprd

actam

(industrial
fibre

Polyhexa
methyleneg
adipamide

(industrial
fibre)

Aramids

Polyp-
phenylene

tereph-

thalamide

Poly-m-
phenylene
isoph-

Common
Names
& Trade
Names

nylon 6
(textile)

nylon 6,6
(textile)

nylon 6
(industrial)

nylon 6,6
(industrial)

Kevlar,
Twaron,

Technora

Nomex,
Conex

Deniers

(gm/9,0
00 m)

1.5-5

1.5-5

1.5-5

1.5-5

1.0-1.5

2-5

Tensil
e
Streng
th
(gm/d
enier)

4.5-
6.8

4.5-
6.8

8.5-
9.5

8.5-
9.5

25-30

3-6

Elong
ation
at
Break

(%)

23-43

23-43

12-17

12-17

3-6

2-30

Initial

Modu
lus

(gm/d
enier)

25-35

25-35

33-46

33-46

500-
1,000

130-
150

Apparel and
Home-
Furnishing
Applications

hosiery,
lingerie, sportg
garments,
soft-sided
luggage,
upholstery
hosiery,
lingerie, sportg
garments,
soft-sided
luggage,
upholstery
no significant
applications

no significant
applications

no significant
applications

no significant
applications

Industrial
Applications

no significant
applications

no significant
applications

tyres, ropes,
seat belts,
parachutes,
fishing lines
and nets,
hoses

tyres, ropes,
seat belts,
parachutes,
fishing lines
and nets,
hoses

radial tyre
belts,
bulletproof

vests,
reinforcement
for

boat hulls
and aircraft

panels

filter bags for

hot stack
gases, flame-

resistant
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thalamide clothing
Polyesterg
PolethylenDacron, |1.5-5 |4.7- |35-50(25-50 permanent- |sewing thread,
e Terylene, 6.0 press clothing,seat belts,
terephtala; Trevira fibre fill tyre yarns,
e insulation, non-woven
carpets fabrics
Polyacryb
nitrile
Acylic Acrilan, |2-8 2.5- |27-48|25-63 |substitute for (filters, battery
(>85%) |Creslan, 4.5 wool-e.g.,in  |separators,
acrylonitri| Courtelle sweaters, substitute ér
le hosiery, asbestos
blankets in cement
Modacryli |Verel, SEF{2-8 2.5- |27-48|22-56 |flame-resistantflame-resistant
c (35- 4.5 clothing-- awnings,
85%) e.g., tents, boat
acrylonitri artificial fur, |covers
le children's
sleepwear
Polyolefin
s
Polypropy|Herculon, (2-10 |5-9 |15-30(29-45 |upholstery, |ropes, nets,
lene Marvess carpets, carpetdisposable
backing non-woven
fabrics
Polyethyle|
ne
no signifiant/cordage,
Regular 2-10 |24 |20-40|-- applications |webbing
High- Dyneema, |-- 30-35 |2.7- |1,3704no signifi@ant/reinforcement
Modulus |Spectra 3.5 |2,016 |applications |for boat
hulls,
bulletproof
vests
Polyurehaspandex, (2.5-20 |0.6- |400- |-- stretch fabricgno significan
ne Lycra 1.5 |600 -e.g., for |applications
sportsweatr,
swimsuits

3.4 Kinds of Synthetic Dyes

There are various kinds of synthetic dyes that mnpalours on dyed
materials. These are:

a. Acid Dyes: Theycome in a wide variety of colours, it is fairly
fast to lightandto washing. It is named acid dyes because they
work best when applied ian acid bath. It is mainly used on

nylon, silk and wool.
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b. Azoic (or Naphthol) Dyes:This type of dyes is extremely fast to
light, it is commonly used to dye a mateniad, orange or
maroon. It is mainly used in cotton.

C. Basic DyesThis type of dye is just fair when it comes to feests
to light and to washing, however this type can t&reabrilliant
colour. It is mainly used on natural and acrylibrés, it is also
sometimes used for wool and silk. This dye is aised to colour
paper.Acetic acid is usually added to the dyebath to help in the
guick penetration of the dye onto the fiber.

d. Chrome (or Mordant) Dyes: This type of dye is fairly fast to
light and to washing, it is especially useful fidlack and navy
shades. The choice of mordant is very impor@astdifferent
mordants can alter the final colour significanttyis important to
know also that many mordants, particularly thosethe hard
metal category can be hazardous to health, thathis caution
should be followed when using it. It is mainly uded wool and
silk.

e. Mordant is a chemical that is mixed with the dye and therfj
the modern mordants are dichromates and chromiunplexes,
that is why it is also called chrome dye.

f. Developed (or Diazo) Dyesire used to treat certain dyed fabrics
to improve their fastness to light and to washarmgl also to
change fabric's colour. The treatments ared usrimarily on
cotton. Diazotizing is the treatment which involibe use of
chemical called a developer. It is mainly used athon.

g. Direct Dyesthis type is one of the easiest to use and hagla wi
range of colours, it is not fast to washing, bsatféastness is often
improved by more treatment. It is mainly used ottag rayon
leather, wool, silk and nylon. It is also used &sipdicators and
as biological stains.

h. Disperse (or Acetate) Dyeghis dyes is finely ground in the
presence of dispersing agent, its dyeing rateaatbyr influenced
by the dispersing agent used during the grindingp&se dyes
were developed because other dyes would not waitk agetate
it is alsoused on different manmade fibres, including acrylic,
acetate, and polyester fibres.

I Reactive (or Fiber-reactive) Dyes:these types of dye have a
good fastness to light and to washing. Reactives dyeate strong
chemical bonds with the material being dyed whicikes it the
most permanent of dyes. This dye is by far the lmbstice for
dyeing cotton, nylon, wool and other cellulose &t home or
in theart studio.

J- Sulphur Dyes: these dyes are especially fast to washing and the
best for material that is washed frequenylphur dyes are
colourless (upon application), but upon exposuraitadhey are
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oxidized and turn into their respective colourseylbome mainly
in dark, dull colours and used on cotton, linen exn.

K. Vat Dyes: This type is superior compared to the other dyerwhe
it comes to its fastness to light and to washMat dyes like
sulphur dyes must be oxidized before their readb@wotomes out.
This dye is mainly used for cotton, linen, wool asitk. The
indigo colour of blue jeans is vat dye.

3.5 Dyes for Man- Made Fibres

The first man-made fibre to achieve commercaynificance was
viscose rayon, in the early 1900s. This is chertyicinilar to cotton (in
other words it is a cellulosic fibre) and so theeslalready available for
cotton were used on viscose rayon. At the timeethesre mainly direct,
vat, azoic and sulphur dyes, but since the 1960s-fieactive dyes have
come to be widely used on all cellulosic fibres.the 1930s, when
acetate rayon appeared, the existing dyes wereergt suitable, with
the notable exception of the natural dye logwdnback, which was
already being used on silk and wool. A new clasdy&s eventually to
be called disperse dyes, was developed which atloavéull range of
shadego be successfully applied to acetate rayon.

In the 1940s and 1950s the truly synthetic fibsesh as the polyamides
(nylon), polyesters and acrylics, began to appearercially. Disperse

dyes proved to be particularly suitable foolyester and so the
importance of this class of dye increased enornyouBkecause both
fibores and dyes have been modified since then,gpaiyes are now
dyed mainly with acid dyes, and acrylics mainlythwmodified basic

dyes.

Over the last twenty to thirty years, developmentdye chemistry have
enabled the man-made fibre to be dyed with bettsingss to light and
washing, and in an ever increasing range of colours

4.0 CONCLUSION

It could be seen that synthetic or man-made filgergerally come from
synthetic materials such as petrochemicals. Likee$, synthetic dyes
are also man made from various materials suchaxganic and metallic
compounds. Synthetic fibres have wide appbn especially in
clothing industry and other products beingedisn our day to day
activities. Dyes also contribute to aesthetims imparting various
colours depending on convenience.
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5.0 SUMMARY

In this unit, we have learnt that:

polymer fibres are a subset of man-made fibreschvhre based
on synthetic chemicals (often from petrochemicairses) rather
than arising from natural materials by a purelygbtgl process
microfibres in technical fibres refer to ultra fifibres (glass or
melt blown thermoplastics) often used in filtration

reactive dye is by far the best choice for dyeingan, nylon,
wool and other cellulose fibres at home or in thestdio
disperse dyes proved to be particularly suitabigfiyester, and
the different kinds of synthetic dyes and fibres

the application of synthetic dyes and fibres.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are polymer fibres

2. In a tabular form, mention three of the polyrfieres and their
application.

3. Write short notes on the following:

a. cellulose fibre

b. sulphur dye

7.0 REFERENCES/FURTHER READING

Synthetic Fibres: Nylon, Polyesters, Acrylic andyBtefins. Edited by
J.E Mclntyre.

Woodhead Textiles Series No. 36, Woodhead ishibf Limited,
2009.
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1.0 INTRODUCTION

Polymer fibres are a subset of man-made fibresclwlire based on
synthetic chemicals (often from petrochemisalurces) rather than
arising from natural materials by a pureiysical process. It is
important to point out that fibres are always matipolymerswhich are
arranged into crystals. They have to be ablgdok into a regular
arrangement in order to line up as fibres. (In,fébtes are really a kind
of crystal, a really long kind of crystal.). A poheric fibre is a polymer
whose chains are stretched out straight (or clostraight) and lined up
next to each other, all along the same axis.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

define polymeridibre

identify the kind of polymeric synthetic fibres

explain the production and applications of polymmiade from
olefins.

3.0 MAIN CONTENT
3.1 Definition of Polymer Fibres
Polymer fibres are a subset of man-made fibresclwlire based on

synthetic chemicals (often from petrochemisalurces) rather than
arising from natural materials by a purely physjmalcess.
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3.2 Kinds of Synthetic Polymers
()  Olefins

Olefin includes the varieties of polyethylene, @blyene and
polypropylene. A very light fibre, Olefin particulg resembles wool; it

is soil resistantind is a good heat insulator. Herculon and Vectra are
trade names.

(i)  Acrylics

Acrylics are made from petroleum. They have wdae liibres. It is not
as strong as polyester/nylon but it is soft andmves handle. It washes
and dry clean well. It is very resistant to UV lidiut sensitive to heat. It
is moth proof. Modacrylics are also named becabsgy have been
chemically modified to offer good flame resistanthey do not wrinkle
or crease easily. It can shrink with hotatheTrade names include
(unmodified) Acrilian, Orlon, Verel, Sef, Zeframa Dynel (which also
comes modified).

(i) Polyesters

Polyester is a petroleum/oil byproduct. It is vestyong and easy to
wash. It dries quickly and has good shape retentiois shrink and
crease resistant. It is resistant to sunlight,gpexion and moths and has
a low absorbency. A light fibore resembling wool sitk, polyester is
often blended with natural fibres. It is an idei@ré for sheeting when
mixed with cotton. Dacron, Fortrel, and Kodel ai@de names. Dacron
is used as a substitute for the base in cushiahsigimolstery.

(iv) Polyamide (nylon)

Nylon is made from coal, tar and petroleum. It igeay strong resilient

fibre with high strength and good elasticity. lages well and does not
absorb moisture and does not shrink. It tendsttaatdirt, but it is easy

to wash and is crease resistant. It has a pomtaese to UV light. It is

one of the first and most useful synthetibd&any types are now
available. It is frequently used in blends. Acetrdn and Cordura are
familiar trade names. It is used widely in carpgtin

(v)  Fibre Blends
Two or more fibres can be combined in oneny&y maximise the
strengths and minimise the weaknesses of eachekXample, natural

and artificial fibres can be combined to retain tvdure and appearance
of the natural yarn while gaining the durabilitydaghirt resistance of the
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synthetic. Many man-made and synthetic fibres raggle to imitate
natural fibresastheir processing can provide similar properties usually
at a reduced cost.

SELF ASSESSMENT EXERCISE 1

1. Define the word Polymer fibre.
2. Mention three kinds of synthetic polymers.

3.3 Polyethylene
[-CH,-CHy-]n

Polyethylene is probably the polymer you geest in daily life.
Polyethyleneis the most popularplastic in the world. This is the
polymer from which grocery bags, shampoo bottlegddren's toys, and
even bullet proof vests are made. For such a viersaaterial, it has a
very simple structure, the simplest of atimenercial polymers. A
molecule of polyethylene is nothing more than aglahain of carbon
atoms, with two hydrogen atoms attached to eadbocaatom.

HHHHHMHHMHEMHBHEHH

L L L L L L]
S A A R R R A A A
H HHWHMHAHMHMHAHTHAHMHAHMHH

Sometimes some of the carbons, instead of havidgolygn attached to
them, will have long chains of polyethylene attached to them. This is
called branched, or low-density polyethylene, orRED When there is
no branching, it is called lineapolyethylene, or HDPE. Linear
polyethylene is much stronger than branched pojetie, but branched
polyethylene is cheaper and easier to make.

m

A molecule of linear polyethylene, or HDPE

N\ }/J
AR

A molecule of branched polyethylens, or LDFE
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Linear polyethylene is normally produced with malkse weights in the
range of 200,000 to 500,000, but it can rnade even higher.
Polyethylene with molecular weights of three tomsiMion is referred to
as ultra-high molecular weight polyethylene, or UARRE. UHMWPE
can be used to makigres which are so strong and are used in bullet
proof vests. Large sheets of it can be used idstéace for skating
rinks.

Polyethylene isvinyl polymer made from the monomer ethylene.
Branched polyethylene isoften made by free radical vinyl
polymerisation. Linear polyethylene is made by a more complicated
procedure calledZiegler-Natta polymerisationUHMWPE is made
using metallocene catalysis polymerisation.

But Ziegler-Natta polymerisation can be used to eneOPE, too. By
copolymerising ethylene monomer with a alkyl-branched comonomer
such as one gets @polymerwhich has short hydrocarbon branches.
Copolymers like this are callelihear low-density polyethyleneor
LLDPE. BP produces LLDPE using a co-monomerhvihe catchy
name 4-methyl-1-pentene, and sells it under theetr@dame Innovex
LLDPE is often used to make things like plastiogl

H\ JH H HHHUHHMHMH
O S S A A

| | | | | | | |

H HHHHHHMH

/

This can get tedious to draw, 0

we often use shorthand like this.
|]:-I|:|t_e: A line dvairsn betirreas tirrn atome
tepresenits a pait of electrons shared by
Hhnes gtoms, which constitutes » rhemiral
H H ) -
H H hond., Two lines represent two paits oF
jc :({" D —[—+ —Ié_]i shared electrons, a double hond)
H H HH

And when we 're feeling really lazy we just draw it like this:

CH,=CH, —> —1CH;-CH;}-
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CH>—CHa -+ CHEZ(I:H
ethvlene f‘lez
EH&
Hae'  COH,

d-methvl-1-pentena

Fiagleyr-TNatt= | CH>—CHa C'HE_':'H
polyvmerization
C EH;}

polbriethvlene-ra-d-methwvl-1-pentene)

iBP s Tn]'nn‘:."l:l!:'@& a formm of LLTYPE)

3.4 Polypropylene

Polypropylene is one of those rather versatile peis. It serves double
duty, both aglasticandfibre. As a plastic it is used to make things like
dishwasher-safe food containers. It can do thisabse it is stable to
heat below 16{C. Polyethylenea more commoplastic, will anneal at
around 108C, which means that polyethylene dishes will warpthie
dishwasher. As dibre, polypropylene is used to make indoor-outdoor
carpeting, the kind that you always find aroundnswing pools and
miniature golf courses. It works well for outdocarpet because it is
easy to make coloured polypropylene, and becaulspnopylene does
not absorb water, likeylon.

Structurally, it's avinyl polymer, and is similar topolyethylene only
that onevery other carbon atom in the backbone chain has a methyl
group attached to it. Polypropylene can be madenfthe monomer
propylene byZiegler-Natta polymerisatioand bymetallocene catalysis
polymerisation

H H Zirglar-Natta HH
\ ; pelymerization | ]
I;C:C\ - —[—'(li—(l?—l;
pr metallocene
H CH; catalysis H CH;
propylene polypropylene

Research is beingconducted on using metallocene catalysis
polymerization to synthesise polypropylenkletallocene catalysis
polymerisation can do some pretty amazing thiragspolypropylene.
Polypropylene can be made with differenttacticities Most
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polypropylene we use isotactic This means that all the methyl groups
are on the same side of the chain, like this:

mw—cHz—cle—cHz—:le—cHz—cle—cHz—cle—c:Hz—cle—aw
CH; CH, CH; CH; CH;,

isotactic polypropylene

But sometimes we usatactic polypropylene.Atactic means that the
methyl groups are placed randomly on both sidekethain like this:

lle;] (lei]
#W”W‘_CHQ—(FH—EHE—EH—CHQ—(FH —CH>— (le —CHy— CH—wini
CH; CH; CH-

atactic polypropylene

However, by using special metallocene catalysts lielieved that we
can make polymers that contain blocks of isotagtitypropylene and
blocks of atactic polypropylene in the same polymigain, as is shown
in the picture:

isotactic blocl:

/

atartic black

This polymer is rubbery, and makes a gagdstomer This is because
the isotactic blocks will forntrystalsby themselves. But because the
isotactic blocks are joined to the atactic blodks, little hard clumps of
crystalline isotactic polypropylene are tieogetherby soft rubbery
tethers of atactic polypropylene. Indeed atactikygropylene would be
rubbery without help from the isotactic blocks, lutwill not be very
strong. The hard isotactic blocks hold the rulpbeptactic material
together, to give the material mosgength.Most kinds of rubber have
to be crosslinked to give them strength, but not polypropylene
elastomers.

Elastomeric polypropylene, as this copolymer idecklis a kind of
thermoplastic elastomeHowever, until the research is completed, this
type of polypropylene will not be commercially alzhie.
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3.5 Poly (vinyl chloride) PVC

Poly (vinyl chloride) is theplasticknown at the hardware store as PVC.
This is the PVC from which pipes are maded PVC pipe is
everywhere. The plumbing imodern day structures is probably PVC
pipe. PVC pipe is what rural high schools with dmalidgets use to
make goal posts for their football fields. But #iermore to PVC than
just pipe. The "vinyl" siding used on houses isde of poly(vinyl
chloride). Inside the house, PVC is used to makaldum for the floor.
In the seventies, PVC was often used to make daiytops.

PVC is useful because it resists two things that @uposite of each
other: fireandwater. Because of its water resistance it is used to make
raincoats and shower curtains, and of course, wapss. It has flame
resistance, too, because it contains chlorine. Whentry to burn PVC,
chlorine atoms are released, and chlorine atombiirdombustion.

Structurally, PVC is avinyl polymer It is similar to polyethylene but
on every other carbon in the backbone chain, orteeohydrogen atoms
is replaced with a chlorin@atom. It is produced by théree radical
polymerizationof vinyl chloride.

Frenz radieal H H
H H
\ ; vinyl polymerization | |
o=c e
",
H [ | H O
vinyl chloride polvivinyl chloride’

PVC was one of those odd discoveries that actualy to be made
twice. It seems around a hundred years ago, a fenn@n entrepreneurs
decided they were going to make loads of cashifighpeople's homes
with lamps fueled by acetylene gas. Would you belig?, right about
the time they had produced tons of acetylene tbtsetveryonewho
was going to buy their lamps, new efficient electgenerators were
developed which made the price of electric lightiingp so low that the
acetylene lamp business was finished. That lefit @fl acetylene lying
around.

90



CHM304 COLOUR CHEMISTRY AND TECHNOGY

lefiover acetrlene fiom the
acetylene lamp fasco
\
\ K i
H—(O=C—H + H(l —= =t — _[_1|3_.;|3_];
H (| o
rinyl chlnride polytuinyl chloride)

So in 1912 one German chemist, Fritz Klatte decitledo something
with it, and reacted some acetylene with hydrodblacid (HCI). Now,
this reaction will produceinyl chloride, but at that time no one knew
what to do with it, so he put it on the shelthereit polymerized over
time. Not knowing what to do with the PVC he hadtjinvented, he
told his bosses at his company, Greisheiractidn, who had the
material patented in Germany. They never figuredause for PVC,
and in 1925 their patemxpired.However,in 1926 the very next year,
an American chemist; Waldo Semon waserking at B.F. Goodrich
when he independently invented PVC. But unlikedhdier chemists, it
dawned on him that this new material would makeedeat shower
curtain. He and his bosses at B.F. Goodrich padelf¥C in the United
States. Tons of new uses for this wondemudterproof material
followed, and PVC was a smash hit the second troeral.

SELF ASSESSMENT EXERCISE 2

1. Propose a simple equation for the prodactiow density
polyethylene
2. Differentiate between polyethylene and polyptepg.

4.0 CONCLUSION

Polymer fibres are a subset of man-made fibresclwhire based on
synthetic chemicals. Two or more fibres can be dostbin one yarn to
maximize the strength and minimize the weakas of each. For
example, natural and artificial fibores can bembined to retain the
texture and appearance of the natural yaDefins, polyesters,
polyamide etc are common examples of synthetie$ilmf importance.
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5.0

SUMMARY

In this unit, we have learnt that:

6.0

=

7.0

it is well known that fibres are always made ofypoérs which
are arranged into crystals

polyethylene is probably the polymer you see modgiaily life.
Polyethylene is the most populglasticin the world. This is the
polymer from whichgrocery bags, shampoo bottles, children's
toys, and even bullet proof vests are made

polypropylene is one of those rather versatile pass out there.
It serves double duty, both psticandfibre

poly (vinyl chloride) is theplasticknown at the hardware store as
PVC. It is used in the manufacture of pipes.

TUTOR-MARKED ASSIGNMENT

What is Ziegler-Natta polymerisation?

With relevant examples explain the concept ‘€sbare known to
be polymers.’

REFERENCES/FURTHER READING

Burke, J. (1978)ConnectionsBoston: Little, Brown and Co.

Fenichell, S. (1996Plastic: The Making of a Synthetic CentuNew
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1.0 INTRODUCTION

Nylon's first real success came with its use in wois stockings, in

about 1940. They were a big hit, but they becamd twaget, because a
year later the United States entered World Waarij nylon was needed
to make war materials, like parachutes and ropesveider, polyesters

can be botlplasticsandfibres

2.0 OBJECTIVES

By the end of this unit, you should be able to:
identify materials made of polyester and polyaniidees
explain the chemical principles involved in theoduction of
polyester and polyamide fibres
describe the applications of polyester and polyanfiiares.

3.0 MAIN CONTENT

3.1 Definitions of Nylon and Polyester

Nylons are also called polyamides, because of tiagacteristic amide
groups in the backbone chain.

Polyesters are the polymers, in the fornfibfes which were used back
in the seventies to make wonderful disco clothing.
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3.2 Nylons

Nylons are one of the most common polymers usealfdse. Nylon is
found inclothing all the time, but also in other places, in the formaof

thermoplastic

0 0
—[—(@—C-Hg—CHg—CHrCHg—(q—NH—CHrCHg—CHg—CHg—CHg—CHg—P'—H—];
L1
amide

group

Nylons are also called polyamides, because of kagacteristic amide
groups in the backbone chaiRroteins such as the silk nylon, are also
polyamides. These amide groups are very polarcanchydrogen bond
with each other. Because of this, and because yloe lackbone is so
regular and symmetrical, nylons are often crystalland make very
good fibres.

The nylon below is called nylon 6,6, because eageat unit of the
polymer chain has two stretches of carbon atonw) baing six carbon
atoms long. Other nylons can have different numbérgarbon atoms in
these stretches.

0 0
|

—[—A—ﬂHE—GHE—GHE—GHE—H—M{—GH;-—GHE—GHE—GH;_;—GHZ—GH;—M{—];
| | L |

gix carbon atoms eix carhon atoms

Nylons can be made from diacid chlorides and diasiirNylon 6,6 is
made from the monomers adipoyl chloride and hexayhate diamine

i
'mcx“\/“vcxm + HQN/"'\/"\/“EH/NH?

I
¢

C1

adipoy] chloride hexamethylene diamine
i H
— Tt VﬁV'C“N’AVA\,/’ﬂv’TI{L
g 1
nylon 6,6
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The industrial synthetic methods make use of thetren of adipic acid
with hexamethylene diamine;

&
I

HO C NH
e “oH HEN/\_/\_/’\_/ 2

I
O

adipic acid hexumethylene Linoioe
9 i
- ‘*C,AVAVJC\.N,AVAEJAV,NHI\
i k
nylon 6.6

Another kind of nylon is nylon 6. It is similar toylon 6,6 except that it
only has one kind of carbon chain, which is sixwadong. It's made by
aring opening polymerization

0

HRN,H 0
r ) ——  —HCH CH CHr CH CHC-T
“,
W H

wylnn &
g-raprnlartam

3.3 Polyesters

Polyesters are the polymers, in the fornfibfes that were used in the
seventies to make wonderful clothing. But sincenttiee nations of the
world have striven to develop more tasteful usaspolyesters, like
those nifty shatterproof plastic bottles that hold favorite refreshing
beverages. Another place you find polyester isaltobns. The common
ones used to make water balloons are mddeatural rubber It's
actually the fancy ones we use in the hospitakséhare made of a
polyester film made by DuPont called Mylar. Thelbahs are made of
a sandwich, composed of Mylar and aluminum foil.t&dels like this,
made of two kinds of material, are calledmposites Polyesters have
hydrocarbon backbones which contain ester linkagasge the name.

0 O
—[—D—H@g—ﬂ—CHg—CHZ—]ﬁ

pstAr

group
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The structure in called poly (ethylene terephtlggladbr PET for short,
because it is made up of ethylene groups and tdralalte groups.

O 0
H—gg@—(@—n—cm—mﬁ“
| | |
terephthalate ethylene

group group

The ester groups in the polyester chain are polih the carbonyl
oxygen atom having a somewhat negative charge and the carbonyl
carbon atom having a somewhat positive chafige positive and
negative charges of different ester groups araa#d to each other.

ol

0
‘ % (LE—D—CHZ—CHZ-];

naphthalate group ethylene group

Poly(ethylene naphthalate), the polymer
that hestows upon os the plastic jelly jar.

This allows the ester groups of nearby chainsrte lip with each other
in crystal form, which is why they can form strofigres The inventor

who first discovered how to make bottles frolBTPwas Nathaniel

Wyeth.

There is a new kind of polyester that is been usedelly jars and
burnable bottles. It is poly(ethylene naphthalate) PEN. In the big
industrial plants where polyester is produceds ihormal to start off
with a compound called dimethyl terephthalate. Tisisreacted with
ethylene glycol in a reaction callé@nsesterification The result is bis-
(2-hydroxyethyl)terephthalate and methanol. Buvé heat the reaction

to 210°C the methanol will boil away.
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g g
IO
H.C—-0— —0-CH: + HO-CH,—CH,—OH

ethylene Elycol

dimethyl terephthalate

:|:1 Q
HO-CH —CH, —0 —é @H—D—GHE—CHE—DH

Bis-(2-hydroxyethyljterephthalate

+ 2 CHz0H

m athanol

Then the bis-(2-hydroxyethyl)terephthalate is hegatp to a balmy 270
°C, which reacts further to give the poly(ethyleeeephthalate) and,
oddly, ethylene glycol as a by product.

0 0
H g
HO—CH,—CH,—0— — O —CH— CHr— OH
VaN
—I—H—H—@A—D—CHQ—CHE—IH— + 2 HO-CH,—CH>-OH

ethylene glycol

polyiethyvlene terepthalate)

But in the laboratory, PET is made by other reastidr erephthalic acid
and ethylene glycol can polymerize to make PET wheated with an
acid catalyst. It is also possible to make PET ftenephthoyl chloride
and ethylene glycol. This reaction is easier, leoephthoyl chloride is
more expensive than terephthalic acid, and evermr k@ngerous.
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] 0
H H arid
HO— —OH + HO-CH, {CH,—0OH —P‘h . PET
ea

ethy¥lene glycol
terephthalic acid

0 0
|
-::1—3 H—m + HO-CH;—CH;—OH —— PET

1 1
terephthaloyl chloride ethylene glyco

There are two more polyesters in the market thatratated to PET.
There is poly(butylene terephthalate) (PBT)d apoly(trimethylene
terephthalate) (PTT). They are usually used forséume type of things
as PET, but in some cases these perform better.

O 3

I I
—l—c@c—[:—CHE—CHz—CHg—cHz—D—];,

polyibutylene terephthalate}

0 0
|

I
—FC—@C—D—CHE—CHE—CHE—D—]—“

polyitrimethylene terephthalate)

SELF ASSESSMENT EXERCISE

1. Differentiate between a nylon and a polyester.
2. What are the main chemical functional groupbath nylon and
polyester?

4.0 CONCLUSION

Polyesters can be bofilasticsand fibreswhile nylon is mainly made up
of fibres. They both contained repeating units of the corresponding
monomeric unit. Nylons are also called polydesi because of the
characteristic amide groups in the backbohain. There are different
kinds of these products which have impacted paditito human life.

98



CHM304 COLOUR CHEMISTRY AND TECHNOGY

5.0 SUMMARY

In this unit, we have learnt that:

nylons are some of the most common polymers usefibes
Nylon is found in clothing all the time, but alsoather places, in
the form of ahermoplastic

nylons are also called polyamides, because of ltlagacteristic
amide groups in the backbone chain

polyesters are the polymers, in the fornfibfes

the commonly use forms of polyesters are:yp@thylene
terephthalate), or PET, poly (ethylene naphthalaiefPEN

there are two more polyesters in the market thatratated to
PET. They are poly (butylene terephthalateBT) and poly
(trimethylene terephthalate) PTT. They are usuaBgd for the
same type of things as PET, but in sooasesthese perform
better.

6.0 TUTOR-MARKED ASSIGNMENT

=

Differentiate between PET and PEN.
2. Propose a simple laboratory procedure for thauf@turing of
nylon 6.

7.0 REFERENCE/FURTHER READING
Synthetic Fibres: Nylon, Polyester, Acrylic, Polgth: Edited by J E

Mcintyre, Woodhead Textiles Series No. 36, Woodhead
Publishing Limited (2009).
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1.0 INTRODUCTION
If you are sitting on a padded chair right now, tushion is more than
likely made of polyurethane foam. Cellulose is afienany polymers

found in nature. Wood, paper, and cotton all contallulose. Cellulose
Is an excellentibre.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

identify the substances making up a polyurethanes
define cellulose and its compositions
discuss the nature, properties and uses of poligattyle.

3.0 MAIN CONTENT

3.1 Definition of Polyurethane, Cellulose and
Polyacrylonitrile

Polyurethanes are the most well known polymers tsedake foams.
Polyurethanes are more than foam.

Cellulose is made of repeat units of the monomecage.
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Polyacrylonitrile is avinyl polymer, and a derivative of thacrylate

family of polymers.
3.2 Polyurethanes

Polyurethanes are the single most versatile faofilgolymers there is.
Polyurethanes can belastomersand they can be paints. They can be
fibres and they can be adhesives. A wonderful bizartgupethane is
spandex Of course, polyurethanes are called polyurethdeesuse in
their backbones they havaieethandinkage.

i I
Jrc—lTI ITI—C—O—CHQ—CH,—OJF
n
H H

The structure above shows simple polyurethanepblyurethane can be
any polymer containing the urethane linkage iméskbone chain.

R f&x ~R

l‘l'i[ 0
H

a nrathana

Q
M—(LE—N@N—(%—D CHy—CHp—

the urethane link ages
in a polsurethane

More sophisticated polyurethanes are possiblegxample

4—c-w@ @N C—0—CH,-CH,— 0}

a more sophistacated polyurethane

Polyurethanes are made by reacting diisocyanatésdivalcohols;
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o= =N©—CH2©—N=C=D + HO—CH,—CH,—0OH

ethylene olycol
4 4-diisocyanatodiphenylmethane

— —[—C—NCH;@N 0—0—CH,-CH— 0

Sometimes, the dialcohol is replaced with a diamara the polymer

we get is a polyurea, because it contains a ungade, rather than a
urethane linkage. But these are usually calledysethanes, because
they probably would not sell well with a name lixayurea.

D=C =N4<Q>70H24<C>7N=C=D + H>N—CH»—CH>—NH»

prilalene diamina
4. 4-diisocvanatophenvlmethane

o o
/7N =
—— e {O) e w oy o
N ) | |
I II II 1r
= polurea

Polyurethanes can hydrogen bond very well #mgs can be very
crystalline. For this reason they are often used to mdkeck
copolymerswith soft rubbery polymers. These block copolymers have
properties otthermoplastic elastomers

3.2.1 Spandex

One unusual polyurethane thermoplastic elastomespandex, which
DuPont sells under the trade name Lycra. It hak bota and urethane
linkages in its backbone. What gives spandex gsigp properties is the
fact that it has hard and soft blocks in its repstticture. The short
polymeric chain of a polyglycol, usually about fodr so repeats units
long, is soft and rubbery. The rest of the repeadtt the stretch with the
urethane linkages, the urea linkages, armel dhomatic groups, is
extremely rigid. This section is stiff enough thia¢ rigid sections from
different chains clump together and align to fdibmes Of course, they
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are unusual fibres, as the fibrous domains formethé stiff blocks are
linked together by the rubbery soft sections. Tdmallt is a fibre that acts
like an elastomdr This allows us to make fabric that sthets for
exercise clothing and the like.

soft rubbery segment
rigid segment

I | \
0 o] o] C
1l 1l 1l 1]
O—CH, —CH, };—0-C —g@cm@q —C-H -1 —c—rfrA@—cm 4@*1}1—(3 -0
/ i1 H H H H H n
x = about 40 of 5o

Spandex has a complicated structure. with both
urea snd nrethane linlcages in the backbone chain

SELF ASSESSMENT EXERCISE 1

1. What are polyurethanes?
2. Mention two uses of the polyurethanes

3.3 Cellulose

Cellulose is one of many polymers found in natWod, paper, and
cotton all contain cellulose. Cellulose is arcellentfibre. Wood,
cotton, and hemp rope are all made of fibrousutmdke. Cellulose is
made of repeat units of the monomeric glucose. iBtlitse sameglucose
which the body metabolizes in order to live, butiy@nnot digest it in
the form of cellulose. Because cellulose is built of a sugar monomer,
it is called a polysaccharide

o YH /oy
glucose
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Cellulose has an important place in the story dympers because it was
used tomakesomeof the first synthetic polymers, likeellulose nitrate

cellulose acetafandrayon

Another cellulose derivative is hydroxyethylcellséo It differs from
plain old regular cellulose in that some or alltieé hydroxyl groups of
the glucose repeat unit have been replacetd twydroxyethyl ether

groups

OH
CH, -© .
0 2 «— cellulose repeat mmt
HO OH ™, O T
OH
1
CH,
|
CH,
1
. 0
hydroxyethylcellulose repeat unit I
it ——) 1
D—.ﬂMMM
EHﬂCH;D 0
HA CH,
CH,
OH

These hydroxyethyl groups get in the way when tbemer tries to
crystallize Because it cannot crystallize, hydroxyethylcelluloss

soluble in water. In addition to being a great tase it's used to thicken
shampoos as well. It also makes the soap in tlaengbo less foamy,
and helps the shampoo clean better by forngotoids around dirt

particles.

The hydroxyethylcellulose ;| 5in

Wraps around a particle of dirt,

. . ion In water.
s0 it stays in YUSPENsion in

hydroxethylcellulose chain

dirt particle
e
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Normally, particles of dirt are insoluble wmwater. But a chain of
hydroxyethylcellulose can wrap itself around a giairticle. This mass
can be thoughtf asa snack cake, with the polymer chain as the cake
and the dirt as the creamy filling. This snack ceksoluble in water, so
by wrapping around the dirt like this, the hydreiyylcellulose tricks
the water into accepting the dirt. In this way, the gets washed away
instead of being deposited back onto your hair.

3.4 Polyacrylonitrile

Polyacrylonitrile is used for very few products awmerage consumer
would be familiar with, except to make another paody, carbon fibre
Homopolymers of polyacrylonitrile have been usedila®s in hot gas
filtration systems, outdoor awnings, sails fgachts, and even fibre
reinforced concrete. But mostbopolymerscontaining polyacrylonitrile
are used agibresto make knitted clothing, like socks and sweatass,
well as outdoor products like tents. If the labkesome piece of clothing
says "acrylic", then it is made out of some copaymof
polyacrylonitrile. Usually they are copolymerd acrylonitrile and
methyl acrylate, or acrylonitrile anadethyl methacrylate

—[—CHE—CH—]n—[—CHZ—C{-I—];n

C=N £=0
0

N

CH;

poly{acrylomtrile-ce-methyl acrylate)

CH;
—[—CH;—EH—]H—[—CHE—C:\—IH
t|]EN £=0
o
b
CHs

pols(acrylonitrile-co-methyl methacrvylates)

Also, sometimes we make copolymers of acrytd@i and vinyl
chloride These copolymers are flame-retardant, and theedi made
from them are callethodacrylicfibres.

—+CH,—CH+CH,—CH-15

=M 1

poly(acrylonitrile-co-vinyl chloxride)
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But the slew of copolymers of acrylonitrile doed ead there as well.
Poly(styrenezo-acrylonitrile)  (SAN) and  poly(acrylonitrileo-
butadienezo-styrene) (ABS), are used akastics

—HCH—CHIy—CHy—CHig
C=N

AT

SAN is a simple random copolymer of styrene andylanitrile. But
ABS is more complicated. It's made by polsizieg styrene and
acrylonitrile in the presence of polybutagienPolybutadiene has
carbon-carbon double bonds in it, which can polyeegrtoo. So we end
up with a polybutadiene chain with SAN chains grdftnto it.

CH,—CH,; -+ CH:Z':':HQ + —[—CHQ—CH:CH—CHQ-]E

O=T] polyhutadiene
acryvlonitrile
styrone
SAN polyhutadiene
hranches hzclthone
—_— l

5EBS

ABS is very strong and lightweight. It is strongoagh to be used to
make automobile body parts. Using plastics like ABS makes
automobiles lighter, so they use less fuel, ancetbee they pollute less.

ABS is a stronger plastic thgmolystyrenebecause of the nitrile groups
of its acrylonitrile units. The nitrile groups avery polar, so they are
attracted to each other. This allows opposibarges on the nitrile
groups to stabilize each other. This strong aitvacdholds ABS chains

together tightly, making the material strongeklso the rubbery

polybutadiene makes ABS tougher than polystyrene.
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Polyacrylonitrile is avinyl polymer, and a derivative of thacrylate
family of polymers. It is made from the monomer acryloleitby free
radical vinyl polymerization

freoe radical
H_ fH vinyl polsymerization I—|I I-|I
= = etk
o Y
H O=M H =W
acrylonitrile polyacrylonitrile
3.5 Polymers an Application
Table 4.1: Plastics and Fibre Polymers
Pclymers usecas plasics Pclymers usecas fibres
Polypropylene Polypropylene
Pclyester Pclyester.
Pclystyrene Pclyethylene
Pclycarbmate Kevlar anc Nomex
PVC Polyacrylonitrile
Pclyeihylene Cellulose
Pcly(meihyl mettacrylate’ Pclyuretranes

SELF ASSESSMENT EXERCISE 2

1. What are the chemical constituentef cellulose and
palyarylonitrile.
2. Differentiat betweel Spande and ABS.

4.0 CONCLUSION

Polyurethanes can bibres and they can be adhesives. These block
copolymers have properties tdiermoplastic elastomerLellulose is
one of many polymers found in nature. Wood, paped cotton all
contain cellulose. Cellulose is an excellditre. Cellulose has an
important place in the story of polymers becauseats used to make
some of the first synthetic polymers, lileellulose nitrate cellulose
acetateandrayon

Polyacrylonitrile is avinyl polymer, and a derivative of thacrylate
family of polymers. It is made from the monomer acrylolaitby free
radical vinyl polymerization SAN is a simple random copolymer of
styrene and acrylonitrile. But ABS is more compiezh It is made by
polymerizing styrene and acrylonitrile in the pmese of polybutadiene.
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5.0

SUMMARY

In this unit, we have learnt that:

6.0
1.
(@)
2.

7.0

polyurethanes are the most well known polymers usadake
foams

cellulose is made of repeat units of the monomecage
polyacrylonitrile is avinyl polymer and a derivative of the
acrylate familyof polymers

poly (styreneco-acrylonitrile) (SAN) and poly(acrylonitrileo-
butadienezo-styrene) (ABS), are copolymers  of
palyacrylonitrile which are usecas plastic:.

TUTOR-MARKED ASSIGNMENT

Write short notes on the following:

Polyurea (b) SAN (c) ABS

What are the functions of hydroxyethylcellulose

REFERENCE/FURTHER READING

Synthetic Fibres: Nylon, Polyesters, Acrylic andy®tefins; Edited by

10¢

J.E MciIntyre, Woodhead Textiles Series No, ¥8oodhead
Publishing Limited, 2009.
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UNIT 5 ARAMIDS, POLY
(METHYLMETHACRYLATE) AND
POLYCARBONATE

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Definition of Aramids, Poly (methyl methacri@aand
Polycarbonate
3.2  Aramids
3.3  Poly (methyl methacrylate), PMMA
3.4  Polycarbonate
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

The diverse nature of polymers allow for diverspligable usage of the
materials produced from them.

2.0 OBJECTIVES
By the end of this unit, you should be able toestat

the meaning of aramids, Kevlar and Nomex
the meaning of poly (methyl methacrulate) and Parlyonate
the chemical structures of these polymers and tises.

3.0 MAIN CONTENT

3.1 Definitions of Aramids, Poly (methyl methacrylée) and
Polycarbonate

Aramids are a family ofiylons including NomeX and Kevlaf.

Poly (methyl methacrylate), which lazy scientisti EMMA, is a clear
plastic used as a shatterproof replacement for glass.

Polycarbonate, or specifically polycarbonate opbenol A, is a clear
plasticused to make shatterproof windows, lightweight ¢aggjlenses
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3.2 Aramids

Aramids are a family ofnylons including NomeX and Kevlaf.
Aramids are used in the form @bers They form into even better fibers
than non-aromatic polyamides, likglon 6,6

Kevlar® is used to make things like bullet proof vests gumhcture
resistant bicycle tyres. It is also possible todoi@e bullet proof bicycle
tyres from Kevla? if one felt the need. Blends of Nonfeand Kevlaf
are used to make fireproof clothing. Norfids what keeps the monster
truck and tractor drivers from burning toatte should their fire-
breathing rigs breathe a little too much fire. Padys play another part
in the monster truck show in the form efastomergrom which those

giant tires are made. NonfeXevlar® blends also protect fire fighters.

Kevlar® is a polyamide, in which all the amide groups apasated by
paraphenylene groups, that is, the amide groups lattache phenyl
rings opposite to each other, at carbons 1 and 4.

'i] 0

I L
OO

H H

In Kevlar the aromatic groups =ve =1l inlcad into the
bhaclkbone chain through the I and 4 positions. This
i< called pare- linkage.

Nomex’, on the other hand, hasetaphenylene groups, that is, the
amide groups are attached to the phenyl ring at @red 3 positions.

0o
+-C C—N N—];
OTen)

In Momex the aromatic groups sve all inked into the
harkhnne rhain through the T and 3 positions. This
is called meta- linkcage.

Kevlar® is a verycrystallinepolymer. It took a long time to figure out
how to make anything useful out of KeVlabecause it would not
dissolve in anything. So processing it as a satuvas out. It would not
melt below 500°C, so melting it down was out, too. Then a sc#&nti
named Stephanie Kwolek came up with a brillianhpla
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Aramids are used in the form @bers They form into even better fibers
than non-aromatic polyamides, likeylon 6,6 They have the ability to
adopt two different shapes, oonformations The two shapes below are
the same compound, in tvdifferentconformations.The one on the left
is called thetrans conformation, and the one dhe right is thecis
conformation.

o 0
I .
R RN i g
|
H
a #rvrrs— amide a ris- amide

In Latin, trans means "on the other side". So when the hydrocarbon
groups of the amide are on opposite sides ofath&le bondthe bond
between the carbonyl oxygen and the amide nitrogercalled a@rans
amide. Likewisecisin Latin means "on the same side", and when both
hydrocarbon groups are on the same side of theeabudd, we call it a
cissamide.

the amide b ond

.0
carbonyl carbon 0 ol
I
|
H B

athdde nitrogen

It the frams atvide, the hpdeocathon T tha e wiide, both hydeooathion
grouns ate ot opposite cidae afthe groups are on th agama rida nftha
Qﬂ’H‘I”lﬁ 1"\1'\"1["1 ﬁﬂ‘“‘l”lﬂ 1"1“1"\!"1

The same amide molecule can twist back and fortivdsn thecis- and
trans conformations, given a little bit of energy.

The samecis- andtrans-conformations exist in polyamides, too. When
all the amide groups in a polyamide, like nylon &6 example, are in
the trans conformation, the polymer is fully stretched outanstraight
line. This is exactly what we want fébers because long, straight, fully
extended chains pack more perfectly into the chystaform that makes
up the fiber. But sadly, there is always at leashe amide linkages in
the cis-conformation. So nylon 6,6 chains never becomg fktended.
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H O H
I I I

N Al o N
~% ) T
0 H 0

Nylﬂn 6!6 can strotch into Bhers e:asil_v when =l
the amide Zroups are in the &razs conformation. ..

H 0
I I

N C. __H
aiiiai=" ““l-iﬂ_[ i N
O

N 20

:

.-.hut ona cis linkage rauses a kink which messes pverything up!

But Kevlar® is different. When it tries to twist into thes-conformation,
the hydrogens on the big aromatic groups igethe way! Thecis
conformation puts the hydrogens just a little efo® each other than

they want to be. So Kevfarstays nearly fully in thetrans
conformation. So Kevl&rcan fully extend to form beautiful fibers.
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~O-

P
The ois conformation doesn't foem in Hevlar, 0 \h"‘k
becauae it's tan stefically hindeted. Theae

hig aromatic fings just get in the wayl

dowe're left with a nearly ol frans polyamide,
which stretehe s gt fully extended to form
haautiful fikare
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\ 0 11[-:3/&rﬂ
Ne
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I |

C. 0
1
%i'ldm\ H
C
|
)

When Kevlaf tries to form thecis-conformation, there's not enough
room for the phenyl hydrogens. So only th@nsconformation is
usually found.
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H O
I
H C. _H
SO
N._ H
w'“"/ 'ﬁ
0 H
H H
2P

There's not enough room here
for the phenyl hydroegens

tha ~is anefremati na

Onigr iy the frans ranfaematins
can all the hydrogens heve enough

rooth to hreathe. H Il{
H N
Hoo o
H ol O
H lN H
I
N_ H H
o i H
H

SELF ASSESSMENT EXERCISE 1

1. Distinguish chemically between Kevlar and Nomex
2. Mention two uses of each of the aramids.

3.3 Poly (methyl methacrylate), PMMA

Poly (methyl methacrylate), or PMMA, is a cleglastic used as a
shatterproof replacement for glass. The barriethatice rink which
keeps hockey pucks from flying in the faces of fanmade of PMMA.
The chemical company Rohm and Haaakeswindows out of it and
calls it Plexiglas. Ineos Acrylics also makes itlanalls it Lucite. Lucite
is used to make the surfaces of hot tubs, sinkstlam ever popular one
piece bathtub and shower units, among other things.

When it comes to making windows, PMMA has anotlthraatage over
glass. PMMA is more transparent than glass. WhassgWwindows are
made too thick, they become difficult to séeough. But PMMA
windows can be made much thicker athey are still perfectly
transparent. This makes PMMA a wonderful materal rhaking large
aquariums, whose windows must be thick in orderdotain the high
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pressure due to millions of gallons of water. lictfahe largest single
window in the world, an observation window at Gadlifia's Monterrey
Bay Aquarium, is made of one big piece of PMMA wghiis 54 feet
long, 18 feet high, and 13 inches thick (16.6 nglos.5 m high, and 33
cm thick).

PMMA is also found in paint. Acrylic "latexpaints often contain
PMMA suspended in water. PMMA does not dissoiv water, so
dispersing PMMA in water requires another polyneentake water and
PMMA compatible with each other. But PMMA is mohah just plastic
and paint. Often lubricating oils and hydraulicidlsl tend to get really
viscous and even gummy when they get really colds Ts a real pain
when you are trying to operate heavy equipmeneally cold weather.
But when a little bit PMMA igdissolvedin these oils and fluids, they do
not get viscous in the cold, and machines can leeatgd down to -100
°C (-150°F), that is, presuming the rest of the machine tede that
kind of cold!

PMMA is a vinyl polymer, made byfree radical vinyl polymerization
from the monomer methyl methacrylate.

from radiral
H CH; . 1 oohvmerizat: CH;
Y / vinyl polymenzation y
= - HCH—CH;
H =0 =0
/
) L
CHa CH;
methyl methacrylate poly{methy] methacrvlate)

3.4 Polycarbonate

Polycarbonate, or specifically polycarbonate ofpbenol A, is a clear
plasticused to make shatterproof windows, lightweight ¢a&g)lenses,
and similar products. General Electric makes #higf and sells it as
Lexan.

0 t|3H3
I.r"—
—[—D—(@—D@({ I,LD m
CH;
carhonate
group
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Polycarbonate gets its nhame from the carbonatepgrouits backbone
chain. It is known as polycarbonate of bisphendbétause it is made
from bisphenol A and phosgene. This starts ouh whie reaction of
bisphenol A with sodium hydroxide to get the sodisalt of bisphenol
A.

The sodium salt of bisphenol A is then reacted wilosgene, a right

nasty compound which was a favorite chemical weapai'orld War |,
to produce the polycarbonate.

o
ol FAO)om +mom —
CHs

hisphenol A

g
oA Opom
CH;3

sadinm salt of hisphenol A

CH;3 i
4 | -+ I
Na O I'.lj 0 Na N CI/CKCI
CHz

phosgene

0 '[I3H3
I
— oo O O
CHz
+ n- 1) MaCl

But there is another polycarbonate. This is thegqabonate that is used
to make ultra-light eyeglass lenses. For peoplé vaally bad eyesight,
if the lenses were made out of glass, they woulddehick that they
would be too heavy to wear. But this new polycadienchanged all
that. Not only is it a lot lighter than glass, buthas a much higher
refractive indexThat means it bends light more than glass.
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O O
I I
A L
CHy=CH-CH:—O O—CHa—CH—O O —FH:—CH:CH:‘
[ |
allyl group allyl group

It has two allyl groups on the ends. These allyugps have carbon-
carbon double bonds in them. This means they céymgoize byfree
radical vinyl polymerizationOf course, there are two allyl groups on
each monomer. The two allyl groups will become pait different
polymer chains. In this way, all the chains willcbene tied together to
form a crosslinked material. The carbonate-containing groups (shown in
blue) form the cross links between the polymer mhigshown in red).
This cross linking makes the material very straswjt would not break
nearly as easily as glass will. This is really imtpot for kids' glasses!

There is a fundamental difference in the two typégolycarbonate
described here. Polycarbonate of bisphenol A theamoplastic This
means it can be molded when it is hot. But theyqgabonate used in
eyeglasses is ghermoset Thermosets do not melt, and they can't be
remolded. They are used to make things that nebd teally strong and
heat resistant.
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SELF ASSESSMENT EXERCISE 2

1. Propose a short equation for the preparabib poly (methyl
methacrylate).

2. What are the striking features of a patponate used in
eyeglasses?

4.0 CONCLUSION

It has been clearly shown how new scientific digggvhas brought an
improvement into the nature and uses of polymdiseeias plastics or
fibres.

5.0 SUMMARY

In this unit, we have learnt that:

aramids are a family afylons including NomeX and Kevlaf
kevlaf® is a polyamide, in which all the amide grsugre
separated bpara-phenylene groups, that is, the amide groups
attach to the phenyl rings opposite to eatiter,at carbons 1 and
4. Kevlaf® stays nearly fully in th&rans- conformation

nomexX, on the other hand, hasetaphenylene groups, that is,
the amide groups are attached to the phenyl rinheatl and 3
positions

poly (methyl methacrylate), or PMMA, is a clealastic used as
a shatterproof replacement for glass

there is a fundamental difference in the two typebk
polycarbonate described here. Polycarbonate ohbisp A is a
thermoplastic But the polycarbonate used in eyeglasses i
thermoset

6.0 TUTOR-MARKED ASSIGNMENT

1. Distinguish between Kevlar and Nomex.

2. Propose a simple laboratory step for the symhesf
polycarbonates.

3. Mention four uses of each of the aramids.

7.0 REFERENCE/FURTHER READING
Synthetic Fibres: Nylon, Polyesters, Acrylic andy®tefins; Edited by

J.E MciIntyre, Woodhead Textiles Series No, ¥8oodhead
Publishing Limited, 2009.
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MODULE 4 DYEING MECHANISMS

Unit 1 Textile Dyeing Process

Unit 2 Beam Dyeing Machine, Hank Dyeing Machine ditg
Dyeing Machine

Unit 3 Jet Dyeing Machine

UNIT 1 TEXTILE DYEING PROCESS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Types of Dyeing Process
3.2 Batch Dyeing
3.3  Continuous Dyeing Process
3.3.1 Semi Continuous Dyeing
3.4 Pad Batch Dyeing
3.4.1 Workings of Cold Pad Dyeing Process
3.4.2 Special Features of Pad Batch Dyeing Process
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

In every sphere of industrial activity colour iseded. Dyeing machine
is the device that is used by different industfi@simparting colours.
From paper to plastic to textiles everywhere thisraise of Dyeing
Machinery. According to the need of each type dfstuate, different set
of machines are put to use. The applications adghmachinerygive an
impetus to the products related to dyeing. Howerging energy prices
is having a knock-on effect on manufacturing exiseme for dyeing
machinery. Therefore, there will be greater interest globally in
machinery that have a lower energy consump@dong with heat
recovery systems that are able to preheat the imgpoold feed water.
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2.0 OBJECTIVES
By the end of the unit, you should be able to state

types of dyeing machine
mechanism and operation of the batch dyeing process
type and mechanism of continuous dye process.

3.0 MAIN CONTENT

3.1 Types of Dyeing Process

There are different types of dyeing machine dependin convenience
and choice of materials to be dyed. Today compwersised to control
and monitor all aspects of dyeing. Over the lagniy to thirty years,
developments in dye chemistry have enabled the mmaate fibre to be
dyed with better fastness to light and washing, ianah everincreasing

range of colours.

3.2 Batch Dyeing Process

Batch Dyeing Process is the most popular and conmethod used for
dyeing of textile materials. Batch dyeing is alsmngtimes referred to as
Exhaust dyeingThis is because in this process, the dye getslgl
transferred from a comparatively large volume dgghlio the substrate
or material that is to be dyed. The time takerige bnger.

The dye is meant to 'exhaust' from dye bath tosthestrate. In batch
processes, textile substrates can be easily diehya stage of their
assembly into the desired textile productisTimcludes fiber, yarn,
fabric or garment. Some type of batch dyeing maehican function at

temperatures only up to 100 For example cotton, rayon, nylon, wool
etc. can be dyed at 10@or lower temperatures, while polyester and

some other synthetic fibers are dyed at0180 or even higher
temperatures. There are three general types oh lihteing machines.
The first, is the one where there is circulationfaifric. Second, is the
one where the dye bath gets circulated while theenad that is being
dyed remains stationary, and finally the third, vehboth the bath and
material to be dyedets circulated. Examples of dyeing machines that
utilises batch dyeing process are Beck, Jet, ligam Package dyeing
machines etc.
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Fig. 1.1:Image Showing Popular Machines Utilising the Bdlgteing
Method

Source www.dyespigments.com.

3.3 Continuous Dyeing Process

The working of a continuous dyeing process is deedr here. The

textile substratesare fed continuously into a dye range. The speed can

vary between 50 to 25fhetres per minute. According to Industry
estimates continuous dyeing is a popugeing method and accounts
for around 60% of total average yardage of the yetsithat are dyed.

A continuous dyeing process typically consists e following. Dye
application, dye fixation with heat or chemicalsdafinally washing.
Continuous Dyeing has been found to be nwstable for woven
fabrics. Mostly continuous dyeing is designed féenls of polyester
and cotton. The step of padding plays a key rol¢ha operation of
continuous dyeing. Sometimes nylon carpets aredded in continuous
processes, but the design ranges for them is uthlikiefor flat fabrics.
Warps are also dyed in continuous process. Verg gxamples of such
warp dyeing are long chain warp dyeing and sladlyeing using indigo.

A continuous dye range has been found usahd economically
sustainable for dyeing long runs of a given sh&se important factor
that separates continuous dyeing from batch dyes the tolerance
factor for colour variation. That is morer fgontinuous dyeing as
compared to batch dyeing. This is so because ofreasonga) the

speed of the process; (b) presence of a large nuohipeocess variables
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which affects dye application. The process thallustrated below is
designed for dyeing of blended fabric of polyested cotton.

THERMGOESOL COOLING
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Schematicdiagram of a2 continuous dveing range.

Fig 1.2: Schematic Diagram of a Continuous Dyeing Echine
Sourcewww.dyespigments.com

Some of the popular methods in continuous dyeiracgss are Pad-
steam, Wet-steam, thermosol dyeing, TAK dyeingcspdyeing, and
pad-steam dyeing, long chaiarpdyeingetc.

3.3.1 Semi-Continuous Dyeing

In the process of semi-continuous dyeing that csisif pad-batch, pad-
jig, pad-roll, the fabric is first impregnated withe dye-liquor, in what
is called a padding machine. Thiems subjected to batch wise treatment
in a jigger. It could also be stored with a slowatmn for many hours.
In the pad-batch this treatment is done at roompe&rature while in
pad-roll it is done at increased temperature by leyipy a heating
chamber. This helps in fixation of the dyes onhe fibres. After this
fixation process, the material fll width is thoroughly cleansed and
rinsed in continuous washing machines. Thereorisy one point of
difference between continuous and semi-continug@sng process: in
semi-continuous dyeing, the dye is applied contusly by padding.
The fixation and washing remain discontinuous.ubigratio in semi-
continuous dyeing is not of much importance andas taken as a
parameter. One of the widely used technigiggs semi-continuous
dyeing process is the Pad Batch Dyeing. A schendigigram isgiven
herefor the semi-continuous dyeing process.
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The following table shows some of the important haery for semi-
continuous and continuous dyeing processes.

Table1.1: Main Features of Continuous and Semi-Cdmuous

Processes
Make up |Process Equipment
PaddingViachine
Rope Continuous for Piece in rope
W g form
oven an
Knitted Pad bateh (Gpadding Machine+
Fabric, tufted P Washing Machine
carpet Open for carpet)
idth : :
W Semi CP:rd Poa_tr%rlll (O'rPaddmg Machine+
) P Washing Machine
Continuousifor carpet)

Padding Machine+
Pad -jig |Jigger+ Washing
Machine

-}

Padding Machine-
Pad stream/Steamer+ Washing
Machine

Padding Machine+
Pad Dry |Stenter frame+
Washing Machine

Continuousg

Source www.dyespigments.com

3.4 Pad Batch Dyeing

Pad Batch Dyeing is one of the widely udedhniques for semi-
continuous dyeing process. It is mainly used indiieing of cellulosic
fibre like cotton or viscose (knit and woven fabngith reactive dyes.
Pad batch dyeing is a textile dyeing process tlfif@rss some unique
advantages in the form of versatility, simplicind flexibility and a
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substantial reduction in capital investment foripqment. It is primarily
a coldmethodthatis the reason why it is sometimes referred tohas t
cold pad batch dyeing.

3.4.1 Workings of a Cold Pad Dyeing Process

The technique or process used in pad-batch dyeants svith saturating
first the prepared fabric with pre-mixed dye ligu@hen it is passed
through rollers. The rollers, or padders, effeslfyvforce the dyestuff
into the fabric. In the process, excess dye salualso removed. After
removal of excess dye stuff the fabric is subsetiypébatched". This

batching is done by either storing it in rolls or boxes. It takes a
minimum of 4-12 hours. The batches are generaltjosed by plastic

films. This prevents absorption of carbon dioxide avater evaporation.
Finally as the reaction is complete the fabricswaashed. This is done
by becks, beams, or any other washing devices.

3.4.2 Special Features of Pad Batch Dyeing Process

1. Significant cost and waste reduction asnmared to other
conventional dyeing processes.
2. Total elimination of the need for saltdamther specialty

chemicals. For example there is no need dioti-migrants,
leveling agents and fixatives that are necessagonventional
dye baths.

3. Optimum utilization of dyes that eliminates sp#g chemicals

cuts down chemical costs and waste loads in theegift. All this

results in a formidable reduction in wastewateatireent costs.

Excellent wet fastness properties.

Pad batch dyeing cuts energy and water consampiwving to

low bath ratio (dye: water) required for the process. This is

because unlike other dyeing processes it doesunatibn at high
temperatures.

6. A uniform dye quality is achieved with even agl@bsorbency
andcolourfastness.

7. As compared to rope dyeing, pad batch dyeinglygres much
lower defect levels.

8. In pad batch dyeing, qualities like highade reliability and
repeatability are common. This is because of heglttivity dyes
with rapid fixation rate and stability.

9. Lastly pad batch dyeing can also improve prodpglity. The
fabric undergoing the cold pad batch dyeing predssable to
retain a uniformlycolouredappearancdt shows added luster and
gives a gentle feel. The fabric gives a brighteklom shades.

ok
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4.0 CONCLUSION

It could be seen that the understanding of thenndy@nechanism has
significantly improved the type of materials resulting from the dyeing
processes.

5.0 SUMMARY

In this unit, we have learnt that:

today computers are used to control and monitoagtlects of
dyeing

developments in dye chemistry have enabled the mmeate fibre
to be dyed with better fastness to light and waghand in an
ever increasing range of colours

a continuous dyeing process typically consistshef following.

Dye application, dye fixation with heat or chemgaind finally
washing

pad Batch Dyeing cuts energy and water consumieing to

low bath ratio (dye: water) required for the praces

pad Batch Dyeing is mainly used in the dyeing dlutasic fibre

like cotton or viscose (knit and woven fabric) widactive dyes.

6.0 TUTOR-MARKED ASSIGNMENT

=

Describe the mechanism of batch dyeing process.

2. Enumerate the advantages of pad batch dyeiraggsmver other
types in the same category.

7.0 REFERENCE/FURTHER READING

Industrial Dyes, Chemistry, Properties, Applicatipedited by Klaus
Hunger (2003). Wiley-VCH.
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1.0 INTRODUCTION

There is no dirt in the type of Textile dyeing meehny that is available
these days to a modern dyeing house. Most of thesdhinery utilise
latest advancement in the dyeing technologygive high capacity
dyeing along with uniformity and smooth finish&®r our convenience,
we have enumerated below some of the popular caésgof dyeing
machines although no claim is made here tha list is fully
exhaustive.

2.0 OBJECTIVES

By the end of this unit, you should be able to:
discuss the mechanism of bean dyeing machine
identify the main features and process of hankrayeiachine
describe the process of jig dyeing machine.

3.0 MAIN CONTENT

3.1 Definitions
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There are still some more efficient dyeingogesses which are
highlighted below:

3.2 Beam Dyeing Machine

The beam dyeing machine operates with the sameiplenas that of
package dyeing machine. It can be effectively useatie yarn or fabric.
The process works like this: fabric or yarn in opedth is rolled on to a
perforated beam. The beam then subsequently shdairvessel that is
closed and pressurized. The colour impregnatedabhec as the dye
liquor is allowed to go on circulating through the perforaion the

beam. Usually the beam machines are designed ma&uwanner so as
to hold a single beam or multiple beams in a batch.

3.3 Batch Dyeing

3.3.1 Features of Beam Dyeing Machine

a. Able to adjust water level in accordance toitabolume.

b. Even dyeing and superior dyeing quality.

C. Optimized circulation system along with Higperformance
pumps.

3.3.2 Advantages of Beam Dyeing Machine

I The fabric is put under controlled tension, asdvound on to a
perforated beam. This results in elimination ofases from the
fabric. It also ensures total control of dimensiaf the roll of
fabric.

. The fabric is held in a fixed position duringet process of dyeing.
This actually means that there is no applicationn@chanical
action on to the fabric. As shown in thgufe, there is no
movement of the fabric as the hydrostatic pressiirine pump
forces the dye liquor through the fabric roll.
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Schematic dagram of a beam dysing machine

Fig .2.1: Schematic Diagram of a Beam Dyeing Machén
Source www.dyespigments.com

SELF ASSESSMENT EXERCISE 1

1. Describe the features of a Beam Dyeing Machine.
2. Mention two of its advantages.

3.4 Hank Dyeing Machine

Hank dyeing machine is mostly used for dyeuwfg patterned wool
carpets. There are mainly four types of Hank Dgemachines used.
They are the following: single stick Hussefype Machines, the
double-stick machine, double-stick cabinet machare] lastly circular
carrier machine. Out of this four, the first catggof Hussong-Type
Machines is the most popular one.

In the Hussong type machines, a hank needs to bg o removable
sticks, from the underside of the dyeing veds®l The lid is then
vertically lowered onto the dyeing vessel. The dgevessel consists of
a simple box that has a perforated false bottomeversible impeller,
which is placed vertically in a weir chambar one corner of the
machine, is used for circulating liquor. Heat isngrated by closed
steam coils located beneath the false bott@thile on the smaller
machines heat is generated by live steam injection.
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3.4.1 Features of Hank Dyeing Machine

a. Temperature control is done by electro-mechanica
programmable logic controllers.

b. Machine capacities can range from 10 kg samplehmes -1 ton
machines.

C. Yarn loads up to 4000 kg can be dyed by couplgther of
machines.

d. Typical liquor ratios are 1:15 to 1:25.

’a
A: Lifting erane to rase lid. B Maching lid with hamls suspended e sticks,
— | ©: Impeller housing, weeir plate and moter to cirenlate dyeliguor, I Heating Coils, E: Haks

Fig. 2.2: Schematic Diagram of a Hank Dyeing Machia
Source www.dyespigments.com

3.5 Jig Dyeing Machine

A Jig Dyeing machine is an efficient dyeing techuaqlt is also known
by the name of jigger. Jig Dyeing machine procgdabrics in open
width to avoid creasing problems in fabric dyeifigne process works
like this. The Jig Dyeing machine operatgs transferring the fabric
back and forth. This happens from roller to rol& the medium of a
dye bath that is located at the base of the mackisesoon as the
second roller gets full, the direction of mawent of fabric can be
reversed. In Jig dyeing, the duration of the predesmeasured on the
basis of the number of passages or ends of th& fadssing through the
dye bath from roller to roller. The end in dyeingrlance is known as
the passing of fabric through dye liquor from ooler to the other.
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Fig. 2.3: Some Features of a Jig Dyeing Machine
Source www.dyespigments.com

3.5.1 Types of Jig Dyeing Machine

a. Atmospheric Jigs Atmospheric jigs operate at atmospheric
temperatures and pressures. These machiresa@plied for
natural fibres. Herehe temperaturelimit is typically 1000.
Centigrade.

b. High Temperature Jigs A high temperature jig functions in the
same way as an atmospheric jig, but comes witladluition of a
pressure vessel that is designed to funcadnl300C. The
pressure vessel also helps in having a close dasftthe dyeing
temperature. Typically it is applied for dyeing gyetic fibres.

4.0 CONCLUSION

It could be seen that high technological adeament has produced
machinery that are of high quality and giva@®siooth finishes and
beautiful fabrics.

5.0 SUMMARY

In this unit, we have learnt that:

the beam dyeing machine can be effectively useati/gyarn or
fabric

hank dyeing machines are mostly used for dyeingatferned
wool carpets

jig Dyeing machine processes fabrics in open widtravoid
creasing problems in fabric dyeing.
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6.0 TUTOR-MARKED ASSIGNMENT

1. With the aid of a simple diagram, describe tperation of a
Hank dyeing machine.

2. Enumerate the advantages of both Jig dyeingBsaan dyeing
machines.

7.0 REFERENCES/FURTHER READING

Industrial Dyes, Chemistry, Properties, Applicaipidited by Klaus
Hunger (2003).Wiley-VCH.

www.dyespigments.com
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1.0 INTRODUCTION

In the textile industry a variety of machines asedi for dyeing. Some
of these machines with minor operational rhodiions can easily
accommodate new types of dyes and take &alyanof the latest
advances made in the dyeing equipment technology.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

explain the mechanism of Jet dyeing process
state the types of Jet dyeing machine
state advantages of Jet dyeing process.

3.0 MAIN CONTENT

3.1 Definition of Jet Dyeing Machine

In the Jet dyeing machine the reel is completeigiahted. A closed
tubular system exists where the fabric is pladeat. transporting the
fabric through the tube a jet of dliquor is supplied through a venturi.
The Jet creates turbulence. This helps in dye petreat along with
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preventing the fabric from touching the walls oé ttube. As the fabric
Is often exposed to comparatively higher conceiotnatof liquor within
the transport tube, a small quantity of dye bathdseded in the bottom
of the vessel. This is just enough for the smootivement from rear to
front. Aqueous jet dyeing machines generally emplaydriven winch
reelalongwith a jet nozzle.

1. Dyestuffs and auxiliares feeding containers.
2. Heal exchanger.

3. Pump for the circulation of the liquior

4. High pressure pipework.

5. Dyeing drum.

&, Winch

Fig. 3.1: Features of a Jet Dyeing Machine
Source www.dyespigments.com.

3.2  Types of Jet Dyeing Machine

In deciding the type of dyeing machine tha@lowing features are
generally taken into consideration for differentiating. They atke
following.

Shape of the area where the fabric is stored omg kshaped
machine or J-box compact machine

Type of the nozzle along with its specific positiani.e. above
or below the bath level.

3.3  Overflow Dyeing Machine

Overflow Dyeing Machines are designed for use ilncdee knitted and

woven fabrics that are made up of natural as aglsynthetic fibres.
They are also extensively used in the productiboaopets. The main
difference between jet and overflow machines i$ ithget machines the
fabric gets transported by a bath that flows ahtsgeed through the
nozzle, while in Overflow Dyeing Machine it is tlggavitational force

of the liquor overflow that is responsible for fatransportation.
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Schematic of an overflow dyeing machine

Fig. 3.2: Schematic Diagram of an Overflow Dyeing Mchine
Source www.dyespigments.com

3.3.1 Functioning of an Overflow Dyeing Machine

A typical Overflow Dyeing Machine works like thia. winch that is not
motor driven usually is located in the top sidele machine where the
fabric is hung. A longer length of textile is maidehang from the exit
side of the winch as compared to the inlet sideapylyingthe force of
gravitation the longer length of textile is pullddwnward more strongly
than the shorter one. Consequently the falsicsoaked in the bath
without any sort of tension.

3.3.2 Advantages of Overflow Dyeing Machine

No evaporative lossesAs the dyeing vessel is closed, there is no
evaporative losses stemming from the dye bath. hEgrt
depending on the situation the temperature maised to more
than 1006C.

No build up of steam condensate in the dye bathlrhe latest
technology implies that the dye bath getatd® by a heat
transducer which is steam driveifihis technology apart from
being very efficient ensures that there is no buitd of steam
condensate in the dye bath.
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Low liquor ratios - Dyeing is conducted at relatively low liquor
ratios, e.g. 10:1 and may be lesser resulting Iostsutial savings

in water and energy.

Excellent dye liquor contact- Excellent dye liqueantact with

the fabric rope results in better and more imprdesd| dyeing.
Computer control- The machines are operated by computers and
hence, operator error is eliminated.

3.4  Soft-flow Dyeing Machine

In the soft flow dyeing machine water is used feeging the fabric in
circulation. The conventional difference dfist equipment from a
conventional jets that operates with a hydraulsteay is that the fabric
rope is kept circulating during the whole procegsaycle (right from
loading to unloading). There is no stopping liquor or fabric
circulationfor usual drain and fill steps.

The principle working behind the technique is venique. There is a
system for fresh water to enter the vessel vieeat lexchanger to a
special interchange zone. At the same time théacanated liquor is
channeled out through a drain without any sort@ftactwith the fabric

or for that matter the new batch in the machine.

3.4.1 Key Features of Soft Flow Dyeing Machine

a. Significant savings in processing time.

b. Savingsin water that is around 50%.

C. Excellent separation of different streams rasultoptimum heat
recovery and a distinct possibility of further usea dedicated
treatment.

3.4.2 Types of Soft Flow Dyeing Machine

A few of the commercially popular brands along witteir particular
technical specifications are discussed helge Tategories are not
exhaustive as such:

(@) Multi Nozzle Soft Flow Dyeing Machine

Technical features:

Very low Liquor ratio - around 1:1 (Wet Fabric)

Can reach high temp. up to 140°C

Easily dye 30 to 450 g/mt.sq. of fabrics (wovenéitted fabrics)
Number of very soft-flow nozzles
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Wide capacity
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Fig. 3.3: Features of Multi Nozzle Soft Flow Dyeinglachine
Source www.dyespigments.com

(b)  High Temperature High Pressure Soft flow DyeingMachine

Technical features:

Compact body made of stainless steel.

High efficiency heat exchanger for quick heatinglotg.
Compact body made of stainless steel.

Heating rate - around 4°C/Min up to 900°C - aro@A@/Min up
to 135°C At steam pressure of 6 Bar.

Cooling Rate- around 4°C/ Min At water pressureddBar and
15°C.

Maximum working temp is 135°C.

Maximum working pressure of 3.2 Bar.

Control manuahswell as automatic.

Heavy duty stainless steel pump.

3.5 Air Flow Dyeing Machine

This is another development of the very populardgting machines.
The main difference between the Air Flow Machimal alet Dyeing
machine is that the airflow machine utilises anjai instead of the
water jet for keeping the fabric in circulation. pigally the fabric is
allowed to pass into the storage area that hasyasweall amount of free
liquor. This results in a reduction in consumptmhwater, energy and

chemicals. The batkevel is always under the level of the processed

textile. Here the fabric does not remain in toudtihwhe liquor (the bath
used is below the basket that holds theidaim circulation). This
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invariably means that the bath conditions can beed without having
any impact on the process phase of the substrate.

3.5.1 Advantages of Airflow Dyeing Machine

a. Completely Separated circuit for liquor caiation without
getting intouchwith the textile

b. Bath less Dyeing operation

C. Rinsing process offers all the added henedf continuous
processing as it is no longer a batch operation

d. Extremely low liquor ratio

e. Virtually nonstop process

f. Comparatively lesserenergy requirement due faster

heating/cooling and optimum heat recoveryrom the hot
exhausted dye liquors

g. Reduction in consumption of the chemicals (sait) dosage of
which is based on the amount of dye bath
h. Lesser water consumption savings up to 50% frtm

conventional Jet dyeing machines
I Sensitivity towards ecology
J. Economical operation
K. More safety while dyeing

4.0 CONCLUSION

There are three types of Jet dyeing mechanismshwduie Overflow
Dyeing Machine, Soft-flow Dyeing Machine anirflow Dyeing
Machine, which differs in the mode and shape ofemals being dyed.

5.0 SUMMARY
In this unit, we have learnt that:

in the Jet dyeing machine the reel is completeiyiehted, thus
requiring small quantity of dye bath

overflow Dyeing Machines are designed for usedelicate
knitted and woven fabrics that are made up of mhias well as
synthetic fibres. They are also extensively useth@&production
of carpets

the main difference between the Air Flow Dyeing Miae and
Jet Dyeing machine is that the airflow machineisds an air jet
instead of the water jet for keeping the fabricinculation.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Compare and contrast the advantages of Soffarftbw dyeing
machine.
2. Mention the types of Jet flow dyeing machine.

7.0 REFERENCE/FURTHER READING

Industrial Dyes, Chemistry, Properties, Applicatipidited by Klaus
Hunger (2003). Wiley-VCH.
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