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CHAPTER 1

INTRODUCTION

1.1 General Introduction

An increase in environmental awareness amongst consumers (Chen & Burns, 2006:248)
and researchers alike stimulates the need for product development in the detergent
industry (Oakes, Gratton & Dixon: 2004:277b). This is mainly because laundering
textile materials plays a major role in the daily lives of almost every household in the

world (Cameron, 2007:151).

According to life cycle assessments done on clothes, detergents and washing machines,
the period of use by consumers is usually the most energy demanding, and it is also the
most polluting. The area of the greatest concern is thus the environmental impact of

these clothes during continuous domestic laundering (Laitala, Boks & Klepp, 2011:255).

One of the contributing factors towards this pollution is phosphate. Phosphate is one of
the most important ingredients in conventional laundry detergents, because it is used as
a builder and inactivates the mineral ions which causes the water to be hard, and are
able to suspend the ions in the solution (Kohler, 2006:58). Phosphate is also associated
with environmental issues such as eutrophication. Eutrophication occurs when great
amounts of phosphate are present in fresh water, which stimulates algae growth. The
exponential growth of the algae depletes the oxygen resources of the water and the

aquatic life dependent on the oxygen, die. (Hui & Chao, 2006:401).

Through the years, there has been much debate about the impact of phosphate and the
dangers it poses (Bajpai & Tyagi, 2007:328). As a result, legislation to ban phosphate-
containing detergents or to limit the phosphorus content in the detergents in countries
around the world was introduced. This restriction was followed by new developments in

detergent formulations (Van Ginkel, 2011:394).



Among these recent developments, was the experimental use of electrochemically
activated water (Catholyte) as a possible environmentally friendly laundry detergent
(Cronjé, Steyn & Schall, 2013:4). Catholyte (which is an alkaline medium), as well as its
acidic counterpart, Anolyte, is activated by passing a 5% sodium chloride water solution
through the electrochemical cells, anode and cathode. Each of these solutions has a
unique set of properties and characteristics (Aider et al., 2012:4). Exposure of the water
to electrochemical activation results in the altering of the molecular state of the water,
thus the activity of electrons in the water, the electric conductivity and the pH will differ

from the original water used for the activation (Thorn et al., 2011:642).

The production process does require energy, but the apparatus is simple and concise,
therefore, lower energy consumption is experienced when compared to the
manufacturing of conventional laundry detergents. The production does not cause any
effluent emissions and the Catholyte will return to “normal water” after 48 hours.
However, even in its activated state, it is non-toxic to the environment (Thorn et al.,

2011:642).

Several studies were conducted to determine if Catholyte may be a suitable
environmentally friendly alternative to conventional laundry detergents, all the studies
indicating favourable results. Results indicated that soil was efficiently removed from
polyamide 6,6, cotton, polyester and a polyester/cotton blend without detrimental
effects on the mechanical properties of the textile materials (Van Zyl, 2012:126; Van
Heerden, 2010:185). Thantsha and Cloete (2006:238) found that Catholyte may also

provide an environmentally sensible alternative to chlorine and other solvents.

However, such studies are yet to be done with regards to the effect that Catholyte has on
the colourfastness to laundering and staining of dyed textile materials. Because most
fibres are naturally off-white, colour is thus one of the most significant factors in the
appeal and marketability of textile products (Jackman, Dixon & Condra, 2003:123).
Colourfastness of textile materials towards repeated washing has also become an

increasingly important consideration for consumers (Alam et al., 2008:58).

During daily use of the textile materials, they are exposed to a variety of treatments that

can cause colour changes, of which laundering is the most important (Fu et al.,

2



2013:3101). Changes occur because the dye molecules decompose in the fabric, or are
removed into an external medium. Bleeding, which is the transfer of colour to a
secondary, accompanying textile material, can also occur. It generally is expressed as

staining (Boardman & Jarvis, 2000:63).

Cotton is one of the most produced and used fibres in the world (Mowbray, 2011:23),
but it is also associated with considerable environmental impact regarding the dyeing
thereof (Chen & Burns, 2006:248). Therefore, it should be an advantageous opportunity
to reduce the environmental impact during the consumer use stage if Catholyte is used

to launder cotton textiles.

1.2 Research Problem & Objectives

Several studies have been done to determine the influence of Catholyte on the tensile
and breaking strength as well as soil removal efficacy of Catholyte on cotton, polyester,
cotton/polyester blend (Van Zyl, 2012:126), polyamide 6,6 and machine washable wool
(Van Heerden, 2010:185). To date, there are no known studies conducted to evaluate the
influence of Catholyte on the colourfastness and tensile strength properties of dyed

textile materials.

It was the aim of this study to determine the influence of Catholyte on the wash fastness,
staining, colourfastness to rubbing, dry and wet, and tensile properties of disperse red
dyed polyester, acid red dyed polyamide 6,6 and reactive (black, red, blue, violet, green),
direct (black, red), sulphur black and azoic (orange) dyed cotton.

1.2.1 Objectives

It was the aim of the researcher:

1. To compare the influence of Catholyte versus detergent on the wash fastness of

sulphur, direct and reactive black dyed cotton.



2. To compare the influence of Catholyte versus detergent on the wash fastness of
disperse red dyed polyester, acid red dyed polyamide 6,6, azoic orange, direct red
and reactive red dyed cotton.

3. To compare the influence of Catholyte versus detergent on the wash fastness of
reactive blue, violet and green dyed cotton.

4. To compare the influence of Catholyte versus detergent on the staining of
sulphur, direct and reactive black dyed cotton.

5. To compare the influence of Catholyte versus detergent on the staining of
disperse red dyed polyester, acid red dyed polyamide 6,6, azoic orange, direct red
and reactive red dyed cotton.

6. To compare the influence of Catholyte versus detergent on the staining of reactive
blue, violet and green dyed cotton.

7. To compare the influence of Catholyte versus detergent on the colourfastness to
dry and wet rubbing of sulphur, direct and reactive black dyed cotton.

8. To compare the influence of Catholyte versus detergent on the colourfastness to
dry and wet rubbing of disperse red dyed polyester, acid red dyed polyamide 6,6,
azoic orange, direct red and reactive red dyed cotton.

9. To compare the influence of Catholyte versus detergent on the colourfastness to
dry and wet rubbing of reactive blue, violet and green dyed cotton.

10. To compare the influence of Catholyte versus detergent on the tensile strength of
sulphur, direct and reactive black dyed cotton.

11. To compare the influence of Catholyte versus detergent on the tensile strength of
disperse red dyed polyester, acid red dyed polyamide 6,6, azoic orange, direct red
and reactive red dyed cotton.

12. To compare the influence of Catholyte versus detergent on the tensile strength of

reactive blue, violet and green dyed cotton.

1.3 Terminology

Anolyte: Acidic water in which hydroperoxide compounds and oxygen

chlorine compounds are present as a result of electrochemical

4



Catholyte:

Colourfastness:

Detergent:

Dyestuff:

exposure near the anode in an electrochemical activation system

(Bakhir, 2005:3).

Alkaline water marked by the presence of HO2-, O2- and OH- ions
as a result of electrochemical exposure near the cathode in an

electrochemical activation system (Bakhir, 2005:3).

It can be described as the resistance of a textile material to a change

in any of its colour characteristics (Schindler & Hauser, 2004:144).

“A chemical compound which is formulated to remove soil or other

material from textiles” (Kadolph, 2010:442).

Dyes are complex organic compounds. They are composed of a
chromophore (the coloured portion of the dye molecule) and an
auxochrome (which slightly alters the colour). The auxochrome
makes the dye soluble and is a site for bonding to the fibre

(Freeman & Mock, 2003:506).

Electrochemically Activated Aqueous Media: Low-mineralized water which is

characterised by meta-stability and a change in physico-chemical

parameters (Bakhir, 2005:3).

Electrochemical Activation: A technology used to produce meta-stable aqueous media

Laundering;:

Staining:

Tensile Strength:

by way of electrochemical exposure (Bakhir, 2005:3).

The process which removes soil and/or stains by washing with an

aqueous detergent solution (Kadolph, 2007:245).

Staining, which is the transfer of colour to a secondary,

accompanying textile material, can also occur (Schindler & Hauser,

2004:144).

The strength of a textile material under tension, measured through

the resistance of a textile fabric to stretching in one specific



direction and the force required rupturing or breaking the fabric

(Kadolph, 2007:156).

Textile: The general term used to refer to fibres, yarns and fabrics made

from the fibres or yarns (Kadolph, 2010:461).

Van der Waal’s forces: These forces are weak attractive forces between adjacent
molecules that increase in strength as the molecules move closer

together (Freeman & Mock, 2003:500).



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Increasing environmental awareness stimulates the need for environmentally
responsible product development in the detergent industry (Nielsen & Munk, 2009:20),
because laundering textile materials play a vital role in the daily lives of almost every
household (Hollis, 2002:1). Life cycle assessments done on clothes, detergents and
washing machines indicate that the period of use (laundering of the products) is usually
the most energy demanding, and it can also be the most polluting (Laitala, Boks &
Klepp, 2011:254). Hence, the area of greatest environmental impact is considered to be

the period of use (Cotton Inc., 2011:3).

Phosphate, which is one of the most important ingredients in conventional laundry
detergents, is associated with environmental issues such as eutrophication (Kohler,
2006:15). Eutrophication of natural water resources poses serious dangers, because
water is one of the most critical elements for survival and needs to be protected (Bajpai
& Tyagi, 2007:328). Legislation to ban phosphate-containing detergents, or to limit the
phosphorus content in the detergents in countries around the world (Quayle et al.,
2010:3), was followed by new developments in detergent formulation (Chen & Burns,

2006:257).

Among these recent developments, studies were conducted to determine if
electrochemically activated water may be a suitable environmentally friendly alternative
to conventional laundry detergents. Results indicated that soil was effectively removed
from polyamide 6,6 (Van Heerden, Steyn & Schall, 2012:689), cotton, polyester and a
polyester/cotton blend (Van Zyl, 2012:126) without detrimental effects on the
mechanical properties of the textile materials. Thantsha and Cloete (2006:237) found
that electrochemically activated water may also provide an environmentally sensible

alternative to chlorine and other solvents.



As most fibres are naturally an off-white colour (Wynne, 1997:2), colour is one of the
most significant factors in the appeal and marketability of textile products (Kadolph,
2010:442). Colourfastness of textile materials towards repeated washing has also
become increasingly important due to increased consumer and retailer demands
(Burkinshaw, Son & Chevli, 2000:43). Whether electrochemically activated water
influences the colourfastness of textile materials is, however, unknown and therefore

needs to be investigated.

Cotton, polyester and polyamide 6,6 are the most prominent group of fibres used in the
world (Mowbray, 2011:26), but they are also associated with considerable
environmental impact regarding the dyeing thereof (Kadolph, 2010:468). Therefore, it
should be an advantageous opportunity to counterbalance the environmentally negative
dyeing profile by an improved laundry profile through the use of electrochemically

activated water in the laundering process of these textiles.

2.2 Textile Dveing

Almost all industrial dyeing uses synthetic dyes since they produce a greater colour
range, improved colourfastness, better shade consistency, and more reliable resources.
Natural dyes are used today mainly for craft and hobby items, although some such as

indigo have some commercial value (Johnson & Cohen, 2010:154).

Dyeing textile materials with synthetic dyes is a chemical process (Chequer et al.,
2013:151) of imparting colour through an interaction with a dyestuff (Goodpaster &
Liszewski, 2009:2010). It is a wet process that uses chemicals and large volumes of
water, in addition to the dyes. The chemicals are introduced to the textile to obtain a
uniform depth of colouration with colourfastness properties specifically suited for the

end use (Ahmed & El-Shishtawy, 2010:1143).

A dye is a unique coloured substance that is able to absorb and reflect wavelengths in
the visible spectrum of light, which exists between 400nm — 700nm (Goodpaster &

Liszewski, 2009:2010). Dye molecules have at least one chromophore (which is a colour
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bearing group); a conjugated system (a system in which the double and single bonds
alternate); and it exhibits resonance (a stabilising force in organic compounds)

(Freeman & Mock, 2003:552).

2.2.1 Mechanism of Dveing

Before dyeing can take place, the textile fabric has to be cleaned to remove warp
starches, oils and dirt. This procedure ensures better acceptance of dyes and chemical
additives. It also prevents problems, such as colour spots or uneven colouration to arise

(Johnson & Cohen, 2010:155).

The dyeing of textiles generally consists of four stages. Stage one involves the exhaustion
of the dye bath. This implies that the individual dye molecules are transported from the
dye bath to the fibre surface (Choudhury, 2006:383), because the dye reacts with the
surface molecules first (Kadolph, 2010:448). It is important to note that inadequate
stirring or circulation during this stage generally results in non-uniformity in dyeing

(Choudhury, 2006:383).

During stage two, the dye molecules move from the fibre surface into the amorphous
regions of the fibre, also known as the stage where diffusion takes place (Choudhury,
2006:383). Kadolph (2010:448) suggests that the stage, at which colour is applied, has
no significant influence on the fastness, but rather dye penetration. The success of this

stage is therefore of utmost importance.

Stage three entails the migration of the dye. The dye molecules then move from the
regions of high concentration to regions of low concentration, thus the molecules

become evenly distributed within the polymer matrix (Choudhury, 2006:383).

Stage four, commonly referred to as the fixation stage, involves the interaction of the
dye molecules with the groups along the polymer chain of the fibre (Freeman & Mock,
2003:506-507). Moisture and heat swell the fibres, causing polymer chains to move
farther apart so that sites in the fibres interior are exposed to react with the dye

(Kadolph, 2010:448).



In the case of acid and basic dyes, fixation is caused by ionic bonding. Covalent bonding
takes place when fibres are dyed with reactive dyes. Aggregation of dye molecules inside
the textile fibres is needed when dyeing with direct dyes. Dye molecules are
insolubilized in the case of azoic and sulphur dyes, whereas the molecules are
solubilized inside the fibre when dyeing with disperse dyes in polyester (Choudhury,
2006:391). During cooling and drying the polymer chains move back together, trapping
the dye in the fibre (Kadolph, 2010:448).

After the dyeing process, the textile material must be scoured with soaps or detergents
and rinsed thoroughly to remove excess dye that has not reacted with the fibre. This is a
very important step, as failure to remove the excess and untreated dye results in poor

initial colourfastness and excessive rubbing off of colour (Johnson & Cohen, 2010:155).

2.2.2 Classification of Dves

Dyes are complex organic compounds and are composed of a chromophore (the
coloured portion of the dye molecule) and an auxochrome (which slightly alters the
colour). The auxochrome makes the dye soluble and is a site for bonding to the fibre

(Kadolph, 2010:447).

Fibre dyes are classified in a number of ways, which includes the method of application,
chemical class or the type of fibre to which it is applied (Goodpaster & Liszewski,
2009:2010). The dyes, to follow, are classified according to the chemical class of the dye
(Freeman & Mock, 2003:506).

2.2.2.1 Acid Dyes

Acid dyes are typically applied to textile fibres from dye bath containing acid, hence the
name of this class (Goodpaster & Liszewski, 2009:2010). These dyes were originally
employed for application on wool and silk, although many acid dyes exhibit

considerable substantivity towards polyamide 6,6 fibres from neutral dye baths
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(Burkinshaw, 1995:83). These dyes are noted for their superior colourfastness, excellent

fixation, and a wide range of available shades (Elsasser, 2010:204).

Chemically, acid dyes are similar to direct dyes with a few minor differences
(Choudhury, 2006:375). Acid dyes vary widely in their molecular structure, but
generally, have one or two sodium sulfonate (-SO3NA) groups, which are illustrated in
Figure 2.1 (Freeman & Mock, 2003:507). These dyes may or may not be coplanar and
some of them are of low molecular size and consequently have lower colourfastness

(Choudhury, 2006:375).

HsCys
s
N

| ©  NHOOCH;
N

Na(3yS il 'I "SOyNa

Fig. 2.1 Acid Red 138 (Freeman & Mock, 2003:507)

If these dyes have two hydroxyl groups, or one hydroxyl and a carboxylic group in O-O’
position with respect to the azo group, the dye is capable of forming a complex with
multivalent metal atoms like chromium, which improves colourfastness, illustrated in
Figure 2.2. The metals, that are mostly used for these reactions, are cobalt, chromium

and iron (Freeman & Mock, 2003:509).

SOL0H,
1o =
He2, ' :
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Fig. 2.2 (a) 1:1 Metal complex C.I. Acid Blue 159; (b) 2:1 Metal complex C.I. Acid
Violet 78 (Freeman & Mock, 2003:507)
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The complex may be formed during dyeing or during dye manufacture. The latter,
known as pre-metallised dyes, may be of two types — 1:1 or 1:2, each representing a
complex having one or two dye molecules per metal atom respectively (Choudhury,

2006:375).

It should be noted that the metallisation of dyes enhances the light fastness of the end
fabric, reduces water solubility, but causes a bathochromic shift in colour and dulls the
shade. Therefore, it is mostly used to dye leather (Akram et al., 2012:33). If the metal-
complex dyes can be formed inside textile fibres by treating suitably dyed fibres with a
solution containing a metal ion, the dye dye is known as mordant dyes. The chemical

structure of these mordant dyes is similar to Figure 2.3 (Choudhury, 2006:375).

Fig. 2.3 Mordant Black 11 (Freeman & Mock, 2003:507)

Acid dyes are water soluble, capable of bonding with fibres having cationic sites
(Freeman & Mock, 2003:507) and the acidic conditions in which the textiles are dyed,
render the functional groups on the substrate protonated and positively charged. These
groups form ionic bonds with the sulphonate groups on the dye molecule (Goodpaster &

Liszewski, 2009:2010).

H

o o 0 0
* 1] It
‘ p—@—soﬁ 1B 3N H - C— (T3 — C— NH(CH)NH - C— (CH) COH
N

Fig. 2.4 Ionic bond formation between polyamide 6,6 and acid dye (C.I. Acid Orange 7)
(Freeman & Mock, 2003:506).

12



The substantivity of acid dyes towards polyamide fibres arises primarily by virtue of ion-
ion forces of interaction operating between the anionic (usually sulphonate) groups in
the dye and the protonated terminal amino groups in the fibre. Other forces of
interaction, such as hydrogen bonding, dispersion forces and polar van der Waals

forces, can also be expected to contribute to dye-fibre substantivity (Burkinshaw,

1995:81).

Acid dyes are characterised by good migration and therefore produce level dyeings with
time (Freeman & Mock, 2003:508). They have no substantivity for cellulosic fibres or

fibres sensitive to alkalis (Choudhury, 2006:375).

Acid dyes produce bright colours, but most are not fast to laundering, although
exhibiting good colourfastness to dry-cleaning (Johnson & Cohen, 2010:157). When
good colourfastness to laundering is an important factor in relation to the end use of the
textile material, the use of milling acid dyes or super milling acid dyes are a preferred
selection. Milling acid dyes are generally applied from weakly acid dye baths whereas
super milling acid dyes are mostly applied at a neutral pH, with the molecular size
increasing as the acid strength decreases (Freeman & Mock, 2003:508). Acid dyes vary
from poor to good fastness with regards to light and perspiration (Johnson & Cohen,

2010:157).

2.2.2.2 Azoic Dves

Azoic dyes are mainly bright orange and red monoazo dyes (Freeman & Mock,
2003:509), which are often used on cellulosic fibres such as cotton (Johnson & Cohen,
2010:157). Dull violet and blue colours are also attainable. Azoic dyes are often referred
to as azoic combinations instead of dyes because the dye does not exist as colourants

until it is formed inside the cotton fibres (Freeman & Mock, 2003:509).
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The generic structure of azoic dyes can be illustrated as follows:

Fig 2.5 Generic structure for azoic dyes, where R and R’ = alkyl, alkoxy, halo, and nitro

groups (Freeman & Mock, 2003:511)

The formation of azoic dyes requires an azoic coupling component as well as an azoic
diazo component (Goodpaster & Liszewski, 2009:2011). The azoic coupling components
are beta-naphthol acid derivatives and the azoic diazo components are substituted
anilines (Freeman & Mock, 2003:509). Consequently, azoic dyes are sometimes also
referred to as naphthol dyes (Choudhury, 2006:600). During the conventional
application of azoic dyes, the coupling component is applied followed by a subsequent
development with the diazotized base. These two components are applied, as ions,

generally at low temperature under alkaline conditions (Burkinshaw, 1995:69).

At first, the naphthols (solubilised aromatic hydroxyl compounds) are applied on textile
materials by a process called naphtholation as they have some affinity for the cellulosic
materials. Insoluble azo pigments are then formed inside the textile. Afterwards, the
textile is treated with a soluble diazotized form of the base, during which intense colour
is formed. The latter step is known as coupling or development. The solubilization of the
base is carried out with sodium nitrate and hydrochloric acid at low temperature and the
process is known as diazotization (Choudhury, 2006:600). These compounds are
applied cold, and the fabric is then washed with detergent in hot water (Collier &

Tortora, 2001:423).

Azoic dyes can be produced in batch or continuous processes. They are best known for
their ability to provide economical wet fast orange and red shades on cotton (Freeman &

Mock, 2003:509). Although azoic colourants have been applied to protein fibres, their
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suitability is doubtful especially because of the high alkaline conditions which are

maintained during dyeing (Choudhury, 2006:376).

This class of dye is especially important when printing on cotton, as it yields good light
fastness in heavy depths. If good fastness to crocking is required, efficient soaping after
the applications step is mandatory (Freeman & Mock, 2003:509), as these dyes have a
tendency to crock/rub off onto other fabrics (Elsasser, 2010:204). Colourfastness to

laundering and perspiration are good to excellent (Johnson & Cohen, 2010:157).

Most azoic combinations are fast to chlorine bleaching but frequently inadequately fast
to hydrogen peroxide. The main weakness of azoic dyeing is their limited fastness to

organic solvents used in dry cleaning and spotting (Choudhury, 2006:601).

2.2.2.3 Direct Dyes

Direct dyes form the largest and commercially most important group of dyes (Kadolph,
2010:449), because they are low in cost and relatively easy to apply (Burkinshaw &
Gotsopoulos, 1999:179). They are anionic colourants which are best suited for cellulosic
fibres (Goodpaster & Liszewski, 2009:2011). Direct dyes were the first class of dyes that
could be used on cotton without the presence of a mordant, and are, therefore, also

known as direct cotton dyes (Freeman & Mock, 2003:513).

Like acid dyes, direct dyes contain one or more sodium sulfonate (-SO3Na) group. The
dye molecules interact with the cellulose via secondary valency forces. Because of these
weak forces and sulphonated structures, direct dyes have low intrinsic colourfastness to
laundering. Direct dyes can by suitably substituted to be converted to metal complexes

using copper(Freeman & Mock, 2003:513).

Chemically, direct dyes are the sodium salt of sulphonic acid derivatives or organic
aromatic compounds and thus contain one or more azo groups(Choudhury, 2006:375).
These structures are linear and will appear like the illustration in Figure 2.6 (Inglesby &
Zeronian, 2002:19). The forces of interaction that operate between this class of dye and

cellulosic fibres are predominantly van der Waal’s forces. This is a result from the highly
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conjugated, linear and coplanar structure of the dyes. Due to this structure, the dyes
exhibit a marked aggregation tendency both in solution and within the fibre substrate
(Burkinshaw, 1995:130). Direct dyes are dissolved in water, and a salt is added to

control the rate of absorption into the fibres (Freeman & Mock, 2003:514).

SOyNa

NH
! M PLP H,N NH,
= 0 N N N
e O = ' “n N
“ N0y

SOyNs
Fig. 2.6 Linear structure of Direct Black 22 (Freeman & Mock, 2003:512)

Colourfastness to laundering may be poor (Collier & Tortora, 2001:424), therefore
cotton dyed with direct dyes is often treated with a chemical agent to improve the
colourfastness, commonly referred to as an after-treatment process. The most widely
used methods for these after-treatment processes involve cationic fixatives, copper
sulphate, diazotization and coupling reactions. The cationic fixatives tie up the sodium
sulphonate groups, which reduces the water solubility of the treated dye. The main
purpose of the copper sulphate after-treatment is to enhance the light fastness.
However, the reduction in water that accompanies the Cu-complex formation has a
beneficial effect on the colourfastness to laundering of the fabric. Diazotization and
coupling enlarge the size of the dye molecule, making desorption more difficult, and

simultaneously making the dye less hydrophilic (Freeman & Mock, 2003:514).

Although direct dyes have a particularly good affinity for cellulose fibres (Inglesby &
Zeronian, 2002:19), these dyes can also be applied on protein fibres, such as wool and
silk, but are not commonly used because the rate of dye exhaustion is very slow

(Choudhury, 2006:375).

Fastness to light varies, but some are excellent and used in drapery and upholstery.
Fastness to perspiration and dry-cleaning are good to excellent (Johnson & Cohen,

2010:157).
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2.2.2.4 Disperse Dyes

According to Burkinshaw (1995:3), disperse dyes can be defined as a “substantially
water-insoluble dye having substantivity for one or more hydrophobic fibres and usually
applied from fine aqueous dispersion”. Disperse dyes were initially invented to dye the
first hydrophobic fibre developed, namely cellulose acetate. These dyes are now suitable
for a variety of hydrophobic fibres including acetate, triacetate, polyester, nylon, acrylic
and polyolefin fibres (Freeman & Mock, 2003:517). The molecular structure can be

illustrated as follows:

.‘
(." ‘ N

@ S—n CH;CH, 0
S

Fig. 2.7 Molecular structure of Disperse Red 156 (Freeman & Mock, 2003:518)

Disperse dyes have low molecular weight and are crystalline substances with a high
melting point (Choudhury, 2006:703). Although the dyes do not contain ionic groups
they possess polar groups which contribute to its relatively small molecular size, and
minor, although highly important, aqueous solubility (Burkinshaw, 1995:3). Hence,
disperse dyes are used in conjunction with dispersing agents to achieve stable aqueous
dispersions at high temperatures (Fite, 1995:361). Due to the absence of ionisable
groups, disperse dyes have the tendency to vapourise without decomposing (Choudhury,

2006:703).

A small amount of the disperse dye forms an aqueous solution with the greater
proportion of the dye in dispersion in the dye bath. Monomolecular dye is absorbed onto
the surface of the fibre from the aqueous dye solution situated at the fibre surface. As
dye molecules diffuse, monomolecularly, from the surface to the interior of the
substrate, dye particles from the bulk dispersion dissolve in the depleted aqueous dye
solution. This solution can consequently be replenished with monomolecular dye that
can be further adsorbed onto the fibre surface. This process continues until either the

dye bath is exhausted of dye or the fibre is saturated with dye (Burkinshaw, 1995:10).
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The dye binds to the fabric substrate through weak van der Waal’s forces and some

hydrogen bonding (Goodpaster & Liszewski, 2009:2011).

The distinct behaviour of disperse dyes lies in the fact that at room temperature only a
small fraction of the dye in the bath is available in its soluble form, the remainder still
being insoluble. Only the soluble form can penetrate the fibres, therefore when dyeing,
the concentration of the water soluble disperse dye in the bath should be taken into
consideration and not the total concentration (Ferus-Comelo, 2009:353). Due to the
insolubility of disperse dyes, some particles of dye may precipitate on the surface of the
fibres at the end of the dyeing process. These precipitations can cause a decrease in
brightness and a decline in fastness to laundering and rubbing (Gharanjig et al.,

2010:37).

Colourfastness of disperse dyes to laundering varies with regards to the fibre it is
applied to. It is excellent on polyester (Johnson & Cohen, 2010:157), although colour
loss and colour change can be caused by atmospheric fumes, in particular gaseous
oxides of nitrogen (Collier & Tortora, 2001:425). The fastness to perspiration, crocking
and dry-cleaning varies from good to excellent whereas light fastness is fair to good

(Johnson & Cohen, 2010:157).

2.2.2.5 Reactive Dyes

Reactive dyes are mainly used for cellulosic fibres like cotton (Freeman & Mock,
2003:519), but special reactive dyes for wool, polyamide (Choudhury, 2006:376), linen
and silk are also available (Broughton, 2001:9). As a class, fibre reactive dyes, are some
of the least efficient dyes in terms of the water, salt, and alkali required, as well as the
unfixed (hydrolyzed) colour waste produced (Farrell et al., 2011:44). However, it
remains one of the most important and widely used colourants (Jung & Sun, 3391).
These dyes produce bright colours with excellent colourfastness to laundering (Elsasser,

2010:204).
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Reactive dyes differ fundamentally from other dye-classes, in the fact that they
chemically react with the textile fibre (Taylor, Pasha & Phillips, 2001:145). These dyes
contain reactive groups, which react with hydroxyl or amino groups of textile fibres
forming covalent bonds. These bonds form between a carbon atom of the dye ion and
oxygen, nitrogen, sulphur atom of a hydroxyl or an amino group of the substrate

(Choudhury, 2006:515).

The different structural components of reactive dyes can be categorized as (1) a
chromogen responsible for the colour; (2) solubilising groups responsible for the
solubility of the dye; (3) a reactive