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When dyed textiles are exposed to sunJ-ight they absorb some

of the radiation which may consequently lead to

deterioration of mechanical and chemical- properties, such as

l-osses in tensile strength and degree of poJ-ymerization and

to chanqes in colour. Most researchers have concentrated on

studying the photodegradation of textil-es dyed with a single

dye. This J-aboratory research r^ras aimed at evaluatinq the

photodegradation of cotton dyeings containing binary

mixtures of four direct dyes " Fol-lowing exposure in the

WeatherOmeter for L20 standard fading hours, the extent of

degradation of 34 dyeings and an undyed controf was measured

in terms of losses in tensile breaking strength, degree of

polymerization and total colour change.- Whil-e the streng'th

and degree of polymerization resul-ts showed no cl-ear or

consistent trends, the extent of colour change of the binary

mixt.ures was found to be dependent on the type of dyes

present but could not be predicted from the behaviour of the

two dyes " With reference to colour change of the mixtures,

Ul-trasol Yellow BG was found to be a photosensitizer,

whereas Direct Brown 1 was found to behave as a

photoinhibitor in mixtures of red and blue.
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1. ]. STATE¡4ENT OF PROBLEM

At some time during the l-ife of most textil-e materials

they are exposed to sunlight. Textiles used for furnishings

receive more exposure than cloth used for other purposes

(Egerton 1956). It should be noted that in some countries

sunlight is relied upon as the main energy source for

CHÃPTER ONE

drying clolhing; clothing can spend as much as eight hours

in the sun each time it is washed. For items such as

uniforms that are worn and laundered reqularly this amount

of exposure cannot be ignored.

INTRODUCTTON

Appleby (1,949), noted that. of the numerous factors

which comprise t.he weather, it is generally conceded that

sunJ-ight is the most active in causíng the deterioration of

textiles.
When dyed or printed fabrics are exposed t.o J-ight,

some part of the J-ight energy is absorbed and t.he remainder

is reflected, thus givÍng rise to the phenomenon of colour

(Egerton l-956). It is the reflected light that gives the

aesthetic effects seen by the human êye, whereas it is the

absorbed light that can cause subsequent damage to the

fabric " According to Littl-e (1964) | the extent of fading of

a dyed fabríc or dyeing depends _on the stability of the dye

on the material. Robinsoñ and Reeves (1-961) also noted that
the useful life of cotton fabrics and cJ-othing is often
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limited by the quality of dyestuff used. Very often fabrics

are considered worn out when the aesthetic value imparted by

the dye is l-ost.

The degradation of a fabric by light can involve both

fading and l-oss of strength or tendering. Some authors

describe them both as fading effects and use the terms

"fadingi of colour" and "fading of strength" respect.ively.

With respect to colour, Littl-e (1964) pointed to the fact

that while lightfastness requirements have risen

considerably since the j-ntroduction of vat dyes,

general public is stiII ignorant about this subject. Even

l-ess is known about tendering, and complaints usually arise

only in extreme cases or where damaged and sound areas occur

within the same cl-oth.

Since cotton consists of about B0-85* cell-ul-ose (Hearle

and Peters 1,963), it is one of the fibres most susceptible

to degradation in the presence of 1ight.. Over the years

researchers studyinq this phenomenon have found that the

rate and extent of cel-lu1ose degradation is influenced by

the presence of dyes in the cotton fibres " Most of the work

in this area has been done on the interaction of singJ-e dyes

with cotton, whereas in practice mixtures of dyes are more

often used in order to obtain the desired col-our or shade.

A limited number of studies have, addressed the effects
of dye mixtures and J-ightfastne_ss propert.ies. Scholefiel-d

and his associates (1953) in their description of the

behavj-our of vat dyes on cotton observed for example that

the



3

in mixtures of, yellow and bl-ue dyes, the lightfastness of

t.he bl-ue component is qenerally reduced by the presence of

the yellow. Consequently they designated the yellow as a

photosensitiser and the blue as a non-active dye. They

pointed out that the non-active dyestuff may be a vat dye

or any other type of cotton dye with any degree of

J-ightfastness. However, in almost every case a yellow or

orange vat dye causes a marked decrease in t.he lightfastness

of the other dye while at the same time increasing that of

the yellow or orange dyestuff.
Atl- these observations have been made with respect to

vat dyes, which, whil-e generally having a superior

lightfastness, tend_ to be relativeJ-y expensive and difficult

to appfy" Direct dyes on the other hand, are one of the

cheaper dyes for ceIlulose. They are easy to use and

continue to be one of the leading dyes used in the

commercial dyeing of cotton.

At this time tittl-e work has been undertaken to study

the photodegradation of cotton associated with mixtures of

direct dyes " It migrht seem logical to assume that the

photosensitising effect of mixtures is the combination of

that of the individual dyes but random observations by some

researchers in the dyeing industry suggest the degradation

behaviour of dye mixtures on cotton cannoL always be

predicted " Smith (1950 ) desc_ribed the ef fect of a

combination of certain -áirect dyes when exposed to liqht

under moist. conditions. He showed that. dyes such as Durazol



4

Yellow and Yellow GRS are fast by themselves, but fade

when used in combination with other fast dyes such as

Durazol- Blue or Durazol Viol,et 2BS. However, when the

yelJ-ows are combined with Dural Fl-avine RS the combination

is unexpectedly fast..

Such observations point to the need for more systematic

research on this topic. The purpose of this study therefore

is to investigate the photodegradation of cotton dyeings in

the presence of bínary mixtures of direct dyes.

L "2 OBJECII\IES:

1 " To determine the extent of photodegradation of cotton by

single direct dyes

2 " To determine the extent of photodegradation of cotton by

binary mixtures of direct dyes

3 " To determine if there is a reLationship between the

phot.osensitizing properties of single direct dyes and that

of their binary mixtures.

4. To determine if the photodegradation of cotton dyed with

mixtures of direct dyes can be predicted from the proportion

of the individual dyes in the míxture.



1.3 EYPOTHESES:

The first two hypotheses are related to the first objective,

while the remaining three address each of the other

hypotheses respectively.

l-. There is no significant difference in the extent of

photodegradation of cotton due to the presence of direct

dyes.

2. There is no significant difference in the extent

photodegradation of cotton in changing from one dyestuff

another.

3 " There is no significant difference in the extent of

photodegradation of cotton by using different proportions

of the same binary dye mixture.

4. If Hypothesis 3 is rejected, then there is no

relationship between the extent of photodegradation of

cotton and the proportion of dyes in a bínary dye mixture.

5. The extent of photodegradation of a cotton dyeing

containingr a mixture of direct dyes cannot be predicted

from t,he behaviour of the same proportion of the individual-

dyes

1- .4 TERMS AI{D DEFTNTTTONS :

1" Photodegradation: Degradation caused by the absorption of

Iight or other radiation anq by consequent chemical

reacLion. Ul-traviotet radiat.ion is an especially potent

cul-rse . 1 (In this text the extent of degradation witl be

of

to
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measured in terms of colour change, losses of strength and

degree of polymerization)

2. Direct dye: An anionic dye having substantivity for

cel-l-ul-osic fibres, normalÌy appJ-ied from an aqueous dyebath

containing an electrolyte. l

3. Cotton dyeing: A piece of dyed cotton fabric.
4 " Fugitive dye: A dye that is readiJ-y faded by light.

5 " Protective dye: A dye that reduces the normal ext.ent

photodegradation of cotton.

6. Photosensitization: The rapid oxidat.ion of a polymer

system (celluIose) by a dye in the presence of Iight, such a

system not being readily oxidised i-n the absence of the dye

under identical- conditions.2

7. Photosensitiser: A dye that increases the normal extent

of photodegradation of cotton.

B . Photoinhibit.or: A dye that retards the normal- extent of
photodegradation of cotton.
(In this text an increase or retardation is in rel-ation to
the control sample in terms of single dye samples and in
relation to the component single dye samples in terms of the

mixtures. )

1 textil-e Terms and Def initions: The Textile
Seventh edition, Manchester. 1975"

2 F,gerton, G. S . , "The Rol-e of Hydrogen Peroxide in the
Photochemical Degradation of Cotton Sensitized by Vat Dyes
and Some Met.all-ic Oxides" Journal- of The Textile Institute-
Vol. 39 , 1948, pp. T305.

Institute,



1- .5 ASSTIMPTTONS:

The component dyestuffs in the

experiment did not react. with

procedure.

1..6 LIMITATIONS:

1 " Only four direct dyes were used in this experiment so the

results cannot be generalised for other direct dyes or any

other dye mixture.

2. The affinity of the four dyes for cell-ulose was not the

same " Consequently the ratios of the mixtures during dyeing

were not necessariJ-y the same as the ratios of dyestuffs

absorbed by the cotton.

3. Al-l- dyed cotton samples did not contain the same

concentration of dyestuff or dyesfuffs.

4. The dyeing procedure was carried out without the addition

of commercial auxillary chemical-s that might. have changed

the performance of the dye.

various mixtures used in the

each other during the dyeing

5. The degree of polymerization measurements were carried

out about four months after exposing the fabrics to the

WeatherOmeter. The cellulose may have continued to degrade

during this four month period since the samples \^rere stored

in a conditioning room at about 64lø reÌative humidity and a

temperature of 20oC under fl-uorescent light.



This chapter reviews previous work and research rel-ated

to the area of photodegradation of cotton. The energy

distribution of light is expJ-ained, followed by descriptions

of the two types of photodegradation reactions, the concept

of colour, the different methods by which cotton is degraded

and then the oxidative process of cel-lulose itsel-f . f t also

addresses the degradative properties of various dyestuffs

used on cotton, the factors affecting photochemical

oxidation and the methods employed for its prevention. The

chapter concl-udes with a description of methods used to
measure the photodegradation of cot.ton.

CH.APTER TWO

LTTERATURE PEVIEW

2 "L LIGET .AÀ¡D ENERGY DISTRIBUTION

Light is part of the spectrum of el-ectromagnetic

radiation which travels in the form of waves. Wavefength ( ) ,

the distance between two successive peaks, ís measured in

nanometres (nm) . As the wavelength increases, the energy

associated with the light and the ability of the absorbed

light to produce chemical changes decreases. This is because

the energy (E) is the product of the frequency of the

radiat.ion (v) and Planck's constant. (h) " The frequency is

equal to the speed of light Q¡videO by the wavelength.

(Robinson and Reeves 1961i.



2.2 LTGET Ã,ND PHOTODEGR.å,TION RE.ã.CTTONS

The starting point of any photochemical reaction is the

establ-ished principJ-e that only tight absorbed by a molecule

is effective in producing a chemical change (Phillips et al

1960) . Giles and McKay (1963) noted that when radiation

fal-1s upon an absorbing mofecule some of the energy

increases the vibrational and rotational enerqy of the

mol-ecule or excites the electron system t.o higher energy

levels. Scholefield and his associates also observed that
j-n terms of the quantum theory, when a quantum of light is
observed, the energy may be utilised in the fol-l-owing r^rays:

dispose of some or all of its extra energy either by passing

it to another molecule with which it comes into contact,

through chemical reactions or by sending it out aga-in as a

quantum of light of the same or smaller size

b. To decompose the molecule.

To excite the molecul-e which will- try to

c. To increase the kinetic energy of the molecule so

that when it collides with a sfower moving molecule, it wil-I

transfer some of its kinetic energy (Scholefield et aI

1933) "

Not all t.he radiation emitted by the sun reaches the

surface of the earth. Robinson and Reeves (1-961-) stat.ed

that ultraviol-et solar radiation bel-ow 27Onm never reaches

the surface of the earth and tÞet most of the uftraviol-et

rays reaching the surfaóã of the earth have a wavelenqth

between 350-39Onm. Al-so, radiation receíved at the earth's
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surface varies in terms of its total intensity and its

distribution of energy within the spectrum. Such factors as

the season, the time of day, the aÌtitude, the amount of

water vapour and atmospheric contaminants all infl-uence the

amounL and type of radiation that penetrates the earth's

atmosphere.

2.3 COT,OUR .A}TD LTGHT ENERGY .ê,BSORPTION

The sensation of cofour that is observed when dyed or

printed surfaces are illuminated involves the refl-ection of

visibl-e light from their surfaces. Wavel-engt.hs of the

visibte light rangie from 400-750nm. White light is a

combinat.ion of t.hese wavelengths. When liqht strikes an

object, some of the wavelengths are absorbed while others

are reflected, thus giving rise to the general phenomena of

colour (Egerton 1956) . The reflected light corresponds to

the colour seen whereas the absorbed light may initiate
phot.ochemical reactions and consequentl-y, is of concern in
photosensitization processes .

colour of a dyestuff is compJ-ementary to the light absorbed

as shown in the following table bel-ow.

The observed or reflected



LTGHT

Wavelength

400 435

435 480

480 490

490 500

s00 560

s60 580

580 s9s

595 60s

605 750

ABSORBED

(run) Colours

Violet

Bl-ue

Green

Bl-ue

Green

Yel-1ow

Ye11ow

Oranqe

Red

Yel-1ow

- BIue Orange

Green Red

Purple

Green Violet

Blue

Green- BIue

Bl-ue- Green

COLOUR SEEN

or REFLECTED LIGHT

Green - Yellow

The

however

dyestuff

regr-on

depends

11

2.4 THE STRUCTURE OF DYES:rUFFS

of

on

The cofour of a dye is due to the fact that their
mol-ecul-es are abl-e to ref lect Iight select.ivef y.

Dyes are orqanic molecules which containstypes of groups:

chromophores, which give a dye its particular colour, and

auxochromes, which int.ensify the hue of the colour.

Chromophores are unsaturated groups whose J-oosely held

electrons in the unsaturated bonds cause the selective

maximum absorption of any given dyestuff

the chemical structure of the particular

absorption of light. Apart Iro* intensifying a hue,

auxochromes also make a áy" molecul-e more soluble in water
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and improve the colourfastness properties of a dye due to

their polarity. ( Gohl and Vilensky 1985; Trotman 1984).

2 .5 MECIIÃNTSMS OF PHOTODEGR;ADATTON

It is generalj-y accepted that there are two ways in

which cotton is degraded by sunlight, namely, photolysis and

photosensitization.

2.5 . L Photolysis

Photolysis is the breakdown of text.ile fibres under

the direct action of short wave ultraviolet. radiation
(Egerton 1956) . Undyed cellulose absorbs little or no light
from the visibl-e region but underqoes photochemicaL

degradation when it is exposed to ultraviolet radiation of

253nm in the presence of air. This energy is sufficiently
high to rupture carbon-carbon and carbon-oxygen bonds and to
remove hydrogen atoms. ( Lanigan 1948,' PhilJ-ips and Arthur

1"964 b . ," Robinson and Reeves 19 6L ) . Impurities such as

dyestuffs do not take part in photolysis.

2 "5 -2 Photosensitization

The dominant mechanism that initiates the degradation

of cel-l-ulose is the reaction between light and f oreign

matter present in the fibre. (Robinson and Reeves 1961).

Egerton (I948), al-so not.ed that plotochemical oxidatíon may

occur rapidly when the díed fibres are exposed to light in
the presence of air. This does not seem to be the case for
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undyed fibres. The action of the dye is known as

photochemica] sensitization. The dye is caIÌed the

sensitiser and the fibre whose oxidation is accelerated, the

acceptor

The first step in any photochemical- reaction is the

absorption of light leadíng to a reaction between the light

wave and the sensitizer (Robinson and Reeves 1961; Egerton

1948) . Sensitizers have the ability to absorb light in the

near ultravioLet or visible part. of the spectrum. They

carry the absorbed enerqy to the reacting mol-ecule in the

fibre and initiate degradation.

energy and in their excited state cause a reaction in which

the water or the oxygen present is converted to either
hydrogen peroxide or ozone respectively. These oxidising

agents in turn react with cellulose in a chemical- reaction

causing it to degrade (Phillips and Arthur 1964 b; Robinson

and Reeves 1961) .

2.6 CELLULOSE Ã}TD CELLULOSE OXIDATION

Cotton constitutes about 80-85% of raw cellulose. It
is made of several thousand units of glucose joined by

glucosidic Iinkag'es. The repeat unit of cel-Iul-ose is
cell-obiose and it has a degree of polymerisation of about

5000.

Sensitizers absorb the

The photodeqradation of cel-l-_ul-ose has been accepted as

an oxidative process. attfrough many theories have been

proposedr flo research has yet been able to pinpoint the



exact mechanism by which ox

place- However a look a the

may shed some J-ight on the

since they are both oxidative

2.7 THE EFFECT OF LIGHT ON COTTON DYETNGS

The degradation of a fabric by light is a matter of

bot,h tendering and fading. It shrould however be noted that

some authors describe all degradation as a fading effecl and

use the terms "fading of strength'and "fading of colour" to

distinguish the two distinct facets.

Some dyes can act as catalysts in promoting-
:

photochemical degradation of irradiated acceptors whil-e they

themselves remain unchanged. The acceptor may be another

dye molecule.or a polymer molecule in t.he fibre. A typical

reaction scheme is noted by Giles and McKay (1963) to be as

follows:

74

idat i ve photodegrradation takes

chemical oxidation of cellulose

photodegradation of cellulose

processes.

light

?ilhere:

D=The

Ã.8 : The

DE : The

.A : The

o+AH

DH

dye.

+A

acceptor mol-ecule.

reduced dye -

oxidised acceptor.
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Egierton (1956), stated that absorption of light by

textiÌe materials may involve sufficient energy to cause

chemical changes in the fibre. The length of the molecular

chain and degree of cross J-inking between adjacent mofecules

may be reduced and in practical terms may result in a

deterioration of the fibre's physical and chemical

properties.

Although the general notion is that degradation takes

place via the formation of radicals, there is rea1ly no

aqreemenL as to how these radicals are formed and how they

take part in photodegradation. However, current thought is

that there is an init.ial reaction between the cel-l-ul-ose (R-H)

and the excited dye radicaL (Do) . This is then followed by

other degradative reactions as il-lustrated bel-ow.

D ----> D*

Do + R-H

R + 02 -------> RO2

ROZ + D-H

In this particular case the cellulose is oxidised whil-e the

sensitiser remains unchanged (Phi1lips and Art.hur L964 b) .

Since the col-our of a fabric imparted by a dye is often

an important factor if not the most important property of a

textile product, Robinson and Reeves (1961), pointed to the

fact that the useful l-ife of dyed cotton is often limited by

the quality of the dye and -yery often the f abric is

díscarded. when the aestnátic value imparted by t.he dye is
lost by fading.
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Organic colouringi mat.ter is f aded by absorbed

ul-traviolet and visible radiation up to a critical

wavelength above which radiation ís non-acLive, even if

strongly absorbed (Mclaren 1956) . Egerton (I91I) ' noted

that the extent of fading depends on t.he type of dye-polymer

complex because a dye fugitive on one polymer may be fast on

another. The process of light absorption by a dye invol-ves

the initial formation of an efectronicalJ-y excited dye

molecule, which may either reacL with the polymer or

atmospheric oxygien in some other way to produce a change in

the chemical state of the dye "

This change in the state of a dye molecul-e may be

accompanied by an observed change in 
- 
colour of the dyed

material. When dyes absorb ligrht, those fugitive to light

experience an observed change in color¡r .whiIe those that. are

fast tend to dissipate the absorbed energy harmlessJ-y as

thermal energy (Egerton L91L).

2 " 8 DEGR.ADATI\TE PROPERTIES OF DYESTUFFS USED ON COETON

There are various groups of dyes commonly used on

cotton. Research into the degradative properties of these

various dyes on cotton has continued over a number of years.

2 "8 " L Vat, Ðyes

Robinson and Reeves (1961), observed that, of the

common groups of dyes lr=á¿ in the cotton industry, vat dyes

have recej-ved the most attention. They have always been



considered

colourfast.ness t.o 1ight. However research has identif ied

deficiencies in this class of dyestuff, partj-cularIy the

red, brown, orange and yellow colours which have sensitizing

ef fect.s on cotton (Egerton 194 B,' Robinson and Reeves 196I;

desirable

Schol-ef iel-d et. al 1933 ) .

ant.hraquinoid vat dyes have excell-ent photochemical

stability. However the yellow and orange sensitize the

photochemical oxidation of textil-e materials, making them

more susceptibl-e to tendering. In such cases the stability

of the colour to Iight is achieved at the expense of a

because

decrease in the stability of the fibre.

of

absorb j-n the region of 300-40Onm" These wavelengths

absorbed involve high energies capable of causingi chemical

chanqes and an increase in the yield of free radical-s in

their

I1

superior

It has been noted that

dyed cotton.

promotes oxidation depends on the extent to which they

actively absorb in the visible and ul-traviolet spectrum.

(Egerton 1948,' Lanigan t.948;

Scholefiel-d et al 1933) .

Scholefield and his associates (1933)have explained the

accel-erated photosensitisation of vat dyes in terms of

absorption of large quanta of light energy in the

ultraviol-et region which supply energy for exciting
cell-uose and making it more s_usceptible to atmospheric

oxidation. They noted that the vat bl-ue and gireen dyes have

t.heir maximum absorption in the 580-605nm region (i.e.

The degree to which each particular dye

These col-ours

PhilIips et al. 1960,'
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yell-ow and orang'e) / where the quantum size is smaller and

therefore of a lower energy fevel-. Blue and green vat dyes

theref ore do not l-ead to much chemical- tendering of

cel-l-ulose (Scholefield et al. 1933) .

2.8 .2 Reactive Dyes.

Reactive dyes are one of the more recently developed

types of dyestuff and are the only dyestuffs that form

covalent. bonds with cellul-ose. ft has been observed that on

irradiation reactive dyes generally yietd low levels of free

radicals in dyed cotton

research has indicated that reactive dyes generally exert a

protective effect on coLton. Ladisch and her associates

(1983), in their study of five Procj-on reactive dyes found

four of them the- g'reen, red, orange and yellow to be

protective. They also found that these four protective dyes

had good ligrhtfasLness. The fifth dye, which was bl-ue was

found to accelerate tenderinq of cotton and al-so to exhibit
poor fastness to 1ight.

(PhilIips et aI. 1960). In fact

concentration of the protective dye on the cotton increased,

there r¡ras an increase in their protective behaviour whereas

for the fugitíve dyes, âs their concentration increased, so

too was there an increase in their tenderinq activity
(Ladisch et al- 1983) .

They al-so noted that as the



2.8.3 Sulphur Dyes

A similar behaviour has been observed with sulphur

dyes. Some are protectJ-ve while others are fugitive and

their respective activities increase with an increase in

their concentration. Of the dyes studied by Shenai and Rao

(1973), blue and g.reen exhibit.ed a protective effect whil-e

yellow, brown and khaki were found to sensitize the

photodegradation of cotton.

2.8.4 Direct Dyes

Similarly, some direct dyes are known to initiate
photodegradation while others exibit protective behaviour.

In their study of t.he oxidation of cell-ulose in the presence

of direct dyes, Datye et al (1961-) / found that dyes

themselves in their undecomposed state appear to protect

cotton on exposure in a fadeometer while their products of

decomposit.ion either enhance or retard the tendering of

cotton" Smith (l-950) in his observation of a combination of

certain direct dyes exposed to light. under moist conditions,

noted that certain yellows although fast. tend to fade when

combined with Durazol BIue or Durazo] Violet 2BS. These same

yellows however \¡rere unexpectedl_y fast in combi-nat.ion with

Dural Fl-avine RS.

L9

2 "8 "5 Dye Mixtures

Scholefield and his associates not.ed that the combined

photodegradative activit.y of a mixture of dyes depends on
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which índividual dyes are present. They cited an example in

which there was a mixture of yellow (or oranqe) and blue vat

dyes on cotton. The lightfastness of the blue component was

generally found to be reduced by the presence of the yellow

or orange dye, while at the same time the lightfastness of

the yellow component was increased. This occurs when the

non-active dyestuff is any type of dyestuff used for cotton

such as a direct, sulphur or reactive dye wíth any degree of

lightfastness.

2. 9 F.ACTORS .AFFECTING PSOTOCHEMICAT DEGRADATION

Phillips and his colleagues observe that in order to

achieve a cl-ear understanding of the processes which operate

during the deterioration of cotton cellulose under the

infl-uence of light" it is necessary to considen- a number of

factors including: a) the waveJ-ength of the irradiation, b)

the proportion of water associated with the textile, c) the

absorption characterisitics of any reacting chemicals or

dyes and d) the composition of the atmosphere surrounding

the textile during exposure (Phillips and Arthur a. 1964) .

Most iesearchers point. t.o the fact that oxygen and

water vapour are the most important atmospheríc substances

which play a leading role in photochemical- degradation.fn

fact oxygen in the atmosphere has been found to be the most

important factor controlling t.he_ effect of light. on cotton

(Daruwall-a et al 1967). -Éor example it has been noted that
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mechanical as wel-l- as chemical damage is Iímited in an

oxygen free atmosphere (Daruwall-a et al- 1961,' Little 1964).

In addition it has also been observed that the rate of

photochemical attack is slower in dry air than in humid air.

With an increase in relative humidity the rate of fading of

most dyes increases (Egerton 79-lI,' LittIe 1964). Egerton

noted that among the inorg:anic acceptors of radiation, water

or water vapour is of particular importance since when

photochemically oxidised, it is converted to hydrogen

peroxide which is a particularly potent oxidising agent. for

dyestuffs and organic polymers. Water therefore occupies a

speciaJ- position in the general- study of photosensitized

reactions; the critical factor in the rate of fading being

the relative humidity of the air in immediate contact with

the exposed textil-e surface (Egerton 1948, I91I) .

hydrogen peroxide has aLso been found to be closely related

to the extent of oxidative degradation of cotton. Besides

oxidising the cellulose in immediate contact with the

photosensitizer, hydrogren peroxide can also oxidise other

dyes that may be in the system either on the same yarn as

the sensitizer or separately on an adjacent yarn (Egerton

L948) "

The effect of temperature on the photosensltized

degradation of cotton has received different points of view

from different researchers. Soqe contend that an increase

ín temperature tends to lower the rel-ative humidity and

t.herefore l-eads to a decrease in degradation, while others

But
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observe t.hat accordingi to the laws of thermodynamics¿ âil

increase in Lemperature leads to an increase in

photochemical degradation.

that when the relatj-ve humidity of the air is maintained

constant an increase in temperature l-eads to a significant
increase in the amount of fading. There is approximately a

l-0% increase in the rate of fading with a temperat.ure rise

of 10OoC"

The effect of the physical state of dyes on

photodegradation has been the main focus of some

researchers. Most of them agree that the lightfastness of

dyes is determined by both chemical- and physicaJ- factors

especially their physical state in the fibre. It has been

observed that many of the phenomena associated with fading

are best interpreted by the fact that dyes are usually

present in fibres as a homogenous col-l-ection of particles

ranging i,n size f rom mol-ecul-ar dispersions through

Egerton (L97L), however noted

microcrystals to aggregates (Gil-es 1,951 ;

r_9s7) "

surface area of a given amount of dye is reduced. as the

partj-cle size j-ncreases, the more aggreg'ated a dye, the

Dyes fade ínitial1y

higher the lightfastness of the fabric.
during fading may al-so cause J-arge aggregates to break up

and so promote further fading. Þ_y partially filJ-ing some of

the spaces wit.hin fibres during manufacture and. finishing,
the amount of space available for dyes to form agrgregates is

on their surface " Since the

Baxter et al

Heat generated



decreased. This wil-1 have the tendency to reduce

lightfastness. Conversely, aftertreatments which permit

microscopical-J-y visible growth of dye particJ-es will improve

their lightfastness.

lightfastness of water sol-uble dyes is improved by

increasing the porosity of the substrate (Gil-es 1957) .

Some treatments which are regarded as normal parts of

particular dyeing processes or aftertreatments and are

designed to improve the wetfastness properties of the dyed

mat.erial, have been noted to infl-uence the photochemical

degradation of cotton dyeings.

It has al-so been noted that the

application of vat dyes it has been point.ed out that the

finaL treatment of boiling the dyed fabric with soap or a

detergent resul-ts in the aggregation or crystalJ-izat.ion of

the dye (Egerton 1"97I; Robinson .and Reeves l-961) . On the

other hand, Gill (l-955) observed that compared to vat and

azoic dyes, direct dyes are usually applied to cellulosic
fibres by simpler and cheaper means but are accompanied by

23

inferior
Unfortunately some of the products and processes on the

market .rs"á to overcome this dj-sadvantage tend to reduce

the lightfastness of direct dyes. For example cationic
surface active agients assist in the spread of anionic dyes

in a monolayer on the fibre surface leading to a decrease in

light fastness

Egerton (Lglt) has noted that colourl-ess inorganic

substances like zinc oxide and titanium dioxide, which are

For example, in the

fastness properties to wet processrng 
"
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added to man-made fibres as delusterants to increase their
opacity/ sensitize many photochemical oxidation reacLions

j-nvolving gaseous oxygen and water vapour.

Littl-e (L964) observed that the residual alkali in an

undyed or vaL dyed fabric usually tends to increase the

amount of tendering. when exposed to light. On the other

hand, fabrics treated with urea formaldehyde crease-

resistant f inishes always retain a smal-l- amount. of free

formaldehyde which, being a reducing agent, tends to retard

the oxidative process and as such reduces tendering (Gi1es

1957).

A study by Daruwalla (1961), showed that when cellul-ose

containing fl-uorescent compounds were exposed to a carbon-

arc ultraviol-et source, photodegradation of the cel-l-uLose

did occur due to the act.ivity of the fluorescent brightening

agent and íts decomposition products. He noted that the

extent of tendering depended on the chemical- composition of

the brightener, and the nature and duration of the

radiat ion "

2.1.0 PRE\rENTION OF PIIOTODEGRÄDATION

,fust like other problems in the textii-e industry,
prevention of photodegradation has received considerable

attention " There are some routine processes for dyes that
have a protective ef fect on cellulose.
substances that still- sensitize photodegradation there

continues to be concern over finding a means of prevention

However for
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without affecting the other desirable properties of cotton

and its applied finishes.
It has been found that in order to protect fabrics, a

means must be provided either to remove the photosensitizers

from the fabric or to add other material-s that will

deactivate them. This can be accomplished by the use of

materals which act as screeners, light scatterers or

util-isers of the radiant energy (Robinson and Reeves 1961) .

Little (1,964) | has observed that the acetylation of

cotton has been the most successful method of protecting it

from tiqrht. He noted however that this caused an initial

loss in tensile strength which cannot always be tol-erated.

2.LL METHODS OF MEJLSURING TIIE EXTENT OF PHOTODEGRADATION

OF CELLI'LOSE

The conmon methods used to determine the extent of

degradat.ion of irradiated cotton invol-ve measuring the

changes in certain mechanical and chemical properties.

Measurement of breaking strength of the fabric

tensile loading give a direct indication of any

deterioration in

monitor the chemical- structure of cell-ulose include

measurements of i) the fluidity and viscosíty of cel-Iulose

which yieJ-d i-nformation about. the average molecular weight,

ii) copper number, which indicstes the concentrat.ion of

aldehyde reducing groups- present, and iii) methylene bl-ue

absorption which determines the concentration of carboxylic

mechanical- properties. Techniques to

under



acid qroups present in

st.ructures (Garner L967) .

Appleby (I949), noted that loss in strength is due

primarily to the cell-ulose chains breaking of into smalfer

fragments. She pointed to the fact that t.he measurements of

l-oss in strength are not stri-ct1y comparable with the values

for changes in chemj-cal structure. She went on to say that
fluidities or viscosities seem to give the most accurate

indication of degradation since they are able to detect

incipient chemical- damage. She added that although increases

in copper number and methylene blue absorptJ-on also measure

changes in the chemical structure of cotton, researchers

disag'ree on their accuracy and their significance in the

study of photodegradation.

While considerable attention has been given to the

degradation of fibres by individual dyes, there is however

litt1e research in the area of dye mixtures. This is
surprising when one realizes the frequency with which dye

mixtures are used to impart col-our to a fabric.
It is believed that a systematic study in the area of

dye mixtures wil-l shed light on the photosensiti zing

behaviour of dye mixtures, in relation to their component

dyes and help explain some of the anomol-ous behaviour

previously found to have been exhibited by dye mixtures.

hydrocellul-ose
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oxycellul-oseor



This chapter describes the experimental methods that

r^rere used in the research. Tt includes the selection of

experimental materi-als and their preparation, dyeing and

exposure of dyed samples in the WeatherOmeter and the

measurements of colour, tensil-e strength and the degree of

CIIAPTER THREE

polymerization before and after exposure in the

WeatherOmeter; it al-so describes the statistical methods

used in analysing the resul-ts.

EXPERTMENTÄI PROCEDURES .

3"L SELECTION Ot' EXPERIMENTAI MATERIAL

The followingi conmercíal direct dyes r^rere used for the

study "

Ultrasol Yellow BG

Direct Red 1

Direct Bl-ue I
Direct Brown l-

2'7

These were selected on the basis that the red and brown

vrere protective on cot.ton, while the yelJ-ow and blue were

degradative t.o cot.ton (Datye et. al- l-961). The UItrasoI

Yellow BG \^ras obtained f rom Sandoz Canada Inc . , Dorval,

Quebec, while the bl-ue, red and brown were purchased from

Pylam Products Company Inc., Garden City, New York/ USA. B0

by B0 bl-eached and mercórised cotton print cloth obtained

from Testfabrics Tnc., USA was used througihout the study.



3.2 PREP.ãRATION OF COTTON PRTNT CI,OTH SAMPLES

SampJ-es of cotton print cloth were cut to weigh

approximately 40g and about. 50cm by 100cm in size with the

Ionger dimension para1IeI to the warp direct.ion. These

samples were conditioned according to CÀN2-4.2-M11 method 2

at 65g'.2+ relative humidity and a temperature of 203loC -

Since there were 4 single dyes, 30 binary mixtures and 1

control, a total of 35 print cloth samples were p.ep'a.ed,

one for each dyeing condit.ion.

3.3 PREPARATTON OF DYE SOLUTTONS 
ì

Using 19 dyestuff per 20g of fabric and a Ìiquor:fabric

ratio of 20:I, approximately B litres of bulk solution were

prepared for each dyestuff. From t.hese bulk solutions,

binary mixtures of yellow and bIue, yellow and red, yellow

and brown, blue and red, blue and brown and red and and

brown were prepared. For each mixture, five combinations in

proportions of 2zB, 4:6, 5:5, 6:4, and 822 were prepared,

resulting.in 30 mixtures and four individual dyes giving 34

dye solutions in total.

2B

3 "4 D]TEING OF COTTON PRINTCT,OTE SAMPLES

The cloth was initially wetted out with distilled

water and an anionic wetting aqè1t. It was then placed in a

LaunderOmeter canister *ítn a capacity of 1-000m1, together

with 40 steel ball-s, 800m1 dye solution and 29 of common
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SaIt. The salt is an electrolyte and increases the repulsion

forces between the dye molecufes and water so that the dye

is attracted to the fibre. The canisters were then closed

and rot.ated for 60 minutes at about 90oC A control

Sample was also given the Same treatment but distilled water

vras used instead of the dye solution. After the dyeing

process $¡as completed., the samples were rinsed separately in

B litres of d.istilled v¡ater twice " The samples were then air

dried at room temperature and pressed to remove 
"tau=.a'.

3.5 EXPOST]RE TO WEATIIEROMETER"

The dyed samples were exposed in a xenon
:

WeatherOmeter Model RB.65WRC. for 120 standard fading hours

in accordance with AATCC Test Method l-69-l-987 under the

following conditions:

The Xenon burner

(Giles l-971) "

Light only

Black temperature of 77 t 3oC

Inner and outer Borosilicate fiLters

Xenon burner 649L1.

emits radiation between 300 and 70Onm

3 " 6 ÃSSESSMENT OF BRE.AKING STRENGTS.

The ultimate t.ensile strength of each sample was

determined before and after exposure in the weaLherometer

using an Instron Mode1-- 4206 aÀO testing according to the

standard method ASTM D tíAZ-eA. For each sample, five

conditioned specimens were tested in the warp di-rection, the
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averag-e breaking strengths cafculated and the differences

between the before and after exposure conditions were

determined.

3.? ÃSSESSMENT OF DEGREE OF POLYMERIZATION

The viscosity of each sample was det.ermined before and

after exposure to the WeatherOmeter using a cadoxen

solution as the solvent prepared using a method described

in Donetzhuber (1960) .

Segal and Timpa's (1912) method was used to prepare the

cell-ulose solutions. For each sample, about 0.029 of ground

dried cotton fibre was placed in a 25mI conical flask. Ten

It of cadoxen'solution was added, and the solution stirred
for about hour using a magnetic stirrer. Ten ml of

distil-l-ed water were added and the solution was f il-tered

through a coarse fritted glass filter under suction to

remove any undissolved impurit.ies.

To determine the intrinsic viscosity of each sample,

1OmI of the filtered solution were pipetted into the

reserwoir of a size one Cannon-Ubbelohde dilution
viscometer.- The viscometer was placed in a water bath at

25.0*0 -zoc for 20 minutes prior to measuring' t.he flow time

of the sol-ution. The flow times of two other dilutions were

determined by adding two successive 5ml- aliquots of 1:1

cadoxen: water directly into tne-- viscometer. The f l-ow time

for the 1:1 cadoxen:watelalone was also measured.
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The viscosity data was used to calculate the degree of

polymerization (DP) of the cellulose as foIlows. First the

relative viscosities lnrel] were calculated from the flow

times at each concentration.

Relative viscosity lnrelJ : t*/to

where tx : Fl-ow time of solution.

From these data the specific viscosities

determined as follows:

Specific viscosity Insp] : flrel_ -l-

and to : Flow time of solvent.

The specific viscosity divided by concentration (in g/100m1)

waSthenp1ottedagainstconcentration,andthe
extrapolated to zero concentration, to determine the

intrinsic viscosity.

Int.rinsic viscosity [n] : lim n"O/c
:ctQ

From the intrinsic viscosity, the degree of polymerization

(DP) was calculated using the following relationship

tnl : KDPa

Where K and a are constants for these particular solvent-

solute and temperature conditions. Their values are as

follows:

lnspl brere

K- 0.0184

a= 0-76 (Segal- and Timpa 19'12)
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The colour of each sampl-e was measured before and after

exposure in the WeatherOmeter. Four layers of each sample

were measured at five different locations using a Hunterlab

Tristimulus colourimeter Model D25-g. The values of the

Hunter L,a,b opponent-colours scale were recorded and the

cofour difference (AE) for each sample was calculated as

follows:

Ae : { (Ár)2 + (Aa)2 + (^b)2 }L/2

Where:[L : L(before) - L(after) . ( If ^L is positive,Lhen

the sample was lighter before than aft.er) .

Åa : a lSsfore) - a (after) ' ( If A'a is positive' it

implies that the sample was redder'before than

after) .

A'b : b (before) - b (after) ' ( Jf ab is positive, it

impJ-ies that the sample was more ye1low

before than after).
precision of each mean Lra,b value was approximately f

J¿

The

0"1-

3"9

A spectrophotometric method outlined by Giles and Shaw

(1969) t was adopted in determining the amount of dye

absorbed by each cotton fabric sample" 0.0i-g of ground dried

sample was dissolved in 20mI of 80% sulphuric acid" This v^ras

left in the refrigeratol, f or 24 ìr_ours and the absorption

measured by a spectropho€ómeter using a dissolved but undyed

cotton sample as a blank.

ME;å.SURING TEE Ã$ÍOUNT OF .A,BSORBED DYES



3.9.1 DETERMTNÄ.TION OF CONCENTRATTON (S) OF DYE (S) ON SÃMPLES

A series of dye solutions r^ras prepared f or each

indiwidual- dye

wavelength of absorption for the dyes measured. The results

for absorption were used to plot cal-ibration curves. The

concenLrations of the single dye samples were read from

these calibrat.ion curves. For the mixtures, their

concentrations r^rere determined by a procedure outlined in

Gil-es (L97L) , using the following formulae:

KeZdr - KetdZ

and t.heir absorptions at the maximum

where;

uA-
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AandB

cA

cB

d

l_

.2
K

UB

KatKe2 - Ka2Ket

KetdZ - KaZdt

KatKe2 - Ka2Ket

The two dyes on the sample.

Concentration of dye A"

Concentration of dye B"

Opt.ical densities

Maximum wavelenqth of absorpti-on of

Maximum wavelength of absorption of

Constant.

3.9"2" DETERMINÃTTON OF TEE K CONSTANTS

To be abl-e to use the formulae outl-ined by GiJ-es

(L91I) , for cal-culating the concentrations of each dye on

the binary samples, it was necessary to determíne the

various constants in the formulae. For each binary mixture

A.

B.
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the different val-ues of the constant K were determined by

measuring known concentrations of the two dyes A and B in

solution at their the maximum wavelength of absorption of À1

.\and ltZ respectiveJ-y. The optical densities of A and B at

concentrations C¡ and Cg are as follows:

¡¡ hf KetCe and KglCg respectively,

at À2 Ke2Ce and Kg2Cs respectively,

3.].0. TÃBT]IJLTTON OF D.AT.A

The averagie results for tensile st.rength, degree of

polymerization and colour measurements were manipulated to

show the changes in colour strength and molecular welght for

each sample during exposure

To assist in evaluating the onjlcti-res of the

research, the data ,-were regrouped-into- two types of tabl-es:

Firstly, the control- and the single dyes, and then the

single dyes and their binary mixtures. This approach will

help to provide the mean changes necessary to ans!,rer the

specific
presented graphically to complement the statistical

analysis "

3. ].0. ]. STå.TTSTTCAT, A}IA],YSTS

objectives" Some of the grouped data are

package , _
For the first and sícond objectives which were aimed

findi-ng ouL the extent of the photosensitizing effects

Data analysis was perfomed using a SAS statistical

at

of



single direct dyes on cotLon,

used for comparisons.

For the third and fourth objectives, each series of a

binary mixture was compared within the series first without

the single dye samples and then including them. Regiression

analysis and 'correlation coefficients were calculated to

determine the existence of any relationships between the

type of dye mixture and their degradative behavíour. Graphs

were al-so plotted to give a pictorial presentation and to

determine whether any observed relationship could be used

to predict the behaviour of the dye mixtures from that of

the individual dyes.

3s

descriptive statistics were



This chapter presents the results of the study in tables

and graphs as well as listing the means and standard

deviations where appropriate for the different variabl-es. This

chapter also includes resul-ts of statistical- eval-uations and

attempts to explain the observed behaviour.

CHAPTER FOUR

RESTLTS AI\TD DTSCUSSTON

4.I DESCRIPTION OF D.A.T.ê,

The mean results of the independent variable, namely the

proportions of dyes, and the dependent variables of chang'es

in tensile strength, colour and degree of polymerj-zation are

presented in the tables together with suppfementary graphs and

statistical data.

Table i-a lists the spectrophotometri-c readings used to draw

calíbration curves for the various dyes. These data are

plotted in Figures l-a to 1d, and were used to determine the

total amount of dye absorbed by the single dyed samples. Tabl-e

1b presents the values of the constant K for the various dyes

at the maximum wavelengths of absorption for each dye. These

K val-ues were used in calculatingi the t.otal amounts of the

various dyestuffs absorbed by the samples dyed with binary

dye mixt.ures.

1r)
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Since the nominal ratio in which the dyes r¡rere mixed

duri-ng the dyeing procedure was not necessarily the same ratio

as that in which the dyes \^/ere absorbed into the cotton

fibres, it was necessary to determine the actual- proportions

in which the dyes were absorbed. These proportions are

summarized in Tabl-e 2 "

Tables 3a,4a,6ar8a,1-0a,12a and 14a summarize the results

of the losses in breaking strength of the different

combinations of the dye mixtures. For clarity of comparison

and analysis the results are grouped in a table for each of

the six binary mixt.ures. Each tabl-e includes bot.h singte dyes

and the five different proportions of dyes absorbed. Tabl-es

3bt4br6brBbr10b, 12b and l-4b present a summary of the resul-ts

of changes in colour whi l-e Tables 3c , 4c , 6c , Bc , L}c , I2c and 14 c

summarize the results for losses in degree of polymerization.

Regression and correl-at.ion anal-yses were used to

determine any relatj-onships that might exist bet.ween the dye

mixtures and changies in the dependent variables and also to

determine Fhe strength of such relationships. Tabl-es 6a-7g

show the results of these statistical- analyses" For ease of

comprehension, the results of t.he analysis of variance,

reg-ression and correl-ation anal-yses are all presented

toget.her "

Graphs to supplemenf the tabtes have also been plotted

for each mixture with the t.hree dependent variables plot.ted
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against the actual proport.ions of absorbed dyes - These are

seen in Figures 2-1 with each figure showing all the three

dependent variables.

4.2 DISCUSSION OF RESULTS

the resul-ts and although st.atistical analyses were carrieC

out on the data, they were used in the dj-scussion only to

complement the graphs and the tables.

Descriptive methods were mainly used in discussion of

4.2.1 DISCUSSION OF RESULTS .N.SSOCIATED WITH EJACII OB.TECTI\¡E

The main aim of this research rtras to examine the

photodegradation of cotton in the presence of binary mixtures

of direct dyes. fn order to achieve this it was important to

determine the photodegradation of single dyed cotton samples

to see if there is any rel-at.ionship with respective binary dye

samples.

The first part of this discussion wiLl therefore focus

on the resu,lts of the undyed control and the individual dyes,

and the second part will combine the last three objectives of

a) determining the photodegradation of cotton by binary

mixtures of direct dyes, b) determining any rel-ationships

between single direct. dyes and their mixtures, and c)

determining if the photodeÇradation of binary dye mixtures can



Dye Concentration

in g/l-itre

0.002
0.005
0.01
0.015
0 .02
0.03
0.04
0.06

Spectrophotometric Readj_nqs .

SATD

Yellow
50 0nm*

0.08
0.18
0 .375
0 .585
0.72
r- .07
T .4I

Brown
5 B Onm*

0.r1
0.33
0.63
0 .94
1.24
1.78

Red
61 0nm*

The Constant
of

0.165
0.275
0 .53s
0.785
1.04
1.50
1, .94

Dyestuff

Blue
67 0nm*

K Values
Ea

0.025
0.075
0.15
0.215
0.365
0 . s30
0.800
1.11

Yel-1ow
Brown
Red
Blue

Value Measured at

Table l-b

used to Determine the Concentration

Yellow

in th

5 0 0nm*

* Maximum Wavel-ength of Absorption.

37 .2
38.6s
30.69

6 .94

Brown

Mix

5 B Onm*

sor
Maxímum Wavelength

qt

61 .58
31.17
13 ':4

l-

Red
61

1 .31
51.96
34.08
15.51

Blue
7 0nmx

6.58
6.8s

I'7 -3L



Total Amounts and Proportions of A-bsorbed Dves.

Nominal ratio

Red
Brown
Blue
Yel-low
Red: YeIlow

2zB

ActuaI Proportion

Table 2

426
5:5
624

Red: Blue
Bz2

t.o

4:6
5:5
624

Red: Brown
Bz2

Total- amount
(q / q of f abric 10-3 )

2.3
3.1
4.r
5.0
1.r

3.9
4.7
4.9
5.1-
6..4

2zB
4:6

1.7
6.9
5.9
5.0
2.9

6.1
q?

5.1
4.9
3-6

5:5-
6 -.4

Yel-1ow: Brown
822

24.00
43.00
26 .00
34.00

41.3
43. B

4L.2
39.2
39.5

41.5
50.1
43.5
46.7
32 -9

4r-.5
50 .5
43.3
35.2
67 -1,

42 .9
45.9
41.0
4r-6
38 .0

42 -1
39 -4
3?.8
42-6
42 .8

44 -5
42.0
28 .4
36.1
3?.8

40

2
4

5
6

B

B

6

5
4
2

Brown : Blue.
2:B
4:6
5:5
624
Bz2

Yel-1ow: Blue

2.t
6.3
0.9
3.6
3.6

0.4
2.r
2.4
4.6
7.0

3-7
6.6
8.0
8.1
9.8

2.6
6.0
6.5
1:6
B .'6

7.9
3-7
9.l_
6.4
6-4

9.6
7.9
7.6
5.4
3.0

6.3
3.4
2-0
1.3
0.2

2:B
426
q..q.

6:4
B:2

7.4
4.0
3-5
2.4

:1--4
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Cal-ibration Curve for BIue Dye
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Figure 1b

Cal-ibration Curve for Brown Dye
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Fiqure 1c

Calíbration Curve for Yellow Dye
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Figure 1d

Catibration Curve for Red DYe

n-0

1"5
ò0
É.
H.ú'
6
c)ú
o
ï 1.
+J
o
EI
o
.¡J
o
Ê-
o
t{
Ëp"
a)È
r/)

/N/
1

/
/./N

44

O .O.'O1-- :0*02 .O.03 O.O4 O"F r 0"06 0'07

ConcenËratlon of ßed Dye' Cin g/titre)



be predicted from that

contain.

4.2.I.T PHOTODEGR;AD.ã.TION OF COTEON BY SINGLE DIRECT DYES

Tabl-es 3a-3c summarize the results of the control- and

singJ-e dyed samples. The chanqe in strengLh results show a

definite difference among the five samples. With three of the

dyed samples having a significantly smal-l-er loss in breaking

strength than the control it can be said that red, brown and

yellow have a protective effect on cotton with red being the

most protective, followed brown and then yeIlow. There was

however no significant difference between the strength loss

of the control and the blue sample.

of the individual

45

dyest.uf f s they

The changes in col-our f or all the dyed samples r^iere

g'reater than that of the cont.rol-. Blue showed the greatest

amount of colour change followed by red, then brown and

finally yellow. The changes in L,a,b values indicate that

apart from ye11ow al-l the samples became lighter. They all

turned greener and the red, brown and bl-ue turned yellower

whil-e the control- and yellow turned bl-uer.

With respect to l-osses in degree of polymerization, a1l

the samples except brown exhibited l_osses greater than the

undyed control-, and so indicated a photosensitizing effect"

Blue showed the highest degradation, followed by red, then



Losses in Breaking Strength
Controls after Uxposure

Control-
Red
Brown
Blue
Yellow

Tabl_e 3a

20.90 1.09 :-6.17 0.44 4-73 22.620-72 0.4s 19.?5 0.96 o.g7 4.120.69 0-42 1,9-42 0.54 t.27 6.12L "77 0 " 6l_ t7 -07 0. 91_ 4 .77 27 .62L.62 0.39 18.43 1_.22 3.19 14.8

of Single Dyeings and thein the Weatherometer-

changes in L, at b values and Total col0ur Difference
rer Expo;;;;--

Control
Red
Brown
Blue
Yellow

46

-0-6
-l_1.3
-12 "L
-t6 -2

L"4

Table 3b

Losses in tiegree of

0.4
18.3

9 "4
10"6
6.9

control
Rêd
Brown
Blue
Yellow

r

Table 3c

Polymerisation

1, .4
-0.1-
-0"3

-r-5.7
6.9

31-98
3462
3324
3602
2877

1-6
21 .5
r_5.3
24 .9
9.9

of the Single Dyeings

2287
181_ 1
2224

--11 65
130 6

VüeatherOmeter

:

Ì:

i
;

9]-1
1651_
r_100
2437
1571
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yel-1ow and finally brown, which did different significantly

from the control-.

4.2.L.2 PHOTODEGRAD.ATION OF COTTON BY BTNARY MTXTURES OF

DIRECT

Tables Aa-c, 5a and b and Figure 2 present a summary of

the results for the binary mixtures of blue and yeJ-Iow.

The strength results showed no strong linear rel-ationship

amongst the mixtures and this was confirmed by Figure 2 and

an R-square value of 0.5682 (Table 5a). In addition, ûo

rel-ationship $ras noted for the individual- dyes and their

míxtures as seen in Figure 2 and a very low R-square of 0.0014

in Table 5b.

DYES

With the changes in colour the mixtures showed that as

the amount of yellow in the mj-xture decreased and that of bl-ue

increaseci, the change in colour decreased steadily. This was

confirmed by the graph in Figure 2 and an R-Square value of

0 " 7574 in Table 5a which al-though not very strong can be

attribut.ed to the fact that. the difference between the highest

change and the lowest change was only 5 .2.

The individual dyes and their mixtures however showed no

rel-ationship. The yellow had the l-owest cofour change of 9.9

but with the smallest amount of blue added to the mixture the

col-our change for that sample was the highest for all the

samples in this group. Small- amounts of yellow added to blue



Losses in Breaking St.rength of Mixtures of Bl-ue and
Yellow Dyeings after Exposure in the weatherometer-

Sample Before Exposure After Exposure Loss

Mean S.D. Mean S.D. Mean Percent

Blue:
10:

7.32

Table 4a

Yel1ow
0
2.
6.0
6.5
7.6
8.6
10

4.0
3.5
2.4
1,-4

0

2L.77
2L "LI
22.56
22.r9
22.89
22.28
2L-62

0.6r
0 .71
1.36
1.10
0.72
0.23
0.39

1-1 .07
r-8.39
]-7.66
1-8.34
t7 .22
r7 .84
t-8.43

Changes in L, at b Values and Total Colour Difference
of Mixtures of BIue and Yel-Iow Dyeings after

- Exposure in the WeatherOmeter

Sample AL A a Ab .ÀE

48

0.9r-
0.91
r- .05
0.60
0.65
1.74
L.22

B1ue
1-0

7.4
4

3.5
2.4
1-"4

0

4 -11,
2.72
4.90
3. 85
5.67
4 .44
3.r-9

YelIow
0
2.6
6
6.5
7 -6
8.6
l-0

2\.6
L2.9
2L "'7
L't.4
24.8
19.9
14. B

Tab1e 4b

-L6.2
-1,6 "7
-L7 "3
-r-B " 6_L8.2
-r9.3

L-4

l_0.6
l-. 6

-2 -'7
-4 .4
-7 -4

-11.1
6.9

15.7
-9"3
-9.0
-9.8
-9 -'7
-9 .5' 6.9

24 .9
19.1
t9.7
2r.5
2t.9
24 -3

9-9



Losses in Degree of
and Yellow Dveinos

Sample
Bfue

10
: Yell-ow
:0
z2 .67.4

4.0
?tr
J.J

2.4
L.4

0

Before Exposure

6.0
6.s
7.6
8.6
1_0

Polymerization
after ExÐosure

Table 4c

3602
321_ 0

31-7B
34 68
291 4
27 93
2811

Reoression analvsis for Mixt-ures of Blrre ancl Yellow Dveìno.s

^cUI
in

After Exposure

Mixtures of Bl-ue
t-he Weat-herOmef,er

Dependent Variable

Strengrth Loss

Colour Change

DP Loss

11 65
1308
I614
1383
r029

978
130 6

49

Tabl-e 5a

Loss

F Value

3.948

9.364

0.000

243'l
r902
L564
2086
L945
1Bl-5

1,57 r

Reqression Analysis for Blue and Yeffow and their Mixtures

Dependent Variable

Strength Loss

Colour Change

DP Loss

Prob>F

0.r44L

0 .05s0

0.991_r_

Table 5b

F Va1ue

0.007

r .632

5 -472

R-Square

0 .5682

0 .157 4

0.0000

Prob>F

0.9376

0 .2s7 6

0.0664

R-Square

0.00r4

0.2460

0 -5226



Changes in Colour, Breaking Strength and D.P. with
Changes in Proportions of BIue and Yell-ow Mixture

Figure 2
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resul-ted in the smal-lest cof our chanqe for that mixture.

possible expJ-anation is that the yeIlow transfers most of the

energy it absorbs t.o t.he bluó- (Schotefiel-d et al- 1933),

causing its colour change to increase whil-e that of the yellow

is reduced" The changes in L, a,b val-ues showed al-l- the

samples, except the one with the highest proportion of yellow,

for the mixtures becoming lighter, redder and yelÌower" Tt is

however interesting to note that the sample with the highest

proportion of yellow, hras the lightest, the reddest and the

yelJ-owest of all- the mixtures. The addition of yelIow

therefore causes the changes in bl-ue to be increased whil-e its

own changes are greatly reduced.

For both the mixtures alone and the mixtures together

with t.he single dyes= the loss in degree of polymerization

showed no relationship and this was confirmed in Table 5a and

b by very l-ow R-Square values of 0 .522 6 and 0 . 1954

respectiveJ-y.

51

A

The results for mixtures of the brown and yelJ-ow dyes

are summarj-sed in Tables 6a-c,1a and b and Fiqure 3"

The loss in strength results did not indicate any

rel-at.ionships. This was conf irmed by regression analyses in

Tabl-es 7a and b with R-Square values of 0 .2'723 for the mixture

and 0 .4225 for the mixture together wit.h the single dyes.

The change in colour results showed a direct rel-ationship

between the proportion of yellow and the col-our chanqe of



Losses in Breaking Strength of Míxtures of Brown and
Yellow Dyeings aftet Exposuie in the Weatherometer.

(kqf )

Sample Before Exposure After Exposure Loss

Mean S.D. Mean S.D. Mean Percent

Brown: YeIl-ow
1-0:0 20.69

9 . 6:0 .4 2I .23
1.9:2"1- 22"60
7 -6z2-4 22.3L
5 .4 :4 .5 23 -01-
3.0:7 .0 20 .83

0:10 2L.62

Table 6a

0-42
0.79
0"73
0. 60
0.86
0.79
0 .39

L9 .42
r-8.63
1-9 " 45
20 .40
19.69
L7.62
r.8 . 43

Changes in L, at b Va1ues and Total Colour Difference
of Mixtures of Brown and Yellow Dyeings after

52

0"54
0"78
L"66
0"50
0.67
0 .35
L -22

Samol e

Brown:

L.22
2 .60
3"15
1_ .9r-
3 -32
3.2r
3.r.9

ExÞosure in the WeatherOmeter

1-0

9.6
7.9
7.6
5.4
3.0

0

YeIIow
0

0.4
2.r
2.4
4.6
't .0
10

Tab1e 6b

5.9
L2.5
1_3"9
8.6

1,4 -4
15.4
r_4.8

AL

-L2.L
-12.7
-r-3. B

-L4.2
-1-5.8
-16.8

L.4

Aa

9.4
9.5
8.6
9.9
9-4

10.0
6.9

^.b

-0.3
-1-3
-3.2
-3.r,
-5.l_
-6-4

6.9

r_5.3
r-5.9
1_6.6
L7 -6
1-9.1_
20 -5

oo



Table 6c

Losses j-n Degree of Polymerizat.ion of Mixtures of Brown

Sampl-e

Brown: Yelfow
10:0

9.6:0.4
7 .9:2.1-
'7 .6:2 .4
5 .4 -.4 .6
3.0:7.0

0:10

Before Exoosure

3324
30 02
357 4
3311
3489
2831
2811

Regression Anal-vsis for Mixtures of Brown and Yellow Dveinqs

After Exposure

Dependent Variable

Strength Loss

Col-our Change

DP Loss

2224
18 B7
1944
2233
195 6

1705
r-306

53

Table'7a

Loss

F Val-ue

L.L22

1r-0.849

0.000

110 0
r-1r_6
1 630
107 B

1533
LL32
157 t_

Regression A¡al-ysis for Brown and Yellow and their Mixt.ures

Dependent Variable

Strength Loss

Colour change

DP Loss

Prob>F

0.3672

0.0018

0.9932

Tabl-e 7b

r

3

0

1

Value

.658

.434

-214

R-Square

0.2123

0.9736

0.0000

Prob>F

0.1140

0.5392

0.3201

R-Square

0 .4225

0.0799

0.1954
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binary the mixture sampJ-es. This relationship was confirmed

by an R-Square value of 0.9786 as seen in Tab1e 6c. There ís

however no rel-ationship--when the values for the single dye

samples are incl-uded" Although yellow has a much l-ower colour

change than brown, the mixture with the highest proportion of

ye1low had the highest change of col-our while that. wj-t.h the

highest brown had the l-owest colour change.. f t was al-so

observed that. al-I the mixtures had colour changes higher than

that of the single dyes. The changes in Lrarb values followed

simil-ar trends to the pure brown sample. The sample with the

highest proportion of yellow was Iighter, greener and

yellower. Once again it seems

greatly enhanced by the presence

overal-1 cof our change of the

addition of a tittte brown greatly increases the yellowness

of the sample which shows that yellow reduces t.he val_ues of

the brown whil-e it increases its o\^rn.

The resul-ts indicate no l-inear relationships between

l-osses in degree of polymerization and the proportion of dyes

in the mixture.

Tables Ba-c, 9a and b and Figure 4 summarise the results

and regression anal-yses for the red and yeJ-low mixtures.

The losses in strength did not indicate any strong linear

ye11ow's col-ourfastness is

of another dye. Al-though the

yel1ow is increased,

refationships with the proportions of dyes present. As seen

in Tables 9a and b, the dat.a from the mixtures gave an R-

the



Losses in Breaking Strength of Mixtures of the Red and
Yell-ow Dyeings after exposure ín the Weatherometer.

(kqf )

Samole

Red: Yellow
10:0

7 -Lz2 -9
5.0:5.0
¿ 1-q q

3.L:6.9
2.327 .7

0:10

Before Exposure

Table 8a

Mean

20 -72
21_ .69
20 "63
21-.94
22.59
22 -1-5
2r -62

S.D.

After Exposure

0 .45
L.09
0 "74
0.86
0.64
0 .54
0.39

Mean

1_9.75
LB .51
1,8.22
r_9.63
L9 -02
r-8.65
18.43

S.D.

Changes in L, .a, b Values and Tot.al- Col-our
of Mixtures of Red and Yellow Dyeings

Exposure in the Weatherometer
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0"96
t.27
1" 10
0 -52
r-.00
r-.00
r.22

LoSS

Mean Percent

Samole

0.97 4.7
3.18 1-4.1
2 "41 11 "7
2.3L 10 .5
3 -57 15. B

3"50 15"8
3. r-9 14.8

Red:
10:

7 -Lz
5:

YeIlow
0

2.9
5
5.9
6r9
7.7
l_0

4.L
3.L
2.3

0

Table Bb

Ar,

-11 .3
-t2 -7
-14 .5
-1-4 .4
-15 .5
-15.7

L-4

Aa

Difference
after

1_8.3
r_9.9
2L.5
2L.3
2L -B
23.1
6-9

A¡

-0 .1
-2 -2
-4.3
-4 .5
-5. 9

-6.1
6.9

Àn

2r.5
23.7
26.3
26.1,
21 .4

28 .6
9.9



Losses in Degree of
and Ye11ow Dyeings

Sample

Red
10:0

'7 -L z2 .9

Yel-l-ow

5.0:5.0
4.1:5.9
3.1-:6.9
2.321.1

0:1-0

Before Exposure

Polymerization of
after Exposure in

Table Bc

3462
2911
313 6
3663
31- 81-

28L0
2877

Reoressìon Analvsis for Mixtrrres of Recl and Yellow Dveinc¡s

After Exposure

Mixtures of Red
the WeatherOmeter

Dependent Variable

Strength Loss

Colour Change

DP Loss

181-i_
L844
t6r_B
L615
1538
r456
1306

Table 9a

5l

Loss

F Value

0"355

51,.324

0.630

Reqression Anal-vsis for Red and Yel-Iow and their Mixtures

1_ 65i-
L133
1518
19B I
L643
1_354
r-571-

Dependent Variable

Strength Loss

Colour Change

DP Loss

Prob>F

0 .5934

0.0056

0.4854

Tabl-e 9b

F

6

0

0

Val-ue

.05r-

. 415

.050

R-Square

0.1057

0.9448

0.1735

Prob>F

0.0572

0 .5 411

0.831-9

R-Square

0 -54-7 6

0 - 0'7 6'7

0.0099



Changes colour" Breaking St.qength
Changes in Proportions of Red and
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Square of 0.1057, whereas, when

it was 0 "547 6 which indicates

best

rel-ationship with the proportion of yellow. Regression

analysis in Table 9a gave an R-Square of 0 " 9448 " When the

sinqrle dyes were added, however, the results did not indicate

a línear relationship. Al-l- the mixtures had a higher colour

change than both single dye samples. Yel-low had the l-ower

colour change of the two dyes, but it is the mixture with the

highest amount of yeIÌow that had t.he highest change of

colour. Once again yel-l-ow had its colourfastness enhanced by

the presence of another dyestuff. The change in L,a,b values

showed the mi-xtures had become J-ighter, gireener and yetJ_ower

as the proportion of yellow in the mixture increased.

The changes in colour did show a positive linear

59_

t.he single dyes were included,

only a weak relationship at

The losses in degree of polymerization did not show any

l-inear relat.ionship with the proportion of red or yeltow dye

either when the mixtures were analyzed al-one or with the

incl-usion of the single dye samples.

The resul-ts for the brown and red mixture dyeings are

summarised in Tabl-es 10a-c, 11a and b and Figure 5.

The changes in strengt.h varied between sampÌes and did

not indicate any linear rel-ationship with the proportion of

brown and red either when the mixtures were analyzed al-one or

with the single dye samples included.



Losses ín Breaking
Red Dyeings after

(kqf )

Sampfe Before Exposure After Exposure Loss

Mean S.D. Mean S.D- Mean Percent

Brown:Red
10 :0

Strength of Mixtures of Brown and
exp€sure iñ tne weatherometer.

9.0:0.9

Table 10a

7 -9 =2 -'1,

3.7:6-3
6.423-6
6.4:3.6

O: l-0

20 -69
2r.78
2t -65
22.76
22.82
20.56
20 -72

0 .42
0 .58
0"51
0.52
0.78
0.68
0"45

L9.42
20 -L4
19.89
20.2L
20 .68
19.86
19.75

Changes in L, a, b Va1ues and Total Colour
of Mixtures of Brown and Red Dyeings

ExDosure in the Weatherometer

60

0 .54
0.94
'J" -22
1 .03
r- . r_0

0.48
0.96

Samole

Brourn
10

9.1
10

3.7
6.4
6.4

0

1.27
t-64
1,-76
2.55
2.1_4
0.70
0 -91

:Red
0
0.9
2.r
6.3
3.6
3-6
r-0

6.1
7.5
8.1

TL.2
9.4
3.4
4 -''Ì

Table 10b

AL

-12.1,
-1_0.7
-1-l-.1
-i_0 .4
-1-0.4
-r-0 .7
-11.3

Aa

9.4
1-0. B

9-B
9.9

10.9
L2 -7
1_B .3

Difference
after

Àb

-0 .3
-0 .3
-0 .1-

-0.l-
-0.2

0.1_

-0-t_

An

r-5.3
L5.2
14.B
L4 .4
15.0
16.6
2r.5



Losses in Degree of PoJ-ymerization of Mixt.ure of Brown
and Red Dveinqs after Exposul:e in the VüeatherOmeter

\.
Sample Before Exposure After Exposure Loss

Brown:Red
10

9.1
7.9
3.1
6.4
6.4

0

0

0.9
2.L
o.J
3.6
3.6
r_0

Table 10c

3324
3r32
2824
3295
3r- 63
3755
3462

Reqression Analvsis for Mixtures of Brown and Red Dveinqs

Dependent Variabl-e F Value

Strength Loss

Col-our Change

DP Loss

2224
22L5
2315
1L69
2464
I1L4
r_B1r_

61

Tabl-e 1-1a

Tabl-e 11b

Reqression Anal-vsis for Brown and Recl ancl their Mixtrrres

1_100
9L1
449

21.26
698

204L
1- 651-

Dependent variabl-e

Strength Loss

Col-our Change

DP LOSS

0 .143

0. L85

-Prob)F

0 .4522

0 .6964

F Val-ue

0.008

s.6s3

R-Sq-uare

0.1984

0.0s80

Prob>F

0.931s

0.0634

R-Square

0.001-6

0.5306



Changes in Colour, Breaking -StrengthChanges in Proportio{.ts of Brown and
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dyeings \^ras minimal. As seen in Figure 5 the increase in

cofour change from 14.8--to a mlximum of 15.2 is negligible

and the regression anal-ysis confirms this in Table 11a with

an R-Square of 0.058. There was no relationship when the

single dye samples were included" However red, which had the

higher degree of colour change, when added to brown, gave a

lower change of cofour than the brown"

Wit.h colour change the

63

variation amongst the mixed

The degree of polymerization losses varied greatly but

did not show any pattern either with the mixtures alone or

with the single dye samples as part of the analysis.

Tables 1"2a-c, 13a and b and Figure 6 show the results of

the of mixtures blue and red dyeings.

Change in strength resul-ts pointed to the fact that as

the proportion of red increased the change in strength

decreased. This ínverse rel-ationship was confirmed in Tabl_e

13a by an R-Square val-ue of 0. BB1B. A simil-ar rel-at.ionship

Ì^ras found with the single dyes included and has an R-Square

of 0.8783 as indicated in TabÌe 13b. Figure 6 shows the

degradation of the mixture was that of a combination of the

individual- dyes it contained.

The results for col-our change did not show any l_inear

rel-ationship with the proportion of blue and red dye with

the mixtures al-one or with the single dyes included. All the

mixtures had lower colour changes than both individuat



Losses in Breaking
Red Dyeings after

t
Bl-ue: Red

10:0 2r.77 O.6j- r7.07 0.916.1-:3.9 22"25 0.53 18.82 1.095 " 3:4 " 7 2t.57 i. .27 LB .24 1 .145.1:4.9 21,.94 0.44 19.51 1.164.9:5.j_ 21.75 0.96 19.31 0.g33-6:6-4 20.5j. 0.51 19.18 0.780:10 20.72 0.45 19.7S 0.96

Strength of Mixtures of Blue andEEPosure -in the Weatherometer.

Tabl_e 12a

changes in L tàt b values and Total col0ur Differenceof Mixrures of Btue and Red ;t"i;;; afLer

64

Blue:Red
10:0

6.1:3.9
5 -3:4.7
5.1 :4.9
4.9:5.1
3 .6:6 .4

0:10

. 4.7r 2!-6
3.43 15.4
3.33 15.4
2.43 11 .1-
2.44 1_1, -2
1.33 6.5
0.97 4.7

AL

Table 12b

-L6.2
-17.3
-1_4 - 4
-15.5
-15.1
-i.5.8
-11 .3

10. 6
8.2
5.0
3.3
3.1
3.3

18.3

Ab

-15.7
-8 .0
-5.6
-6.0
-5.3
-5 .5
-0.1-

24 .9
20.7
r_6.3
r7 .0
16.3
l_7. 0
21_ .6



Losses in Degree of Polymerization of Mixtures of Blue
and Red Dveinqs after Exposurg in the WeatherOmeter

Sample

BIue
10

6.1
5.3
5.1
4.9
3.6

0

Red
0
3.9
4.'7
4.9
5.1
6.4
10

\
Before Exposure

Tab]e 1-2c

3602
384 0
3L1,2
297 9
3382
3 075
3462

Reqression Anal-vsis for Mixtures of Blue and Red Dveinqs

After Exposure

Dependent Variable

Strength Loss

Cofour Change

DP Loss

1r- 65
15 64
r627
1-462
L87 9
2069
1-8t_1

65

Table 13a

Loss

F

22

1

22

2437
227 6

i-4B5
151_7
r_503
1006
r- 651

Regressi-on Analvsis for Bl-ue and Red and their Mixtures

VaIue

.312

.591

.689

Dependent Variable

Strength Loss

CoIour Change

MoI. WI " LoSS

Prob>F

0.01-79

0.2964

0.0r_76

Tabl-e 13b

F Va.l-ue

36.097

0.718

3.106

R-Square

0.88r-8

0.3465

0. BB32

Prob)F

0.0018

0.4355

0 " 1383

R-Square

0.8783

0 .1255

0.3832



Changes in Colour, Breaking -Strength and D-P. with
Changes in Proportio¡ls of Sfue and Red Mixtures

Figure 6
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dyeings. The changies in L,a,b values indicated that al-l the

samples for the mixture became Iighter, qreener and yellower.

They also showed that a Littte adOition of blue to red reduces

the redness of the mi-xture whil-e the b values showed an

additive effect.

With respect to the degree of polymerization val-ues, âs

the amount of blue in the mixture increased, tl. degradation

of the sample also increased which was the same as that for

st.rength. The reqression analysis gave an R-Square of 0"8832

as shown in Table L3a while that with the single dye samples

included in TabÌe l-3b was 0 .3832 indicating no linear

relationship. f t eras observed that with a littl-e addition of

blue to red the change in degree of polymeri"-aio.r dropped

significantly and then started rising to a maximum which was

below that of the pure bl-ue sample but higher than that of

the red only sample.

The resul-ts for mixtures of blue and brown dyeings are

shown in Tables 1,4a-c, 15a and b and Figure 7.

The changes in strength showed great varj_ation between

samples, but there r^ras no l-inear relationship with the

proportion of bl-ue and brown in the mixtures, which was

confirmed in Table 15a by a very l-ow R-Square of 0.0076" A

similar behaviour was observed with the single dye samples

included and t.hat g'ave an R-square val-ue of 0.4615 as shown

in Table 15b.



Losses in the
Brown Dyej-ngs

Samnle

Bl-ue : Brown
10:0

6 .3:3 .7
3.4:6.6
2.0:8.0
1-.3:8.7
0.2:9.8

0:10

Breaking Strength
after Expopure in

(kcrf )

Before Exposure

Tabl-e 14a

Mean

2L "11
20 .44
22.t2
2r "68
20.82
22.28
20 .69

of Mixtures of Bfue and
-Lhe weatherometer.

S.D.

After Exr:osure

0.6r_
0 .57
l_.04
L "t2
0.83
0.66
0 .42

Mean

I7 .0'7
r7.70
2L.20
20 "r3
r.8.90
1-9.07
19 .42

Changes in L, a,
of Mixtures of

Exposure

S.D.

68

0.91
0.46
1.21
L -02
r-.0L
t .17
0 .54

SampIe

Mean Percent

Loss

Blue : Brown
10:0

6.3:3-7
3.4:6.6
2.0:8.0
1.3:8 .7
0.2:9.8

0: l0

4 "7t
2.7 4

' 0 "92
l-"57
0.67
3.25
L -21

b Va1ues and Total Colour Difference
Blue and Brown Dyeings after

2r-6
t3-4
4.2
1"2
3-2

t4 .6
6. r.

.AL

Tab1e.l-4b

in the Weatherometer

-]-6 -2
-15. 6

-L4 .4
-r.3.9
-1_3.5
-L2 -3
-t2.L

Aa

8.7
4.r
3.1-
2.9
3.2
6-2
9-4

Ab

-r_5 " 7

-4 .0
-2.3
-2.'J-
-L.7
-0-8
-0 .3

AE

24.9
r_6.6
14.9
1_4 .3
r_4 .0
1-3.8
15.3



Losses in the Degree of PoJ-ymerizat.ion of Mixtures of Blue
and Brown Dveinqs after Exposrlre in the WeatherOmeter

Sampl-e

Bl-ue : Brown
10:0

6 .3:3 .7
3.3:6.7
2.0:8.0
1- .3 :8 .7
0 -229.8

0 :1-0

Before Exposure

Table 74c

3602
3262
3]49
341"9
3731
3042
3324

Table L5a

Reoression Anafvsis for Mixtures of BIue and Brown Dveinqs

Dependent Variable

Strength Loss

Colour Change

DP Loss

After Exposure

11 65
r236
1193
r-695
L239
1 631
2224

69

Tabl-e 1-5b

Regression A¡a]vsis for Bl-ue and Brown and their Mixtures

Loss

F Value

0.023

1-00.082

0.240

2431
2021
r-956
1,125
2492
141_1_

110 0

Dependent Variable

Strength Loss

Col-our Change

Mol. Wt. Loss

Prob>F

O. BBBB

0 . 002r_

0 . 6sB0

F Value

4.390

r9.130

3 .492

R-.Square

0.0076

0.9709

0.0740

Prob)E

0.0903

0.0012

0.r206

R-Square

0.4675

0 .1928

0 .4tr2



Changes in
Changes in

Colour, Breaking-Strength and D-P" with
Percentagres of Blue and Yell-ow Mixtures "

Figure '7
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It was observed that t.here was not much variation in the

change in colour val-ues for the mixtures. The proportion of

bl-ue in the mixture was -found tó be d.irectly proport.ional to

the extent of colour change giving an R-Square val-ue of 0.9709

as shown by Table 15a. A simil-ar relationship was f ound wít.h

the incLusion of the pure dye samples. As shown in Table l-5b

this gave an R-Square val-ue of 0.1928.Vühen a small amount of

brown was added to the blue the colour change decreased

greatly. The Lrã,b values showed that all- the binary mixture

samples became lighter, greener and yellower after exposure.

The resul-ts of the degree of polymerisation did not show

any linear rel-ationship with the proportion of bl-ue and brown

either in the mixtures alone or with the single dye samples

incl-uded.

Since the change in col-our resul-ts showed a number of

relationships with the proportion of dyes in the mixt.ure, the

next section will discuss how each dye behaves in combination

with the others.

Of all- the sinqle dye sampJ-es, the ye1low sample showed

the least change in cofour. As ill_ustrated in Figure B alt

t.he yellow mixtures however showed large changes in colour

with a l-ittl-e addition of either brown, blue or red. These

changies, apart from the blue mixtures, were al_l_ higher than

that of both singre dyes in thé mixture. This degree of col-our

chang,e t.hen decreased slowly to a minimum, as the proportion
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of the other dye was increased, but this minimum, except for

the blue, was still higher than that of both the red and brown

singte dye samples. Although the- yel-Iow sample became darker,

redder and bluer, the L,a,b changes show that the addition of

any of the other cofours to yeJ-low reduces the bl-uing of the

sample. In fact they became more yellow after exposure than

before. They also became lighter and redder.

BIue had the highest extent of colour change among the

singÌe dye sampl-es " The result.s showed that a l-ittl-e addition

of brown or red caused a large reduction in the degree of

colour change of the sample as shown in Figure 9 " This amount

of colour change $¡as higher than that of the single dye

sampÌes of the other cofours and then fell ao " minimum bel-ow

that of the single dye samples. With the yellow, the change

initially decreased to a val-ue bel-ow that. of blue when the

lowest proportion of yellow was added. Then as the proportion

of yellow in the mixture increased the colour changre gradually

increased to a maximum which was about the same as that the

single blue dyeing. A Iittl-e addition of bl-ue to red decreases

the greeningi of the red whil-e a littl-e addition of blue to

yellow enhances the yeJ-lowness of the sampJ-e. The addition of

smal-l proportions of these dyes to bl-ue however doe.s not seem

to af fect on the bl-ueness of the sample.

Red had the second highest deqree of colour change. As

indicated in Figure 10 the resul-ts indicat.ed that apart from



Figure 9

Colour Changes of Mixtures, vrith Blue
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Figure 10

Colour Changes of Mixtures with Red
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the yellow the addition of either blue or brown caused a

significant decrease in the colour change of the sample. The

changes in Lrarb indicaLe that íite addition of these colours

to red decreases the reddening of the red, except for blue

which did not have the same effect.

The brown was the dye that gave the second lowest amount

of colour change among the single dye samples. As ill-ustrated

in Figure 11, with the addition of a small proportion of blue

or red the colour change of the sample is reduced slightly"

These changes then increased but very minimally and the

mixture with the highest proportion of bl-ue was just slightly

higher than that of the brown only sample while, for the red,

it was about the same as that of the brown only sample. The

addition of the lowest proportion of yellow however caused an

increase in the degree of cofour change of the sample. The

brown therefore seemed to have a photoinhibiting effect in its

mixtures with red and blue.

Apart from the mixtures of yellow aÌI ot.her binary

mixture sampJ-es had lower degrees of cofour chanqe than one

would expect from an additive effect.

Overal-l- one cannot predict the behaviour of dye mixt.ures

from that of the individual- dyeings. A possibl-e explanation

could be that the dyes interact in solutíon or in the fibre

when mixed with each other. fn relation to colour change which



Figure 11

Colour Changes of Mixtures with Brown
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gave the only consistent results-, it could be that when mixed

with the other coloursrìettow tends to reduce the tend.ency

for dyes to aggregate, thereby exposing a greater surface

area to the light and leading to a reJ-atively higher degree

of col-our change. It is however interesting to note that for

all- these sampÌes the colourfastness of yeIlow'in the mixture

is enhanced. A possible explanation is that although the dyes

aggregate less in the mixLure, most of the energy absorbed by

t.he yeltow component is transmitted t.o the other dye so that

there is virtually no colour change of the ye1low while the

colour change of the other dye is increased. With the other

mixtures that do not contain yellow, there lvas less colour

change on the whole than what one would obtain if the

proportion of the individual colour changes of the individual

dyeings were added together. This coul-d be explained as

follows. In the mixtures they tend to aggregate more than as

individual dyes resulting in Ìess colour change" In fact the

l-iterature. shows that dyes that aggregate in a fibre tend to

fade to a lesser extent than those that do not (Baxter et al

1957,' Baxter et al 1971).



ST]MMARY A¡ID CONCLI]SIONS

5. ]. SUMT4ARY

The major aim of this research \^ras to discover how

binary mixtures of direct dyes degrade cotton dyeings " Four

commercial dyes namely, Ultrasol Yellow BG, Direct Red 1-,

Direct BIue 1 and Direct Brown 1 were used in. dyeing cotton

from an aqueous dye bath containing an electrolyte. These

four single dyes were combined to form six binary mixt.ures

each of which was used at five different proportions. The

four individual dyeings, thirty mixtures and one undyed

control sample r^rere exposed in a xenon-arc WeatherOmeter

for 1,20 standard fáding hours. Tristimulus colour values,

tensile breaking strength and the degree of polymerization

were measured before and after exposure. Degradation was

then assessed by changes in these three variables. The

amount of each individual dye absorbed, the total amount and

the actual proportion of each dye absorbed by each sample

were also determined.

CEAPTER FI\rE

19

The results for the singJ-e dyeings do not provide

clear evidence of photosensitj-zing and protective behaviour.

The strength resul-ts reveal-ed that three of the single dye

were protective; the most protective dye being red, fol-lowed

by brown then yelJ-ow. On the other hand the colour changie

and loss in degree of polymerization data showed that at

Ieast three dyes were photosensitizers. The colour change

data ranked blue, red, brown and yellow with yellow



BO

degrading the l-east, while the degree of polymerization data

indicat.ed that blue had the most photosensitizing effect.

followed by red and. then--yelfowl-

The results for breaking strength and deqree of

polymerization of the cotton dyed with binary mixtures were

very inconsistent and revealed no definite pat.terns " Also

there was no Linear rel-ationships f ound between t.hese

properties and the proportion of dyes e*cept for the red

and blue binary mixture " For this mixture the l-oss in

breaking strength r,'ras found to be a combination of that of

the individual dyes. The same combination also showed that
for the change in degree of polymerization as the proportion

of blue increased, the degradation of the sample also

increased, but failed t.o show any direct l-inear relationship
between the extent of change and the proportion of dyes in

the mixture.

The results of change in colour generally revealed

definite patterns of behaviour within each binary mixture.

They do not however show direct linear relationships between

the individual- dyes and their mixt.ures. For example, with

the bl-ue and brown combination a small- amount of brown in
the mixture decreased the amount of colour change much

bel-ow that expected for an additive process. This signifies
that the brown dye \^¡as acting as a photoinhibitor. This was

al-so evident with the brown and red combination.

Mixtures of yellow with blue, red and brown reveal

similar patterns of behaviour. The extent of colour change
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r^ras f ound to be directly proportional to the amount of

yellow in the mixture and the presence of the lowest.

proportion of yellow increased- the cofour change of the red

and brown mixtures above their performance as pure shades "

The red and blue míxture did not show any l-inear

relationship. The resul-ts of the red and brown mixture

revealed the combined col-our change was not additive. In

fact the brown component appeared to be the dominant

influence, maintaining approximatety the same low level- of

colour change regardless of the proportion of red in the

mixture.

The results al-so revealed that when yellow is mixed

with other dyes the colourfastness of the yellow component

is enhanced whil-e that of the ot.her dye is diminished" Apart

from the combination with yellow, the colourfastness of blue

is not affected by mixing with the other dyes.

On the whole the resul-ts for f ibre degradation as

indicated by changes in strength and degree of
polymerization \^¡ere not consistent. The resul-ts for col-our

change were however more consistent and reliable. This could

be due to the fact. that co]our is a surface measurement and

therefore is not affected much by variations in total amount

of dye. The ot.her two factors however measure changes in
the bulk properties such as mol-ecul-ar structure which are

manif ested physicalJ-y or chemical-ly. These changes can

therefore be inffuenced by the amount of dye in the fibre.
The fact that the samples were l-eft for about four months



and viscosity measurements carried out over

about two months coul-d have contributed

variation
polymerization measurement.s and also to the disparity in

the changes

results.

and

5"2 CONCLUSTONS

inconsistencGs

From t.he results obtained it is difficult to draw

consistent concl-usions about which dyes should be classified
as phot.osensitizers and which as protectors when the method

of classification depends on how the degadation is measured.

The breaking strength results reveal that three of the four

dyes protected cotton while the deqree of polymerization

resul-ts show that two of the same dyes could behave as

phot.osensitizers. From the colour change results yeJ-low was

Ln strength and degree of polymerization

in the degree of

B2

period of

the high

a

to

the most. cofourfast with

fol-l-owed by brown, then red and blue.

The only pattern emerging from the breaking st.rengt.h

resul-ts involved the blue and red mixture in which the

degradation of the fibre was directly proportional to the

proportion of bl-ue in the mixture. However there was no

relationship between the ext.ent. of mechanical degradation of

cotton and the combination of dyes present nor can the

extent of mechanical- degradation be predicted from that of

the ratio of the individual dyes.

the least amount of change
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The degradation of colour in a binary mixture depends

on the types of sj-ngle dyes in the mixture. Although there

appear to be some type o-f relítionships between the extent

of degradation and the proportion of dye in the mixtures,

these are not necessariJ-y direct relationships " The extent

of degradation of a mixture cannot be predicted directly

from that of the proportion of the component dyes" Mixtures

of yellow, where the extent of col-our change was higher

than that of the individual- dyeings, supports observations

that generally ye11ow dyestuffs act as photosensitizers

(Smith 1-950; Scholefield et al L933) . This behaviour was not

observed with any of the other three dyes. In fact the

col-our change results of the brown point to the fact that
with certain other direct dyes like Direct Bl-ue 1 and Direct

Red L, Direct Brown 1 can behave as a protector"

By measuring degradation in terms of degree of

poJ-ymerization and cofour it was hoped that rel-ationships

between t.hese three variabl-es could be identified. However

since the results describing the degradation of the fibre
were inconsistent it is difficul-t to draw concl-usions about

the ability of the dye to change colour as compared to its
ability to degrade the fibre.

5.3 TMPLTCÀTTONS OF STUDY

It is believed that this research has added to the

understanding of the behaviour of direct dyes on cotton and

more specifically of direct dye mixtures. ft has been
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confirmed that when a dye with good lightfastness like

Ultrasol Yellow BG is combined with another dye having any

lightfastness, the new shade is---not. as fast. as either of t.he

component dyes. On the other hand certain dyes when mixed

together tend to produce shades that have a

lightfastness than the component dyes.

5 .4 RECOMMENDÃ,ITONS

1-. Since the strength and degree of polymerization results
did not provide conclusive evidence in terms of fibre
degradation, it would be of interest to repeat the

experiment but this time maintaining closer control over

the total- amount of dyestuff absorÌred by the samples: In

future when undertaking similar experiments, the amount of

time between exposure and measuring the dependent variabl-es

should be kept to a minimum, since it has been observed

that degradation reactions can continue after exposure to
sunlight is completed.

conditi-ons can help overcome this problem

2. In this experiment the dyeing procedures were simplified
by omitting the auxilJ-ary chemical-s that are normally

present in commercial- dyeing operations to enhance dye

performance. It. woul-d be of j-nterest to know how the same

single dyestuffs behave if dyed with the addition of these

industrial- chemicals .

better

Keeping specimens in dark, frozen
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3. Other types of direct yellow and brown dyes cou1d be

studied t.o f ind out how t.hey behave.

4. The chemical and physìcal ,,uar-,.u of the dye mixtures used

in this research coul-d be st.udied both in terms of

interactions in the dye solution and on the fibre " This

might lead t.o a clearer underst.anding of how they affect
photodegradation .
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