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ABSTRACT

The thesis describes a variety of types of experi-
nents to elucidate some dyeing processes of textile materials
and to investigate some physical and chemical factors which

influence photostability of dyes on textile fibres and also
of dyed fibres. |

The subject matter is divided into following parts

and sections :

PART I  DYBING OF CHEMICALLY MODIFIED POLYPROPYLENE :

Section 1. Cationic Dyes on Chlorinated Polypropylenc

Polypropylene fibre has been chlorinated by the
action of sodium hypochlorite urder specific conditisns. On
chlorination, the moisture contont of the fibre increcases,

but there is no effect on the fibres mechanical propertics.

On chlorinatiosn, merked affinity is created in the
fivre for cationic dyes from alkaline medium. Eight
- different cationic dyes have been used on the chlorinated
product under different dyebath pH conditions. Dycings tend
$o ghow that the mechanism of application of cationic dyes
on chlorinatcd polypropylene is a reactive type, il.ec,, through
the formation of a covalent bond between the f£ibre and the
dye.



ii

0f the eight cationic dyes, scven are found to .
possess poor to moderate lightfastness, only Methylene Blue
(C.I. Basic Blaue 9) gives very good lightfastness. In all
the cight dycings, other fastness propertics such as fagtness
to washing, bleach, ma-water and goda~boil wre goosd., All
the c¢ight dyeings have been after-trcated with iodinc which

incrcase lightfastness.

.Segtion 2. Cationic Dyes on Brominated Qgiypggpylene

Polypropylene fibre has been photobrominated by the
action of bromine under specific condi*ions. On bromination,
the moisturc content of the fibre increascs, but there is no

affcev on the fibre's mechaniral propertics.

On bromination, marked affinity is created in the
fibre for cationic dyes from clkaline medium. EBight difforent
cationic dycs have beon uscd on the brominated product under
differcnt dycbath pH conditions. Dyeings tend to show that
the nechanism of application of cationic dyes on broninated
polypropylene is a reactive type, i.c., through the formation
of o covalent bond between the fibre and the dyc.

0f the eight cationic dyes, seven are found to
possess poor to moderate lightfastness, only Mothylene Blue
(C.I. Basic Blue 9) gives very good lightfastness, In all

the elght dyeings, other fastness properties such as fastness
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t> washing, blcach, sca-water and soda boil are good. 4All
the eight dycings have been aftertreated with iodine which

incrcasc lightfastness.

PART II  INFLUENCE OF PHYSICAL FACTORS ON THE PHOTO-
STABILITY OF DYES : | "

Section 1. Llightfasiness of Lenasol (Acid Reactive
Dyes on Drawn and Undrawn Nylons

Four Lanasol (acid reactive) dyes aprlied on drawn
and undrawn sanples of nylon in both the fixed and unfixed
statc have been examined for their lightfastness on the
Fade~Oncter. Higher lightfastness observed on drawn nylon.
‘can be attributed to the "diffusion-restriction" (IR) cffect;
and also this higher lightfastness showe that these dyes are
probably in a state of very low aggregation. The fixed dyeings
are not found to be faster than the wnfixed ones, this tends
to chow that the dye-fibre bond obtained in reactive type of
dyeing does not seem to contribute to higher lightfastncss.

Segtion 2. Some Stulies on n-Butanol Assisted Dyecing of

Lanasol (Acid Reactive) Dyes on gyganGG

Four Lanasol (acid reactive) dyes havc been applied
on nylon 66 £rom aquesus and also from n-butonol asgsisted
aqueous dyebath. The effect of n-butanol is studied: n;butanol
did not change the hue of the shades in solution or on the

substrate to any noticeable extent, n-butamol is fownd to cause



iv

disaggregation of the dyes in solution and also on the
substrato, its presence in the dycebath is found to increasc
diffusion rate of tho dyes in the substréte, and also the
lightfagtness of the dyecings. The increase in lightfastness
can be cxplained as due to greater penctration of the dyes
in tho substrate, |

Scction 3. Lightfasiness of Acid and Mctal Complex

Dycs on Drawn and Undrawn Nylcns.

Six acid, four 1:1 nmetal complex, and four 1:2 metal
conplex dyes applied on drawn and undecwn samples of nylon
have beon examined for their lightfastness on the Light
Fastness Tester. Higher 1ightfastness on drawn nylon shows that
these dyes arc probably in a state of very low aggregation, and
also this higher lightfastncss can be attributed to the
"diffusion rcstriction (DR) cffect.

Section 4. Some Studjes on n-Butanjol Assisted Dyeing
of Acid Dycs on Nylon 66. .

Seven acid dyes have been applied on nylon 66 from
aqueous and also foom n-butanol assisted aqueoous dycbath.
n-Butanol 4id nov chemgc the huc of the shadcs in solution
or on thc substrate to any noticcable oxtent, n-butanol is
found to cause disaggregation of tho dyes in solution and
also on the substrate, its prosence in the dyebath is found



to increase diffusion rate of the dyes in the substratc, amd
also the lightfastness of the dycings. The incresse in
lightfastness can be explained as duc to greater penctration
of the dycs in the substrate.

Scetion 5. Some Studies on Solvent (Perchlorocthylenc)

Lycing of Disperse Dycs on Polycster.

Three dispcrse dycs have been applied on polyester
from aquoous and perchlorocthylene dyebvaths. The effect of
perchloroethylene hag been studied: it did not change the
huc »f thce shades in the substrate to eny noticeable axtent.
It is found to depress the glass transition tomperaturc (Tg)
of the polycster filn from 85°C to 56°C. Dyes applied fron
aqueous ncdium are found to be nmore agg.egated shan those

applied from perchloroethylene.

Tho retaiﬁed perchloroethylene is found to decrecase
lightfastness of thg dyeings. It is found for cach of the
dye skulicd that higher the amouwnt 2f solvent rcetained, lower
is the lightfastness.

PART IIT LFFECT OF CHEMICAL FACTORS ON LIGHT FADING OF DYES :

Section 1. Some Quentitative Studies on Light Fading of
Salubilised Vat Dycs vn Nylon 66 After-Treatod

with Hydroquinonc.

Quentitative measurcments of increase in lightfastness

5f Solubiliscd Vat dyes on nylon 66 on aftertreatment with
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hydroquinone have been carried out. It is found that the
increase is-due to amti-oxidant action of hydroquinone, and
not due to ultraviolet absorption by this aftertreatnont
agent. Dffcct of ageregation is also studieds 8tudy of
relative effeet of both theese factors on increase in lightfast-
ness has aevealed that in case of two of the five dyes
investigated, aggregation does not play any role in inmproving
lightfastness, it is due to anti-oxidant action of hydro;
quinone only; while in the case of other three dyecs, both the
factors arc found to contribute in improving lightfastness.
Aftertreatnent with hydroquinone is found to cause changes

in particle size distribution of these dyes on nylon 66,

Scctisn 2. Mechanism of Light-Fading of d4z0 Dyes on

Polyvinyl Chloride and Poly(Ethylene-

Tercphthalate ).

4 scries of monoago compounds based on phenyl azo-f%—
naphthol and phenyl ezo=-8-hydroxyduinoline have been applied
to polyvinyl chloride and poly(cthylene terephthalate)
respectively. From the relation between the clcetron-
attracting or withdiawing properties of the substituents in
the bonzene nucleus and celative fading rates, it is
concludcd that the faling reaction in both the dyc-fibre

. Bystemsis probably oxidative type. This conclusion agrees
with that from sarliocr analysis of fading products of
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anthraguinone dispersec dyes on po l&cster. It is therefore
‘clear that both polyvinyl chlorido and poly(othylenc
terephthalate ) confirm with the general observation that
faling on any nanproteiﬁifg¥;;;aative type, provided that

oxygen has access to the dye.

Section 3. Effect of Sulphonic hcid Groups in the

Monoazo Acid des upon Their Liggtfastness

onggx}onYGG.

Quantitative measurement of increase in lightfastness
of monoozo acid dyes on nylon 66 with the increasc in the
number oi sulphonic acid groups in the dye molecules has been
carricd out. It is inferred that the increasc may be attri-
buted to lowering of swrface activity of molecules of the dye
with the inérease in number of sulphonic acid groups, and also
to the increascd possibility of ionic dye-fibre links resulting
in increasec in strength of dye~fibre bonding.

Section 4. 4ctivation Ehergjes of Light Fading nf Dyes
in Textile Substrates.

sctivation energies of fading of four different dye-
fibre systoms have been measured by fading at different
tenperatures :
(1) three acid dyes on gelatin film,
(ii) three basic dyes on gelatin film,



viiy

(1ii) four disperse dyes on polyester,
and (iv) two disperse dyes on polypropylene.
Aetivation energies ~f fading range between 1.4 and 9.0
k.cal/mole and depend on the naturc of the substrate anl the
class of the dye. This conclusion agrees with that from
earlier mcasurcments of activation energies of same or

diffcerent dye-fibre systems.

PanT IV PHOTOSTABILITY JF FIBRES IN PhESENCE OF DYES

Section 1. The Effect of Light on Nylon 6 Dyed with

rrocinyl (Disperse Reactive) Dyes.

Photostability of nylon 6 has b-cn studicd in
presence of four Procinyl (disperse reactive) dyes in the
Light Fastnoss Tester with an MBTF lamp. The loss in
nechenical and chenical propertics of the dyed material is
found to be lcss than that of the mock dycd material exposed
under the identical conditions. This shows that these
rocinyl dycs confer photoprotective action to nylon 6. The
extent of photoprotective action varies fron dye to dye.

A dyc exhibiting naxinum lightfastness confers maxinun
photoprotective action, and a dye possessing nininun

lightfastncses shows least photoprotective action.
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These results tond to confirm the previous obscrve-
tions that the dyc which form covalent bond orn dyeing also
confers protective action to the dyed fibre against photo-
chenical degradation.

Scction 2. Effcct of Hydrodquinonc on_Light-Induced

t

Tegradation of Nylon 6 Dycd with Solubili-
ged Vat Dyes.

Photostability of nylon 6 has been studied in presence
of four solubilised vat dyes in the Light Fastncss Tester with
an MBTF lamp. Two of the four dycs exhibit catalytic activity
to cnhance the actinic degradatisn of nylon 6 wherecas other
two dyes are photochemically inactive and confer photoprotec-
tive action to the fibre, TPhotochemically inactivé dycs possess

better lisntfastness as compared to active dyes.

Light-induced degradation of nylon € in prescnce of
solubilised vat dyes is retardad by en aftertrcatment with
hydroquin>ne, It is found that this retarding action is due
to énti—oxidant action of hydrodquinone, and not duc to ultre~

violet ebsorption by this aftertrcatment agent.

Section 3(1) : The Effect of Light on Chlorinated

Polypropylone Dyed with Cationic Dyes.

A1l the eight dyeings as described in Section 1,
Part I have been studied for their photostability in the
Light Fastness Tester with an MBTF lamp.



Of the eight cationic dyes, four are found to give
pho todegraliing action to the fibre whereas the other four
afford photoprotection. The dye possessing very good
lightfastness on chlorinated polypropylene, i.e., Methylene
Blue (C.I. Basic Blue 9) confers maximum photoprotective

action to the fibre.

Section 3(ii). The Effect of Light on Brominated
Polypropylene Dyed with Cationic_Dyes :

The studics in the cffect of light on all the cight
dycings as described in the Scction Z, Part I show that three
of them give photodegrading action on the fibre whereas other
five dyes have been found to afford photoprotection. Here
again, the dyc possessing very good ligutfasiness on
brominated polypropylene, i.c., Nethylene Blue (C.I. Basic
Blue 9) confers maximum protective action on the fibre against

its photodegradation.
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