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ABSTRACT

Disperse dyes have been extensively used ~ for
colouration of PET and nylon 6 using conventional dyeing as
well as mass .colouration techniques. One of the basic
requirements of such dyes is compatibility with the polymer.
This helps in enhancing the dye upfake and better fastness
properties. In mass colouration process thermal stability
and volatility of the pigments are the 1limiting factors

alond with compatibility.

The main objective of the present work was to develop
azo and anthragquinone dyes having better compatibility with
PET and nylon 6 by introducing groups which ensure chemical
and geometrical conformity. Several anthraquinone dyes
having hydroxyethyl and carboxyalkyl groups were prepared
by feacting 1—chloroanthraquinoﬁe, 1,5-dichloroanthra-
gquinone or - 1,8—dichloroanthraquinoné with ethanolamine,
aminocaproic acid, aminoundecanoic acid. The azo and
anthraquinone dyes having Jﬁ-hydroxyethyl groups were also
modified by introducing acetyl, benzoyl, and terephthaloyl
groups. The introduction ' of terephthaloylated and
carboxyamylamino groups is expecéed to increase the dyestuff
compatibility with PET and nylon 6 respectively due to their

structural similarities.

Axsystematic study was also carried out to investigate
the effect of structure on properties of perylene pigments.

Pigments having methyl, hydroxyethyl and carboxyalkyl
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groups were prepared by reacting perylene-3,4,9,10-
tetracarboxylic acid dianhydride with methylamine,
ethanolamine, aminoacetic acid, 4-aminobutanoic acid and

6-aminocaproic acid.

The modified dyes and pigments were characterised by
elemental analysis, electronic, ir, 1H—NMR and mass
spectroscopic techniques. The structures of various dyes and

pigments were confirmed by such analyses.

Electronic spectra of various dyes were recorded in
different solvents. A hypsochromic shift was observed on
acylation of hydroxy dyes. Higher solvochromic shift was

also observed for all the dyes in DMF.

Modified azo and anthraquinone dyes were used for
colouration of PET and nylon 6 using conventional dyeing and
by mass colouration technique while perylene pigments were

used for the mass colouration of PET and nylon 6.

Dyes substituted by only one benzoyl and terephthaloyl
group showed better dye uptake as compared to the acetylated
and hydroxy dyes. The trend was reversed when two such
groups were present 1in the dye molecules which was
attributed to the steric hindrance. These dyes also tended
to have Dbetter 1light, wash and sublimation fastness
properties in PET. Similarly, dyes containing carboxyamyl-

amino groups showed an increase in dye uptake and better
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wash and sublimation fastness properties in nylon 6 when

compared to the other dyes of respective series.

Solubility parameters of dyestuffs were calculated
theoretically using molar group contribution method.
Increase in dye uptake of azo and anthraquinone dyes on PET
was observed by decreasing the difference between the
solubility parameter of the dye and fiber and increasing the
difference‘ between the solubility parameter of dye and
water. However, in nylon 6, a better correlation was
obtained wiEhA association solubility parameter and dye
uptake. Highest dye uptake of terephthaloylated dyes on PET
and carboxyamylamino acid substituted dyes on nylon 6 was
explained on the basis of a bicomponent solubility parameter

model.

In order to study the changes taking place in physical
structure of PET during dyeing process, "density, x-ray,
birefringence, critical dissolution time (CDT) of dyed
fibers and phase transition characteristics were evaluated.
Such studies indicated a marginal increase in
crystallinity in dyed fibers as compared to neat fiber
treated under similar dyeing coﬁditions. Lower
crystallisation temperature and low heat of «crystallization
was observed in dyed fibers using acylated dyes as compared

to the fibers dyed with hydroxy dyes.

The primary requirement for mass colouration 1is that

the colourant should be stable at spinning temperatures of
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polymer. 'Thermal stability of dyes and perylene pigments
was evaluated by comparing onset temperature for weight
loss and temperature of maximum rate of weight loss and char
yields. Higher thermal stabilities for the acylated dyes
were observed than the corresponding hydroxy compounds. All

the perylene pigments were stable upto 350-400°cC.

Thermal stability of dyes is also influenced by polymer
substrate. Therefore, master batches of PET/nylon 6 having
10 $ (w/w) azo/anthraquinone dyes were used for evaluating
thermal behaviour. Increase in thermal stability of various
dyes was observed in PET. Benzoylated and terephthaloylated
dyes showed lower weight loss in PET as compared to the
corresponding hydroxy and acetylated dyes. However, 1in

.nylon 6, azo dyes showed rapid weight loss.

Knowledge of melt viscosity is essential for optimising
spinning parameters. For this purpose, melt flow index (MFI)
of PET and nylon 6 containing 1 % dyestuff (coated <chips)
was investigated at temperatures of 260 and 270°C (nylon 6)
and 270 and 280°C (PET) . These studies indicated an increase
in MFI of PET and nylon 6 with azo and anthraquinone dyes.
However, acylated dyes showed 1lower MFI with PET as
compared to the corresponding hydroxy dyes. In nylon 6,
carboxyamylamino substituted dyes and perylene pigments
having carboxyalkyl groups showed highest MFI as compared to

the other dyes.
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Mass coloured PET and nylon 6 fibers wusing perylene
pigments were produced by melt spinning technique wusing
coated chips and mass coloured chips. The surface
characterisation of mass coloured filaments was carried out
using a polarizing microscope. Surface characterisation
clearly indicated greater uniformity in pigment dispersion
when structurally similar groups were p:esent in the
pigment. The coloured filaments produced with perylene

pigments showed fluorescence.

Mass coloured PET and nylon 6 fibers (1 % shade) were
also produced using azo and anthraquinone dyes. Two sets of
coloured filaments were prepared by using master batch

chips or coated chips.

Mechanical and fastness properties of mass coloured
fibers were also investigated. The fastness properties of
mass coloured fibers with various azo and anthraguinone
dyes were significantly superior as compared to the coloured
fibers obtained by using same dyes by conventional dyeing

process.

The thesis has been divided into six chaptefs. First
chapter deals with a critical literature - survey of azo,
anthraquinone based disperse dyes and perylene based
pigments. Colouration of PET and nylon 6 with these dyes
using conventional dyeing method and mass colouration
technique is also described. The results of these

investigation are incorporated in the Chapters II-V.
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Chapter II incorporates the details of experimental
work regarding'modification of some commercially available
azo dyes, preparation of anthraquinone derivatives and their
characterisation. Chapter III deals with the synthesis and
characterisation of thermally stable pigments derived form
3,4,9,10-perylenetetracarboxylic acid dianhydride. The
effect of dye structure on the dyeing and fastness
characteristics on PET and nylon 6 is reported in Chapter
IV. Chapter V deals with the mass colouration of PET and
nylon 6 using some azo and anthraquinone dyes. General
discussion and summary of work is given in Chapter VI of the

"thesis. Suggestions for future work are also given.
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