STUDIES ON THE DYEING OF COTTON WITH REACTIVE
DYES FROM NON-AAUEOUS MEDIUM

BY
A. SUBRAMANIAN

A Thesis Submittec
Indian Institute of Technology, Delhi
for the award of the Degree of

DOCTOR OF PHILOSOPHY

Oe v}

Department of Texti.le Technology
INDIAN INSTITUTE OF TECHNOLOGY, DELHI

DECEMBER 1983



IN MEMORY OF MY GRANDMOTHER



CERTIFICATE

This is to certify that the thesis éntitled "STUDIES
ON THE DYEING OF COTTON WITH REACTIVE DYES‘FROM NON—AQUEOUS
MEDIUM" submitted by Mr. A. Subramanian to the Indian
Institute of Technology,Delhi, for the award of degree of -
Doetor of Philosophy is a recdrd of the bonafide research work
‘carried out by Mr. A, Subramenmian. My, A. Subramanian has
worked under my guidance for the submission of this thesis,

which t> my knowlcdge has reached the requisite standard.

The thesis or any pexrt theregf, has not been submitted

to any other University or Institution for the award of any

/ZiéingZLa

(R.B. Chavan)
Thesis Supervisox,
Department of Textile Technology,
Indian Institute of Technology,Delhi,
New Delhi~110016.

degree or diploma.



I wish to express my deep sense of gratitude and
sincere thanks to Dr. R.B. Chavan for his invaluable help,
continued interest and guidance throughout the course of

this woxrk.

I thenk (Miss) P. Bajaj, Professor and Head of
Pextile Technology, Indian Institute of Technology, Delhi,
Prof., M.L. Gulrajani, Prof. V.B. Gupta, Prof. C.D. Shah,
Dr. B.L. Deopura and Dr. Kushal Sen for their unfailing help
in every aspect for providing all the facilities in the Depertmant

and for the valuable suggestions.

I thenk Dr J.V. Rao, Dr. Thangaraj and Di. Moharir,
for th2ir help in conducting experimeﬁts. I thank Mr. Anbarasu,
Jr. Karunakaran, Chidembaram, Raj, Manjeet, Sukumar, Varsha,
Shivalik friends‘and research colleagues for their never ending
help.

I am thankful to all the technical staff of Dextile

Technology Department for their cooperation.

My sincere thanks are to my periappa, parents, brothers

end in-laws who always prayed for me.



I express my sincere thanks to my wife for her untiring

help and for her warm hesr tedness.

I thank Mr. Rajesh K. Arora and Kapoor for their

patience in the preparation of this thesis.

(4. Subramanian)

ii



ABSTRACT

~The aim of the study was on the application of
reactive dyes on cellulose to obtain higher exhaustion and
- fixation using solvent-non-solveht method. For this purpose,
various solvent mixtures were used and the dyes used were.
C.I. Reactive Red-31, C.I. Reactive Orange-13 and C.I. Reactive
Blue~5. The solvent-non-solﬁent and their proportions in the
mixture for high dye-bath exhaustion and fixation depend upon '
the dielectric constant of the solvent mixtures, exhaustion of
the non~solvent in the internal 1liquid phase of the fibre, the
imbivition of the solvent and the dye solubility in the eiterﬁal
dye-bath. To understand the mode of adsorption, the adsorption
lsotherms were analysed. The dyeiﬁg process was explained by
the use of solubility parameter concept. A new method hes been
suggested to determine the density of the anionic dyes, The
low dye uptake of viscose rayon was attributed to skin-core
structure which was eliminétgd by treatment with sodium-zincate.
Sodium zincate treated ce llophane showed higher lightfastness.
To undersfand the state of dye in so lution, the aggregation

behaviour was also studied.



CHAPTER 1
1.1
1.2
103
1.4

1.4.1
1.4.2
1-403
1.4.4
1-4-5
1.4.6

1.4.7
1.4.8

CHAPTER 2

2.1
25131

CONTENTS

W G W g e

ABSIRACT
SYNOPSIS

GENERAL INTRODUCTION
Cellulose structure and Reactivity

Swelling of Cellulose in Non-
Aqueous Medium '

Solvent Exchange Technique and
its Application

Theoretical Principles of Dyeing
with Reactive Dyes.

Adsoxrption of reactive dyes
Affinity of the dye
Influence of liquor ratio
Effect of temperature
Electrolyte concentration
Effect of pH |
Effect of fibre

Ratz of reaction of dye with
cellulose and water :

DYEING OF ALKALT SWOLLEN COTTON WITH

REACTIVE DYES FROM DMF-NON-SOLVENT
MIXTURE

Introduction

)

Solvent dyeing of cotton

Page

11
11
13

14

15
15
16

16

18
18



N N
*
\N

2.3.1
2.3.2
2.3.3
2.3.4
2.3.5
2.5.6

2.4

2.5

CHAPTER 3

Materials

Experimental Methods

Purification of dyestuffs

Alkali swelling and solvent exchange
Determining volume of non-solvent
Centrifuging me thod

Imbibition value

Dyeing |

Results and Discussion .

Conclusion

DYEING OF ALKALI SWOLLEN COTTON WITH
SOLVENT-ACETONE MIXTURE

Introduction |

Materials

Experimental Methods

De texrmination of volume of ace tone
to reduce the dye solubility to the
point of precipitation

Solubility

Imbibition value

“Alkali swelling and solveni exchange

Dyeing
Results and Discussion

Conclusion

ii
Page

24
24
24
25
25
26
26
27
27
32

34
34
34

34
35
35
36
36
37
43



' CHAPTER 4

4.1
4,11

4‘}01;2

4.1.3

402

4.3
4031
4.%.2
4.3.3
434

4.4

4.4.1

44‘.4‘.2
4.5

CHLPTER 5
5.1
5.1.1
5.1.2

THERMODYN [MICS OF DYEING
Introdﬁétidn

Thermodynaﬁic trecatment of
ad sorption 1sotherms

Mechanism of dyeing»of cellulosic
fibres with anionic dyes in non-
aguaous medium.

Mechanism of dyeing of cellulosic
fibres with reactive dyes in agqucous
medium

Materials

Experimental Methods

éQIVent exchenge

Rate of dyeing

Bquilibrium dycing

Estimation of dyc

Results and Discussion

Effect of solvent-acetone on dye
solubility and dye~-uptake

ddsorption isotherms

Conclusion

SOLUBILITY PiRAMETER
Introduction
Solubility parame tex

De termination of solubility parameter

5.1.2.1 Calculation from phyéical constants

5.1.2.2 Exparimental methods for the deter-

mination of solubility peramocier

45

45

51

52
54
54
54
54
55
55
56

56
5T
62



5.1.2.3 From structural formulse

5.1.3

5.1.4

Three dimensional solubility
parame texr : /

Determination of individual
components

5.1.4.1 Dispersion component

5.1.4.2 Dctoermination of refractive

index of the dyes.

5.1.4.3 Polar componcnt

5.1.4.4 Hydrogen bonding component

5.1.5

5.2

5’2-1

5.2.2

5.2.3
5.3
5.3.1

5.3.2

5.4

Application of solubility
psramstexr concept.

" Experimental methods:Ditermination
of solubility parameter and its
conmpnnents _

Dyzs

(a) Ttal solubility parameter
(b) Determination of By and ‘éﬂ for dyes

Solubility paramater of solvents,
acctone and their mixtures

Cotton
Result& and Discussion
Effect of solubility parameter

on swelling of cotton from
solvents

Effect of zcetons content in ) N

solvent mixture on dycing

Conclusion

Pags

69
14

75
75

15
1
17

78

81
81

81
89

92
93
94

94

95
98



CHAPTER 6
6.1
6.2

6.3
CHAPTER 7

7.1
Telo1
7i1.2
T.1.3

7.2

7.3
7.3.1
7.3.2
7.3.3
7.3.4

T1.3¢5
7.3.6
T.3.7
7.3.8
1.4
Te5

- DENSITY DETERMIN4TION

Introduction

Experimental

Conclusion

DYZING OF DIFFERENT CELLULOSIC
FIBRES

Introduction

Hollow viscose

Viscose rayon

Eifoct of the structure of different
ce llulosic fibres on dycing

Materials

Experimental

Preparation of sodiumzineate solution
Dyeing

Estimation of carboxyl group

Treatment of viscose rayon with
sodiumzincate solution

Rate of dyaing

Dycing with different dye concentrations
X-xay study \

SEM study

Results and Discussion

Conclusion

100
101
102

103
104
105

106
109
109
109
110
110

112
112
112
13
113
113
118



CHAPTER 8

8. 1

8.2

8.3
8.3. 1

8;3.2
8.3.3
8.3.4
8.4
8.1
8.4.2
8.4.3
8.5

CHAPTER 9
9.1
9.2
9.3
9.4
9.4.1

9.4.2

9.5

LIGHT FASTNESS STUDY

Introduction

Materigls

Experimental

Treatment of cellophane film

with spdiumzincate soluticn
Dyeing

Fading

Transmission e¢lectron microscope
Kesults and Discussion

State of dye on the substrate
Rate of fading curve
Characteristic fa@ing curves

Conclusion

4HGEREGATION OF DYES IN SOLUTION
Introduction

Materials

Experimental

Results and Discussion

Dye aggregation in water and
oY gn nlc solvents

bggregation in solvent-Jcotonc
nixtures

Conclusion

vi

Page

120
122
12%

123
123
124
124

124

124
126
127
128

129
133
133
134

134.

136
138



vii

Page
CHLAPTER 10 SUMMARY 140
REFERENCES | 142

LPPENDIX

RESEARCH PUBLICATIONS



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

