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ABSTRACT

Environmental pollution is one of the greatest challenged for the world now days. The pollution
load coming out from the number of sources like land, water and air pollution. By textile mill is
mainly coming out the operation in wet processing. Present developments in Textile Wet Processing
aim at over all clean environment. The Textile industry being highly water intensive is a major
source of water pollution globally. Many dyes and chemicals used in textile processing remain
unused after the absorption of dye in yarn or fabric. In this paper we discuss about the Disperse
dyes, i.e. their absorption / exhaustion. Polyester dyeing with disperse dyes has been found to give
much higher concentration of polluting substances resulting in greater harmful effects. All these
chemicals are very hard to biodegrade and some are toxic too. We have studied other eco-friendly
alternatives employing chemicals, which are less polluting and studied their effect on color strength
(dye-absorption/exhaustion) and pollution load on different parameters in dye bath. Also discussed
about dyeing the polyester dyeing with carrier method and their effect on color strength and
comparison of pollution load on the different parameters in dye-bath.
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INTRODUCTION

Dye stuffs give color to the material on
which they are anchored. Dyeing is one of the most
important operations in the Textile industry and a
variety of dyes are used for dyeing (Telis 2001) .

Dyes traditionally used for natural fiber
coloration were water-soluble or solubilized prior to
use and required salt linkages or vander Waals
forces to impart affinity for the fiber. The dyes may
be insolubilized within the natural fiber after being
applied in a water soluble form, or they were made
to react chemically with the fiber to prevent their
removal. The development of disperse dye that is
dye insoluble in water and applied from aqueous
dispersion of synthetic fiber.

Polyester, a highly crystalline, thermopl-
astic polymer, quite tightly packed together polyester
is dyed with disperse dye. When dyed with disperse
dyes has been found to give high concentration of
polluting substances and results in greater harmful
effects of waste water (Astray 2003). In this paper
we discuss the dyeing of polyester by “High-
temperature dyeing method” and “carrier method
dyeing method”. Dyeing technology for the polyester
fiber and fabric is complex but in comparison of the
other dyes like vat, sulphur, direct dyes the disperse
dyes gives more pollution load after the dyeing.
The chief reason is the dispersing agent context in
dyestuff, acetic acid, deformers, as well as the
washing and reduction clearing process of dyeing.
Disperse dyes are usually applied to polyester fiber
in the pH range 4.5-5.5. It is important that the
desired pH is maintained through the dyeing process
to prevent fiber hydrolysis and dye degradation.
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Acid is used in polyester dyeing to maintain
an acidic pH (4.5-5.5) for which acetic acid is used.
It is important that the desired pH is maintained
through out the dyeing process. But due to the
presence of two carbon atoms in one molecule of
acetic acid its biodegradability is not ideal. So steps
were taken to substitute acetic acid by other organic
acids for maintaining the pH for dyeing efficiency at
an optimum level. For the purpose of this study the
two other acids used were oxalic acid and formic
acid. These two acids are biodegradable and have
low TOC (total organic carbon). Although oxalic acid
has the same TOC as acetic acid, but it is a diacid,
so the amount required is less. The TOC of formic
acid is just half of acetic acid (During 88 and
Paul 2003). The cause of pollution are unexhausted
dyestuff and other chemical added to dye liquor as
well as washing, cleaning process of dyeing which
bring about high harmful effects (Deo et. Al. 9).

In polyester dyeing surface active agents
are invariably added to assist in the dyeing process,
i.e. additional dispersing agent may be used to help
maintain dye in dispersion. Dispersing agents
increase the solubility of the dye. In dyeing textured
polyesters the introduction of an excess dispersing
agent is inevitable for leveled shade .While the
dyestuffs applied have 1/3 weight of a dispersing
agent out their total weight. Some leveling agents,
defoaming agents, wetting agents, and metal
blocking agents may also be employed to increased
rate of migration and leveling and fibre penetration
(Smith and Mittal 99,Vidya, slack ). These dispersing
agents made by the sodium salts of a cresol
naphthalene sulphoric acid, formaldehyde
condensate (Sampath 2003). Surface active agents
are employed to prevent surface deposition of dye.
Wetting agent, softner, soaps and detergents made
by alkyl sulphates alkaryl sulphonate, ethylene
oxide, fatty alcohol condensate?’?, etc. All these
chemicals are very hard to biodegrade and some
are toxic too.*®* . After the dyeing process the
unused dyes and chemicals cause greater effluent
load and adverse effect to the environment.

Carriers applied in polyester dyeing most
of the carriers contain emulsifying agent to facilitate
dispersion on addition to warm water and are
compatible with disperse dyes. Carriers are not fully
absorbed by the fiber. The left part of carriers

increases the waster water load. Carriers are volatile
in steam or heat treatment also. In this reason
causes air pollution. Carriers have offensive odour
and some of the chlorinates types are significantly
toxic to fish and bacteria sludge®*. Table 1 shows
the pollution data for various carrier types?:27.

The first table compares the pollutant of
different carriers but in polyester dyeing more
harmful effect for environment. But the high-
temperature dyeing method is less effluent or
harmful effect as compares the carrier dyeing
method. So carrier method should by replaced side
by side. It shown in Table 2 and Fig. 1.

In this paper we discuss comparison study
of polyester dyeing with two different methods HT
dyeing method and carrier dyeing and measured
colour strength and pollution load in different dye

Table 1: Comparison of pollution data for
various carriers types

Carrier Type COD/ BOD/
(mg. /It.) mg/It mg/It
O-Phenyl phenol 1000-2000 200-800
N-Alkyllphthalimide 1000-2000 100-200
Arylcarbonate Ester 900-1900 700-800
Methyl Cresotinate 800-1700 200-800

500-1000 0
300-1000 0

Dichlorobenzene
Trichlorobenzene

Table 2:Comparison of Pollutant of Polyester
in two different method

(HT Dyeing & Carrier Dyeing Method)

Polyester M:L BOD COD BOD5 Harmful
Dyeing 5mg /COD

fit maq/it
High Temp.
Method
JET 40:1 - 584 - 140.2
JET 40:1 165 722 144 722
Carrier Dyeing
Method
Winch 20:1 200 2043 1:10.2 408.6
Winch 20:1 189 1888 1:10 188.6
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Fig. 1. Comparison of pollutant of polyester in two different method
(Exhaust Dyeing and carrier dyeign method)
bath. Also studied alternative of acetic acid pollution
load on different parameters in dye bath. Dye C.I.No. Structural formula
Disperse Red 19 11130
Disperse Blue 1 64500

Dyeing
Dyeing of polyester component of P/V
blended fabric with disperse dyes.

Machine
HTHP Glycerine Beaker Dyeing Machine,
Computer Colour Matching System.

Fabric

Scoured polyester-viscose (65-35%) fabric
used for this experiment Bleached and heat settled
200°C. The viscose part was removed by
carbonization Dye/Shade: Disperse Dye.

Acid
(30% strength) Acetic Acid, Formic Acid,
Oxalic acid.

The following recipe was used:-

Disperse dye - 1%, Wetting Agent - 1 gpl,
Dyeing Assistants - 0.5 gpl, Acid - 0.5 gpl

Dyeing temperature - 130°C, Time - One hour M.L.
1:20

Dyeing of Sample: (High-temperature Dyeing)

The requisite amount of dyes was pasteted
and dissolved in water along with dispersing agent
to make dye solution. Dyes solutions were prepared
as per 1:20 M: L ratio at 4.5 to 5.5 pH was maintained
by adding a drop of acid to each bath. The
temperature was first raised to 60°C then 90°C and
then 115°C at the rate of 1°C per minute.
Temperature was further raised to 130°C. Dyeing
was continued for about an hour at this temperature.
Then the machine was cooled to 80°C by running
cold water through outer jacket of the machine. The
dyeing was carried out in dyeing tubes of laboratory
dyeing machine (HTHP). All fabric sample were
weighted 300 gram per each dyeing process 1/100
stock solutions of the dyes were prepared and used.
The dye bath ratio for all dyeing sample was 1:20
M: L. Samples were taken out and preserved for
unexhausted dye solutions were kept for further
measurement of pollution load.

Dyeing of Sample (Carrier dyeing)
The dyeing of the samples was done in
usual HTHP machine with carrier method,
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separately. In the carrier method only acetic acid
was used. The temperature was 110+/5°C. The dyed
sample and the exhaust dye baths were kept for the
measurement of the dye uptake and effluent load
respectively.

In the carrier method, carrier applied was
1gml/lt. Two carriers were used optional B (YCL),
DilatinTCR (Sandoz).

The dyeing of the sample done in the
exhaust method and carrier method separately. The
dyed sample and unexhausted dye baths were kept
for measurement of dye uptake and effluent load
respectively.

Measurement of K/S Value: All the K/s
values were calculated from reflectance of the fabric
at maximum absorption were length of the dyes.
Over the visible range of 400 — 700 nm. The colour
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values were read from colour software was taken
from 4 different parts of the fabric samples.
The samples were folded 4 times for colour
measurements.

Dyeing performance of various dyed
samples was assessed by measuring the relative
colour strength (K/S) by Perkin Elmer Computer
Colour Matching System. These values are directly
proportional to the concentration of colourant in the
substrate. Its function gives relationship between
reflectance and concentration.®

(1R)?
ZE.

E =
)

K = is the coefficient of absorption.
S =is the coefficient of Scattering.
o = is the optical constant at the wave length &

Table 3: Relative colour strength of dyed sample in bath with m: L 1:20

Disperse Red

Disperse G. Yellow Disperse Blue

Acid use for KIS Relative KIS Relative KIS Relative
pH (4.5-5.5) Colour Colour Colour
Strength Strength Strength
CH3COOCH 8.05 100.00 7.24 100.00 8.90 100.00
Formic Acid 7.11 88.19 6.40 88.39 7.10 79.77
Oxalic Acid 8.15 101.24 7.20 99.44 8.99 101.01

Table 4: Comparison of cod, bod, value and dissolved solid and colour of exhaust dye bath
using m: L 1:20 (ht dyeing)

Acid AverageCOD Average BOD Dissolved Colour of

45t05.5 D D D D D D D D D Exhaust

Red Yellow Blue Red Yellow Blue Red Yellow Blue Dye Bath

Acetic Acid 994 1254 920 184 216 214 3875 4560 1720 Light Pink
Light Yellow

LightBlue

FormicAcid 875 1138 775 180 210 205 4180 3480 2020 Light Pink
Light Yellow

LightBlue

Oxalic Acid 1010 1270 930 170 205 199 3770 4490 1640 Light Pink
Light Yellow

LightBlue
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usually referred to as “Alpha value”.
Standard methods were used to determine the BOD
(5 days), COD, D.S. and other user parameters.

RESULTS AND DISCUSSION

HT dyeing method

Comparison in relative colour strength of
the dyed samples (using three acids). The sample
dyed with conventional method i.e. with acetic acid
was considered as reference standard and it has
been given colour pickup value of 100% as shown
in Table 3.

Comparison of BOD, COD values, and
dissolved solid and colour of exhausted dye baths
Table 4.

Table 5: Comparison in relative colour
strength of dyed sample with two
different carriers

Carrier Used Relation Colour

Strength
Optinol B (YCL) 130.10
DilatinTCR (Sandoz) 145.80

these results it can be surmised that Oxalic acid
gives higher colour strength in comparison to formic
acid and also acetic acid.

It is seen from Table 4 that with the use of
Formic acid the COD and BOD values are the lowest.
With Oxalic acid the BOD and Dissolved Solid
Values range from 170 to 205 mg/It. and 1640 to
4490 ppm, but the COD values have slightly
increased. In the case of conventional method (HT
dyeing method) the BOD and Dissolved Solid Values
range from 184 to 216 mg/It. and 1720 to 4560 ppm.
It can, therefore, be concluded that with the use of
Oxalic acid the rate of exhaustion in Disperse Dyes
is maximum along with minimum or less effluent
load.

It is seen from Table 5 with the relative
colour strength of dyed samples with disperse Red

Carrier dyeing method
Comparison of relative colour strength of
dyed sample with disperse Red and two different
carries. The sample dyed in the exhaust method with
acetic acid considered 100% colour pickup value.
Comparison of COD value and dissolved
solids.

Table 3 shows the relative colour strength
of samples dyed with Disperse Red, Disperse Blue
and Disperse Yellow using acids for controlling pH.
For comparison the samples dyed in the presence
of acetic acid were taken as Reference Standard
and the value of colour strength for the same is taken
as 100%. In comparison with the relative colour
strength of samples dyed in the presence of Oxalic
acid comes to 101.24, 99.44, and 101.01. From

Table 6: Comparison of cod and
dissolved solid in carrier dyeing method

Carried Used Average Dissolved
COD mg/It. Solid (ppm)

Optinol B (YCL) 1720 4550

Dilatin TCR (Sandoz) 1410 420

19 and two different carriers. The sample dyed with
acetic acid was considered having 100% colour pick
value.

Table 6 shows the comparison in COD
values and dissolved solids. It has earlier mentioned
that the use of the carrier produce more pollution
load in effluent confirmed here by the result. By the
carrier dyeing method the colour picks up value by
the fabric is quite satisfactory but the COD value
and dissolved solids value increased in optional
(YCL). But the other carrier the Dilatin TCR provides
better result .Carriers having hydroxyl groups on their
benzoid structure. Which are hard to degrade. So
the application of carrier must be less or restricted
is polyester dyeing. So for the better environment or
green environment must to used the exhaust dyeing
method.
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Conclusion

Polyester is invariably dyed with disperse
dyes which give high concentration of polluting
substances. In the conventional method the problem
is further aggravated by using acetic acid for
maintaining an acidic pH. Other organic acids have
been found to give low pollution load. Of these the
oxalic acid gave maximum dye uptake and better
exhaustion of dye bath with minimum pollution load.
Oxalic acid being a diacid causes less pollution load
since the amount of acid required is less. Oxalic acid
is followed by acetic acid. Formic acid results in
reduced colour pickup. In all the three acids the BOD
and DS are approximately the same, but there is
slight increase in COD with oxalic acid. Although

formic acid reduces the pollution load, but the colour
strength is also slightly lower. The dye operation can
be optimized at the colour strength value at the level
of conventional method and minimizing the pollution
load by judicious use of oxalic acid in the recipe.
The dosing of oxalic acid needs to be strictly
monitored throughout the process. In second
polyester dyeing method (carrier dyeing) the harmful
factor COD and dissolved solid and BOD are higher.
The BOD and dissolved solids in both methods are
higher. Carriers are toxic in nature and cause air
pollution. The other limitation of this method is
reduced light fastness and spot effect. Comparison
of both methods HT Dyeing is better for dyeing the
polyester.
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