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A cost minimization process of heat and energy
consumption for direct dyeing of cotton fabric

coloration with triethanolamine

Abstract

A cost minimization concept of heat and energy consumption for direct dyeing process of
cotton fabric coloration was experimented with triethanolamine instead of sodium carbonate
in the dyebath of direct dyeing with low temperature at 30°C, medium temperature at 60°C
and high temperature at 90°C and compared with the conventional method of direct dyeing
with high temperature at 90°C where an acceptable range of increasing color strength (K/S)
and color difference were observed for low temperature dyeing with triethanolamine (TEA
method) comparing to the conventional dyeing process of high temperature with sodium
carbonate (SC method). Considering heat and energy consumption in direct dyeing of
cotton fabric coloration with triethanolamine method, the low temperature dyeing cost was
minimized Rs. 2.24 comparing to high temperature sodium carbonate method dyeing cost.
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Introduction

Dyeing and finishing of textiles requires large amount of heat and
energy, which cannot be eliminated but can be minimized with proper
process selection, machine selection, dyes selection, auxiliaries
selection as well as appropriate temperature selection in dyeing and
finishing bath. In textile industry we often observe that huge amount
of energy is consumed and wasted in the chemical processing of
textiles. The question has been seriously vibrated regarding the need
to save energy and heat which can be done by adding some specific
chemicals in the reaction, so that the processes may be carried out
at relatively lower temperature. The purpose of the room/reduced
temperature dyeing and finishing to save energy and power which
is an utmost importance to face the challenges of recent dyeing and
finishing with competitive price. The fabric when exposed to lower
temperature during chemical processing will definitely go through
with less abrasion and breakages of fibres within it compared to those
exposed at conventional higher temperature. The fabric chemically
processed and finished at lower temperature might have the same
colour, lustre and quality as compared to the one processed and
finished at conventional higher temperatures.

Both sodium carbonate and triethanolamine are toxic for the
aquatic life. Sodium carbonate is normally applied for direct dyeing
application on cotton fabric for fixation of dyes on cotton fabric
and Triehanolamine is popularly used for cosmetic and medicine
production for bonding of different chemical.
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Malik SK, Bhaumik S, Mukherjee RN,' studied that Low-
temperature dyeing of cotton by direct dyes. The feasibility of dyeing
of cotton using three different direct dyes at low temperature in the
presence of organic base triethanolamine (TEA) has been studied. It
is observed that the extent of dyeing depends upon the temperature of
dyeing. TEA concentration and dye concentration. This method gives
dyeing comparable to that of the conventional method at relatively
very low temperature (50°). The fastness properties of the samples
dyed using TEA are also comparable with those of the samples dyed
in conventional manner and the dyeing cost is considerably less.!

Lewis DM and Zhao XF? found that Triethanolamine-trisulphate
(TES) was synthesized in good yield. Capillary electrophoresis (CE)
was used to monitor TES synthesis, to follow TES hydrolysis and
to analyse the residual products formed during the application of
TES to cellulosic fabrics. TES was found to react covalently with
the cotton fibre when applied in the presence of sodium hydroxide.
Cotton fabrics treated with alkaline TES solutions by a pad-cure route
at elevated temperatures, subsequently gave high wrinkle recovery
angles, confirming that cross-linking of the cellulose molecular chains
had been achieved. Significant yellowing was observed following
these treatments, but fabric whiteness was improved by adding a
reducing agent to the system; however the latter addition gave a slight
decrease in the wrinkle recovery values obtained from the treated
cotton fabrics.?

Georgeta Maria SIMU? observed that the synthesis of a new
symmetric disazo direct dye containing the non carcinogenic
4,40-diaminobenzanilide as the middle component and salicylic acid as
the coupling component is presented. The synthesized dye is an analog
of the benzidine based dye C. L. Direct Yellow 1 (C. 1. 22,250) and was
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analyzed by thin layer chromatography (TLC), electronic spectra (VIS)
andmassspectroscopy (FAB-MS). Thecoloristicand fastness properties
of the synthesized dye were determined and compared with those of C.
I. Direct Yellow 1. The toxicities of the dye and of
its  precursors  were evaluated by  biological  tests,
using the process of metamorphosis in the marine hydrozoon
Hydractinia echinata. The concentrations (termed MRC50) at which
the synthesized dye and its precursors antagonize metamorphosis
induction were determined.’

Hans Rudolf Bolliger et al.* were successfully applied Direct dyes
on cellulosic material with triethanolamine.

Lenore & Anne Wilcock® investigated that direct dyes containing
more than one amino or amido group in their structure were found
most likely to achieve relatively good nep coverage. Scanning
electron micrographs revealed considerable variation in the types
of fibres making up the individual neps in a single piece of cotton
fabric. Differences in direct dye behaviour towards nep coverage were
most evident with those neps composed of immature fibres with some
secondary wall development.

Palamutcu S° studied that Electric energy is one of the primary
energy sources consumpted in cotton textile processing. Current
energy cost rate is reported about 8¢10% in the total production cost
of an ordinary textile product manufactured in Turkey. Significantly
important share of this energy cost is electric energy. The aim of this
paper was to investigate unit electric energy consumption of cotton
textile processing stages using real-time measurements method.
Actual and estimated Specific Energy Consumption (SEC) values
for electric energy was calculated in the cotton textile processing
stages of spinning, warping, sizing, weaving, wet processing and
clothing manufacturing. Actual electric energy consumption data are
gathered from monthly records of the involved plant managements.
Estimated electric energy consumption data is gathered through on-
site measurement. Actual and estimated electric energy consumption
data and monthly production quantities of the corresponding months
are used to facilitate specific electric energy consumption of the
plants. It is found that actual electric energy consumption amount
per unit textile product is higher than the estimated electric energy
consumption amount per unit textile product of each involved textile
processing stages.®

Electric energy is one of the most commonly used energy types
in the textile and clothing plants, used to supply energy for textile
machinery, heating and cooling control systems, lighting, and office
equipments. It is estimated from the report of UNIDO? that electricity
consumption rate in the total consumpted energy for individual textile
production stages are 93% for spinning, 85% for weaving, 43% for
wet processing, and 65% for clothing manufacturing. Rest of the
energy that is used in the textile processing plants is supplied by other
energy sources of fuel, natural gas, and coal.®’

Sizing process is an important process between spinning and
weaving processes. Sizing of yarns before warping mostly requires
indirect steam that is heated using electricity, gas or oil. Weaving
processes requires electrical energy. Amount of energy consumption
changes depending on fabric structure and technical parameters
of weaving machine. Controlled climatic room condition (25 C
temperatures, 65% relative humidity) in spinning and weaving rooms
is another important electric energy consuming station in textile
processing stages. Seasonal climatic variation is also important
parameter for energy consumption quantity of air conditioning
systems.!?
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Wet processing stages of pretreatment, bleaching, dyeing, post
treatments and drying-fixation processes consume considerable
amounts of heat in the form of hot water, steam and hot air.
Mechanical parts of the wet processing machinery are driven using
electric energy. Total electric energy consumption in wet processing
is quite low comparing the other textile processing stages. Clothing
manufacturing stages of laying up, cutting, sewing, cleaning with
air suction, ironing, and transporting processes mostly consumes
electric energy. Only heating, ironing processes may require steam or
hot air. Research about energy management, improvement of energy
efficiency, and energy saving potentials are main concern of many
different industrial sectors including textile sector.!!2

There have been many international”!'"13?3! projects concerning
energy management and improvement of energy efficiency in different
industrial sectors. Energy management methods and practices are
described using the total quality management approach of P (plan), D
(do), C (check) and A (action) cycles.”28-30:3234

Bhattacharyya N & Shalini chouhan® noted an attempt has been
made to investigate the interaction of four direct dyes possessing
varying number of solubilizing groups with four commonly used dye
fixing agents of amine formaldehyde condensale type of product in
aqueous solution there studies will help to evaluate different types of
dye fixing agents for obtaining better wash and perspiration fastness of
the dyed samples. The results indicate that the interaction depends on
the nature, concentration and functional groups of dye fixing agents.
Also the sulphonate and other groups present in the dye molecules
such as —OH, -NH2, -COO- also contribute to the interaction with dye
fixing agents.*

Bolliger et al.’*® experimented that a process for the production
of stable concentrated solutions of water soluble tertiary ammonium
salts of direct dyes, substantially free of inorganic salts is described
by condensing in aquous medium two mols of tertiary ammonium
salts of identical or dissimilar azo and/or carboxylic acid compounds
containing at least one primary or secondary amino group with one
mol of a polyfunctional acylating agent in the presence of at least
two mols of a tertiary amine with or without the addition of further
auxiliary products.

Materials used: Scoured and bleached 130 GSM, S/J knitted cotton
fabric was applied for this experiment and Atul direct orange 26,
laboratory grade salt, sodium carbonate and triethanolamine (TEA)
were used for dyeing.

Methodology

Scoured and bleached S/J cotton fabric was dyed with 1% direct
dye, orange-26 in twelve different formulation with 0%, 1%, 2% and
3% concentration of triethanolamine for the newly proposed method
of triethanolamine method as well as standard direct dyeing process of
conventional method was trialed with the formulation of 20% sodium
carbonate and compared with the process of direct dyeing with
triethanolamine method where no sodium carbonate was applied and
a fixed recipe of direct dye, common salt were used by keeping the
same time of dye exhaustion with three selected temperatures lower
30°C -medium60°C -high 90°C. Thus the same materials and liquor
ratio: 1:20 was maintained for all dye bath and the observation was
trialled for using trichanolamine instead of sodium carbonate in the
dyebath of direct dyeing. Dyed fabric was tested after soaping and
washing (Table 1).
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Table | Experimentation for Comparison of dyeing performance between sodium carbonate and tri ethanolamine for the application of direct dyes on cotton
fabric in different formulation at 90°C, 60°C, 30°C

Formulation: 01

Formulation: 01

Formulation: 01

Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 20%
Tri ethanol amine: 0%
Temperature: 90°C
Time: 40 minute
Formulation: 02
Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 1%
Temperature: 90°C
Time: 40 minute
Formulation: 03
Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 2%
Temperature: 90°C
Time: 40 minute
Formulation: 04
Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 3%
Temperature: 90°C

Time: 40 minute

Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 20%
Tri ethanol amine: 0%
Temperature: 60°C
Time: 40 minute
Formulation: 02
Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 1%
Temperature: 60°C
Time: 40 minute
Formulation: 03
Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 2%
Temperature: 60°C
Time: 40 minute
Formulation: 04
Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 3%
Temperature: 60°C

Time: 40 minute

Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 20%
Tri ethanol amine: 0%
Temperature: 30°C
Time: 40 minute
Formulation: 02
Direct Dye: 1%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 1%
Temperature: 30°C
Time: 40 minute
Formulation: 03
Direct Dye: |%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 2%
Temperature: 30°C
Time: 40 minute
Formulation: 04
Direct Dye: 1%
Common Salt: 20%
Sodium Carbonate: 0%
Tri ethanol amine: 3%
Temperature: 30°C

Time: 40 minute

Measurement of color strength (K/S): K/S value was measured
for analysis of surface colour strength of the dyed cotton fabric
samples. K/S values of dyed cotton fabrics were determined by
measuring surface reflectance of the dyed samples using computer
aided Macbeth 2020 plus reflectance spectrophotometer followed by
calculating the K/S using following Kulbeka-Munk equation with the
help of relevant software.

K/S=(1-RAmax)*/2RAmax

Where, K is the co-efficient of absorption, S is the co-efficient of
scattering and R Amax is the reflectance value at maximum absorbance
wave length R Amax.

The color fastness to washing was evaluated as per the ISO-
2 and the color fastness to light be observed by sunlight and visual
observation process.

Result and discussion

In Table 2 and Figure 1 & Figure 2 showed that Direct dyeing
with low temperature at 30°C, medium temperature at 60°C and high
temperature at 90°C and compared with the conventional method of
direct dyeing with high temperature at 90°C where an acceptable range
of increasing color strength (K/S) and color difference were observed
for low temperature dyeing with triethanolamine comparing to the
conventional dyeing process for high temperature dyeing process with
sodium carbonate. In Table 3 and Table 4 & Figure 3 showed that
considering heat and energy consumption in direct dyeing of cotton
fabric coloration with triethanolamine method, the low temperature
dyeing cost was minimized Rs. 2.24 comparing to high temperature
sodium carbonate method dyeing cost.
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Table 2 Comparison of dyeing properties of low temperature dyeing as well

as conventional high temperature dyeing of cotton fabric using TEA as the low a5
temperature dyeing assistant on Surface colour Strength (K/S) at different TEA 44
concentrations 35 —m
s \
Sample types K/S Value AE 15 | |
2
-
s |
Bleached fabric 04 il \
0.5 M \ =—4—Color Strength, K/S
Formulation-1,90°C, 0% TEA with SC 4 8.46 0 b Ll Value
SHOSSsetage
PRy
Formulation-2,90°C, 1% TEA 4.08 8.44 SOOI Oo?'ooluo
S eSS
SESE S (::"\9’ e
Formulation-3,90°C, 2% TEA 4.1 8.43 = <«
Figure 1 Comparison of color strength (K/S value) between sodium
Formulation-4, 90°C, 3% TEA 4.12 8.4 carbonate and tri ethanol amine for the application of direct dyes on cotton
fabric in different formulation at 90°C, 60°C, 30°C.
Formulation-5, 60°C, 0% TEA with SC 3.8 8.58
Color Diffrence, AE
Formulation-6, 60°C, 1% TEA 3.83 8.56 8.75
87 %
8.65
Formulation-7, 60°C, 2% TEA 3.85 8.53 a4 g
TR
B.A5 Pgg [
Formulation-8, 60°C, 3% TEA 3.89 8.52 833? ¢
.8.3 —4— Color Diffrence, AE
8.25
Formulation-9, 30°C, 0% TEA with SC 3.5 8.69 5\;‘9&?&@50@ P$:%L€?¢ T
ﬂ Y‘f\w\:’:\;\}(\
Formulation-10, 30°C, 1% TEA 3.53 8.6 S
Formulation-11,30°C, 2% TEA 3.55 8.6l
. i Figure 2 Comparisom of color differences (AE) between sodium carbonate
Formulation-12,30°C, 3% TEA 3.58 8.59

AE, total colour difference, SC, sodium carbonate, TEA, triethanol amine, K/S,

surface colour strength

and tri ethanol amine for the application of direct dyes on cotton fabric in
different formulation at 90°C, 60°C, 30°C.

[TEA-Triethanol Amine]

Table 3 Cost of high temperature dyeing method with conventional process at 90°C

Items Total amount Rate (Rs/Kg or Litre) Cost (Rs/Kg of goods)
TEA 0 72 0
Steam in raising water temperature 2.96Kg 0.6 1.78
Steam loss during temperature raising 0.18Kg 0.6 0.11
Steam loss during hold time 0.46Kg 0.6 0.28
Total 2.96
Table 4 Cost of low temperature dyeing method with triethanolamine method at 30°C
Items Total amount Rate (Rs/Kg or Litre) Cost (Rs/Kg of goods)
TEA 0.010Litre 72 0.72
Steam in rising water temperature 0 0 0
Steam loss during temperature 0 0 0
Steam loss during hold time 0 0 0
Total 0.72
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m SCMethod
mTEA Method

Figure 3 Cost comparison between high temperature direct dyeing with
sodium carbonate at 90°C (SC Method) and low temperature direct dyeing at

30°C with triethanolamine (TEA Method).
Effect of triethanolamine

Direct dyeing on cotton fabric observed that the dyeing with TEA
gives better colour yield at low temperature comparing to conventional
method.

Effect of dyeing temperature

The K/S values show that the colour yield at 60°C is highest with
TEA, even almost nearest that in conventional method, but the increase
in K/S with the increase in dyeing temperature from 30°C to 60°C
was slightly increased in dye fixation for triethanolamine method. The
increase in colour strength with the increase in temperature in case
of dyeing with TEA appears to be due to the following reasons: (1)
opening up the cellulose structure (2) increasing the accessibility of
cellulose structure and (3) overcoming the activation energy barrier of
the dyeing process, thereby increasing the level of molecular activity
of the dye-fibre system as well as dye-fibre interaction.

Effect of TEA instead of sodium carbonate

A neligible variation of K/S value was marked for both processes
of sodium carbonate and tricthanolamine which may elucidate that
the exhaustion of dyes into the fabric is possible by lower temperature
TEA due to having dye-fibre interactions in dyebath.

The AE value showed almost nearest for both process of sodium
carbonate and triethanolamine which may clarify that the adsorption
of dyes on the fabric surface is not influenced by lower temperature
TEA due to having little dye aggregation.

Fastness properties: The color fastness to wash and color fastness to
light (sunlight) was found negligible difference for low temperature
dyeing comparing to high temperature dyeing in conventional method.

Cost comparison of low temperature and high temperature
method: Cost of steam production for dyeing machine is Rs. 0.60/Kg
and cost of Triethanolamine is Rs. 72 Litre/Kg.!

From the calculated value of table-3 & 4

a. Cost of high temperature dyeing method with conventional
process at 90°C=Rs. 2.96

b. Cost of low temperature dyeing method with triethanolamine
method at 30°C=Rs. 0.72

Proposed reaction in dye bath

OH

oH —@— N— N__ cellulose _ 0O @OH

Proposed Interaction of dyes-cellulose-triethanolamine
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The interection between dye and fibre depends not only the
chromophore group of dyes i.e sulphonic acid group of dyes used in
this experiment, but the structure of dye fixing agent is a very critical
matter of color variation on the surface of fabric may be expected
from this experiment of cotton fabric coloration which may be stated
as Dye-Fibre-Triethanolamine.

Conclusion

Direct dyes at different concentration of TEA, it has been observed
that the K/S values are almost same and does not show much difference
when it is done in 30°C and at 60°C when compared to 90°C .Thus, it
has been proved that using TEA at room temperature shows similar
results as 90°C in the conventional method of direct dyeing. So using
TEA with Direct dyes at low temperature more energy and power can
be saved and thus huge amount of cost can be minimized.
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