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REZUMAT - ABSTRACT

Solutie ecologica pentru vopsirea tesaturilor din bumbac utilizind trei mordanti organici in coloranti reactivi

Colorantii textile si agentii de fixare care sunt utilizati in procesul de vopsire contribuie in mare masuré la poluarea
mediului. In studiul de fata, trei tipuri diferite de mordanti organici (citrat de sodiu, acetat de amoniu si acetat de potasiu)
sunt utilizati la vopsirea prin epuizare, ca mordanti. Efectul concentratiilor de mordanti este studiat pe baza proprietatilor
de rezistenta a culorii (modificarea culorii, rezistenta la frecare si rezistenta la lumind) a bumbacului vopsit cu coloranti
reactivi utilizand acesti mordanti organici. Compararea acestor mordanti cu agentul de fixare conventional (NaCl) este,
de asemenea, studiata pentru a evalua diferenta dintre proprietatile de rezistentd a culorii sarurilor conventionale si
organice utilizate in acest studiu. S-a constatat c& proprietétile de rezistenta a culorii sérurilor conventionale si organice
sunt comparabile, precum si incazul citratului de sodiu. In mod similar, intensitatea culorii tesaturii dupé vopsirea cu
saruri organice si anorganice a fost masurata utilizand Datacolor. Rezultatele au confirmat ca valorile mai ridicate ale
K/S sunt obtinute pentru sarurile organice prin utilizarea unei concentratii mai scazute de sare organic in comparatie cu
sarea conventionald. Scaderea totalului solidelor dizolvate (TDS) ale efluentilor colorati se situeazé intre 6% si 29%
pentru trei saruri organice in comparatie cu sarea conventionala.

Cuvinte-cheie: coloranti reactivi, proprietdti de rezistentd a culorii, mordanti organici, tesatura din bumbac, totalul
solidelor dizolvate

Eco-friendly route for dyeing of cotton fabric using three organic mordants in reactive dyes

The textile dyes and fixing agents that used in dyeing process are major contributor to environmental pollution. In the
present study, three different organic mordants (Sodium Citrate, Ammonium Acetate, and Potassium Acetate) are used
in exhaust dyeing as mordants. Effect of mordant concentrations is studied on fastness properties (color change,
rubbing fastness & light fastness) of cotton dyed with reactive dyes using these organic mordants. Comparison of these
mordants with conventional fixing agent (NaCl) is also studied in order to evaluate the difference between fastness
properties of conventional and organic salts used in this study. We found that the color fastness properties of
conventional and organic salts are comparable, better in case of sodium citrate. Similarly color depth on fabric after
dyeing with organic as well as inorganic salts is measured using data color. Results confirm that higher values of K/S
are obtained for organic salts by using lower organic salt concentration compared to conventional salt. Reduction in total
dissolved solids (TDS) of dye effluents is obtained from 6% to 29% for three organic salts as compared to conventional
salt.
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INTRODUCTION

Dyeing and finishing processes are integral part of
textile industry. Variety of methods is being used in
textile industry to improve the dyeing process [1].
Exhaust dyeing is one of all these processes used in
textile dyeing. It has good fatness properties due to
dye fibre chemical bonding as compare to other dye-
ing processes. Due to the presence of xenobiotic
compounds in textile waste of this process, it con-
tributes a lot in creating environmental pollution [2].
Textile effluents usually contain alkalis, organic acids,
organic dyes, finishing agents and non-biodegrad-
able inorganic salts [3, 4]. These textile waste mate-
rials are harmful for aquatic life as well as it is respon-
sible for many diseases in humans [5]. For treatment
of these toxic compounds many methods have been

membrane filtration, flocculation and ozonation [6—8].
All these methods have certain drawbacks, they can
reduce the pollution but they are expensive. Another
major issue is the disposal of solid waste produced
during such treatments [9]. One obvious solution of
this problem could be the use of better chemicals and
improve the processing technology in order to reduce
pollution problems.

Reactive dyes are mostly used in textile industry to
produce bright colours. These reactive dyes also
impart fastness properties to the dyed fabrics due to
the strong covalent bonding under alkaline conditions
between natural fibre and dye [10]. It is well known
that reactive dyes have low degree of fixation on the
textile fabric [11]. For any type of dying process, usu-
ally surfactants, inorganic salts and alkalis are

developed which include adsorption, oxidation,
anaerobic decolourization, catalysis, ion exchange,
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required during dyeing process in order to fix the dye
into fibre under suitable alkaline conditions [12—-13].
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These salts and alkalis, after dyeing process are
drained along with effluents. Due to incorporation of
salts and alkalis in the waste effluents, value of dis-
solved solids increases into the effluent in the form of
Total Dissolved Solids (TDS) which also produces
environmental pollution [14—15]. Improvement in dye-
ing techniques, machinery and use of more improved
structural dyes has helped in reduction of organic
salts and ultimately TDS in the effluents [16—19].
Use of organic salts instead of conventional inorgan-
ic salt could reduce the pollution problem because
the removal and degradation of organic salts is easi-
er. In the present work an attempt has been made to
replace the conventional inorganic salts with organic
salts. Effect of using reduced concentration of organ-
ic salts on the dyeing properties, colour depth and
K/S values has been studied. It has been observed
that reduced concentration of organic salts under the
same dyeing conditions not only helps to decrease
the TDS in textile effluents, but also improves colour
depth.

EXPERIMENTAL

Chemicals and reagents

Cotton twill fabric having 200 g/m2, 160 ends/inch
and 60 picks/inch was used in this study. Reactive
dyes C.l. Reactive Blue 250, C.I. Reactive Red 195,
C.l. Reactive Yellow 145 & C.I. Reactive Black 5 were
used. Organic mordants used in this study were
mono sodium citrate, ammonium acetate and potas-
sium acetate supplied by Sigma Aldrich. All these
chemicals were of analytical grade and were used
without any further pre-treatment.

Dyeing procedure

Commercially scoured and bleached Twill fabric was
used for exhaust dyeing. IR dyer (D400IR) was used
to dyecotton fabric. 0.4% aqueous solution of each
dye was prepared and then fed into the IR dyer
along-with fabric. Liquor ratio (1:10) was adjusted
according to fabric weight. 2 g commercially available
salt of sodium chloride and 3 g sodium bicarbonate
was added into the container. Similarly, 2 g of each
organic salt & 3 g sodium bicarbonate was separate-
ly weighed and feed into already labeled separate
containers of IR Dyer having dye solution and fabric.
The details of the dyeing conditions arementioned in
table 1.

Table 1
Dying Process Exhaust dying
Dyeing Temperature 70°C
Dyeing Time 30 minutes
Baths rotational speed 40 rpm
Dye Depth Shade 2% shade

At the completion of dyeing procedure, contents of IR
dyer were drain out leaving dyed fabric. Fabric was
washed and rinsed with hot water (95°C) and then
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with water at room temperature till desorption of dye
[20].

Samples were removed from IR Dyeing machine
D400IR, washed, dried and conditioned then, evalu-
ated for fastness properties (fastness to light on
weathero meter Ci 3000, crocking on AATCC
Crockmeter, and laundering on Washtec-p Launder o
meter) by using standard testing methods.

The dyeing parameters such as the effect of concen-
tration of organic salts on the dyeing properties, color
depth and K/S values were also studied using similar
procedure.

RESULTS AND DISCUSSION
Evaluation of fastness properties

Fastness properties of dye are considered as an
important parameter in dying process. Fasteners are
basically binding agents which bind the reactive dyes
to the cellulose fibers and improve the binding strength
during wet treatments. Fastening agents improve the
production rate by reducing the washing baths and
process time. We also studied the fastening proper-
ties of four dyes using organic mordants. For com-
parison, the effect of traditional inorganic salt (NaCl)
is also applied to the same dyes under similar condi-
tions. We applied different standard methods to eval-
uate the fastness properties including (BO5 for fast-
ness to light, AATCC 8 for fastness to dry and wet
crocking, AATCC 61 for fastness to laundering).
Results of fastness properties using conventional as
well as organic salt for all the dyes are shown in
table 2.

Results confirm that all organic salts show better fast-
ness properties for all the methods compared to con-
ventional salt i.e. NaCl. Different types of cotton
fibers were also tested to further justify the hypothe-
sis but these mordants show better results in all types
of fibers. Better colour change has also been
observed in all dyes by applying organic mordants.
This may be attributed to the better association of cit-
rate and acetate groups to the cotton fibers. Among
organic salts, sodium citrate showed better fastness
properties than ammonium acetate and potassium
acetate. These results prove that organic salts can be
used as potential replacements for conventional inor-
ganic mordants due to their better fastening pro-
perties and eco-friendly nature. This leads to the
decrease in TDS in the effluent water normally
caused by the use of sodium chloride. With further
optimization these mordants could be applied at
industrial scale.

Optimization of salt concentration vs color yield

With increasing salt concentration, dye levelness
improves and resultant color yield [21-22]. Initially we
optimized the effect of concentration of inorganic salt
on the color yield of the fabric using 2% dye solution
and varying concentrations of inorganic salt from 1%
to 5% using liquor ratio of (1:10). Results show that
for C.I Reactive Blue 250 using 5% Sodium Chloride
(NaCl), maximum value of color yield is obtained.
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Table 2

. Color fastness
Colour fastness to accelerated laundering . ]
20 gl Mordants ( ) (1so
Staining Col Dry e 105B02)
Ace | Co Ny Po | Acr | Wo | change
Sodium Chloride 4-5 | 4-5 4 4-5 | 4-5 | 34 4 4-5 4 7-8
Regélive Potassium Acetate | 3.4 | 34 | 34 | 45 | 45 | 34 | 4 34 | 34 45
Blue 250 Ammonium Acetate | 4-5 | 4-5 | 4-5 | 4-5 | 4-5 | 4-5 34 4-5 34 ©
Sodium Citrate 45| 45| 45 | 45 | 4-5 4 4-5 4-5 4-5 8
Sodium Chloride 4-5 | 45| 45|45 | 45| 4-5 4-5 4-5 4-5 8
Regc-iive Potassium Acetate | 45 | 4 | 45 | 45 | 45 | 4 4 34 | 45 56
Red 195 Ammonium Acetate | 4-5 | 4-5 | 4-5 | 4-5 | 4-5 | 4-5 34 4-5 4 5-6
Sodium Citrate 45| 45| 45 | 45| 45| 4-5 4-5 4-5 4-5 7-8
Cl Sodium Chloride | 45 | 45| 4 | 45|45 | 45 4 45 | 34 7-8
Reactive | Potassium Acetate | 4-5 | 34 | 4-5 | 4-5 | 4-5 4 34 4-5 4-5 67
Yellow | Ammonium Acetate | 4-5 4 4 4-5 | 4-5 | 4-5 4-5 4-5 34 5-6
145 Sodium Citrate 45| 4 |45 |45 |45]| 4 4-5 4-5 4-5 8
Sodium Chloride 4-5 5 4 4-5 | 4-5 | 4-5 4-5 4-5 4 7-8
Regc.:iive Potassium Acetate | 4-5 | 4-5 | 4-5 | 4-5 | 4-5 | 4-5 4 4-5 34 67
Bek 5 Ammonium Acetate | 4-5 | 4-5 | 45 | 4-5 | 4-5 | 4-5 34 4 4 5-6
Sodium Citrate 4-5 5 4-5 | 4-5 | 4-5 4 4-5 4-5 4-5 6

Similarly changing the alkali concentration also
affected the color yield. Changing the concentration
from 0.5% to 3%, using 2% solution of C.| Reactive
Blue 250 under same dyeing conditions as men-
tioned above. Results show that maximum color yield
is obtained at 1.5% alkali solution, using 5%. Effect of
salt concentration on color yield is shown in figure 1.

B Cl Black 5

Cl Reactive 145

ClRed 195

Cl Reactive Blue 250

KIS value
=

1 2 3 4 5 6 7
Salt concentration, % age

Fig. 1. Color yield vs salt concentration (%)

Similarly, dyeing is performed using 2% reactive
dyes, by taking each of 2% organic salts including
potassium acetate, ammonium acetate and sodium
citrate. Color strength for each dyed fabric is taken
using data color (SF650X). Results show that greater
values of color ratio (K/S) are obtained using lower
concentration of organic salts for different reactive
dyes compared to conventional inorganic salts which
required higher concentration for fixation of dyes on
fabric. This shows that inorganic salts are better sub-
stitute of inorganic salt. This lower concentration of
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organic mordants is also helpful in lowering of total
dissolved solids in effluents of dyeing in textile indus-
try. Results showing the effect of organic salt con-
centration on K/S value are shown in figure 2.

35
30
25
20
= Ammaonium acelate
10

KIS value

Pot acelale

Sodium acetate

ClBlack-5  Cl Reactive-145 Red-195 Blue-250

Dyes used (D1 to D4)

Fig. 2. Effect of organic salt concentration on K/S value
on cotton fabric using reactive dyes

Effluent analysis

Purpose of this study is to reduce the TDS of dye
effluent by using alternative biodegradable elec-
trolyte. Table 3 shows that the use of Sodium Citrate
reduce nearly 17% —29% TDS of effluents for all dyes
as compare to conventional inorganic salt Sodium
Chloride. Similarly TDS of effluents was reduced
6% -20% by using organic salts Potassium Acetate
and Ammonium Acetate. Reduction in TDS due to
use of sodium citrate the lower level in total dissolved
salt for all the dyes are because of the lower concen-
tration of the sodium citrate for the better color fixa-
tion and better color yield. This gives better color
yield for all the used dyes. It shows that in the efflu-
ent the unfixed dye ratios is reduced and make the
Sodium Citrate an ecofriendlysalt for dyeing. Further,
it provided significantly higher color yields for all
dyes. The ratio of unfixed dye in the effluent remark-
ably reduced and a Sodium Citrate salt is environ-
ment friendly.
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7263 CONCLUSION

In this research, for the first time, we evaluated the

Dyes used Effluent samples TDS . ) )
(20 g/) (diluted 100 times) (mgll) effect of three organic salts on dying of cotton fabric
Sodium Citrate (40 g/l) 1010 using four reactive dyes. We studied the effect of
' Potassium Acetate (40 g/l) 1145 organic mordants on different dying parameters such
C.I Reactive L ——— o as fastness properties, color yield and K/S value.
>0 Sodium chioride (50 gl From the results, we can conclude that the organic
B 1 bicarbonats ?15 o | salts including sodium citrate, potassium acetate and
Sodium Citrate (40 g/l) 990 ammonium acetate show comparable fastness prop-
_ Potassium Acetate (40 g/l) 1110 erties as obtained in case of using conventional salts.
C'IlqeR:z:(g'Sve R Acotarg 1295 Out of these three salts sodium citrate show better
Sodium chloride (50 g/) W fastness properties as compared to other salts.
Sodium bicarbonate (15 g/l) Furthermore, at lower concentration organic salts
Sodium Citrate (40 g/l) 1140 show higher K/S values.
i Potassium Acetate (40 g/l) 1215 The use of these biodegradable salts during the dye-
Yellow 145 | Ammonium Acetate 1250 ing process helps in decreasing TDS which is ulti-
Sod?um C.hloride (50 g/l) 1390 mately reduction in environmental pollution.
Sodium bicarbonate (15 g/l) Effluents analysis shows that 6% —29% reduction in
Sodium Citrate (40 g/l) 1130 TSD is observed by using all three organic salts as
BllRcactive Potassium Acetate(40 g/l) 1220 mordants as compare to Conventional salt Sodium
Black 5 Ammonium Acetate 1325 Chloride. So, we can predict that after further opti-
Sod!um chloride (50 g/l) 1420 mization these mordants could be potential replace-
Sodium bicarbonate (15 g/l) ment of traditional inorganic salts in textile industry.
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