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Abstract: Bleaching of organic cotton fabric can be done with hydrogen peroxide in which Catalase, a 
non-toxic, environmentally friendly biocatalyst is used to remove the residual H2O2 in a cost effective 
way for the better improvement of the cellulosic fabric properties. Enzyme treated organic cotton 
fabric was dyed with a natural dye obtained from orange corolla tube of Nyctanthes arbor-tristis 
flower with the use of ultrasonic power (38.5 kHz and 500W) and Conventional heating conditions. 
Ultrasonic power dyed fabric was compared with conventional dyeing by studying their dyeability. 
Optical density measurements were done for both dyed organic cotton samples. The ultrasound 
assisted dyeing process gave better dye absorption and fastness properties than that of conventional 
method using mordants.  
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Introduction 
Ultrasound technique has been studied and used for a variety of applications in liquids, 
dispersions and polymers. Ultrasonic holds a promise in applications in the field of 
textiles. Inspite of the varied advantages and simplicity of ultrasonic dyeing, there are 
many potential advantages offered by the use of ultrasound in textile wet processing1-3. 
Researchers have reported the  benefits of ultrasonic dyeing in different aspects such as  
energy savings by dyeing at lower temperatures, reduced processing times, environmental 
improvements by reduced consumption of auxiliary chemicals, process enhancement by 
allowing real-time control of colour shade and lower overall processing costs, thereby 
increasing industry competitiveness. A fundamental understanding of the relative 
operative processes is needed so that meaningful application of ultrasonic in textile wet 
processing can be made4-5.  
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 Enzymes are becoming increasingly important in sustainable technology and green 
chemistry6. Especially, in textile, the use of enzymes has a long tradition. The enzymatic 
desizing of cotton with α-amylases is an art since many decades7. Moreover, cellulases, 
pectinases, hemicellulases, lipases and catalases are used in different cotton pre-treatment 
and finishing processes8. Raw cotton fabric is usually bleached using hydrogen peroxide and 
the excess hydrogen peroxide should be removed to prevent reaction with dye. In traditional 
method, excess H2O2 removed by boiling with sodium bisulphate and repeated rinsing of the 
fabric with water a number of times. In this case, large amounts of water (up to 40 L/ kg of 
fabric) are required for rinsing and resulting in discharge of large volumes of wastewater. 
 Contemporary biotechnology offers the opportunity to reduce the large water 
consumption required for washing by the use of catalases for peroxide decomposition. 
Catalase is known for its ability to catalyse the conversion of H2O2 to water and gaseous 
oxygen9,10. The application of enzymes has many advantages compared to conventional and 
non-enzymatic processes. Enzymes can be used in catalytic reaction at low temperatures and 
pH-values near to neutral and their high substrate selectivity allows a very gentle treatment 
of the goods. Moreover, enzymes are biologically degradable and handled without risk11,12.  
 Cotton is an abundant natural fibre which consists of practically pure cellulose (about 88-
96%)13. High levels of agrochemicals are used in the production of non-organic, conventional 
cotton. Cotton production uses more chemicals per unit area than any other crop and accounts in 
total about 16% of the world's pesticides but we used environment friendly organic cotton fabric, 
which was cultivated without using pesticides, chemicals and synthetic fertilizers14,15. Parijataka 
(Nyctanthes arbor- tristis) is one of the most valuable gifts of nature to mankind. It is a short stalk 
flower with two white petals and orange corolla tube. The bright orange colour tube size is ½ to 
¾ inches. It contains colouring matter nyctanthin which is identical with cracetin (C20H24O4) 
from salfron16-18. In the view of polluting aspects of synthetic dyes and long term non-sustainable 
nature of these petrochemical derivatives, natural dyes are gaining importance. Presently there is 
an excessive use of synthetic dyes, which is estimated around 10,000,000 tons per annum17. 
However there is a need to improve the dye fastness and the reproducibility of the dyeing 
process18. Generally, problems in dyeing with natural dyes are related to low exhaustion of dyes 
and to the poor fastness of the dyed fabrics. Attempts to overcome these problems have been 
mainly focused on the use of metallic salts as mordants19,20. 
 The purpose of this study was to investigate the dyeing and fastness properties of 
natural colourant extracted from parijataka (Nyctanthes arbor-tristis) flower on enzyme 
treated organic cotton fabric using eco-friendly mordants in both conventional and ultrasonic 
power dyeing methods.  

Experimental 
Scoured organic cotton fabrics were purchased from Tirupur Industries, India. The orange 
corolla tube of Nyctanthes arbor-tristis flowers were collected from our local residential area 
was used as a colouring substance to this work. Mordants including stannous chloride, ferrous 
sulphate, cow dung and tannic acid were used. Hydrogen peroxide, sodium carbonate, sodium 
hydroxide, sodium bisulphate, acetic acid were used without further purification. Catalase-
enzyme was used in bleaching process, purchased from Hi Media, India. All other chemicals 
used were laboratory grade reagents purchased from Merck, India Pvt. Ltd.  
 Many reports related to mordant research were focused on the effect of synthetic 
mordant (Aluminum sulphate, copper sulphate, lead acetate and potassium dichromate etc.,) 
and not much effort had been made to study the effect of natural mordant in dyeing industry.  
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Considering the importance of the natural dyes with natural mordant and the harmful effect 
of synthetic dyes with synthetic mordant, an effort had been made to formulate an eco-
friendly herbal dye with a natural mordant21,22. 

Methods 
Bleaching 
The scoured organic cotton fabric was entered into the bleaching bath containing the 
required amount of H2O2 (3%), NaOH (4%) and Na2CO3 (4%). The MLR was kept as 1:30 
and the bleaching was carried out at 60 °C for 40 minutes, then the bleached organic cotton 
fabric was washed with water. 
NaHSO4 treatment 
After hydrogen peroxide bleaching, the bleached fabric was entered into  a vessel containing 
the required amount of sodium bisulphate (5%) for 20 minutes at 45 °C to neutralize the 
residual H2O2, then the fabric was washed with water  repeatedly to  remove the excess 
chemicals and then dried.  
Enzyme treatment 
Hydrogen peroxide bleached organic cotton fabric was entered into a bath containing 4% 
catalase enzyme and the bath was kept at room temperature for 30 minutes. After this 
treatment, there is no residual hydrogen peroxide in the bath since it was converted in to 
water and oxygen molecules by Catalase. Here it was not necessary to wash the fabric 
because H2O2 was converted in to water. 

2222 2/1 OOHOH Catalase + →  

Extraction of natural colouring matter from Nyctanthes arbor-tristis flowers 
Flowers of coral jasmine (Nyctanthes arbor – tristis) were collected from our local 
residential area. Flower of coral jasmine was segregated into two parts (based on the colour) 
namely orange corolla tube and white corolla lobe. Only the orange corolla tubes were used 
to dyeing, tubes were dried at room temperature for 7 days and finely powdered, a weighed 
quantity of powdered dye was used for dyeing. 
Dyeing 
Enzyme bleached organic cotton was dyed by simultaneous mordanting method by keeping 
ML ratio as 1:20. The fabric was kept in the dye bath for 45 minutes at 80 ˚C in presence of 
5% of dye, 3% of mordant, 10% sodium chloride and 3% sodium carbonate with constant 
stirring. The dyed material was washed with cold water and dried at room temperature. The 
same procedure was followed for all mordants. 

Ultrasonic dyeing 
Thermostated CREST bench top 575 HT ultrasonic cleaner of capacity 5.75 with 38.5 kHz 
and with a maximum 500 W output was used for the ultrasonic dyeing. According to the 
standard dyeing protocol, dye bath was prepared in a 100 ml beaker containing 5% of dye, 
3% of mordant, 10% sodium chloride and 3% sodium carbonate and ML ratio as 1:30. The 
pH of the bath was maintained as 9.2 by adding 2% aqueous NaCl, finally the enzyme 
treated fabric was immersed in the beaker. The dye bath containing the enzyme treated 
fabric was then subjected to dyeing using the ultrasonicator with working frequency of 27-
30 mHz at 160 V under a controlled water level at about 2-3 cm from the bottom of the bath. 
The fabric was dyed for 60 minutes using the mentioned sonic power level. 
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Weight loss 
The percentage of weight loss was calculated by using the formula,  
Weight Loss = (W1-W2) / W1 x 100  
Where, W1 = Weight of the fabric before enzyme treatment, W2 = Weight of the fabric after 
enzyme treatment 
Optical density  
The exhaustion values of dyed samples were measured by taking the absorbance of the dye liquor 
sample (before and after dyeing) using an UV-visible spectrometer (Jasco V-530) at a wave 
length of maximum absorbance (λmax) concerned. The optical density of original dye and spent 
dye liquor were observed and dye uptake was calculated using the following formula; 

Dye uptake = A1-A2 / A1 X 100 
Where, 

                       A1 = OD of original dye 
                       A2 = OD of spent dye liquor 
Washing fastness 
Washing fastness of all dyed samples was measured by the ISO 105-C03 testing method. Dyed 
samples were taken, stitched with one of the shorter side of the adjacent bleached fabric and put 
in to the bath containing 3 g/L of soap, 2 g/L of sodium carbonate and 1:30 MLR ratio at 60 °C 
for 30 minutes. Then the specimen was washed with hot water, cold water and dried. The change 
in shade and stain was compared for both conventional and ultrasonic dyed samples. 

Light fastness 
Dyed samples were cut and placed on a cardboard, one-half of the samples was masked and 
the other was exposed to sunlight for different (1-6, 1-12, 1-18) hours. The light fastness of 
the samples was assessed according to their degree of fading using grey scale. 

Results and Discussion 
This study illustrates the use of an eco-friendly alternative for the neutralisation of organic 
cotton bleach using enzyme. The enzyme treated organic cotton was dyed with the eco-
friendly dye Parijataka by two different conditions i.e with and without ultrasound and the 
different parameters were studied for both methods. UV-Visible spectral analysis of the dye 
solution shows the absorption at blue region with a wavelength over the range of 430-450 nm 
which confirms23 the appearance of yellow colour of parijataka dye (Figure 1). So this area 
was chosen for further investigation.  

 
 

Figure 1. UV-Visible spectrum of Nyctanthes arbor – tristis 
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The dye uptake was measured from the values of Optical Density (OD) which is shown in 
Table 1. The initial OD of dye liquor value with salt is 4.27. Among the four mordants, cow 
dung mordanted fabric showed less dye uptake than the other mordants. Enzyme treated 
organic cotton samples showed better dye uptake with all mordants on ultrasonic power 
dyeing than conventional process. In ultrasonic method the stable cavitations bubbles 
oscillate and which is responsible for the enhanced molecular motion and stirring effect of 
ultrasound. In this organic cotton dyeing, ultrasonic wave stays in plant cell longer and 
deeper than what an electromagnetic wave can penetrate also effectively. 

Table 1. Dye uptake ranges of samples from optical density  

Mordants 
OD of spent dye liquor Dye Uptake 

CD UD CD UD 
Ferrous sulphate 2.0045 1.6143 53.05 62.19 

Stannous chloride 2.0051 1.5942 53.04 62.66 
Cow dung 2.0258 1.6876 52.55 60.47 

Tannic acid 1.9965 1.5136 53.71 64.55 
CD= Conventional Dyeing, UD= Ultrasonic dyeing 

Weight loss 
The organic cotton fibres showed greater weight loss in the conventional enzymatic 
bleaching treatment (catalase) than in the NaHSO4 treatment. This means that the bleaching 
treatment removes more impurities from the surface. Catalase acts in cold water and thus 
saves valuable energy. A small dose of catalase enzyme is capable of decomposing 
hydrogen peroxide to water and oxygen. After catalase treatment, rinsing is not at all 
required there by a huge quantity of water is saved. Thus the use of catalase not only saves 
water, time and energy but also reduces the pollution load considerably.  
Fastness properties 
In conventional heating method light fastness is similar for all samples, irrespective of 
bleaching method and use of mordants (Table 2). It is observed that almost all the treated 
fibres have moderate light fastness ranging from 2-4. But in ultrasonic power dyeing, all the 
mordants are having good fastness properties particularly tannic acid and stannous chloride. 
Almost all the treated fibres have moderate light fastness ranging from 5-7 was observed. 

Table 2. Fastness properties of both dyed samples 

Mordants Light fastness Washing fastness 
6, h 12, h 18, h Change in shade Change in stain 

CD UD CD UD CD UD CD UD CD UD 
Ferrous 
sulphate 4 5-7 3 5-6 3 5 3 3-4 2 4 

Stannous 
chloride 3-4 5-6 3 5-6 3 5 2 3-4 3 4 

Cow dung 2-3 5-6 2-3 5 2 4-5 3 4 2 3-4 
Tannic acid 3-4 7 3 6-7 2-3 6-7 2 4 3 4-5 

CD= Conventional Dyeing, UD= Ultrasonic dyeing 
 In general wash fastness for majority of the natural dyes was poor. But in ultrasonic 
treatment wash fastness values of dyed samples with various mordants showed good results 
(3-5) particularly tannic acid and stannous chloride mordanted fabrics exhibit good affection 
with dye molecules.  In conventional dyed fabric wash fastness values were not good (2-3).  
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This indicates that there may be a poor fixation of the dye on enzyme treated fibres in 
conventional heating. 
 Performance of ultrasonic dyeing of organic cotton sample exhibits better result than 
conventional heating method while comparing the different parameters such as dye uptake, 
and fastness properties. According to the use of different mordants, the increasing order of 
different parameters is same for both ultrasonic and conventional heating method i.e., tannic 
acid mordant shows better result in both methods. 

Conclusion 
It can be concluded that enzymatic bleaching neutralisation of organic cotton is very 
interesting alternative to conventional bleaching type. The ultrasonic dyeing of cotton 
gave rapid dye adsorption kinetics and total higher adsorption than conventional dyeing 
for all the four mordants. Dyeing kinetics of enzyme treated cotton fabrics were 
compared for both the methods. The dye uptake reveals that the enhanced dye uptake 
showing the efficiency of sonicator. Thus the net enhancement of dye uptake and wash 
fastness values has been found to be best for tannic acid compared to other mordants. 
So, the tannic acid-ultrasonic-dye combination method offers an environmentally benign 
alternative to the metal mordanted natural dyeing. It is hoped that parijataka dye extract 
will definitely find great use in cotton industry especially in yellow colour range dyeing. 
Dye uptake and surface lustre were very good in organic cotton fabric. So, from our 
ecological point to avoid synthetic fertilizers and pesticides we suggest that replacement 
of cotton by organic cotton. 
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