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Abstract  Dyeing was carried out on cotton fabric using Novacron Blue FN-R and Novacron Brilliant Red FN-3GL dyes 
in 0.5%, 1.5% and 4% shades using soda ash and eco-alkali. One-half, one-fourth, one-sixth and one-eighth amount of 
eco-alkali was used to analyze the performance of eco-alkali in comparison to the required amount of soda ash for the three 
shade%. Then color yield (K/S value), fixation efficiency (%), pH of wash liquor after dyeing, washing fastness and color 
uniformity results of dyed fabrics were analyzed and compared. Color yield was found better using one-fourth amount of 
eco-alkali in 0.5% and 1.5% shades and using half amount of eco-alkali in 4% shade. Fixation efficiency was found better 
using one-fourth amount of eco-alkali. pH of the wash liquor after dyeing was found less in case of using eco-alkali. Washing 
fastness and color uniformity of dyed fabrics were also comparable using lower amount of eco-alkali. 
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1. Introduction 
Reactive dyes are the widely used dyes all over the world. 

Most of the dyeing operations of cellulosic fibers are done by 
reactive dyes which have the worldwide acceptance to the 
dyeing technologists. This water soluble dyes get exhausted 
on the cellulosic fiber in the presence of glauber’s salt at 
neutral pH. Under alkaline conditions fixation is carried out 
in which covalent bond forms between reactive sites of fiber 
and cellulosic material [1]. But this alkaline condition also 
facilitates the reaction of reactive group with the dye liquor, 
resulting in deactivation or hydrolysis of the dye [2]. 
Normally soda ash is used as the most commonly used alkali 
in the dyeing bath. The important point is not the type or 
amount of alkali, but the pH of the bath. However, dye 
fixation on cellulosic fibers is generally low (Often less than 
70%) [2]. This results in a highly colored dye house effluent 
which is not favorable for the environmental grounds. As 
much as 50% of the total cost of a reactive dyeing process is 
attributed to the washing off stages to remove unfixed or 
hydrolyzed dyes and treatment of the resulting effluent [1]. 
Furthermore, the higher concentrations of alkali required in 
cellulosic dyeing may pose additional effluent problems. 
Under this circumstance, eco-alkali can be used in place of 
soda ash in dyeing of cotton fabric with reactive dyes. Due to  
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having higher fixation%, it can produce better color yield on 
cotton fabric, hence dye wastage can be less in reactive 
dyeing and consequently can create less effluent problem. 
Furthermore, as less amount of eco-alkali can be used to 
produce better color yield, the pH of wash liquor after dyeing 
can be reduced which facilitates the post-dyeing 
neutralization process. The unfixed and hydrolized dyes 
causes difficulities if not washed and neutralized properly, as 
a result, in the soaping process, soaping bath will act as a 
dyeing bath in the presence of alkali and high temperature 
which can cause color change in the dyed fabric.That is why, 
pH of wash liquor need to be measured after dyeing in both 
cases using soda ash and eco-alkali. 

In this study, cotton fabric was dyed with reactive dyes 
using soda ash and its lower amount of eco-alkali; then color 
yield and fixation efficiency were compared. After dyeing, 
pH of the wash liquor was compared in both cases. Color 
uniformity and washing fastness test of the dyed fabric were 
also compared in both cases. 

2. Materials and Methods 
2.1. Materials  

2.1.1. Fabric 

The grey 100% cotton knit fabric (Single Jersey) of about 
164 gm/m2, procured from Dulal Brothers Limited, 
Nayapara, Kashimpur, Gazipur, Bangladesh was used 
throughout the present study.  
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2.1.2. Dyestuffs 

Bi-hetero type Novacron Blue FN-R and Novacron 
Brilliant Red FN-3GL reactive dyes were purchased from 
Huntsman, Bangladesh. 

2.1.3. Eco-alkali 

Soda ash substitute, also called updated soda ash. It is a 
mixture of multiple alkalis and a perfectly optimized alkali 
buffer of Zhejiang Runhe Chemical New Material Co. Ltd. 
China, taking place of sodium carbonate in reactive dyeing 
process of cotton fabric. It is available as white powder form, 
anionic and soluble in water. Manufacturer claims that it is 
eco-friendly and saves cost compared to soda ash as its 
1/8thto 1/10th amount is sufficient to get required shade than 
what soda ash does, its reproduction from lab to bulk is 
excellent, its fixing performance is slow and stable, also 
improves the leveling problem specially for Turquoise blue 
and green color. 

2.1.4. Chemicals and Auxiliaries 

All the chemicals and auxiliaries used for the experimental 
work were of laboratory grade reagent. 

2.2. Experimental Methods 

2.2.1. Preparatory Process 

For scouring and bleaching purposes, grey fabric was 
prewashed with the bath liquor containing 4 ml/l hydrogen 
peroxide (35%), 3 g/l caustic soda, 1.25 g/l sodium silicate as 
stabilizer, 1 g/l wetting agent and 1 g/l sequestering agent at 
pH 10.5, material to liquor ratio 1:50, temperature 90°C for 
60 minutes, then washed thoroughly with 2g/l detergent 
followed by neutralization with 1 g/l acetic acid.  

2.2.2. Dyeing 

Dyeing was carried out in isothermal method using alkali 
and eco-alkali with the three shade% (0.5%, 1.5% and 4%) at 
600C for 60 minutes, keeping material to liquor ratio 1:10 
(Weight of fabric in gm; amount of liquor in ml) in the 
laboratory IR sample dyeing machine. Then dyed fabric was 
washed with water at 60°C, and pH of the wash liquor was 
measured followed by neutralization with 1% acetic acid at 
room temperature for 10 min, and finally soaping with 1 g/l 
soaping agent at 80°C for 10 min. 

Dyeing recipe for different shades of reactive dyes is 
given in Table 1. 

2.2.3. Color Yield of Dyed Fabrics 

Dyed textile samples were analyzed by measuring the 
reflectance curve between 350 and 750 nm with a dual 
beam reflectance spectrophotometer with illuminant D65 at 
100observer. The minimum of the curve (Rmin) was used to 
determine the ratio of light absorption (K) and scatter (S) 
via the Kubelka-Munk function (Equation 1) [3, 4]. 

�K
S
�

Dyed
= (1− Rmin )2

2Rmin
              (1) 

2.2.4. Fixation Efficiency 

Fixation efficiency was measured by the equation 2 [5-9]. 

F =(K/S)T
(K/S)U

100[%]              (2) 

Where, 
‘T' refers to fabric treated in soap solution after dyeing, 
‘U’ refers to untreated sample after dyeing. 

2.2.5. Color Uniformity 

Color uniformity was calculated by measuring K/S 
values on 10 random sample spots at maximum absorption 
wave length λ using equation 3 and equation 4 [10]. 

σ(λ)=�∑ [(k/s)i,λ −(k/s)]2n
i=0

n−1
            (3) 

(k/s)λ= 1
n
∑ (k/s)i,λ

n
i=0              (4) 

Where,σ(λ) is the standard deviation of each random 
spot K/S value with (K/S)λ, λ is the maximum absorption 
wave length, n is the number of measured spot, (K/S)i,λ is 
the K/S value of each random spot. Color uniformity, 
expressed by σ(λ) improves when σ(λ) value decreases. 

2.2.6. Color Fastness to Washing 

Color fastness to washing test was carried out following 
ISO 105 C06 [11]. 

3. Results and Discussions 
3.1. Color Yield of Dyed Samples 

The K/S values of dyed samples were expressed through 
Figure 1 and Figure 2. 

Table 1.  Dyeing recipe 

Shade = 0.5% Shade = 1.5% Shade = 4% 

Glauber’s salt = 20 g/l 
Soda ash = 5 g/l 

Or, eco-alkali = 2.5/1.25/0.84/0.64 g/l 

Glauber’s salt = 50 g/l 
Soda ash = 15 g/l 

Or, eco-alkali = 7.5/3.75/2.5/1.87 g/l 

Glauber’s salt = 70 g/l 
Soda ash = 20 g/l 

Or, eco-alkali = 10/5/3.34/2.5 g/l 

Wetting agent* = 0.5 g/l, sequestering agent** = 0.5 g/l, material to liquor ratio = 1:10,temperature- 60°C, time-60 min 

*Primawet DW **Primaquest M  
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Figure 1.  K/S value for samples dyed with Novacron Blue FN-R 

 

Figure 2.  K/S values for samples dyed with Novacron Brilliant Red FN-3GL 

Table 2.  Fixation efficiency% of Novacron Blue FN-R 

Shades Amount of alkali (g/l) K/S value after 
dyeing 

K/S value after 
soaping Fixation efficiency (%) 

0.5% 

Soda ash 5 1.178 1.01 85.74 

Eco-alkali 

2.5 2.532 2.265 89.45 

1.25 1.76 1.50 85.23 

0.84 2.5 0.615 24.60 

0.64 2.89 0.358 12.35 

1.5% 

Soda ash 15 2.65 1.97 74.4 

Eco-alkali 

7.5 6.0 2.85 47.5 

3.75 2.42 1.952 80.5 

2.5 6.15 1.80 29.3 

1.87 3.82 0.605 15.84 

4% 

Soda ash 20 24.86 17.81 71.64 

Eco-alkali 

10 19.3 18.3 94.82 

5 15 11.2 74.67 

3.34 12.1 7.84 64.5 

2.5 15.41 4.63 30.04 
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Table 3.  Fixation efficiency% of Novacron Brilliant Red FN-3GL 

Shades Amount of alkali (g/l) K/S value after dyeing K/S value after soaping Fixation efficiency (%) 

0.5% 

Soda ash 5 5.70 4.86 85.3 

Eco-alkali 

2.5 5.42 5.05 93.2 

1.25 5.505 4.85 88.1 

0.84 5.61 4.80 85.56 

0.64 5.80 4.81 83 

1.5% 

Soda ash 15 13.8 11.6 84.67 

Eco-alkali 

7.5 15 13.4 93 

3.75 11.3 11.1 98.23 

2.5 10.5 9.21 87.72 

1.87 12 9.04 75.33 

4% 

Soda ash 20 24.73 19.3 78.04 

Eco-alkali 

10 29 25.1 86.55 

5 24.2 20.2 83.47 

3.34 22.2 18.3 82.43 

2.5 23.24 18.2 78.3 

 
From the Figure 1 it was noticed that for 0.5% shade 

(Novacron Blue FN-R) K/S value was found 1.01 using 5 g/l 
soda ash whereas the value was found 1.50 using 1/4th 

eco-alkali. So using 1/4th eco-alkali, color yield was found 
higher. Again, for 1.5% shade, K/S values were found 1.97 
using 15 g/l soda ash, while using its 1/4th amount of 
eco-alkali is suitably comparable to required 15 g/l soda ash 
in terms of color yield. For 4% shade half amount of 
eco-alkali gave higher color yield than using 20 g/l soda ash. 

Similar results were found for Novacron Brilliant Red 
FN-3GL that 1/4th amount of eco-alkali gave the similar 
comparable color yield for 0.5% & 1.5% shades and half 
amount of eco-alkali showed better color yield for 4% shade 
than using required amount of alkali. 

3.2. Fixation Efficiency  

The fixation efficiency data are shown in Table 2 and 
Table 3 for Novacron Blue FN-R and Novacron Brilliant 
Red FN-3GL dyes respectively. 

From Table 2, fixation efficiency was found 85.75% for 
0.5% shade (Novacron Blue FN-R) using 5 g/l soda ash 
whereas for its 1/4th amount of eco-alkali fixation efficiency 
was found 85.23% and this can be improved to 89.74% using 
half amount of eco-alkali. Again, for 1.5% shade (Novacron 
Blue FN-R), fixation efficiency was found 74.4% using 15g/l 
soda ash and its 1/4th amount of eco-alkali showed fixation 
efficiency 80.50%. Also in case of 4% shade (Novacron Blue 
FN-R), the achieved fixation efficiency was 71.64% using  

20 g/l soda ash. But using its 1/4th amount of eco-alkali, the 
achieved fixation efficiency was 74.67% which was higher 
and comparable. This can be further improved to 94.82% 
using half amount of eco-alkali.  

From Table 3, it was found that in case of Novacron 
Brilliant Red FN-3GL dye, 1/6th amount of eco-alkali 
showed comparable fixation efficiency for 0.5% and 1.5% 
shades and can be improved using higher amount of 
eco-alkali. All the four amounts of eco-alkali, showed better 
fixation efficiency for 4% shade than the required amount of 
soda ash (20 g/l). 

3.3. Analysis of pH of Wash Liquor after Dyeing 

The data regarding pH of the washing liquor are shown in 
Figure 3 and Figure 4 respectively. Wash liquor pH was 
found to be 10 as shown in Figure 3, in three shades 
(Novacron Blue FN-R) using soda ash. As eco-alkali was 
used in lower amount, hence in this case, pH of wash liquor 
gradually decreased. For all the blue shades, pH varied from 
7.5 to 8.5. 

Again, wash liquor pH was found less as shown in Figure 
4 for Novacron Brilliant Red FN-3GL, which varied from pH 
8 to 10 using eco-alkali than using soda ash. pH gradually 
decreased with the decrease of eco-alkali. As pH was found 
decreased using eco-alkali, the amount of acetic acid in the 
neutralization process will also be required lower and hence 
there will be savings. 
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Figure 3.  pH of wash liquor after dyeing for Novacron Blue FN-R 

 

Figure 4.  pH of wash liquor after dyeing for Novacron Brilliant Red FN-3GL 

Table 4.  Rating of color fatness to wash ((Novacron Blue FN-R) 

Shades Amount of alkali (g/l) Color change 
Color staining to multi-fiber fabric 

Di-acetate Bleached cotton Polyamide Polyester Acrylic Wool 

0.5% 

Soda ash 5 4/5 4/5 5 4/5 5 5 5 

Eco-alkali 

2.5 5 5 5 5 5 5 5 

1.25 4/5 4/5 4/5 4 4/5 5 5 

0.84 4/5 5 5 4/5 5 5 5 

0.64 4/5 5 4/5 4 5 5 5 

1.5% 

Soda ash 15 4/5 5 5 4/5 5 5 5 

Eco-alkali 

7.5 4/5 5 5 4/5 5 5 5 

3.75 4/5 5 5 4/5 5 5 5 

2.5 4/5 5 5 4/5 5 5 5 

1.87 4/5 4/5 5 4/5 5 5 5 

4% 

Soda ash 20 4/5 5 4 4/5 5 5 5 

Eco-alkali 

10 4/5 5 4/5 5 5 5 5 

5 4/5 5 4/5 5 5 5 5 

3.34 5 5 5 5 5 5 5 

2.5 5 5 5 5 5 5 5 
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Table 5.  Rating of color fastness to wash (Novacron Brilliant Red FN-3GL) 

Shades Amount of alkali (g/l) Color change 
Color staining to multi-fiber fabric 

Di-acetate Bleached cotton Polyamide Polyester Acrylic Wool 

0.5% 

Soda ash 5 4/5 4/5 4/5 4/5 4/5 4/5 4/5 

Eco-alkali 

2.5 5 5 5 4/5 4/5 4/5 4/5 

1.25 4/5 4/5 4/5 4/5 4/5 4/5 4/5 

0.84 4/5 5 4/5 4/5 4/5 4/5 4/5 

0.64 5 5 5 5 5 5 5 

1.5% 

Soda ash 15 4/5 5 4/5 4/5 5 5 5 

Eco-alkali 

7.5 5 5 5 5 5 5 5 

3.75 5 5 5 5 5 5 5 

2.5 5 5 5 5 5 5 5 

1.87 5 5 5 5 5 5 5 

4% 

Soda ash 20 4/5 5 4 4/5 5 4/5 4/5 

Eco-alkali 

10 4/5 5 4 4/5 5 4/5 5 

5 5 5 5 5 5 5 5 

3.34 4/5 5 4 4/5 5 5 4/5 

2.5 5 5 5 5 5 5 5 

 

3.4. Analysis of Washing Fastness Property 

Reactive dyes on cellulose fiber have superior washing 
fastness property [2]. Here for all shade%, rating for color 
change was found 4/5 to 5 that means good to excellent both 
for Novacron Blue FN-R and Novacron Brilliant Red 
FN-3GL dyes, which were shown in Table 4 and Table 5 
respectively. In case of color staining ratings, it was found 4 
(Good) in case of bleached cotton in 4% shade both for red 
and blue shades using soda ash, using lower amount of 
eco-alkali ratings were improved from 4 to 5 in case of 
bleached cotton. Staining was in between 4/5 to 5 in other 
cases. The reason of good washing fastness both in terms of 
color change and color staining was due to the formation 
chemical bondings (Covalent bonds) between cotton 
polymer and dye molecules [1]. 

3.5. Analysis of Color Uniformity of the Dyed Samples 

Color uniformity can be easily interpreted in terms of 
standard deviation values of the K/S which are shown in 
Table 6 and Table 7 respectively for blue and red dyes. 

From Table 6 and Table 7, it was found that using lower 
amount of eco-alkali in most cases the standard deviation 
values were found lower and consequently color uniformity 
was found better. It was also found that using soda ash, 
standard deviation value of K/S was found lower in 0.5% 

shade and gradually increased in case of 1.5% and 4% shades. 
Again, comparable standard deviation values of K/S were 
found using 1/4th amount of eco-alkali both for blue and red 
dyes of different shades.  

3.6. Major Findings 

 One-fourth amount of eco-alkali was found to be better 
substitute to soda ash for light and medium shades; for 
deep shade one-half amount of eco-alkali showed better 
color yield than what was achieved using recommended 
amount of soda ash. 

 Comparable fixation efficiency was ensured using 
one-fourth amount of eco-alkali for the observed light, 
medium and deep shades. 

 Using soda ash, pH of wash liquor after dyeing was 
found more (pH: 10-11); whereas using lower amount 
of eco-alkali pH was found lower which varied from 
7.5-10 for all shades of blue and red dyes. 

 Washing fastness of the dyed sample was found within 
good to excellent using both soda ash and eco-alkali. 

 Comparable or better color uniformity effect can be 
achieved using one-fourth or one-sixth amount of 
eco-alkali. 
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Table 6.  Standard deviation of K/S values of dyed samples for Novacron Blue FN-R 

Shade Amount of alkali (g/l) 
K/S values at different places of the fabric (λmax = 520nm) 

Std. dev. (σ) 
1 2 3 4 5 6 7 8 9 10 

0.5% 

Soda ash 5 1.045 1.045 1.043 1.035 1.03 1.02 0.995 0.995 1.045 1.011 0.0138 

Eco-alkali 

2.5 2.330 2.295 2.210 2.308 2.35 2.27 2.290 2.190 2.320 2.33 0.051 

1.25 1.33 1.36 1.35 1.37 1.35 1.36 1.37 1.36 1.36 1.36 0.0130 

0.84 0.625 0.628 0.623 0.617 0.62 0.63 0.610 0.627 0.626 0.625 0.0068 

0.64 0.310 0.311 0.31 0.291 0.315 0.315 0.313 0.31 0.313 0.3 0.0066 

1.5% 

Soda ash 15 1.992 1.96 1.99 1.96 1.97 1.91 1.92 1.935 1.945 1.88 0.0341 

Eco-alkali 

7.5 2.770 2.71 2.74 2.80 2.77 2.74 2.89 2.77 2.75 2.71 0.05 

3.75 1.895 1.985 1.905 1.88 1.96 1.90 1.895 1.96 1.91 1.89 0.0341 

2.5 1.820 1.813 1.845 1.80 1.84 1.83 1.815 1.825 1.822 1.84 0.0132 

1.87 0.615 0.612 0.627 0.610 0.61 0.61 0.615 0.615 0.604 0.61 0.0057 

4% 

Soda ash 20 17.25 16.8 17.7 17.65 18.1 17.8 17.00 17.02 16.90 16.7 0.453 

Eco-alkali 

10 18.10 17.72 18.7 18.6 18.8 18.8 18.32 17.67 18.20 16.8 0.596 

5 11.45 11.45 11.38 11.25 11.8 11.6 11.35 11.25 11.55 11.2 0.179 

3.34 7.35 7.39 7.45 7.60 7.22 7.50 7.68 7.40 7.48 7.65 0.140 

2.5 4.44 4.54 4.65 4.64 4.68 4.46 4.64 4.75 4.75 4.61 0.100 

Table 7.  Standard deviation of K/S values of dyed samples for Novacron Brilliant Red FN-3GL 

Shade Amount of alkali (g/l) 
K/S values at different places of the fabric (λmax = 630nm) 

Std. dev. (σ) 
1 2 3 4 5 6 7 8 9 10 

0.5% 

Soda ash 5 4.74 4.81 4.82 4.75 4.86 4.75 4.76 4.93 4.97 4.86 0.056 

Eco-alkali 

2.5 4.80 4.86 4.79 5.32 4.99 4.96 5.02 4.97 4.96 4.93 0.141 

1.25 4.78 4.72 4.74 4.69 4.76 4.69 4.72 4.60 4.65 4.60 0.059 

0.84 4.87 4.84 4.84 4.87 4.84 4.77 4.68 4.73 4.79 4.68 0.69 

0.64 4.75 4.74 4.75 4.90 4.75 4.70 4.80 4.94 4.85 4.88 0.123 

1.5% 

Soda ash 15 11.6 11.6 11.3 11.4 11.4 11.5 11.6 11.4 11.9 12.2 0.256 

Eco-alkali 

7.5 13.2 13.1 13.4 13.7 13.4 13.7 13.3 13.2 13.1 13 0.23 

3.75 11 10.9 10.7 10.7 10.7 10.4 10.8 10.8 11 10.9 0.17 

2.5 8.72 8.85 8.67 9.09 9.01 8.99 8.83 8.84 9.23 9.15 0.176 

1.87 9.01 8.80 9.09 8.94 9.09 8.94 9.09 8.98 9.05 8.90 0.090 

4% 

Soda ash 20 19.0 18.5 19.1 19.0 19.3 19.4 19.9 19.4 19.5 19.2 0.352 

Eco-alkali 

10 23.5 24.3 23.8 23.6 23.9 23.9 22.8 23.8 24.0 23.5 0.279 

5 19 20 19.1 19.1 19.15 19.16 18.8 19.9 19.15 19.12 0.366 

3.34 19.3 20.3 19.5 19.5 19.8 20.6 19.1 20.2 19.9 19.6 0.278 

2.5 18.7 18.4 18.8 18.1 18.4 18.0 18.1 18.5 17.9 18.9 0.331 
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4. Conclusions 
This study was planned to use eco-alkali in dyeing of 

cotton fabric with reactive dyes as a substitute of soda ash 
and for that purpose its half, one-fourth, one-sixth and 
one-eighth amount of eco-alkali was used. For light and 
medium shades, 1/4th amount of eco-alkali produced better 
color yield in comparison to dyeing with standard amount of 
soda ash whereas in case of deep shade one-half amount of 
eco-alkali produced better color yield. Comparable fixation 
efficiency was ensured using 1/4th amount of eco-alkali in 
the observed three shade percentages of blue and red dyes. 
Savings can be possible in case of neutralization process due 
to achieve lower pH in wash liquor using lower amount of 
eco-alkali in all the cases. In addition, it was also found that 
using 1/4th amount of eco-alkali, comparable washing 
fastness results and color uniformity effects can be achieved. 
It can be concluded that eco-alkali can be used commercially 
in replacement with the excessive amount of soda ash for any 
shade in reactive dyeing of cotton fabric. 
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