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 The color strength of a dyed fabric is a function of dye concentration, salt 
concentration, alkali concentration and dyeing temperature. The aim of this study is to 
determine and analyze the color strength (K/S) for both cotton-elastane (CE) and 
lyocell-elastene (LE) samples using reactive dye considering the different process 
variables at a predetermined dyeing duration of 45 minutes. In this present work, 
different process variables included dye concentration (1%, 3%, 5%, 7% & 9%), alkali 
concentration (5g/l, 8g/l & 10g/l), salt concentration (20g/l, 30g/l & 40g/l) and dyeing 
temperature (400C, 600C & 800C). Samples were made considering these variables at 
different combination and also examined by Spectrophotometer to investigate the color 
strength effect on CE and LE single jersey knit fabric. This works also present the 
comparative study of color strength between CE and LE fabrics at different 
combination of process variables. The results evinced that, temperature has more 
influence on LE than CE for acquiring higher color strength. LE fabric exhibited better 
dye ability with higher color uptake compare to CE fabric.  
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INTRODUCTION 

 
The generations of regenerated cellulose fibers, 

such as viscose, modal and lyocell fibers are among 
the most important fibers from the point of textile 
and environmental aspects due to the natural 
structures and properties (Albercht et al, 1997). 
Lyocell is the generic name for a regenerated 
cellulosic fiber obtained by spinning of dissolved 
wood pulp in an organic solvent. This regenerated 
cellulosic fibers like are produced by a more 
environmentally friendly procedure where cellulose 
is dissolved in the organic solvent N-methyl 
morpholine-N- oxide, without regenerated cellulosic 
yarns with various chemical reagents had been the 
subject of research for several years NMMO or 
lyocell fibers (CLY), produced by the amine oxide 
process (Krässig, 1992; Kreže et al, 2003) are 
solvent spun. More than 99% of the solvent is 
recycled within the process, making the fiber 
production extremely ecofriendly. Very small 
quantities of NMMO emitted via waste water are 
readily degraded in the biological waste water 
treatment plants. NMMO with its favorable 

toxicological properties has been found to be less 
toxic than ethanol. The solvent spinning technique so 
adopted is an environmentally responsible process 
(Chavan & Patra, 2004). This manufactured fiber 
shows round cross-sections and a smooth surface. 
Their high degree of crystallinity, molecular 
orientation and higher molecular weight causes 
special properties such as high wet fiber strength and 
comparatively low elongation, leading to the 
remarkable dimensional stability of fabrics produced 
from them. Lyocell fiber’s degree of crystallinity is 
16 % higher than that of modal fibers and much 
higher (43%) compared to viscose fibers. The fibrils 
in lyocell fibers are thinner than in CMD and CV 
fibers and molecular orientation is nearly the same 
(orientation function of lyocell fibers is 3% higher) 
as in modal fibers but much higher compared to 
viscose standard fibers (18%).Lenz and Schurz (Lenz 
& Schurz, 1990) determined the size of crystalline 
regions of regenerated cellulose fibers: length 12 - 14 
nm, width 8 - 10 nm, and thickness 3 - 4 nm. The 
broad plane of the platelet-shaped crystallites is 
situated parallel to the 101- lattice plane. The 
crystallites form strands with a length of 150 nm - 
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550 nm. They are partly bundled up in clusters with 
diameters of 30 - 60 nm, partly separated by less 
dense spacing regions. Since lyocell is cellulose 
based fiber and therefore can be dyed with any class 
of dyestuff suitable for other cellulosic fiber.  On the 
other hand cotton fibers are widely applied in textile 
industry due to its excellent properties of 
hygroscopicity, air permeability, biodegradability, no 
static electricity, etc. The dyeing of these fibers are 
generally done with reactive dyes due to its 
brilliancy, variety of hue, high wet fastness, 
convenient usage and high applicability. These 
reactive dyes contain a reactive group, either a halo-
heterocyclic or an activated double bond, that, when 
applied to a fiber in an alkaline dye bath, forms a 
chemical bond with hydroxyl group on the cellulosic 
fiber (Rattee, 1984). In recent years, reactive dyes 
maintain the largest annual consumption in the world 
among the dyes used for which establishes its 
important status in the dye manufacture industry. But 
some problems, such as low dye utilization, large 
amount of electrolyte used and high volume of 
wastewater discharged, always exist in the 
application of reactive dyes. The dyeing of one 
kilogram of cotton with reactive dyes demands from 
70 to 150 litre water, 0.6-0.8 Kg NaC1 and from 30 
to 60 g dyestuffs (Allegre, 2006). Spandex or 
elastane is an elastomeric which is always blended 
with other natural and synthetic fibers such as cotton, 
wool, silk, and linen. Different types of spandex 
material exist on the markets with different counts, 
this impose engineering the use of every type at 
different spun materials and fabric construction. The 
percentage of spandex used in the knitting industry 
depends on the fabric stretch required and fabric 
properties (Haji, 2013). The reactive dyes have 
higher natural affinity for lyocell-elastane than for 
cotton-elastane because of its structure as a result it 
shows higher K/S value in comparison with cotton-
elastane. Hence, reactive dyes with good migration 
properties will be best suited for lyocell-elastane 
providing level dyeing effect. Thus, the electrolyte 
recommendations can also be significantly reduced, 
as compared to the dyeing to the same depth of shade 
on cotton-elastane. Consequently, there is reduction 
in chemical cost, handling and total dissolved solids. 
Lower electrolyte also facilitates quicker removal of 
unfixed hydrolysed dye from the fiber in washing 
stage after dyeing, thus reducing the process cycle 
time and hence the cost (Taylor et al, 2001). Reactive 
dyes are in fact seen as the major dye class used on 
lyocell-elastane today. It can be noted that world 
wide spandex consumption and growth is 30-40% 
per year and the growth trend will going higher as 
expected.Asian country including Bangladesh has a 
share of nearly 60% of world consumption and 
contribution also 25% of world wide spandex growth 

per year.So it is important to know about the 
compatibility of dyes with this spandex fiber fabric 
blend with some commonly used cotton and lyocell. 
The aim of this study was to compare the dye ability 
characteristics of cotton-elastane and lyocell-elastane 
blended fabrics in terms of temperature, amount of 
alkali, amount of salt and dye concentration. 

 
MATERIALS AND METHODS 

 
Materials and Equipment:  

In this investigation, single jersey cotton-
elastane (95/5) and lyocell-elastane (95/5) blended 
knit scoured and bleached fabrics (180-190 GSM) 
were used for preparing dyed samples. Sodium 
carbonate was used as alkali and gluber salt was used 
as electrolyte. Remazol Blue RR from Dystar 
Germany was used as dye. Infra red lab dyeing 
machine and a UV visible spectrophotometer (Data 
Color 650 TM) were used in the experimental 
investigation. 

 
Dyeing procedure: 

All pre-treated cotton-elastane and lyocell-
elastane blended knit fabric samples were dyed using 
exhaust dyeing methods with Remazol Blue RR, 
reactive dyes in a laboratory dyeing machine 
according to set values(Table 1) for dye 
concentration (%), salt concentration (g/l), alkali 
concentration (g/l), dyeing time (min), dyeing 
temperature (0C) and material: liquor ratio i.e. 1:10. 
Normally, dye concentration, salt concentration, 
alkali concentration, dyeing time and temperature are 
the primary and most important factors affecting the 
color strength of dyed samples. After dyeing all 
samples were cold rinsed and then hot washed at 
900C for 10 minutes. Next, the samples were dried 
and conditioned for 2 hours at (65±2) % RH (relative 
humidity) and (20±2)0 C temperature. After 
conditioning, reflectance values of all dyed samples 
were measured using by Data Color 650 TM, in a 
visible region with wavelength of 650nm. Finally, 
the color strength (K/S) was calculated using the 
Kubelka-Munk equation: 
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Experimental Data: 
The table shows that forty five experiments were 

done during this study using five types dye 
concentration namely; 1, 3, 5, 7 and 9%. The dyeing 
time was kept constant whereas the dyeing 
temperature, salt concentration and alkali 
concentration were changed in the respective 
experiment. 
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Table 1: Different parameter of experiment 
Exp. 
no. 

DC 
% 

Dye temp 
(⁰C) 

Time 
(min) 

SC 
(g/l) 

AC 
(g/l) 

1 1 40 45 20 5 
2 1 60 45 20 5 
3 1 80 45 20 5 
4 3 40 45 20 5 
5 3 60 45 20 5 
6 3 80 45 20 5 
7 5 40 45 20 5 
8 5 60 45 20 5 
9 5 80 45 20 5 
10 7 40 45 20 5 
11 7 60 45 20 5 
12 7 80 45 20 5 
13 9 40 45 20 5 
14 9 60 45 20 5 
15 9 80 45 20 5 
16 1 40 45 30 8 
17 1 60 45 30 8 
18 1 80 45 30 8 
19 3 40 45 30 8 
20 3 60 45 30 8 
21 3 80 45 30 8 
22 5 40 45 30 8 
23 5 60 45 30 8 
24 5 80 45 30 8 
25 7 40 45 30 8 
26 7 60 45 30 8 
27 7 80 45 30 8 
28 9 40 45 30 8 
29 9 60 45 30 8 
30 9 80 45 30 8 
31 1 40 45 40 10 
32 1 60 45 40 10 
33 1 80 45 40 10 
34 3 40 45 40 10 
35 3 60 45 40 10 
36 3 80 45 40 10 
37 5 40 45 40 10 
38 5 60 45 40 10 
39 5 80 45 40 10 
40 7 40 45 40 10 
41 7 60 45 40 10 
42 7 80 45 40 10 
43 9 40 45 40 10 
44 9 60 45 40 10 
45 9 80 45 40 10 

*SC=Salt concentration, AC=Alkali concentration, DC%=Dye concentration % 

 
RESULT AND DISCUSSION 

 
Cotton-elastane and lyocell-elastane fabrics were 

realized using different combination of process 
variables for the observation of their effect and K/S 
value for each combination of variables were 
determined. 

 
Effect of Temperature: 

K/S value of figured data (Fig.1, Fig.2 and Fig. 
3) reflects that dyeing temperature has a great impact 
on dye uptake for both fabrics. A dramatic change 
occurs in fiber polymer system when temperature is 
applied as a medium of energy. This scenario is best 
viewed from the plotted curves. As the temperature 
increases, the molecular structure becomes open 

which facilitate the dye uptake and hence the higher 
K/S value is obtained. An interesting relation was 
obtained when the temperature was increased at 
different level of dye, salt and alkali concentration. 
In case of cotton-elastane, the results show that K/S 
value of dyed fabric increased gradually with the 
increase of temperature from 40⁰C to 60⁰C. In fig 3, 
at 60 ⁰C for cotton-elastane shows optimum dye 
uptake but the K/S value in the plotted figure shows 
that at 800C the dye uptake results getting down 
which may be due to diffusion of dye from the core 
of the fiber. At 1%, 3% and 5% the results shows 
near parallel effect. On 7% dye it shows slightly 
higher differences but at 9% dye concentration with 
600C and 800C shows less difference in results where 
as at 40⁰C it shows declined value. Again, for 
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lyocell-elastane fabric samples, the plotted curves 
show different action. At 1%, 5% and 7% of dye 
concentration of 40⁰C and 80⁰C shows small value 
difference. But high level of dye uptake was shown 
at 60⁰C for lyocell-elastane. In addition, at 9% dye 
concentration with 80⁰C the lyocell-elastane samples 
show a highest peak but decreasing rate of dye 

uptake at 40⁰C.The reason for this is obvious and 
indicates of the effects of different structure for 
cotton and lyocell. Due to higher degree of 
crystalinity in the polymer structure of cotton-
elastane to lyocell-elastane causes less dye uptake of 
cotton-elastane samples. 

 

 
Fig. 1: Effect of dye % and temperature at 20 g/l salt and 5g/l alkali 

 
Effect of Salt and Alkali: 

The plotted curves (Fig. 1, Fig. 2 and Fig 3) 
indicate that with the increased amount of salts and 
alkali the dye uptake also increased. The plotted data 
shows a gradually increased curve with linear 
relation. The highest value of dye uptake was 
observed 11.85 for cotton-elastane and 22.6 for 
lyocell-elastane with the amount of 40g/l salt and 
10g/l of salt and alkali concentration respectively. 
The least value of salt and alkali concentration i.e. 20 
g/l and 5 g/l shows the minimum K/S value for 
cotton-elastane and lyocell-elastane blended fabrics 
which mean that this concentration has less impact at 
the values of dye uptake for fabrics. However, the 
effect of salt and alkali concentration on dye uptake 
is also affected by other factors such as-dye 
concentration, dyeing temperature and time etc.  
 

 
Effect of Dye Concentration: 
K/S value of figured data (Fig.1, Fig.2 and Fig. 3) 
reflects that dye concentration has an unavoidable 
impact on dye uptake for both fabrics. Generally as 
the dye concentration increases, the availability of 
the dye molecules in the dye bath also increases as a 
result more dye molecule can attach to the fiber and 
hence the higher K/S value is obtained. In case of 
cotton-elastane fabric, the results show that K/S 
value of dyed fabric increased gradually as the dye 
concentration shifted from 1 to 9%  along with others 
parameters i.e. temperature, salt and alkali 
concentration with some exceptions.  Certainly, the 
maximum K/S values (11.85) for cotton-elastane and 
22.68 for lyocell-elastane fabric were achieved at 9% 
dye concentration with some deviations in 
temperature.  

 
Fig. 2: Effect of dye % and temperature at 30 g/l salt and 8g/l alkal 
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Fig. 3: Effect of dye % and temperature at 40 g/l salt and 10g/l alkali

 
Conclusion: 

A comparative study was ended on color 
strength of cotton-elastane (CE) and lyocell-elastane 
(LE). Results showed that highest K/S value for CE 
fabric was obtained at dye concentration 9%, salt 
concentration 40g/l, alkali concentration 10 g/l and 
dyeing temperature 600C whereas highest K/S value 
was recorded at dyeing temperature of 800C with 
same concentration of salt & alkali in LE fabric. In 
case of CE fabric, the maximum K/S value has 
reached up to 11.85 and for LE fabric, K/S was 
23.03. Based on the results it can be concluded that 
due to the changes on fiber morphology along with 
different dyeing variables LE fabric has better dye 
affinity than CE fabric. 
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