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Abstract 

 The objective of this work is to study the influence of the plain, twill and satin weave structures on 
the colorfastness properties of reactive dyes. From the results, it can be concluded that plain weave fabric 
showed the optimum colorfastness properties due to its compact interlacement structure compared to twill 
and satin weave fabrics. Three types of plain, twill, and satin weave fabrics of different weave structures 
and weights (g/m2) were used in this research. The dyes, auxiliaries, and chemicals were applied, and the 
colorfastness tests were carried out in accordance with the test methods provided by ASTM and AATCC 
standards. Color strength (K/S) values were obtained using a reflectance spectrophotometer. A projection 
microscope was used to take cross sectional diagrams of the yarns for assessment. FTIR instrument 
transmitted infrared radiation to the dyed samples of up to a few microns to measure the spectroscopy 
within the visible spectral province with the maximum infrared ray (IR) peak values. The peak values of 
the FTIR device assured the presence of colorant or chromophore existing in the dyestuffs which were 
liable to expose the best colorfastness properties. This research is experimentally-based, and the findings 
are useful to personnel involved in cellulose fabric dyeing with reactive dyes and to the control of color 
properties. This research opens potential ways for scholars to advance study in this field.     
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Introduction 

Textile industries are directly dependent on reactive dyes since they have good colorfastness 
properties. Reactive dyes provide bright and even color shades to textile materials [1]. They are very 
popular with customers and manufacturers all over the world for their sustainable characteristics. At the 
same time, these dyes are cheap and easily obtainable in the market [2]. Different specialists have 
investigated this topic at different intervals where a literature review exposed different outcomes. Some of 
these were identical to each other, but others were controversial. Eventually, if one standard was reformed 
during trialing, it led to a substantial change in research consequences. Colorfastness is the struggle of a 
substance to change in any of its color appearances, to the relocation of its colorants to neighboring 
ingredients, or both [3]. Fading is the color changing capabilities of the materials. Bleeding is the 
transmission of coloring components to an auxiliary attending fiber material [4]. Colorfastness properties, 
color intensity properties, and color strength characteristics are vital properties of textile materials [5]. It 
is the behavior of a color that authorizes it to hold its various features despite degradation through contact 
with sun light, heavy rain, crocking, or human body secretion [6].  

The characteristics which can affect the color fastness properties of textile materials are fiber 
composition, yarn type, fabric construction, dyes, chemicals and auxiliaries, processing operations, and 
end use practices [7]. Dyes are mainly categorized consistent with their solubility properties and chemical 
characteristics. It is not possible to apply one dye to all types of fibers [8]. Dyes are classified according 
to their structures and interactions with fiber types and reactive groups [9]. Various binding forces sustain 
between the dyes and the materials. Reactive dyes are applicable for dyeing cotton fibers, whereas 
disperse dyes are suitable for dyeing polyester fibers [10]. Reactive dyes form covalent bonds in between 
the reactive group and the terminal –OH group of cellulosic fibers. These bonds are strong enough and 
establish very good colorfastness properties [11]. These dyes are so-called reactive dyes since they have 
reactive groups in their structure and react chemically with the fiber molecules to form covalent bonds 
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between the reactive group and terminal –OH groups of cellulose fiber [12]. Covalent bonding is stronger 
than hydrogen bonding and ionic bonding; as a consequence, the reactive group turns into an integral part 
of the fiber molecules [13]. When fabric is submerged in dye solution, an electrolyte, such as NaCl, is 
added to assist the exhaustion of dye, where it neutralizes the negative charges on the cellulose surface of 
cotton and helps absorption. The reactive group of the dye reacts with the terminal –OH groups of fiber 
molecules and forms a strong covalent bond. After dyeing, a series of hot, cold, and soap washings are 
required to remove the unfixed dye particles and excess chemicals to obtain good wash fastness properties 
[14]. 

The rate of reaction of the dye molecules with the fiber increases with increase in their reactivity 
[15]. Alternatively, if reactivity decreases, than the extent of hydrolysis also decreases, which results in 
slowing down its reaction with the fiber molecules [16]. The reactivity of reactive dye is also increased 
when the molecular weight of the reactive group increases [17]. These dyes are cationic types that can be 
used to dye cellulose, protein, and polyamide fibers [18]. These dyes are found in powder, liquid, and 
paste forms, and are strongly soluble in water. These dyes can show excellent colorfastness properties due 
to strong covalent bonds [19]. The reactive dyeing technique is cheap, easy, and requires less 
time/temperature to dye. They have a constant electron arrangement that can defend against degradation 
from ultraviolet rays [20]. Salt is used in a dye bath to increase the affinity of dye with fiber molecules. 
However, adding more salt in the dye bath decreases the hydrolysis process of the dyes [21]. This 
incidence neutralizes the electronegativity of the fiber surface if submerged in dye solution and increases 
dye absorption by generating additional energy to push the dye inside the fiber molecules [22].  

People worldwide dye textile substances using available resources, but some dyestuffs generate 
bright and durable shades, such as purple and pink, which were much valued before the year 1850 as they 
were only obtained from a natural source of invertebrates” [23]. The dispersion dyeing technique is 
different from other dyeing processes because it follows the process of color trapping at high 
temperatures [24]. Shades of textile substances are dependent on the ability of an element to absorb light 
in the perceptible area of the electromagnetic array, which is from 380 to 700 nm [25]. Witt’s theory 
clarified that colorants had two groups of chemicals; one is chromophore, which imparts color by 
absorbing light in the visible area, and the other is auxo-chrome, which helps to develop the color on 
materials [26]. This idea has been surpassed by the latest electronic construction principle of colors, by 
which dyestuffs are noticeable in a visible light range [27]. Color is an important term in textile wet 
processing, since it has extensive value for both the customers and manufacturers [28]. Holding original 
colors to textile materials is one of the vital quality parameters of colored textile products [29]. 
Maintaining the quality parameters of colored textile products is always a difficult challenge for textile 
manufacturers.  

To attain desired colorfastness properties, a dyer must be aware of the requirements of the customer 
and act accordingly [30]. Dyestuffs, chemicals, auxiliaries, and process parameters extensively affect 
colorfastness properties. Dyeing temperature, bath pH, time, machine speed, and dye concentrations are 
directly connected to the color properties of fabrics [31]. It is seen that synthetic fabrics have better 
colorfastness properties compared to cellulosic fabrics [32]. This is because polyester, or other synthetic 
fibers, can withstand more adverse conditions compared to cellulosic fibers [33]. This has been 
experimented on, such that reactive dyes exhibit excellent colorfastness properties when they are dyed 
with cellulosic fibers [34]. On the contrary, disperse dyes exhibit excellent color fastness properties when 
they are dyed with polyester or other synthetic fibers [35]. This research work was carried out to evaluate 
the effective colorfastness of reactive dyes on different cellulosic fabric structures. 
 
Materials and methods 

Fabric type 
Cotton fabrics made of plain, twill, and satin weaves were used in this research for investigation, as 

shown in Table 1. They had similar densities for easy assessment and experimentation.  
It is seen from the table that the number of picks per inch were 58, 60, and 62, respectively, having 

the same number of ends in all cases. Therefore, the difference in weight was due to the extra 2 and 4 
picks per inch in twill and satin, with reference to plain weave. In this table, warp yarn count is 20 Ne and 
weft yarn count is 16 Ne. These fabrics had ends per inch (EPI) of 110 yarns and picks per inch (PPI) of 
58, 60, and 62 yarns. All the fabrics had the same width of 59 inches with different weights. Figure 1 
shows the structural diagram of plain, twill, and satin weave fabric [36].  
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Table 1 100 % Cotton cellulosic fabrics. 

S.N Composition Construction Weave Weight (g/m2) Width (″) 

A 100 % Cotton 20×16
110×58

 
1
1
 plain 235 59 

B 100 % Cotton 20×16
110×60

 
2
1
 twill 237 59 

C 100 % Cotton 20×16
110×62

 
4
1
  satin 240 59 

 
 
 

 
Figure 1 Structural diagram of plain, twill, and satin weaves. 
 
 

Dye type (reactive) 
Reactive dye was used in this research for investigation. These dyes form covalent bonds with 

cellulose. This chromophore in the dye molecule influences color in the fiber. These dyes are anionic and 
water soluble and have excellent colorfastness properties on cellulosic fabrics. They are ecofriendly, 
exploited monoazo systems for bright colors; coupling aniline to H-acid gives the azo dye procion red, 
and anthraquinone dyes are applied to get bright blue colors. Figure 2 shows marinho sidercron, a 
reactive dye.  
 

 
 
Figure 2 Moleclar structure of a reactive dye (marinho sidercron). 
 
 

Chemical type 
Wetting, sequestering, leveling, and fixing agents were used in this research for experimentation. 

These chemicals and auxiliaries were used for an efficient dyeing process. Table 2 shows the required 
chemicals and auxiliaries required for the research. 
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Table 2 Chemicals applied in this experimentation.  

S.N Formula Chemical name Medium Function 
1 C20H37NaO7S Wetting agent Base to weaken surface tension 
2 C15H10Cl2O3 Sequestering agent Base to reduce water hardness 
3 C17H25OSO3Na Leveling agent Base to level the dyes 
4 (NH4)2S2O3 Fixing agent Base for fixation of dyes 

5 H2O2 Hydrogen peroxide Acidic for oxidation, applied for oxygen 
production and sodium carbonate 

6 NaCl Sodium chloride Base to boost dye exhaustion 

7 CH3COOH Acetic acid Acidic to abolish superfluous dyes from fabric 
surface 

 
 

Test method 
All the colorfastness properties of cellulosic fabrics were investigated as standard specified by 

AATCC and ASTM, as noted underneath the paper. Light fastness properties were experimented on as 
per the method specified by AATCC TM16.1 Standard. Wash fastness properties were experimented on 
as per the method specified by ASTM D435-42 Standard. Perspiration fastness properties were 
experimented on as per the method specified by AATCC TM15 Standard. Crocking fastness properties 
were experimented on as per the method specified by AATCC TM8 Standard. 
 

Color intensity and strength test in spectrophotometer  
Reflectance and absorption properties of textile materials were investigated using the Kubelka 

Monk Equation (K/S) to identify the color strength and intensity characteristics followed by Eqs. (1) - (2). 
In these two equations, color difference (∆E) is measured by lightness values (∆L), color saturation 
values, and color hue values. Color intensity or saturation values (∆H) were also measured with the other 
properties of colors.  
 

Measurement of color differences values; 
 
∆E ∗ ab =  [ (∆L ∗)2 +  (∆a ∗)2 + (∆b ∗)2 ]½           (1) 
 

Measurement of color saturation values;          
  
∆H ∗ ab =  [(∆E ∗ ab)2 −  (∆L ∗)2 −  (∆C ∗ ab)2]½          (2) 
 

Instruments used  
Light fastness properties of fabrics were investigated using a Light Fastness Tester TF421. Wash 

fastness properties of fabrics were investigated using a Launder Meter TF418. Perspiration fastness 
properties of fabrics were investigated using a Perspirometer TF416A. Crocking fastness properties of 
fabrics were investigated using a Crock Meter TF410. Color saturation properties were investigated using 
an “Agilent Cary 630 FTIR Instrument”. This instrument could transfer infrared radiation to identify the 
color strength values and color intensity values. A Reflectance Spectrophotometer was also used to 
identify the color strength performances of textile materials. Cotton fabrics were dyed using a pad dye 
pad steam machine, Benninger, Germany. Fiber composition was tested by using a “TESTEX Fiber 
Content Analysis Tester TB300”. A projection microscope, “Projectina DMM 2000”, was used to check 
the cross section of the yarns. 
 

Cover factor measurement method 
Cover factor specifies the extent to which the area of a cloth is covered by yarns. It is the percentage 

of the area covered by the yarns to the total area of fabric. Cover factor also describes the compactness, 
solidity, and density of a fabric. The higher the cover factor, the less the penetration of dye particles; 
therefore, cover factor has a direct relationship with the color properties of fabrics. We know the weave 
factor for plain weave is 1, weave factor for twill weave is 0.78, and weave factor for satin weave is 0.68. 
Cover factor can be calculated with the below Eq. (3). 
 

https://pubchem.ncbi.nlm.nih.gov/%23query=C15H10Cl2O3
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 Cover factor measurement equation;  
 

Fabric cover factor = ��� EPI
�warp count

� +  � PPI
√weft count

�� − �
�� EPI
�warp count

�× � PPI
√weft count

��

28
�� × weave Factor   (3) 

 
Dyeıng process 
Dye molecules react with fiber molecules to form covalent bonds between the dye reactive group 

and terminal –OH group of cellulosic fibers. Requisite chemicals, dye particles, and auxiliaries were 
taken in the required amounts, as mentioned in Table 2. Additional water, common salt, and dye were 
taken in a dye bath. During reactive dyeing, pH was maintained from 10 to 12, and temperature was kept 
at 90 °C for 60 to 90 min. The dyeing process took place in three states: the exhaustion of dye in the 
existence of electrolyte or dye immersion, fixation at the engagement of alkali, and washing off the 
unfixed dye particles from the fabric surface. When fiber was absorbed in the dye solution, an electrolyte 
was added to help with dye exhaustion. The following reactions occurred in the dye bath:  

 
Cellulose–OH + HO– ⇒ Cellulose–O– + H2O 
Cellulose–O– + Dye–Cl ⇒ Cellulose–O–Dye + Cl– 
Cellulose–O– + Dye–SO2–CH=CH2 ⇒ Dye–SO2–CH=CH2–O– Cellulose 
 
(NCCl)3 + dye-NH2 ⇒ N3C3Cl2(NH-dye) + HCl 
 
Subsequent dichlorotriazine attached to the fibers by dislocation of one of the two chloride groups; 
 
N3C3Cl2(NH-dye) + HO-cellulose → N3C3Cl(NH-dye)(O-cellulose) + HCl 
 

 
Figure 3 Attachment of reactive dyes to fibres (Cell = cellulose, R = chromophore). 
 
 

Figure 3 shows the attachment of reactive dyes to fibers. After dye fixation, a cold wash was given. 
This fixation procedure was directed to an alkaline dye cabinet. Like chloro-tri-azines, the functional 
group mixed with hydroxyl groups of fiber cellulose.   
 

Experimentation 
Color strength and intensity test 
A Reflectance Spectrophotometer was used in this research to identify the color strength properties 

and the color intensity properties. The three samples were cut in 4″×2″ for each size and put in the 
instrument. The instrument could hold the samples with its clamp, as shown in Figure 4. The clamp was 
adjustable in order to place the samples at the right place. This instrument used a tungsten light source to 
take the color values with its flashing system.  
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Figure 4 Checking the color values with reflectance spectrophotometer. 

 
 
Color strength (K/S) and intensity were measured using wave numbers from 330 to 900 nm 

surrounded by the detectable range. Further color values, such as L*, a*, b*, C*, and h*, were also 
obtained.  
 

Colorfastness test 
Light fastness properties of fabrics were investigated using a Light Fastness Tester TF421 as per the 

method specified by AATCC TM16.1 Standard. Wash fastness properties of fabrics were investigated 
using a Launder Meter TF418 as per the method specified by ASTM D435-42 Standard. Perspiration 
fastness properties of fabrics were investigated using a Perspirometer TF416A as per the method 
specified by AATCC TM15 Standard. Crocking fastness properties of fabrics were investigated using a 
Crock Meter TF410 as per the method specified by AATCC TM8 Standard. 
 

Cover factor measurement 
Cover factor specifies the extent to which the area of a cloth is covered by the yarns. It is the 

percentage of the area covered by yarns to the total area of fabric. Higher cover factor expresses more 
compactness of fabrics, so dye penetration would be difficult for fabrics with higher cover factors. The 
lower the cover factor, the more the penetration of dye particles, so cover factor has a direct relationship 
with the color properties of fabrics. Cover factor was measured with Eq. (4), as stated above. We know 
the weave factor for plain weave is 1, weave factor for twill weave is 0.78, and weave factor for satin 
weave is 0.68. 
 
 Cover factor measurement equation;  
 

Fabric cover factor = ��� EPI
�warp count

� +  � PPI
√weft count

�� − �
�� EPI
�warp count

�× � PPI
√weft count

��

28
�� × weave Factor    (4) 

 
Cover factor measurement of sample A 
It is seen from Table 1 that the construction of fabric A was 20×16

110×58
. Here, warp yarn count was 

20Ne, weft yarn count was 16Ne, EPI was 110, and PPI was 58. Weave factor for plain weave was 1. 
Therefore, the cover factor of the fabric was measured with Eq. (3), as shown below; 
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⎣
⎢
⎢
⎢
⎢
⎡

��
EPI

�warp count
� +  �

PPI
√weft count

�� −

⎣
⎢
⎢
⎢
⎡�� EPI

�warp count
� ×  � PPI

√weft count
��

28

⎦
⎥
⎥
⎥
⎤

⎦
⎥
⎥
⎥
⎥
⎤

× weave Factor 

 

⎣
⎢
⎢
⎢
⎡
��

110
√20 Ne

� +  �
58

√16 Ne
�� − �

�� 110
√20 Ne 

� ×  � 58
√16 Ne

��

28 �

⎦
⎥
⎥
⎥
⎤

× 1 

 

⎣
⎢
⎢
⎢
⎡
��

110
√20 

� +  �
58
√16 

�� − �
��110
√20 

� ×  � 58
√16 

��

28 �

⎦
⎥
⎥
⎥
⎤

× 1 

 

⎣
⎢
⎢
⎡
��

110
4.4721� +  �

58
4 �� − �

�� 110
4.4721� ×  �58

4 ��
28 �

⎦
⎥
⎥
⎤

× 1 

�{24.5969 +  14.5} − �
{24.5969 ×  14.5}

28 �� × 1 

 

�39.0969 − �
356.6551

28 �� × 1 

 
[39.0969 − 12.7377] × 1 
 
26.3592 × 1 
 
26.3592 
 
Hence, the cover factor for sample A was 26.3592. 
 

Following the same method, calculation for sample B and sample C were conducted with Eq. (3), as 
stated above, and the results are shown in Table 5.  
 

Microscopic test  
Yarns were removed from the three fabrics and observed through a light microscope, using glycerin 

as a mounting liquid.  
  

FTIR test 
Infrared radiation was passed through the three types of samples using an “Agilent Cary 630 FTIR 

Instrument” to detect the color absorbency characteristics. IR radiation was used to detect the intensity of 
the dye stuffs inside the cellulosic fabrics.  IR rays could detect the reflectance values. Lower peak values 
confirmed least depth shades. 
 
Result and discussion 

Color strength and color intensity values 
Using a reflectance spectrophotometer, the color strength values and the color intensity values were 

obtained and are positioned in Table 3. This instrument used the Kubelka Monk Equation, scanned the 
samples with a tungsten light source, and obtained these values of color strength (K/S) and intensity. The 
maximum values of K/S specify the best intense color, while the lightness values are lower. On the 
contrary, the lowermost values of K/S specify the lower intense color with the maximum lightness (L) 
values. 
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Table 3 Color strength and intensity values with hue, value, and chroma. 

Sample Type K/S L a* b* c* h* 

Plain weave (𝟏
𝟏
) fabric 3.77 39.73 0.33 1.23 −1.27 82.89 

Twill weave (𝟐
𝟏
 ) fabric 3.41 43.27 −2.21 3.63 4.29 78.99 

Satin weave (𝟒
𝟏
 ) fabric 3.29 47.58 3.99 −21.39 24.38 77.11 

 
 

It is seen from Table 3 that plain weave fabric had the highest color strength value (K/S) of 3.77; 
alternatively, stain weave fabric had the lowest color strength value of 3.29. Plain weave fabric showed 
the lowest lightness (L) value of 39.73, and satin exposed the best lightness value of 47.58. Maximum 
shade depth (h) was obtained for plain weave fabric, but satin had the least values of h. Twill weave 
fabric specified a compromised character in all cases of experimentation. In this chart, a*, b*, and c* were 
expressed just as positive and negative values. These negative values expressed greenish and bluish 
shades, whereas positive values specified red and yellow. 
 

Colorfastness observation  
Colorfastness values of plain, twill, and satin weave fabrics were investigated using gray scale and 

the values are positioned in Table 4. Plain weave fabric exposed the best colorfastness properties at all 
the stages, both in Acidic/Alkaline medium or in Dry/Wet condition. On the other hand, satin weave 
fabric exposed the poorest colorfastness properties. Twill weave fabric exposed compromised values in 
between plain and twill weave fabrics.  
 

Wash fastness  
Table 4 exposed the best wash fastness value of 3.5 for plain weave fabric. The lowest wash 

fastness value of 2.5 was exposed for satin weave fabric. Twill weave fabric had a compromised value of 
3, in between plain weave and twill weave fabric.   
 
 
Table 4 Color fastness values of plain, twill, and satin fabrics.  

Fabric dyed with Wash 
Fastness 

Light 
Fastness 

Perspiration 
Fastness Rubbing Fastness 

Acidic Alkaline Dry Wet 

Plain weave (1
1
) fabric 3 - 4 4 3 - 4 3 3 2 - 3 

Twill weave (2
1
 ) fabric 3 3 - 4 3 2 - 3 2 – 3 2 - 3 

Satin weave (4
1
 ) fabric 2 - 3 3 3 2 2 – 3 2 

 
 

Light fastness  
Table 4 shows the best light fastness value of 4 for plain weave fabric. The lowest light fastness 

value of 3 was exposed for satin weave fabric. Twill weave fabric had a compromised value of 3.5, in 
between plain weave and twill weave fabric.   
 

Perspiration fastness  
Table 4 shows the best perspiration fastness values of 3.5 (acidic)/3 (alkaline) for plain weave 

fabric. The lowest perspiration fastness values of 3 (acidic)/2 (alkaline) were exposed for satin weave 
fabric. Twill weave fabric had compromised values of 3 (acidic)/2.5 (alkaline), in between plain weave 
and twill weave fabric.  
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Rubbing fastness  
Table 4 shows the best rubbing fastness values of 3 (dry)/2.5 (wet) for plain weave fabric. The 

lowest rubbing fastness values of 2.5 (dry)/2 (wet) were exposed for satin weave fabric. Twill weave 
fabric had compromised values of 2.5 (dry)/2.5 (wet), in between plain weave and twill weave fabric.   
 

Cover factor observation  
It is seen from Table 5 that the plain weave fabric had the highest cover factor of 26.3592. On the 

other hand, satin weave fabric had the lowest cover factor of 18.0069.  
 
 
Table 5 Cover factor comparison of three types of woven fabrics. 

S.N Construction Weave Warp cover 
factor 

Weft cover 
factor 

Total cover 
factor 

A 
20×16

110×58
 Plain (1

1
) 24.59 14.50 26.3592 

B 
20×16

110×60
 Twill (2

1
) 24.59 13.17 20.6076 

C 
20×16

110×62
 Satin (4

1
) 24.59 15.50 18.0069 

 
 

If the cover factor is high, then the compactness of fabric is also high, so dye penetration would be 
less for fabrics with higher cover factors. If the cover factor is lower, then the compactness of fabric is 
also lower; this means the fabric would be loosely woven, so dye penetration would be high for fabrics 
with lower cover factors. Twill and satin weave fabrics are bulky. They have sufficient looseness in their 
structures compared to plain weave. Therefore, twill and satin weave fabrics can absorb more dye 
particles compared to plain weave fabic. Plain weave fabric absorbs fewer dye particles compared to twill 
and satin weave. While washing or crocking, twill and satin weave fabric release more dye particles 
compared to plain weave fabric. Plain weave fabric absorbs fewer dye particles, so they release fewer dye 
particles. However, satin and twill weave fabric absorb more dye particles, so they release more dye 
particles. Plain weave fabric releases fewer dye particles; therefore its colorfastness properties are always 
better than twill and satin weave fabrics.  
 

Microscopic observation  
A light microscope was used to inspect the yarn cross sectional views. Firstly, the yarns were 

removed from fabric and placed in this instrument to inspect them for assessment. Figure 5 shows the 
microscopic view of the yarn from plain weave (1

1
) fabric, and Figure 6 shows the microscopic view of 

the yarn from twill weave �2
1
� fabric. It is clearly apparent from these figures that the cross sectional view 

of the yarn of plain weave has a tight shape, with its compact weave structure of interlacement at the ratio 
of 1 up and 1 down. On the other hand, the cross sectional view of the yarn of twill weave has a hairiness 
and bulky shape, with its loose weave structure of interlacement at the ratio of 2 up and 1 down. 

The bulky weave structure of twill weave fabric has sufficient empty space in its structure at open 
field and free field, so it can absorb more dye particles compared to plain weave. On the other hand, due 
to having a compact structure in plain weave fabric, it does not have enough empty spaces at its open 
field and free field. Therefore, plain weave fabric absorbs fewer dye particles compared to twill weave. 
While washing or crocking, twill weave releases more dye particles compared to plain weave fabric. Plain 
weave fabric absorbs fewer dye particles, so they release fewer dye particles. However, twill weave fabric 
absorbs more dye particles, so they release more dye particles. Since plain weave fabric release fewer dye 
particles, therefore, their colorfastness properties are always better than twill weave fabrics. Satin weave 
fabrics also show the same characteristics as twill weave fabrics. Microscopic views help to observe this 
phenomena.  
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Figure 5 Microscopic view of the yarn from plain weave (𝟏

𝟏
) fabric (compact shape). 

 
 

 
Figure 6 Microscopic view of the yarn from twill weave �𝟐

𝟏
� fabric (hairiness shape). 

 
FTIR observation    
Using a Fourier Transform Infrared spectroscopy (FTIR) instrument, color strength, intensity, color 

absorbency, and colorfastness properties were investigated with its IR observeble spectrum. IR rays 
specify the color intensity and absorbency to the substrate. IR rays passed a few microns through the 
fabrics, and the peak values were spotted. The more the peak values are, the higher the color strength, 
intensity, and absorbency are. The most intense color exhibits best colorfastness properties due to higher 
intensity and strength. In the FTIR surveillance area covered by the IR, spectroscopy was from 650 to 
4000 wave numbers. This instrument could measure the spectroscopy within the visible spectral province 
with the maximum IR peak values. It is seen, from Table 6, that plain weave fabric exposed the highest 
peak values amongst all the samples.  
 
 
Table 6 Highest peak values of FTIR illustration. 

S.N Fabric type Highest peak values 

A Plain weave (1
1
) fabric 3691.21 cm−1 

B Twill weave (2
1
 ) fabric 3479.21 cm−1 

C Satin weave (4
1
 ) fabric 3438.23 cm−1 
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Figure 7 Plain weave fabric illustrated a maximum peak value of 3691.21 cm−1. 
 
 

 
Figure 8 Twill weave fabric illustrated a maximum peak value of 3479.21 cm−1. 
 
 

 
Figure 9 Satin weave fabric illustrated a maximum peak value of 3438.23 cm−1. 
 
 

Plain weave fabric illustrated the maximum peak value of 3691.21 cm−1, shown in Figure 7. The 
peak value detected the existence of colorant in the noticeable spectral area and could sense the 
chromophore present in the dyestuffs. The maximum peak value of 3691.21 cm−1 authorizes the best 
colorfastness properties. The lowest peak value of 3438.23 cm−1 authorizes the poorest colorfastness 
property, that was shown in Figure 9, by satin fabric. Twill weave fabric exposed a compromised 
colorfastness property, with its peak value of 3479.21 cm−1, shown in Figure 8. This is why the best 
colorfastness properties were attained sequentially in plain weave fabric (3691.21 cm−1), then in twill 
weave fabric (3479.21 cm−1) and, last, in satin weave fabric (3438.23 cm−1).  
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Conclusions 

The colorfastness properties, color strength properties, and color intensity characteristics of reactive 
dyes on plain, twill, and satin woven cellulosic fabrics were investigated. The investigation proved that 
the plain weave fabric had the best colorfastness properties compared to twill weave and satin weave 
fabrics. Firstly, the amount of dyestuffs taken up by twill weave and satin weave fabrics was more than 
that of plain weave, since plain weave fabric had more compactness in its structure, due to its 
interlacement structure. On the other hand, twill weave and satin weave had bulkiness in their structures, 
so they released more dyestuffs while washing, crocking, or during other colorfastness tests. The amount 
of chromophore existing in the plain weave fabric was more, since its interlacement structure was much 
more rigid, which we identified from FTIR illustration.  
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