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ABSTRACT  

Softener plays an important role to improve the softness characteristic of fabric and it has significant effects on 
various fabric properties like hand feel, shade appearance and so on. In this experiment, different amount (1.0, 
1.5, 2.0 & 2.5 GPL) of different cationic softeners (Aliphatic condensation product, Fatty acid amide derivatives 
and Amino modified polysiloxane) had been used and their effects on shade appearance, colour fastness, and 
hand feel properties of Single Jersey Knitted Fabric had been investigated. For this purpose, 120 kg single 
jersey fabric (GSM-145) was knitted and treated with three different types of cationic softener during dyeing 
process. Then the fabric shade appearance, colour fastness, & hand feel properties were tested & compared. 
The best result was found for aliphatic condensation softener in respect to shade appearance, colour fastness, & 
hand feel properties of fabric. In contrast to, marginal acceptance level of shade appearance and poor fabric 
hand feel (grade 1) was found in amino modified polysiloxane but satisfactory results for colour fastness to 
rubbing, wash, water and perspiration (acid & alkali). 

Keywords: Cationic Softener, fabric hand feel, fastness properties, shade appearance, Single Jersey knitted 
fabric 

1.  INTRODUCTION 

Fabric is a cloth, made of fibres and yarns putting together, and it has a substantial surface area in relation to its 
thickness and adequate cohesion to provide the assembly of fibres and yarns useful mechanical strength. 
Generally, fabrics are two types: woven and knitted. However, fabric can also be produced by felting, lace 
making, net making, non-woven processes and tufting (Sayed et al., 2018). This experiment dealt with weft 
knitted fabric only which was produced in a circular knitting machine. The art of knitting is rapidly progressing 
in the world especially in the developing countries. In contrast to woven fabrics, Knitted fabrics are very popular 
among all classes of people due to its shape fitting properties, good absorbency, softer handle, bulkier nature 
and high extension at low tension (Anbumani, 2007). Knitted fabric structure is classified into two classes: weft 
knitted fabric and warp knitted fabric. Again all weft knitted structures are categorized into four according to the 
arrangement of loops in their courses and wales. Plain, rib, purl and interlock are the four primary base 
structures from which all the weft knitted fabrics are derived (Belal, 2009). From the above four structures, plain 
structures was used to make the single jersey weft knitted fabric for this study. Plain fabric is knitted as a single 
set by the needles drawing the loops from the back side and towards the face side of the fabric (Spencer, 2001). 

 

Figure 1: Technical face and back side of single jersey knit fabric. 

Normally it is pre-decided what properties are needed for a fabric for its maximum performance in use 
(Angappan and Gopala Krishna, 1997). But very often one or more desired properties of fibres in substrate are 
absent in textile substrates (Howard, 1986). Softener is like a substance which has significant effects on various 
fabric properties. 

Fabric softener is like a conditioner containing cationic or non-ionic surfactant or alkoxyalkylamide and can be 
applied in laundry during rinse cycle or transferred to the textile during drying from an inert cellulosic or 
polyurethane substrate (Howard, 1986). 
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Generally the specific softness value of each fibre depends on its chemical composition and physical structure. 
There is direct relationship between the fineness of fibre and the softness of the yarn. The yarn twist ration is 
inversely proportional to its softness. In addition, softness of fabric is reduced with the increased number of 
yarns per centimetre in a fabric, thus providing higher stiffness in the fabric. When the softness property of a 
certain fabric has to be enhanced, then the softener is applied considering the composition and characteristics of 
the substrate (Belal, 2009). The functionality of softeners as the appealing message to the consumers has 
diversified in recent years, with the market overflowing with a large number of products, are focused on 
fragrance, deodorizing, and/or antibacterial qualities. Nonetheless, the primary function - value for consumers - 
originally provided by softeners is still the softening of clothes, which remains unchanged (Igarashi and Koichi, 
2019). 

Softener is applied on almost all cloths and home furnishing textiles, because most of the buyers and users 
consider the hand of fabric as one of the most important properties. The persons, who examine the textile, touch 
it in an automatic manner to assess the fabric hand (Schindler and Hauser, 2004). Both hydrophobic and 
hydrophilic part containing molecules are present in almost all softeners. Therefore, softening agents are 
classified according to their chemical properties as cationic softener, anionic softener, non-ionic softener, 
reactive softener, amphoteric softener and silicone softener. Here, cationic softener had been used having three 
different groups. Generally cationic softeners are quaternary ammonium salts, amino-esters and amino-amides. 
They can be applied on all types of fibre, and can also be used with exhaustion process in acid condition (pH 4-
5). Cationic softeners are also considered as molecular finishing agents because they make bonds on the surface 
of the fibre using cationic group usually with negative electric potential. Some chemical structures of typical 
cationic softener are given below. 

 
Figure 2: Chemical structures of typical cationic softener (Schindler and Hauser, 2004). 

 
Figure 3: Chemical structures of typical cationic silicon softener (Schindler and Hauser, 2004). 
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The hand of fabric is the estimated quality of a fabric, assessed the way the fabric feels when it is touched, 
which is unified in our brain to a total value (Rupp et al., 2001). Smoothness, silkiness, softness, stiffness, 
compressibility, elasticity, stretchy etc. all are the important terms to describe the hand of the fabric. Nowadays 
mechanical assessment is very common to test the various properties of fabric. But instrumental measurement of 
fabric hand is still in a debate and manual assessment of fabric hand is still the most important method that was 
used in this study. 

The outstandingly important property of a dyed material is the fastness of the shade. There are a variety of tests 
are required to enwrap all the important properties of any one dye because good fastness to one influence is not 
necessarily accompanied by equal fastness to exposure to other conditions (Trotman, 1970). For this paper, the 
shade appearance, colour fastness to rubbing, colour fastness to wash, colour fastness to water, colour fastness 
to perspiration (acid) and colour fastness to perspiration (alkali) of the dyed fabric had been tested. 

2.  MATERIALS  

2.1  Fabric 

100 % cotton, 30’s carded yarn was used to make the single jersey knitted fabric. Approximately 120 kg single 
jersey knitted fabric was made and the finished fabric GSM was 145 having stitch length 2.80 mm. 

2.2  Dyes and Chemicals 

In this study, black sample was produced by using reactive dye. Besides, three types of cationic softener 
Cepreton UCP, Kappasoft BD and Solusoft MSJ had been used to conduct experiment having three different 
chemical structures: aliphatic condensation product, fatty acid amide derivatives and amino modified 
polysiloxane respectively. 

2.3  Machinery and Equipment 

Circular Single Jersey Knitting machine was used to make the fabric which brand was Fukuhara (Japan), 
machine diameter and machine gauge was 28 inch and 24 respectively. To finish the fabric, Fabric Dewatering 
Machine (Brand: Bianco, Origin: Italy), Stenter Machine (Brand: Platinum, Origin: South Korea) and 
Compactor Machine (Brand: Lafar Spa 500, Origin: Italy) were used. And finally to assess the different 
properties of treated sample Spectrophotometer (Data colour 650 USA), rubbing tester and perspiration tester 
were used. 

3.  METHODOLOGY 

3.1.1 Dyeing Procedure 

In this experiment, exhaust dyeing process was followed. Before dying, the sample was scoured and bleached at 
98 °C for 50 min. Then following recipe was used for dyeing: Wetting agent- 0.25 g/L, Sequestering agent - 
0.50 g/L, Antifoaming agent- 0.50 g/L, Levelling agent- 1.5 g/L, Shade – 7 %, Glauber salt - 90 g/L, Soda ash- 
25 g/L, Temperature – 60 °C, Time – 60 min, pH: 6.5-7.0, M:L- 1:8. 

 
Figure 4: Dyeing process curve.    Figure 5: Softening process curve. 
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Procedure: 
o The dye bath was set with substrate at 25 °C and dyes and auxiliaries were added and then run for 10 

minutes. 
o Temperature was raised to 60 °C and salt was added in three steps over 20 minutes. 
o The dye bath was run for 20 minutes after raising the optimum temperature, then dosing soda ash over 

15-20 minutes. 
o At the same temperature the dye bath was run 60 minutes. 
o Then cool down and drop the dye bath. 
o After that neutralization was carried out at 50 °C and run time was 10 minutes. 
o Then soap wash at 80 °C and run time was 15 minutes. 
o Again neutralization was done at 50 °C for 10 minutes. 
o Finally softening at 40 °C and 10 minutes dosing and 10 minutes runtime. 

3. 2  Evaluation of Dyeing Quality 

3.2.1 Colour fastness to rubbing 

ISO 105-X 12 procedures was followed here to assess the colour fastness to rubbing property of the sample. A 
crock meter was required to carry out this test which is used to transfer the colour from one fabric onto another 
by rubbing. During the test, a white conditioned cloth was rubbed on the test specimen, back and forth in a 
straight line for 10 cycles with downward force. After the test was done, the tested rubbing cloth was evaluated 
against the grey scale under decent light source. 

Table 1: Grey Scale 

Numerical Rating Assessment 
1 Poor/Little 
2 Moderate 
3 Average 
4 Good 
5 Excellent 

3.2.2 Colour fastness to wash 

ISO 105 C06 is the first choice of maximum buyers to evaluate the color fastness to wash property of the sample 
and this standard was adopted here. The staining and color change was evaluated with the help of colour change 
grey scale (Table 1). 

3.2.3 Colour fastness to water 

This test measures the resistance to water of any colored textiles. ISO 105 E01 is widely used standard to assess 
this property that was followed in this experiment. Distilled water was used in this test method because natural 
water is variable in composition. Change in color was assessed with the help of grey scale (Table 1). 

3.2.4 Colour fastness to perspiration 

The perspiration fastness of the dyed fabric was evaluated using standard testing procedure ISO 105-E04. The 
grading for perspiration was done with the help of grey scale (Table 1). 

4. RESULTS AND DISCUSSION 

4.1  Shade Appearance 

From Table 2 and Figure 4, it is found that for aliphatic condensation softener, 1, 1.5 and 2 GPL shades are 
closer and less dark than 2.5 GPL. As per Table 2, Fatty acid amide softener amount variation does not have 
significant impact on shade appearance as all CMC value within 0.6 to 0.74; all shades are darker-greener-bluer 
compare with standard. From Table 3, effect of Amino modified polysiloxane softener amount on shade 
appearance are nearly same (all CMC values are nearly 1). So, from three tables of shade appearance, it can be 
concluded that good results had been found for aliphatic condensation softener and fatty acid amide softener. In 
contrast to, amino modified polysiloxane softener CMC value marginal to acceptance. The presence of silicone 
(an inorganic compound) in amino modified polysiloxane softener may be a factor for increased CMC value 
whereas aliphatic condensation softener and fatty acid amide softener both is organic compound. To assess the 
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shade appearance of fabric, spectrophotometer (Data colour) machine was used. The graphical presentations of 
all findings are given below. 

Table 2: Fabric shade appearance using different GPL Cepreton UCP Softener, Kappasoft BD Softener and 
Solusoft MSJ Softener 

 Cepreton UCP Kappasoft BD Solusoft MSJ 
 1.0 

GPL 
1.5 

GPL 
2.0 

GPL 
2.5 

GPL 
1.0 

GPL 
1.5 

GPL 
2.0 

GPL 
2.5 

GPL 
1.0 

GPL 
1.5 

GPL 
2.0 

GPL 
2.5 

GPL 
CMC 46 o.46 0.51 0.71 0.6 0.76 0.68 0.74 1.04 1.01 1.04 0.9 
DL* -0.47 -0.21 -0.29 -0.68 -0.58 -0.77 -0.69 -0.7 -1.05 -0.95 -1.04 -0.9 
Da* -0.05 -0.05 0.02 0.04 -0.07 0.07 -0.05 0.08 0.09 -0.07 0.05 -0.01 
Db* -0.01 -0.06 -0.07 -0.05 -0.15 -0.21 -0.14 -0.19 0.08 0.11 0.09 0.12 
DE 0.47 0.36 0.42 0.7 0.6 0.77 0.69 0.73 1.06 0.51 1.05 0.91 

 

 
Figure 6: Graph for Fabric shade appearance using different GPL of Cepreton UCP, Kappasoft BD and Solusoft 

MSJ Softener. 

4.2 Color Fastness of Cepreton UCP Softener used fabric 

Here in table 3, it is found that variations of aliphatic condensation softener do not have impact on C/F to dry 
rubbing as all the percentage of softener gave grey scale grading 4 that indicates good results. Moreover, color 
fastness to water, color fastness to perspiration (acid) and color fastness to perspiration (alkali) showed very 
good results for different amounts of aliphatic condensation softener providing grey scale grading 4-5. 
Considering color fastness to water, all is graded 4-5 except nylon part (graded 4 in both 1.0 & 2.0 GPL in nylon 
part). 

4.3  Color Fastness of Kappasoft BD Softener used fabric 

Data tabulated in table 4 showed that, variations of fatty acid amide derivatives softener have no impact on color 
fastness to dry rubbing (all grade 3-4), color fastness to wash (all grade 4-5), color fastness to water (all grade 4-
5), color fastness to acid perspiration (all grade 4-5) and color fastness to alkaline perspiration (all grade 4-5). 

4.4  Colour Fastness of Solusoft MSJ Softener used fabric 

As per table 5: C/F to dry rubbing, grade 4 in both 1.0 & 1.5 GPL but grade 3-4 in 2.0 & 2.5 GPL. In C/F to 
water all are grade 4-5 except cotton (grade 4 in 1.0 & 1.5 GPL but grade 3-4 in 2.0 & 2.5 GPL). Considering 
C/F to acid perspiration, softener amount variations of Solusoft MSJ do not affect the results (all grade 4-5 
except cotton, grade 4). In C/F to alkaline perspiration, all part is graded 4-5 except cotton (grade 4-5 in 1.0 
GPL, grade 4 in 1.5 GPL and 3-4 in both 2.0 & 2.5 GPL).  

After analyzing all the results, it can be said that aliphatic condensation softener, fatty acid amide softener and 
amino modified polysiloxane softener do not have indicating different effects on C/F to fastness to rubbing, 
wash, water and perspiration.  
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Table 3: Fabric fastness grading using aliphatic condensation softener 

Softener Name & amount Cepreton 
UCP 1.0 GPL 

Cepreton  
UCP 1.5 GPL 

Cepreton UCP 
2.0 GPL 

Cepreton UCP 
2.5 GPL 

Rubbing Dry Rubbing 4 4 4 4 
C/F to wash Acetate 4-5 4-5 4-5 4-5 

Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to water Acetate 4-5 4-5 4-5 4-5 
Cotton 4-5 4-5 4-5 4-5 
Nylon 4 4-5 4 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to 
perspiration 
(acid) 

Acetate 4-5 4-5 4-5 4-5 
Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to 
perspiration 
(alkali) 

Acetate 4-5 4-5 4-5 4-5 
Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

Table 4: Fabric fastness grading using fatty acid amide derivatives softener 

Softener Name & amount Kappasoft 
BD 1.0 GPL 

Kappasoft 
BD 1.5 GPL 

Kappasoft 
BD 2.0 GPL 

Kappasoft 
BD 2.5 GPL 

Rubbing Dry Rubbing 3-4 3-4 3-4 3-4 
C/F to wash Acetate 4-5 4-5 4-5 4-5 

Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to water Acetate 4-5 4-5 4-5 4-5 
Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to 
perspiration 
(Acid) 

Acetate 4-5 4-5 4-5 4-5 
Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to 
perspiration 
(alkali) 

Acetate 4-5 4-5 4-5 4-5 
Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 
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Table 5: Fabric fastness grading using amino modified polysiloxane softener 

Softener Name & amount Solusoft 
MSJ 1.0 GPL 

Solusoft 
MSJ 1.5 GPL 

Solusoft 
MSJ 2.0 GPL 

Solusoft 
MSJ 2.5GPL 

Rubbing Dry Rubbing 4 4 3-4 3-4 
C/F to wash Acetate 4-5 4-5 4-5 4-5 

Cotton 4-5 4-5 4-5 4-5 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to water Acetate 4-5 4-5 4-5 4-5 
Cotton 4 4 3-4 3-4 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to 
perspiration 
(acid) 

Acetate 4-5 4-5 4-5 4-5 
Cotton 4 4 4 4 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

C/F to 
perspiration 
(alkali) 

Acetate 4-5 4-5 4-5 4-5 
Cotton 4-5 4 3-4 3-4 
Nylon 4-5 4-5 4-5 4-5 
Polyester 4-5 4-5 4-5 4-5 
Acrylic 4-5 4-5 4-5 4-5 
Wool 4-5 4-5 4-5 4-5 

4.5 Fabric hand feel 

From table 6, it was seen that aliphatic condensation softener has excellent fabric hand feel having grade 5 
whereas amino modified polysiloxane have poor fabric hand feel grading 1 for all concentrations of softener. 
And fatty acid amide softener has medium fabric hand feel grading 3 for 1.5 & 2.5 GPL and moderate hand feel 
for 1.0 GPL & 2.0 GPL. 

Table 6: Fabric hand feels grading using Cepreton UCP, Kappasoft BD & Solusoft MSJ softener 

Softener Name Hand Feel Grading 
1.0 GPL 1.5 GPL 2.0 GPL 2.5 GPL 

Cepreton UCP 5 5 5 5 
Kappasoft BD 2 3 2 3 
Solusoft MSJ 1 1 1 1 

5. CONCLUSIONS 

For different concentration of aliphatic condensation softener and fatty acid amide softener, it was found an 
acceptable range of shade appearance (within 1) except amino modified polysiloxane. All the fastness properties 
(that were carried out for this study) of aliphatic condensation softener, fatty acid amide softener & amino 
modified polysiloxane softener are almost same having grade 4-5. But the best result of fabric hand feel was 
found in aliphatic condensation softener with grade 5 that is excellent and poor result in amino modified 
polysiloxane graded 1. As per the experimental results, it can be recommended that aliphatic condensation 
softener is good one in respect to shade appearance, colour fastness and fabric hand feel among three types 
(Aliphatic condensation product, fatty acid amide derivatives & amino modified polysiloxane) of cationic 
softener. Hopefully, this experiment will contribute a lot in textile sectors in selecting cationic softener types. 
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