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Abstract: The present study was aimed to examine the possibility of increasing the fastness 

properties of natural dyes on cotton fabric by employing different dyeing auxiliaries such as 

mordants, UV absorbers, cationizing agents and crosslinkers. Solvent extracted dye from 

cutch (Acacia catechu) was applied on cotton fabric through pad-steam dyeing procedure. 

Metallic mordants (aluminiumsulphate, copper sulphate, ferric chloride, potassium 

dichromate and hydrated potassium aluminum sulphate or alum) were applied by pre-

mordanting and post-mordanting methods. Cutch root extract yielded variety of brown shades 

with different mordants. It made an excellent demonstration of the fastness properties and 

tensile strength of cotton. Better fastness (wash, light, crocking); enhanced colour properties 

(chroma, hue and colour strength etc.) as well as improved tensile strength was achieved with 

post-mordanting of copper sulphate.  Cationization of cotton with quaternary ammonium 

compound has improved the fastness properties, tensile strength as well as relative colour 

strength (K/S). Post-padding of reactive UV absorber based on oxalanilide and UV absorber 

of heterocyclic compound greatly increased the light fastness of cotton dyed with this dye. 

Similarly, post-treatment of soft polyurethane emulsion have made enhancement in the light 

and wash fastness as well as retaining the tensile strength of dyed cotton. Improved fastness 

properties and tensile strength also resulted from the post-padding of crosslinker DHEU 

(modified dihydroxy ethylene urea) on cutch dyed cotton. 

 

Key Words:  Acacia catechu, pad-steam dyeing, cationizing agent, crosslinkers, tensile 

strength 

 

Introduction 

 

Textile dyeing has been in practice since 

ancient times. People used natural dyes for 

colouring rugs, carpets and clothing by using 

various parts of plants. Reaching of textile 

dyeing to today’s developed stages has under 

gone through many changes (Bhatti et al., 2010). 

In the early age, plants and animals resources 

were used to dye textiles. The reason was 

obviously, the variety of colours and shades 

yielded by synthetic dyes in comparison to these 

available natural dyes (Deo& Desai, 1999). 
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Natural dyes are known from prehistoric times 

for colouring food items, leather and textile 

fibres like cotton, wool and silk etc. However, 

they have not attained wide acceptability due to 

minimalaccessibility of standard procedures of 

dyeing and difficulty in reproducibility and 

matching.  

Almost any organic material will produce a 

colour when boiled in a dye-bath, but only 

certain plants yield colour that can act as a textile 

dye. Colouration procedures are aimed not only 

to add value to the textile articles but also to 

make them attractive and desirable for customers. 

Nowadays, many of the textile exporters and 

commercial dyers are re-looking into the possible 

usage of natural colourants for the dyeing and 

printing of textiles. The revival interest of these 

dyes has led to the scientific investigations and 

publications of new knowledge and research. In 

this connection research findings related to 

various sources of dyes, (Shahid et al., 2013), 

chemistry of dyes (Vankar, 2000), extraction and 

method of application (Gulrajani et al., 2001) and 

fastness performance of these dyes (Gupta, 1999) 

are now available. Pertaining to the revitalization 

of natural dyes, there is sufficient development 

but the current accrued knowledge is yet 

insufficient for the natural dyes to use them on 

industrial scale. The current trend of renewed 

interest in natural dyes for textiles have also 

provided opportunity to offer further scope for 

the development of other areas such as 

environmental science, biotechnology and textile 

technology etc. (McCarthy, 1997). 

 

The chemistry of Acacia catechu has caught 

the attention of chemists from quite some time 

back but still the views and conclusions are 

somewhat conflicting. The ether extracts of cutch 

has been found to have catechin or catechuic 

acid. In addition to this, cutch also possesses 

mimotannic acid which is present in about equal 

proportion to catechuic acid. Minotannic acid is 

however, cold water soluble and can be removed 

from cutch by simple maceration (Watt, 2014). 

Chemical structure of cutch is as below: 

 

 

In addition to eco friendly textile 

colouration, some of the colouring matters from 

natural sources may possess medicinal properties 

also. These dyes have nowadays attracted the 

attention of the entire world due to their non-

toxic and non-hazardous nature 

(Goodarzian&Ekrami, 2010). 

 

Materials and Method 

 

Extraction of dye 

 

To isolate colour from cutch root, a solvent 

extraction procedure was performed with soxhlet 

apparatus, using ethanol as an organic solvent. 

Rotary evaporator was used to evaporate the 

solvent. Cutch roots were chopped manually and 

then the dried and chopped root material of plant 

was refluxed with ethanol. 

 

Preparation of fabric 

 

 Light-weight, 100 %, plain woven cotton 

fabric was desized by industrial scale pad-batch 

method and scouring and bleaching was carried 

out by pad-steam method. Formulation for 

desizing involved 2 g/l of bactosol (bacterial 

amylase, provided by Clariant Ltd) treated under 

pH 6-6.5 at 60 °C for 1 hour. 

 



Evaluation of Fastness and Tensile Properties of Cotton Fabric Dyed with Root Extracts ….. 

 

61 

 

Preparation of dye formulations 

 

Dye bath for control (untreated) sample was 

prepared by adding 30 g/l of dye together with 1 

g/l of wetting agent, Albaflow Conti (penetration 

accelerant by Huntsman Textile Effects) and 1 g/l 

of migration inhibitor (Thermacol MP, by 

Huntsman Textile Effects). Dye formulation of 

pre-mordanting and post-mordanting included 20 

g/l of a specific mordant either before or after the 

padding of dye formula. Likewise, UV absorbers, 

Dicrylan and Fixative finishes (Albafix) were used 

in the quantity of 30 g/l. Similarly, crosslinkers in 

the amount of 50 g/l were also part of pre and 

post-treatment of dyeing the formulas for natural 

dyes on cotton. 

 

Fabric dyeing 

 

A continuous dyeing or pad-steam dyeing 

procedure (two-bath-two-stage) with a 3-dip-3-nip 

treatment was carried out following drying for 3 

minutes at 120
0
C and then steaming the sample for 

10 minutes at 100
0
C. Dyeing was accomplished by 

heavy duty padding mangle machine. 

Fabric testing  

 

Dyed samples were evaluated for wash 

fastness (ISO 105- C06), rub or crocking fastness 

(105X- 12), fastness to light (ISO 105 B02), 

tensile strength and elongation testing (ASTM, 

D5035-06) and colour coordinates (L*, a*, b*, C*, 

h
o
&     K/S value) by computer-aided reflectance 

spectrophotometer SF 600 (Datacolor, 2007). 

 

Results and Discussion 

Shades from cutch root extracts 

 

Dyeing of cotton fabric with the extracts of 

cutch created brown shade samples, with the 

darkest one being available from the dye 

formulation of post-mordanting with FeCl3. It 

was the most level dyed, smoothest sample 

having attractive appearance (Figure 1). With the 

same intensity of brown shade but slightly stiffer 

hand, a cotton dyed sample was available from 

the pre- treatment of ferric chloride. 

 

 

Fig. 1: Shades produced by cutch root extracts on cotton fabric using various dyeing auxiliaries. 

Among the reddish brown shade cotton 

samples, the dye formulations consisting of pre-

mordanting potassium dichromate and the post-

mordanting copper sulphate produced samples 

with slightly stiffer hand, providing very neat and 

shiny appearance of the dyed samples. Slightly 
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lighter than the post-padded potassium 

dichromate sample was the one which was dyed 

with the pre- treatment of Albafix. Samples dyed 

with the treatment of post Albafix and pre 

Dicrylan were reddish brown in shade. Medium 

brown shade was observed in the dyed samples 

achieved from the pre- padding with alum, and 

Fixapret CPF. 

 

Colour fastness 

 

The findings resulted from wash, rub and 

light fastness testing of cutch dyed cotton 

samples are included in Table 2. Whereas, the 

cumulative colour fastness is presented by  

Figure 2.  

 

Effect of various auxiliaries on colour fastness 

The wash fastness of cotton resulted from this 

brown colour natural dye i.e. cutch was 

particularly good with the post-mordanting with 

aluminum sulphate, pre-mordanting with copper 

sulphate, post-mordanting with alum, pre-finishing 

with Dicrylan, post-padding with UV-SUN and 

post-padding with crosslinkerFixapret F- ECO. All 

these dyed samples were rated as 4 on Grey-scale 

for change in shade. All the mordants utilized with 

cutch for cotton dyeing enhanced the wash 

fastness and their performance was not less than 

satisfactory. 

Dyeing of cotton with cutch generally 

displayed satisfactory rubbing fastness. However, 

this achievement was not related to the method or 

type of auxiliary agent as the highest rubbing 

fastness (4-5 GS) was displayed by the control 

sample. Only the post-mordanting with alum 

showed a performance identical to control sample. 

All other dye formulations related to the 

combination of mordanting and cutch dyeing 

could not bring any further improvement in the dry 

rubbing fastness of cotton dyed fabric. All the 

finishes and UV absorbers utilized in this study 

increased the wash and light fastness. Moreover, 

the post padding of polyurethane emulsion and 

post-treatment of reactive UV absorber (UV-SUN) 

made slight enhancement in the rubbing fastness 

as well. Post-padding of heterocyclic compound 

Rayosan decreased the crocking fastness of dyed 

sample. Generally, wet rubbing fastness of the 

cutch dyed cotton samples exposed poor 

performance. In earlier studies, extracts of acacia 

bark were used on cotton and no improvement was 

found in wet rubbing fastness due to mordanting 

(Ali et al, 2010). Colouring of cotton with root 

extracts of cutch in this study by further enhanced 

the light fastness and the post- mordanting of 

alum, potassium dichromate and copper  sulphate  

presented an exhibition of performance by 

recording 6 Blue Wool Standard. 

 

As discussed in earlier literature, chromium 

contributes to the very good light fastness if it is 

present in the dye molecule (Gohl and Vilensky, 

1987) as it increases the stability of chromophore 

which becomes resistant towards the ultraviolet 

radiation of sunlight. The pre- mordanting of 

samples with alum and aluminum sulphate and 

coloured with cutch dye also displayed good light 

fastness (Blue Wool standard no. 5). Moreover, 

the light fastness of all the cutch dyed samples 

through mordanting was greater than the untreated 

sample.Cristea and Vilarem (2006) in their 

research work on the improvement of light 

fastness of natural dyes on cotton have related the  

 

 



Evaluation of Fastness and Tensile Properties of Cotton Fabric Dyed with Root Extracts ….. 

 

63 

 

Table 2: Colour fastness properties of Acacia catechu dyed cotton fabric samples using various 

auxiliaries. 

Type of Auxiliary Method Wash fastness 

(Grey-scale) 

Crocking fastness 

(Grey-scale) 

Light 

Fastness  

change 

in shade 

staining 

on fabric 

dry rubbing wet 

rubbing 

(Blue Wool 

standard) 

Al2(SO4)3 Pre-mordanting 

Post-mordanting 

3-4 

4 

4 

3 

3 

4 

2-3 

2-3 

5 

4 

CuSO4 Pre-mordanting 4 4 3 2 4 

Post-mordanting 3 4-5 2-3 2 6 

FeCl3 Pre-mordanting 3-4 4 3 2-3 4 

Post-mordanting 3-4 3 4 2 4 

K2Cr2O7 Pre-mordanting 3 3-4 3 2-3 4 

Post-mordanting 3 4 3 3 6 

KAl(SO4)2·12H2O Pre-mordanting 3 4-5 4 2 5 

Post-mordanting 4 3-4 4-5 3-4 6 

Albafix WFF Pre cationizing 3 3-4 4-5 3 3 

Post cationizing 3-4 3 4 2-3 5 

Dicrylan Pre finishing 4 3-4 4-5 2-3 6 

Post finishing 3-4 4 3-4 3-4 5 

UV –SUN Pre-treatment 3 3-4 4-5 2-3 4* 

Post-treatment 4 3-4 3-4 3-4 5 

Rayosan C Pre-treatment 3 3-4 3 3 5 

Post-treatment 3-4 4 4 2 6 

Fixapret CPF Pre-treatment 3 4 4-5 3 4* 

Post-treatment 3-4 4 3-4 2-3 5 

Fixapret F-ECO Pre-treatment 3 4 4-5 3 6 

Post-treatment 4 4-5 4 2-3 5 

Knittex  RCT Pre-treatment 3 4 4-5 3-4 5 

Post-treatment 3-4 4-5 4-5 2-3 6 

Control sample Untreated 3 3-4 4-5 3 3 

* shade became darker  than original during testing 

 

light fastness of textiles to the physical 

characteristics and chemical structure of the fibres 

themselves. They have also referred to the earlier 

work of researchers and stated that the type of 

mordant and the method mordanting are 

dependable factors for dyes. Correspondingly, 

they have also emphasized the importance of 

mordants and concluded that the role of mordant is 

usually more vital for the light fastness properties 

than the dye itself (Crews, 1982) 
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All the mordants heightened up the colour of 

the dyed cotton. After wash fastness test, they 

retained the soft and supple hand. The deep and 

dark browns presented by cutch   on cotton in this 

study with the use of metal mordants may be due 

to that fact that some transition metal ions make 

strong bonds with molecule of this dye. The most 

dark and deep brown colours were produced by 

copper and iron mordants. Both these metals are 

well known for making coordination complexes so 

in the present study they may have been readily 

chelated with the catechu (Ratnapandian, 2013). 

The coordination numbers of these mordants are 4 

in copper and 6 in iron. Some of the unoccupied 

coordination sites may have occupied the –OH or 

–CH2OH functional groups of cellulose when they 

have interaction with cotton fibre. These metals 

may have been able to form coordination complex 

on one site with cutch and on the other site with 

the cellulose, thereby enhancing the interactions 

between the cutch and cotton polymer system. 

Natural dyes are believed to pose poor light 

fastness as compared to synthetic dyes. Numerous 

studies have been carried out to improve the light 

fastness of natural dyes (Oda, 2012; Fang, 2005). 

In the present investigation both the UV absorbers 

led to improvement in the light fastness of cutch 

dyed cotton.  

 

Analysis of cumulative colour fastness 

 

From various dye formulations, the maximum 

cumulative colour fastness of cutch dyed samples 

was available from the post-mordanting of alum. 

The good fastness properties of cutch dye on 

cotton suggest that the dye-mordant complex may 

be firmly attached to the substrate resulting into a 

better colour yield. The fastness of cutch dye on 

cotton with the utilization of metallic mordants 

confirms the earlier works (Patel et al 2003; 

Ratnapandian, 2013). The results of colour 

fastness presented by cutch dyed cotton in the 

present study also agreed well with the hypothesis 

which stated that the characteristics of mordants 

has greater impact on the fastness properties as 

compared to the dyes themselves. 

 

 

 

Figure 2: Comparative analysis of cumulative 

colour fastness of cotton dyed with various dyeing 

formulas of cutchPaired sample statistics of 

cumulative colour fastness conveyed that the mean 

of pre-treated samples was 18.25 and that of post-

treated samples was 19.04, with a mean difference 
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of -0.79. Having the value of p = 0.08, these results 

propose non-significant difference between the pre 

and post-treatment of dyeing auxiliaries. However, 

significant difference was found between the 

cumulative colour fastness of control and pre-

treated samples as well as between the control and 

post-treated fabric samples after applying t-test. 

 

Relative colour strength (K/S value) 

 

As revealed by Figure 3 and Table 3, dyeing 

with various auxiliaries boosted the dye uptake 

and resulted in greater colour yield (K/S) as 

compared to the control sample. In general, many 

of these finishes produced samples with 

satisfactory colour strength. Post-treatment of 

Dicrylan and Rayosan yielded higher values of 

chroma (C*) from the cutch dyed samples. It is 

very important not only to select proper dyeing 

auxiliary but the adoption of suitable dyeing 

procedure is also a crucial step in optimizing the 

fastness properties of natural dyes. The present 

findings support the postulates which declared that 

both natural dyeing and mordant dyeing can 

coexist if padding technologies are utilized for 

natural dyes which will particularly be 

advantageous for those products of dyeing which 

have low affinity (Mongkholrattanasit et al, 2009). 

 

Fig. 3: Comparative analysis of colour strength (K/S) of cotton dyed with various dyeing recipes of cutch 
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Table 3: Colour coordinate (properties) values of Acacia catechu dyed cotton fabric samples using 

various auxiliaries. 

Type of Auxiliary Method Colour properties 

L* a* b* C* h
o
 K/S 

Al2(SO4)3 Pre-mordanting 47.62 19.87 15.34 25.10 37.66 4.91 

Post-mordanting 52.48 14.69 23.74 27.92 58.25 4.32 

CuSO4 Pre-mordanting 46.78 18.61 9.27 20.79 26.48 4.34 

Post-mordanting 42.66 18.81 11.80 22.21 32.10 6.81 

FeCl3 Pre-mordanting 46.61 8.56 11.28 14.40 53.43 7.29 

Post-mordanting 44.41 5.66 11.95 13.22 64.64 9.13 

K2Cr2O7 Pre-mordanting 47.58 16.64 9.75 19.28 30.38 4.26 

Post-mordanting 41.46 16.95 11.26 20.35 33.60 6.50 

KAl(SO4)2·12H2O Pre-mordanting 50.39 20.27 15.40 25.46 37.22 3.92 

Post-mordanting 57.86 18.22 25.79 31.28 54.76 3.22 

Albafix WFF Pre cationizing 41.11 16.47 11.16 19.90 34.13 6.74 

Post cationizing 42.21 15.87 9.10 18.30 29.83 5.42 

Dicrylan Pre finishing 46.82 15.95 10.18 18.92 32.36 4.63 

Post finishing 49.60 12.49 21.74 25.07 60.13 6.93 

UV –SUN Pre-treatment 48.66 15.92 11.75 19.79 36.43 6.62 

Post-treatment 53.42 13.69 12.17 18.31 41.36 3.29 

Rayosan C Pre-treatment 48.99 11.72 19.22 22.31 58.62 6.72 

Post-treatment 51.47 11.81 22.31 25.24 62.10 6.59 

Fixapret CPF Pre-treatment 48.29 16.31 11.28 20.00 35.36 4.47 

Post-treatment 50.47 12.48 22.41 25.65 60.89 7.23 

Fixapret F-ECO Pre-treatment 46.93 16.58 11.18 20.00 34.00 4.67 

Post-treatment 55.34 11.26 22.15 24.84 63.06 6.24 

Knittex  RCT Pre-treatment 46.89 16.48 11.48 20.09 34.87 4.74 

Post-treatment 47.80 13.12 21.19 24.92 58.24 7.65 

Control sample Untreated 40.11 17.33 10.26 20.14 30.63 3.88 

 

Effect of auxiliaries on tensile strength 

 

Percent change in tensile strength of cutch 

dyed cotton with various auxiliaries is presented in 

Figure 4. Maximum damage to the tensile strength 

of cutch dyed cotton was recorded from the post-

treatment of Fixapret CPF, followed by pre-

mordanting of ferric chloride. On the other hand, 

CuSO4 made the fabric stronger by increasing 18 

percent tensile strength of the dyed sample as 

compared to the strength of control sample. Alum 

proved harmless and did not bring any change in 

the tensile strength, while all other recipes of 

mordanting decreased the tensile strength of cotton 

fabric. Paired sample t-test of the tensile strength 

of pre treated and post treated dyed samples shows 

insignificant difference at 5% level of significance 

from the results of tensile strength. 
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Fig. 4: Effect of various dyeing auxiliaries on the tensile strength of cotton samples dyed with root 

extracts of Acacia catechu by pad-steam method. 

 

In case of dyeing cotton with cutch, 

mordanting with copper sulphate proved better as 

it was capable of producing stronger fabric as 

compared to control sample. The use of CuSO4 as 

mordant resulted in high dye uptake which means 

that the copper complex formed with the natural 

dye was strong resulting in a stronger dye- 

mordant- fabric interaction. The increase in tensile 

strength of cutch dyed cotton using copper 

sulphate both as pre and post- mordant as 

compared to the control sample might also be due 

to these strong catechu-copper sulphate-cellulose 

complexes, formed as a result of pre or post- 

padding of mordant and dye. 

 

Conclusion 

 

The results from this study are consistent 

with the initial hypothesis which indicated that 

natural dyes applied to cotton by pad-steam 

dyeing  process offer better fastness properties as 

well as economic benefits to the textile wet 

processing  sector. Cationization of cotton for 

dyeing with cutch should be carried out prior to 

dye padding. Post padding with soft polyurethane 

was a successful dye formulation and its use is 

therefore prescribed while dyeing cotton with 

cutch root extracts. The post padding of 

crosslinker DHEU (Knittex) on cutch dyed 

cotton fabric is advised for achieving enhanced 

fastness properties and improved tensile strength. 

Owing to the growing trend of going “green” 

throughout the world, environmentally friendly 

practices like colouration of textiles with natural 

dyes should be adopted for achieving this 

ecological goal. 
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