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Abstract: Natural dyes are known for their use in colouring of food substrate, leather as well as natural protein 

fibres like wool, silk and cotton as major areas of application since pre-historic times. Nowadays, there has been 

revival of the growing interest on the application of natural dyes on natural fibres due to worldwide 

environmental consciousness. Some researchers focus their studies on the improvement of these dyes using 

mordants. Most works use metallic mordants like aluminum or iron are used, but some of them are hazardous. In 

this work we used a biomordant to solve environmental problems caused by metallic mordants. The effects of 

chitosan weight molecular in mordanting on the dyeing characteristics and the UV protection property were 

examined in this study. Chitosan mordanted Eisenia Bicyclis dyed cotton showed better dyeing characteristic 

and higher UV protection property compared with undyed cotton fabric. To analize the differences of the dyeing, 

reflection spectrophotometer was used, evaluating the results of CIELAB colour diference values and the 

strength colour (in terms of K/S value). We conclude that the type of chitosan used affect the dyeing efficiency 

and the UV protection, showing different behaviour between dye sample using chitosan with low or medium 

molecular weight.  
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  1. INTRODUCTION 
 

Recently there has been increasing interest in the use of natural dyes in textile industry. This is 

a result of the enviromental standards imposed by many countries in a response of the toxic and 

allergic reactions associated with some synthetic dyes [1]. Several works have studied the properties 

of the natural colourants, which show more biodegradability and higher compatibility with the 

enviromen [2]. However, it is well known that the problems in dyeing with natural colorants are the 

low exhaustion colours and the poor fastness properties of dyed fabrics [3]. These problems have been 

solved using metallic salts as a modants to improve fastness properties ans to develop different shades 

with the same dye [4-6], but this type of compounds are more complex and it will take a long time for 

them to complete their natural cycles and return to nature, for this reason they cause a lot of 

environmental pollution. 

Several biomordents have been studied by researches, such as chitosan. This is a deacetylated 

derivative of chitin, a natural polymer found in the shell of crabs and shrimps. Structurally, chitosan 

contains two main functional groups, namely hydroxyl and amino groups, as well as ether linkages. It 

has also been used to treat cotton in dyeing processes [7]. It was found that chitosan increase dye 

sorption on cotton. 

The present study focuses on dyeng of cotton fibres, with the Eisenia Bicyclis (seaweed) 

extract using chitosan as a mordant, using two types of chitosan with diffierent molecular weight (low 

and medium). The purpose is also investigate the dyeing behaviour and fasteness properties. The 

comparasons between two different dyed samples were made, the depths of shade were evaluated by 

K/S value and CIELAB colour differences values of the dyed cotton fabrics and we analized the UV 

protection of each sample. 
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  2. EXPERIMENTAL  
 

2.1 Materials 
The fabric used was a 100% cotton twill fabric with 210 g/m2, which had been chemically 

bleached in an industrial process. Both type of chitosan, medium and low molecular weight were 

purchased from the Aldrich Chemical Company and seaweed Eisenia Bicyclis … This seaweed is 

limited in distribution to temperate Pacific ocean waters, mostly around Japan, although it is 

deliberately cultured elsewhere, including South Korea and is a species of kelp best known for its use 

in Japanese cuisine. 
 

2.2 Extract preparation 
Aqueous extract was prepared by adding 2 g of Eisenia Bicylis to 200 ml distilled water. The 

mixture was heated at 100ºC for 1 hour, allowed to stand for 30 min and then filtered. The filtrate was 

used for dyeing. 
 

2.3 Cotton pretreatment with chitosan and dyeing 
A 5 g/L solution of chitosan was prepared, 3 g/L of acetic acid was need to dissolve the 

amount of chitosan. Were prepared two solutions using different chitosan in each one. Cotton fabrics 

were treatted by padding (80-85% pick-up). After this time the teatred fabrics were dried at 80 °C and 

then cured at 120 °C for 3 min.  

Dyeing experiments were performed using M:L (material to liquor) ratio of 1:40 with manual 

agitation using 50% dye concentration. Dye baths temperatures were raised to 90-95ºC for 1 h. 

 

2.4 Methods 
Dyed samples were prepared for colour measurement, which was carried out by following a 

standard procedure. Colour values were evaluated by means of K/S and CIELAB colour-difference 

values (illuminant D65/10° observer) on Minolta CM-3600d UV-visible spectrophotometer. 

The relative colour strength (in terms of K/S value) of different natural dyed cotton fabrics 

was measured by the light reflectance technique using the Kubelka–Munk equation [8-11].  

 

K/S= (1 - R)2/2R                                                                                                                              (1) 
 

where K is the coefficient of absorption; S is the coefficient of scattering and R is the 

reflectance.  

 The method to evaluate the ultraviolet protection factor was composed of an UV lamp, a 

digital detector of UV radiation and an opaque box [12]. The UV-lamp irradiates at 312 and 365 nm, 

which belongs to UVB and UVA radiation severally. The detector of ultraviolet rays is found 

perpendicular to the UV-lamp and the fabric is above it. The system is into an opaque box to avoid 

lighting interferences. 
 

  3. RESULTS 
 

The colour values (L,a,b) and the colour difference values (DE*ab) of the undyed and dyed 

samples with different chitosan are given in table 1. L* represents lightness value, the higher the 

lightness value represent lower the colour yield. a* and b* Represent the tone of the colour, positive 

values of a* and b* represent redder and yellower tones while negative shows greener and bluer tones.  

As can be noticed, the lightness of the dyeing decreases in both cases while the a and b values are 

increases respect undyed sample. On the other hand, sample dyed with Eisenia Bicylis extract by using 

médium chitosan as a mordant show greater difference color.  
 

Table 1:  Colour values and CIELAB colour difference values of each sample. 

 D65/10° 

 L* a* b* DE*ab 

Undyed sample 95,2415 -0,1429 3,7158 - 

Low chitosan 76,5228 5,4044 12,4749 21,40 

Medium chitosan 72,06 6,9572 13,2545 26,05 
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Figure 1 shows the value of strength colour K/S and it is clear that the medium chitosan used 

as mordant have a considerable effect on the dyeability of cotton fabrics with Eisenia Bicylis dye 

under the same conditions, using the chitosan with higher molecular weight the strength colour is 

greater. 
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Fig. 1: The colour strength (K/S) of undyed and dyed cotton fabrics using different types of chitosan 
 

The results of the UV protection (UPV) for each sample are shown in figure 2, it can 

observed that both treaments made in this study caused an improvement in UV protection of the cotton 

fabric.  

0,00 

5,00 

10,00 

15,00 

20,00 

25,00 

30,00 

35,00 

40,00 

45,00 

50,00 

Undyed sample Chitosan Low Chitosan Medium 

0,72 

37,65 

45,26 

U
P

F
 

 
Fig. 2 : UPF values of each sample 

 

Cotton fabric dyed with Eisenia Bicylis and chitosan as a mordant offering very good 

protection (UPF values between 25 and 39). However, there is a significant difference between the 

chitosan used, as cotton pre-treated with medium chitosan could be classified as excellent UV 

protection (UPF values equal or greater than 40). 

 
 4. CONCLUSIONS 

 

In this study, it was observed that cotton fabrics dyed with a Eisenia Bicylis extract using two 

chitosan with different molecular weight (medium and low) showed that premordanting with this type 

of biomordant results an improvement of uniformity and color stregth of dyed cotton fabric. The 

pretreatment with medium chitosan produces higher K/S value and color differences respect undyed 
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sample. 

Bleached cotton fabric have no UV protection properties, whereas when this fabric is 

pretreated with chitosan and then, dyed with Eisenia Bicylis, we get very good UV protection, being 

excellent UV protection when chitosan medium is used. 
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