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Abstract 

In this study, the effect of low pressure oxygen plasma treatment and subsequent 

chitosan treatment on the dyeability of cotton and wool fabrics is investigated. Raw, 

plasma treated and chitosan coated wool and cotton samples were dyed with natural 

dye extracted from dried cotton pods. The effect of each modification on the color 

strength of the dyed samples was examined and the order of the K/S for both fibers 

was as follows: chitosan treated > plasma treated > raw. The samples were also 

tested for antibacterial properties before dyeing. The samples coated with chitosan 

after plasma treatment showed excellent antibacterial activity. 

 

Introduction 

Recently there has been a great tendency to revive the tradition of using safe, 

biodegradable, and eco-friendly natural dyes [1-2]. The majority of natural colorants 

need metal mordants to dye wool fiber satisfactorily [3]. The metal mordants mainly 

are considered as toxic and researchers are exploring environmentally friendly 

alternatives to reduce or eliminate the use of metal mordants in natural dyeing 

recipes. Low temperature plasma treatment, a water-free and clean process, 

provides a new alternative for surface modification of textile fibers. Oxygen plasma 

treatment has a great influence on wettability of natural fibres and the plasma 

treated sample absorbs water very quickly and the water wicking and dyeability are 

remarkably improved after plasma treatment [1, 4-5]. Chitosan as a natural 

biopolymer can be applied on cotton and wool fibers by different techniques and 

enhance their dyeability with anionic dyes [6]. Coating of fibers with chitosan can 

introduce amine groups to the fiber leading to an improved affinity towards natural 

dyes. 

Plasma treatment can impart functional properties to textiles when applied in 

conjunction with chitosan. In this study, the effect of low pressure oxygen plasma 

treatment and subsequent chitosan treatment on the dyeability and antibacterial 



 

 

properties of cotton and wool fabrics with natural dye extracted from the valves of 

capsules of cotton plant is investigated. 

 

Experimental 

Plasma treatment: Plain woven pure cotton and wool fabrics were cut in size 10*15 

cm2. Samples were pretreated using radio frequency low pressure plasma 

equipment (Junior plasma, Europlasma, Belgium) with oxygen gas (chamber 

pressure: 100 mTorr; Oxygen flow rate: 100 sccm; Plasma power: 150 W; Time: five 

minutes). 

Chitosan treatment: Plasma treated samples were immediately impregnated in 0.5% 

w/v solution of chitosan containing 1% v/v acetic acid for 30 min. Padding with 100% 

wet pick up, drying at 80 ⁰C for 30 min and washing (1% w/v Triton X-100 in distilled 

water, at 50 ⁰C for 15 min) were the next steps of the coating process. 

Dyeing: Dyeing of the samples was performed using 20% owf of the natural dye (L:G= 

40:1, pH=5 for wool and pH=7 for cotton samples). The dyeing was started at 40°C 

and the temperature was raised to boil at the rate of 2°C per minute. Then the 

samples remained in that condition for 1 hour, and then were rinsed and air dried. 

Color strength measurements and antibacterial tests were performed as explained 

earlier [5].  

 

Results and Discussion 

Raw, plasma treated and chitosan coated wool and cotton samples were dyed with 

natural dye extracted from dried cotton pods. The effect of each modification on the 

color strength of the dyed samples was examined and the order of the K/S for both 

fibers was as follows: chitosan treated > plasma treated > raw. Figure 1 shows the 

effect of plasma treatment and chitosan coating on surface morphology of cotton 

and wool fibers. 

Both cotton and wool samples showed high antibacterial activity after coating with 

chitosan. Table 1 shows the results of antibacterial test confirming the high 

antibacterial activity of the finished samples. 

 

 
 

Figure 1. SEM images of raw, plasma treated and chitosan coated cotton and wool 

samples 



 

 

Table 1. Percent reduction in number of two bacteria on the surface of different 

samples 

 

Bacteria Raw wool 
Plasma 

treated 

wool 

Chitosan 

coated 

wool 

Raw 

cotton 

Plasma 

treated 

cotton 

Chitosan 

coated 

cotton 
S. aureus 0 0 99.9 0 0 99.9 

E. coli 0 0 99.9 0 0 99.9 

 

Conclusion 

Cotton and wool fabrics were successfully coated with chitosan using oxygen plasma 

as a pretreatment. The chitosan treated samples showed high antibacterial activity 

and better dyeability with the used natural dye compared with raw and plasma 

treated samples. The wash fastness was significantly higher in case of chitosan 

treated samples. The method used in this study, can increase the dye uptake and 

wash fastness of natural dyes on cotton and wool fibers. 
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