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Abstract: Finishing agent; chitosan/polyethylene glycol-dimethyl siloxane (CS-PEG-DMS) was used for the 

treatment of cellulosic fabrics (dyed and white) to impart antibacterial activity and to enhance the performance 

properties, like crease recovery angle (CRA) and tensile strength (TS) too. The effect of chitosan, polyethylene glycol-

dimethyl siloxane, Butantetracarboxylic acid (BTCA), sodium hypophosite (SHP) concentrations were studied and 

optimized to incorporate the finishing agent chemically with the cellulosic fabrics. The treated fabrics show high 

antibacterial activity against gram -ve, and gram + ve bacteria species (Escherichia coli and Staphylococcus aureus 

respectively). In addition, the performance of the finished fabrics was improved.  
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1. Introduction 

Clothing and textile materials are considered 

a suitable media for the growth of different kinds of 

bacteria and fungi too. These microorganisms can live 

on textile materials for long time and under suitable 

conditions, they can be converted to pathogenic 

species, which cause diseases to population. In order 

to reduce this bacterial infection in healthcare that may 

be caused by the textile/clothing materials, 

antibacterial textiles is considered the best solution for 

these problems [1-8]. 

Modification of textile surface can create a 

new functionality to the fabrics with new properties as 

well as, keeping comfort and mechanical strength to 

the fabric structures [5,8,9]. Currently, multifunctional 

properties of textile materials are necessary to the 

textile industry markets [9].  

Chitosan is ß-(1-4) - linked polysaccharide. 

Chitosan is the   deacetylated derivative of chitin [10] 

which is classified as the second abundant natural 

polysaccharides in nature extracted from the shells of 

crabs, shrimps and other animal and non-animal 

sources like aspergillus niger, pencellium, and 

schizophyllum commune [8]. Chitosan have many 

different unique properties like biodegradability, 

biocompatibility, and nontoxicity, that has long been 

used as a biomaterial in pharmaceutical, textiles, 

agricultural and bio-medical applications, such as 

wound healing, and drug delivery system [8]. Because 

of its cationic nature, chitosan has very good 

biological activity against different types of gram 

positive, gram negative bacteria, and different fungus 
[4]. 

Polyethylene glycol (PEG) has different 

important properties e.g. non-toxic, water solubility 

[11-14]. Polyethylene glycol (PEG) has been used in 

different industrial applications such as textiles, 

pharmaceutical and medical fields due to the chemical, 

physical, and biological advantages, including 

solubility in wide range of organic solvent and water. 

Polyethylene glycols is easy for chemical modification 

to obtained different functional end groups 

(carboxylic, aldehydes, amino, iodide, and methoxy) 

[12], [15-21], and the absence of antigen-city and 

immunogenicity, which permit polyethylene glycol to 

be used for bio-medical and biotechnological 

applications.   

Recently, many co-works have extensively 

investigated the modification of biopolymer chitosan 

with polyethylene glycol, to improve the solubility of 

chitosan in water, and different organic solvents as 

well [22-24]. Polydimethyl siloxane has a small 

surface energy [24] in addition to it has many 

interesting properties such as, non- toxic, highly 
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permeable for air and oxygen, has good thermal 

stability in addition to the highly oxidation stability 

which considered as smart compound [25].  

The aim of this present work is to prepare 

finishing agent of chitosan/Polyethylene glycol-

dimethylsiloxane (CS/PEG-DMS), then optimize the 

conditions (concentration of chitosan (CS), 

concentration of PEG-DMS, and the crosslinking 

BTCA/ polyhypophosite) to treat the cellulosic fabrics 

to have functional cellulosic textile with antibacterial 

activity with highly durability as well.   

 

2. Experimental 

2.1. Materials  

Chitosan degree of deacetylation (75 %) was 

obtained from Sigma-Aldrich Company, triethylene 

glycol and dimethyldichloro siloxane from Fluke 

Chemical Company, Xylene, BTCA, sodium 

hypophosphite and pyridine were of laboratory grade 

chemicals. 

2.2. Methods 

2.2.1. Preparation of polyethylene glycol -dimethyl 

siloxane (PEG-DMS).  

In three necked flask equipped with 

mechanical stirrer, pressure dropping funnel, one mole 

of dimethyldichorosilane was reacted with one mole 

of tri-ethylene glycol in presence of the mixture of 

xylene and pyridine, the latter was used as acid 

acceptor. The reaction was carried out under inert 

atmosphere and genteelly heating at 30 ◦C for 1 hr. 

After that, the temperature was raised gradually until 

80 ◦C for 4 hours and the temperature was kept at100 

◦C for 3 hours to produce (PEG-DMS). 

2.2.2. Testing and analysis of the CS/PEG-DMS  

Scanning electron microscopy (SEM) was 

used for characterization the morphology of the textile 

surfaces before and after modification. Sample images 

were taken by using; Tescan VEGA II LSU electron 

microscope (Tuscan USA Inc.). All images were taken 

at these conditions: voltage 2.44–10 kV, detector: SE. 

the magnification 300–20000 times, vacuum high, the 

distance between sample and objective: 4 - 5 mm. 

The nitrogen percent was determined using 

the kjeldahl method [26]. Creasy recovery angle was 

determined by using AATCC method Vol.70, 1998. 

Elongation at break was evaluated according to the 

ASTM precedes D-2296-66T. Tensile strength was 

determined by the strip method according to ASTM 

method D2256- 66T [27]. The durability of the treated 

cellulosic fabrics was determined by using the 

AATCC Test method 61(2A)-1996. 

The treated textile fabrics were subjected to 

laundry for 20 cycles using soap as detergent with full 

water level at 40 0C for 15 minutes and dried for 50 

minute at 50 0C in an oven and sterilized by heat at 105 
0C. Antibacterial activity was evaluated in term of disc 

diffusion method with some modification for 

screening the cellulosic fabrics [28] as described: 

“Nutrient agar for bacteria 0.1ml of an appropriate 

dilution of the test culture was used, cellulosic fabric 

samples (0.1cm diameter) were placed on the surface 

of the incubated plates at 35 0C for 24 h, Diameter of 

plates inhibition zone (mm) including the disc 

diameter was measured for each treatment” [28]. 

2.2.3. Application of the prepared CS/PEG-DMS 

on to cellulosic fabrics. 

All white, dyed untreated cellulosic fabrics 

were immersed in a solution containing a mixture of 

BTCA as cross-linking agent, sodium hypophosphite 

as catalyst (SHP), chitosan, and polyethylene glycol-

dimethylsiloxane (PEG-DMS). 

 

3. Results and discussion 

3.1. Preparation of Polyethylene glycol-dimethyl 

Siloxane (PEG -DMS). 

The (PEG-DMS) compound is prepared 

through the reaction of dimethyldichlorosilane with 

tri-ethylene glycol in presence of pyridine as acid 

acceptor through the following equation. By change 

the chain of the monomer of ethylene glycol we 

obtained different molecular weight of the adduct. 

 

 
Where; n: molecular weight of tri-ethylene glycol; m:   

1- 25 repeating units. 

 

3.1.2. Treatment of the cellulosic fabrics with 

CS/PEG-DMS.  
Chitosan / Polyethylene glycol-

dimethylsioxane (CS/PEG-DMS) was used as 

finishing agent with multi-effects when used for the 

treatment of cellulosic fabrics (white and dyed fabrics) 

along with BTCA and sodium hypophosphite 

monohydrate (SHP) as catalyst. Factors affecting the 

treatment such as concentration of chitosan, siloxane 

derivatives, and BTCA and sodium hypophosite were 

studied. The performance and chemical properties of 

the treated fabrics are discussed below. 

 

3.1.2.1. Effect of (BTCA) as crosslinking agent  

Chitosan/ polyethylene glycol-dimethyl 

siloxane was used as finishing agent for the cellulosic 

fabrics using the pad-dry cure method in presence of 

(BTCA) as crosslinking agent and sodium 

hypophosphite (SHP) as a catalyst (as shown in 

Scheme 1). 

Figure 1 shows the effect of 

butanetetracarboxylic acid (BTCA) concentration on 
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the nitrogen content (N %) which reflect the fixation 

of CS/PEG-DMS finishing agent on to cellulosic 

fabrics. The mechanical properties of the treated 

textiles such as crease recovery angel (CRA) and 

tensile strength (TS) of are illustrated in Figure 1. On 

the contrary, the nitrogen percent decreases sharply 

after washing of the finished fabrics, In the presence 

of low concentration of BTCA. Crease recovery angle 

(CRA) increased with increasing 

butenetetracerboxylic acid concentration from 3 to 9 

% which is expected, due to the crosslinking of 

cellulose chains with BTCA. TS decreased with 

increasing the concentration of BTCA, this can be 

explained by the effect of acidic effect of BTCA in 

presence of SHP at high temperature.  

 

 
Scheme 1:  proposed crosslinking mechanism of 

chitosan /cellulose fabrics/polyethylene glycol-

diemthyl siloxane.  

  

 
Figure1.  The effect of BTCA conc. on the N%, 

CRA and TS 

Experimental conditions: 1 % chitosan, 5 % 

PEG/DMS, 3 % SHP, (3-9 %) BTCA, dried at 80 oC 

for 10 min. curing at 160 oC for 2 min. 

 

3.1.2.2. Effect of sodium hybophosite (SHP) 

concentration  

Figure 2 shows the effect of SHP 

concentration on the results of nitrogen percent (%), 

crease recovery angel (CRA), and tensile strength (TS) 

of the treated samples. The treatment formulation was 

as follows, 1 % chitosan, 5 % PEG/DMS, SHP, 5 % 

BTCA, dried at 80 oC for 10 min. curing at 160 oC for 

2 min. From the results obtained in Figure 2 it is clear 

that, by increasing the SHP concentration from 3 - 9 

%, an enhancement of N % after washing occurred. 

Also the CRA increased by increasing the 

concentration of SHP while TS decreased with 

increasing of SH from 3 - 9 % which is attributed to 

the effect of high concentration of catalyst at high 

curing temperature on the cellulosic fabrics. 

 

 
Figure 2.  The effect of SHP con on the N%, CRA 

and TS. 

Experimental condition: 1 % chitosan, 5 % PEG/DMS, 

5 % BTCA, dried at 80 oC for 10 min. curing at 160 oC 

for 2 min. 

 

3.1.2.3. Effect of chitosan concentration on the 

finishing of cellulosic Fabrics 

White and dyed cellulosic fabrics were 

subjected to an aqueous solution of the finishing agent 

which contain different concentrations of chitosan and 

(BTCA) along with SHP as the corresponding catalyst. 

The finished fabrics were then characterized through 

measuring the nitrogen content (N %) before and after 

washing in order to evaluate the content of chitosan 

impregnated on to cotton fabric structure. Figure 3 

shows the impregnated quantity of chitosan, described 

as Nitrogen percent, after washing, increased by 

increasing the finishing agent concentration till 1 %, 

then decrease again. Crease recovery angle is 

marginally increased and the tensile strength is almost 

constant irrespective to the concentration of chitosan.  

http://www.lifesciencesite.com/


Life Science Journal 2013;10(4)                                                          http://www.lifesciencesite.com 

 

 837 

 
Figure 3.  The effect of chitosan concentration on the 

nitrogen percent (N %) and crease recovery angle 

(CRA) 

Experimental condition: 5 % PEG/DMS, 5 % BTCA, 

dried at 80 oC for 10 min. curing at 160 oC for 2 min. 

 

3.1.2.4. Antibacterial activity of chitosan/ 

polyethylene glycol-dimethyl siloxane. 

Cellulosic fabrics were treated using the 

finishing formulation; chitosan/ polyethylene glycol-

dimethyl siloxane along with BTCA acid and SHP. 

Cellulosic Fabrics were padded with the previous 

solutions to a wet pick up of 100 %, followed by 

drying and curing at 160 0C for 2 minutes. The efficacy 

of the antibacterial activity for the treated fabrics was 

evaluated against S. aurous and E. coli as bacteria 

species. These bacteria were selected, as they are the 

most bacteria found in most of wound infection. 

Figure 4 shows the effect of durability on the 

antibacterial activity of the finished fabrics.  As 

shown, the antibacterial activity increases by 

increasing the concentration of the finishing agent, 

until 2 %. The antibacterial activity of the dyed fabrics 

seem to be lower than the white fabrics after subjecting 

to the finishing agent.  

 
Figure 4: Effect of durability on the antibacterial 

activity of the finished fabrics.  

Experimental condition:  1% chitosan, 5 % PEG/DMS, 

5 % BTCA, dried at 80 oC for 10 min. curing at 160oC 

for 2 min. 

 

3.1.2.5. Scanning electron microscope of cellulosic 

fabrics treated with CS/PEG-DMS. 

Figure 5 (a and b) show the scanning electron 

microscope for cellulosic fabrics before and after 

treatment with chitosan/polyethylene glycol-dimethyl 

siloxane (CS/PEG-DMS). It can be clearly seen the 

formation of smooth layer on the fabric surface 

(Figure 5b). 

 

 
Figure 5: scan electron microscope of untreated 

cellulosic fabrics (a); cellulosic fabrics treated with 

chitosan/polyethylene glycol-dimethylsiloxane 

 

 

4. Conclusion  

Chitosan/ polyethylene glycol 

dimethylsiloxane (CS/PEG-DMS) solution was 

prepared and used as finishing agent for cellulosic 

fabrics by pad-dry-cure method to impart highly 

performance properties and antibacterial activity as 

well into. BTCA and SHP were used as crosslinking 

and catalyst respectively. The antibacterial activity of 

the cellulosic fabrics was evaluated against two types 

of bacterial; E. coli and St. aurous. The treated 

cellulosic fabrics can be used for different medical 

application especially for health care and hygiene 

products purposes. 
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