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Abstract 

The textiles are characterized by their inner and outer structure and functional 

groups. Specific adsorption of ions or dissociation of the surface groups in aqueous 

solution result in their surface charge. Changing the number of functional fiber 

surface groups, e.g. by blocking in dyeing and finishing processes, and their 

dissociation affect the distribution of surface charge, as well as the thickness and 

distribution of the electric double layer which results in different fabric electrokinetic 

phenomena [1-4]. Immersed in water (pH 6.5-7.0) cotton fibers, like most textile 

fibers, are negatively charged in neutral and alkali aqueous solutions [5]. Therefore, 

the adsorption of textile auxiliaries, dyestuffs, optical brighteners and finishing 

agents is difficult due to repulsive forces. Cationisation, as an alternative method for 

improving dyestuff and surfactant adsorption, increases cotton zeta potential and 

changes the fiber surface charge [3, 4, 6-10]. Hashem et al. among others, studied 

the parameters of application of a non-polymeric cationic agent such as 

epihalohydrin; 2,3-epoxypropyl trimethyl ammonium chloride (EPTAC) and 3-chloro-

2-hydroxy-propyl trimethyl ammonium chloride (CHPTAC) by pad-roll and 

exhaustion methods, but as after-treatment only [8, 10]. On the other hand, 

Grancaric, Tarbuk et al. [3,4] introduced cationisation during mercerization 

processes, which resulted in new material. Recently, some commercial products for 

the same purpose have been developed.  

In the last years, the sol-gel technique has remarkably proved its exceptional 

potential regarding the functionalization of textile fabrics. Sol-gel solution leads to 

the formation of completely inorganic or hybrid (organic-inorganic) coatings that can 

be used to confer functional properties, such as antimicrobial, water repellency and 

flame retardancy [11]. In this study 3-Aminopropyltriethoxysilane (APTES) has been 

selected for the cationisation of cellulose due to the presence of amine groups into 

polysilane network.  

 

Materials and Methods 

Bleached cotton fabric (237 g/m2) was generously supplied by Mascioni SPA, Varese, 

Italy.   3-Aminopropyltriethoxysilane (APTES, purity grade 98 %) and 



 

 

tetraethylorthosilicate (TEOS, 99 %) were purchased from Sigma-Aldrich and used as 

sol-gel precursors. All chemicals were of analytical reagent grade and were used 

without any further purification. TEOS sol was prepared at 0.008 M concentration. 

The amount of precursor was hydrolyzed in a deionized water solution by adding HCl 

(0.1 M) at 3 %v/v concentration. The reaction was carried out for 4 h under vigorous 

stirring at room temperature before application. Using the same procedure as 

mentioned above, three different APTES sols were synthesized at the concentrations 

of 0.2 M, 0.3 M and 0.4 M. All samples were treated with both TEOS and APTES 

solutions in a two-step procedure to realize a double layer coating. The treatments 

were carried out by a two-roll laboratory padder (Werner Mathis, Zurich, 

Switzerland) at nip pressure of 3 bar. All cotton fabrics (20 cm x 30 cm) underwent 

an impregnation with the solutions and afterward were squeezed to obtain a wet-

pick-up of about 70-80 %. In detail, each cotton sample was firstly impregnated with 

0.008 M TEOS sol (used as primer for the 2nd layer) and dried at 100 °C for 5 min, and 

then at 150 °C for 1.5 min. Successively, the fabric was treated with APTES solution 

at the suitable concentration. The sample was dried for another 5 min at 100 °C and 

then cured at 170 °C for 3 min in an electric laboratory oven.  

 

Electrokinetic (zeta, ζ) potential was measured by streaming potential method using 

Brookhaven-Paar Electrokinetic Analyzer with a stamp cell and calculated according 

to Helmholtz-Smoluchowsky equation [2]. It was investigated versus pH and versus 

cationic surfactant addition. Isoelectric Point (IEP) of Lyocell fibers was determined 

as well as Point of Zero Charge (PZC). Sigma-Aldrich products were used for PZC 

determination: N–cetylpyridinium chloride (N-CPC) for anionic, and Sodium dodecyl 

sulphate (SDS) for cationic surfaces. Specific quantity of surface charge was 

calculated after back-titration method [3] applying Titrino 736 (Metrohm) and ionic 

surfactant electrode 6.0507.120 (Metrohm). N-CPC was used as cationic, and SDS as 

anionic surfactant solution. 

 

Results 

The results of electrokinetic phenomena – zeta potential vs. pH and vs. ionic 

surfactant addition (N-CPC for anionic and SDS for cationic surfaces) in electrolyte 

0.001 M KCl, Isoelectric point (IEP), Point of zero charge (PZC) and Specific quantity 

of surface charge (q) were determined. For the purpose of this extended abstract IEP 

and ZP vs. pH are given in Table 1 and Figure 1.  

 

 

 

 

 

 



 

 

Table 1. Zeta potential (ζ), and Isoelectric point (IEP) of cotton fabrics. 

 

Label Treatment ZP at pH 10 IEP 

COT-UT Bleached/untreated  -12,3 < 2,5 * 

COT-0.2-APTES Treated with 0.2 M APTES -15,5 5,43 

COT-0.3-APTES Treated with 0.3 M APTES -9,4 7,95 

COT-0.4-APTES Treated with 0.4 M APTES -4,5 9,15 

  
From the results can be seen that cotton fabrics show a negative charge in water 

solutions. The treatment of cellulose fibers with APTES leads to significant 

modification of fiber surface resulting in the reversal of charge. Due to the APTES 

coating the cationic character of amino groups can be observed. Applying the highest 

concentration of 0.4 M, the cotton surface shows almost positive zeta potential (-4.5 

mV).  

From the results presented in Table 1 it can be seen that the isoelectric point (IEP) of 

untreated/bleached cotton has IEP < 2.5. The IEP moves to higher pH values as a 

result of 3-Aminopropyltriethoxysilane coating. It changes depending on the APTES 

concentration. For that reason, the lowest applied concentration of 0.2 M APTES 

results in IEP = 5.43, whilst for the 0.4 M APTES it is IEP = 9.15. 

 
 

Figure 1. Zeta potential (ζ) of cotton fabrics vs. pH of electrolyte 0.001 M KCl. 
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Conclusion 

The most important phase of textile finishing processes is adsorption of chemicals 

and substances on textile materials surface. Electrokinetic phenomena of APTES 

treated cotton fabrics indicate the possibility of its finishing and dyeing in the neutral 

medium since all coated surfaces have IEP >5.4. 
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