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Abstract – Coating of fluorinated polymer on surface of 

cotton fabrics was carried out by a simplistic way. The coated 

film showed contact angles of larger than 139o to water. The 

SEM images showed that the cotton surface changes after the 

coating. The film also showed excellent stability to organic 

solvent treatments, in terms of the contact angles to both 

water and oil. Sample characterization includes Infrared 

spectroscopy, analysis of wetting times, contact angle 

measurements, scanning electron microscopy and elemental 

analysis. Fourier transform infrared spectroscopy and 

elemental analysis showed the presence of fluorine moieties. 

The presence of very thin polymeric layer on the surface was 

confirmed. 
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I. INTRODUCTION 
 

To protect defence personnel from microbe and cross 

infection, a special finish like antimicrobial finish has 

become a necessity on clothing, socks, blankets and bed 

linens used by them. The built-up of water and dirt 

resistant fabrics has long been an interesting subject 

attracting a great deal of research. Various treatment 

methods have been used. Examples include spraying with 

Scotchgard protector, which contains fluorochloro 

polymers and CF4, and siloxane plasma treatment vapor 

phase treatment with amines and ultraviolet treatment with 

alkali inorganic salts Plasma treating or coating has 

extensively been studied and proved to be a promising 

method for conferring to a fabric or fiber hydrophilicity to 

improve dyeing, printing, wetting, shrinkproofing, and 

adhesion properties [1]–[3] All the leading textile 

industries are focusing on value added applications such as 

microbe resistance, electromagnetic protection and 

thermoregulatory fabrics. Materials and system for human 

protection will enhance the performance and well being of 

the human society.  

The wet-ability of solid surfaces is an important 

property of materials that is controlled by the chemical 

composition and geometry of the surfaces [4]–[7]. 

Fluorochemicals are well known with their low surface 

free energy, which are the most important class of water 

and oil repellent finishes and widely used for textile 

finishing. Surface roughness plays an important role in 

determining the wetting behavior of the solids [8]–[11]. 

Increasing surface roughness of hydrophobic materials can 

enhance surface water repellency greatly. 

Recently, surfactant adsorbed on a surface has been 

utilized as a guide for polymerization in order to modify 

surface properties of materials. This method has been 

termed admicellar polymerization. Admicellar 

polymerization is an in situ polymerization reaction in a 

surfactant bilayer adsorbed onto the substrate surface, 

forming a thin polymeric film on the substrate surface [11, 

12] There are four main steps, admicelle formation, 

monomer adsolubilization, polymeric film formation, and 

surfactant removal. Admicellar polymerization has been 

successfully used to form various types of polymeric thin 

films on different substrates such as polystyrene on silica 

[13], alumina [14]-[20] and cotton [16]-[17], styrene-

isoprene copolymer on glass fiber [8], poly 

(methylmethacrylate) on aluminum metal [9], and 

polypyrrole on mica [18]. Le applied a fluoropolymer to 

aluminium platesby Admicellar polymerization to block 

corrosion [19] This method is simple with low energy 

consumption and when used on textile fabrics, it proceeds 

without blockage of the interstices between fibers and 

yarns, thus maintaining air permeability of the fabric.  

Since the thickness of the applied film is typically on the 

order of nanometers [10], the fabric also retains its 

softness and original feel. Second, it provides a very thin 

coating that does not significantly affect the original 

characteristics of the fabric, such as its breathability, feel, 

and softness, but does confer to the surface a very low 

surface energy [20]-[21] which makes the fabric water-

repellent or dirt-repellent. Third, the coating using 

Admicellar polymerization is more durable than traditional 

sprayed finishes because the coating is chemically bonded 

to the treated fabric. 

 

II. EXPERIMENTAL 
 

Materials 
Pique cotton fabric was purchased from Alamac Knits. 

The fabric was desized, scoured, and bleached. Prior to 

utilize, the fabric was washed some times in a washing 

machine until it was free from any remaining surfactant. 

The monomer used are 2,2,3,3,4,4,5,5-

octafluoropentylmethacrylate (OFPM) purchased from 

Sigma Aldrich. The surfactants used were the nonionic 

fluorosurfactant Masurf FS230 and cationic 

fluorosurfactant Masurf FS1620 were purchased from 

Mason Chemicals. The initiator potassium persulfate was 

purchased from Fisher. All chemicals were used without 

further purification.  

Preparation of samples  
Samples were prepared using admicellar polymerization 

process.  In this process, a 20-ml solution containing 

30ppm FS1620, 162ppm FS230, 8mM OFPM, 

corresponding concentration of potassium persulfate and 

DI water of pH 4 was place in a 24-ml glass vial reactor. A 

piece of washed cotton fabric weighing 2g was added to 

the vial. Admicellar polymerization was carried out in two 

steps. First, 2.0g of washed cotton fabric added to 20 ml of 

a solution containing surfactants and the monomers. 

Adsorption was carried out for 1 h at 40
0
C in a shaker bath 
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at 80 rpm. Potassium persulfate at an initiator: monomer 

ratio of 1:1 was then added, the vial resealed into and the 

polymerization was allowed to proceed for an additional 

1h at 60
0
C. Excess surfactant was rinsed away with 

several volumes of water and the sample was dried in an 

oven at 70
0
C.  

Characterization of treated cotton fabric 
The aim of the current study was to study the chemical 

and physical surface changes of cotton fabrics using 

admicellar polymerization, and to identify appropriate 

conditions for evaluating the effects of polymerization on 

cotton fabrics. We therefore investigated the surface 

characteristics of cotton fabric using wetting time analysis 

(Water Repellency Tests), contact angle analysis, FTIR-

ATR spectroscopy, SEM and elemental analysis. 

Water Repellency Tests 
Two test methods were employed for assessing water 

repellency. The first involved a simple drop test, with 20 

μL water being deposited from a pipette at a height of 1 

cm. Time for absorption of water (wetting time) on a 

fabric surface in the drop test was determined up to 

maximum of 30 min, at which point the sample passed. A 

second method was performed according to AATCC test 

method 22 (spray test).  

Contact angle measurement 
Contact angle is a quantitative measure of the wetting of 

a solid by a liquid, which can evaluate the potential for 

water. Contact angle measurement of the samples was 

done by using an optical tensiometer (KSV Theta) and 

software supplied with the instrument at 24
0
C temperature. 

A 20 μL drop of distilled, deionized water of surface 

tension 72.75 mN/m was deposited on fabric by syringe 

from a height of 2 cm. Observations occurred over a 10 

min period with replicates at five different sites on the 

fabric and the average value was used. 

FTIR-ATR Study 
Fourier-transform infrared (FT-IR) attenuated total 

reflectance (ATR) spectroscopy can highlight changes in 

the functionalities present in different untreated and 

treated cotton fabrics. 

For structural analysis, IR study of the different fabrics 

was performed using Thermo Nicolet, NEXUS 870 FTIR 

spectrophotometer. The IR-spectrum was taken over the 

wave number range of 4,000–500 cm
-1

. 

SEM study 
Scanning electron microscopy image of the sample were 

taken. The prepared samples were gold coated and 

observed in a scanning electron microscope (SEM) JEOL 

JSM 880. Elemental analysis of the coated and non-coated 

cotton samples was carried out using Zeiss 960A SEM 

equipped with Oxford link Energy Dispersive 

Spectroscopy (EDS) with a thin window and using IXRF 

EDS 2008 software at beam energy of 5 keV. Elemental 

analyses provided an indication of fluorine content at the 

surface of the fibers. 

Tensile Strength Measurement 
Dumbbell-shaped samples were punched out (using 

dumbbell shaped die cutter, ASTM D638) from fabric. 

Tensile strength measurements were performed at room 

temperature using computerized model testing machine at 

a speed of 0.5 in/min according to ASTM D1708. Four 

measurements for each sample were done and the average 

value was used. 

 

III. RESULTS AND DISCUSSION 
 

Estimation of fabric hydrophobicity is difficult to 

evaluate by any one method. The drop test enables a rapid 

and simple determination, while multiple methods of 

testing help us to know performance and quality of the 

material more exactly. To ascertain the water-repellency 

characteristics of the fabric, the resistance of the fabric to 

surface penetration by a spray and resistance to surface 

wetting should be measured. Tests have to be carried out 

in combination with each other in order to obtain a 

complete understanding of performance. Samples were 

assessed for performance using drop test, spray test and 

contact angle measurement. 

Contact angle measurements with water droplets 

revealed that modified sample effectively repelled water 

even after 600 sec to allow reliable measurements 

attainable. Static contact angle measurements provide a 

finer basis for comparison, but have their limitations for 

characterizing fabrics. For the samples with effective 

water repellency, apparent contact angle values were 

obtained 139
o
. From SEM analysis (Fig. 1, discussed later) 

it was clear that treated samples are rougher than the 

untreated one. Rougher surfaces exhibits higher contact 

angles with water, which is in turn related to low 

interfacial energy [22]. It was also observed from 

elemental mapping that the fluorinated polymer layer is 

distributed homogeneously throughout the cotton fabric 

(Fig 2).  

 
Fig.2. Fluorine mapping of the modified sample 

 

FT-IR ATR spectra of untreated fabric and 

fluoromonomers treated fabric (Fig. 3) showed 

characteristic cellulose peaks around 1100-1200 cm
-1

 [23]. 

Other characteristic bands related to the chemical structure 

of cellulose were the hydrogen-bonded OH stretching at 

ca. 3350-3200 cm
-1

, the CH stretching at 2900 cm
-1

, and 

the C-H wagging at 1314 cm
-1

 [23] The OH bending of 

absorbed water was also observed in 1642 cm
-1

. Figure 3 

showed an absorbance at around 1745 cm
-1

 in the FT-IR 

ATR spectrum of fluorinated cotton, which might be 
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attributable to the presence of the carbonyl stretching 

frequency of COF group. The frequency at 1010 cm
-1

 is a 

characteristic frequency of the C-F bond. The C-F 

stretching frequency is absent in case of untreated fiber but 

appears in the treated fiber. All other peak values remain 

almost at the nearly same position in both the cases i.e., 

before and after surface treatment but fluorination of the 

fiber is evident from the appearance of a peak at around 

1010 cm
-1

. 

 
(a) 

 

 
(b) 

Fig.1. SEM image of the cotton fabrics, (a) before and  

(b) after modification. 

 

Scanning electron microscopy (SEM) was used to 

observe the surface characteristics of cotton fibers in 

several previous reports [24]-[26]. The SEM images help 

in distinguishing between treated and non-treated samples 

at the fiber level. SEM imaging can demonstrate the 

existence of a coating, and can provide further 

characterization in addition to contact angle and wetting 

time analysis by providing pictorial evidence of the 

coating. Typical SEM images are shown in Figure 2 

before and after modification.  

The SEM image of the surface of the untreated cotton 

(Fig. 1a) revealed characteristic parallel ridges and very 

smooth surface. The entire surface was covered with 

primary wall structure. As shown in Figure 1c, the surface 

features of the treated cotton were clearly different from 

those of the untreated cotton. The parallel ridges had 

almost vanished in the treated cotton, whereas the latter 

presented a rougher surface. This indicated that the after 

treatment with fluorinated monomer thin layers formed on 

the cotton surface. From the X-ray analysis the atomic 

percentage of fluorine obtained is 6.8%. The SEM fluorine 

map shows the presence of the coating uniformly 

distributed on the fiber. The fluorine maps reinforce the 

basis for the existence of a polymer coating. Figure 4 

shows stress-strain relationships of untreated fabric and 

treated fabric. The Young’s moduli of treated fabrics 

correspond to the higher modulus than the untreated 

fabric, regardless of direction. Greater stiffness of treated 

fabric suggests the adhesion between fibers due to 

formation of polymer bridges between fibers. Although 

the Young’s modulus increases, these fabrics retain soft 

feel after modification. 

 
Fig.3. FTIR spectra of the cotton fabrics,  before and after 

modification. 

 

 
Fig.4. Stress-Strain plot of the cotton fabrics, before and 

after modification. 

 

IV. CONCLUSION 
 

Fluorine coated on cotton fabric surfaces to induce 

water-repellent properties. Admicellar polymerization 
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were used to find out hydrophobicity of the coated 

surfaces. It was found that the cotton fabric obtained after 

admicellar polymerization shows higher contact angle and 

better mechanical properties than the untreated cotton 

fabric.  Admicellar polymerization yields greater 

roughness. 
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