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Abstract  

In this paper, we present the results of an experimental study of the influence of enzyme washing treatments of jeans 

on its hydrophilic property. It provides a systematic analysis of the changes in hydrophilic property between two 

textile substrates: treated and untreated jeans dyed fabrics. The change of the hydrophilicity of the fabric as a result 

of the washing treatment is evaluated by measuring the contact angle. Then, a mathematical model was found and 

established to follow the spreading and diffusion kinetic of the water drop deposited on the surface of the Denim 

textile. 
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_______________________________________________________________________________________________

1. INTRODUCTION  

Textile materials and clothing play an important role in every day human’s life. Indeed, increasing demands for 

comfort and aesthetic textile products causes the development of new treatment and techniques for processing and 

designing textiles [1-3]. One of the most preferred and popular clothing of today’s youth is the Denim fabrics, 

especially the washed-out jeans or the Denim jeans with old look. This textile fabric is made by cotton. 

Cotton is still the “king” of fibers because most of the world’s fabric is made of cotton. It is characterized by a good 

strength and it is considered to provide comfort due to its good moisture adsorption and wicking properties [4]. 

Water can interact with textile surfaces differently depending on whether the surface is hydrophilic or hydrophobic. 

Indeed, hydrophilic materials are those having surfaces that are easy to be wet, with water contact angle of < 90°. 

However, hydrophobic means that the textile does not combine or mix well with water. Cotton, a cellulose-based 

material, is a natural material. It has strong polar groups (-OH) that readily interact with water, giving a good 

hydrophilicity property. 

 

It is well known that generally the wettability, the hydrophilicity and the absorption ability of the cotton fiber change 

with chemical and mechanical finishing treatments performed on the fabric [5-7]. The literature shows several works 

being interested in the survey of the spreading and impregnation of liquid on treated and untreated textile fabrics to 

characterize the hydrophilic property of the material. The capillary rise phenomena in fibrous porous media are of 
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great importance in wetting and wicking in textile structure and extensive publications are available [8-12]. The 

surface tension, the gravitational forces, the viscous forces and the contact angle have been considered and studied and 

investigated to characterize the wettability of textile and porous materials [13-15]. 

In this article, we are interested in the changes of hydrophilic property of jeans dyed fabrics as a result of washing 

treatment. The wettability of the untreated and treated jeans fabrics is evaluated by measuring the contact angle using 

the GBX Digidrop apparel. Also, a mathematical model has been developed to predict the complete profile of the 

horizontal wicking through the woven fabrics considering different influencing parameters, i.e. pH of the bath and the 

concentration of the enzyme. By using the developed model, we can too determine the diffusion kinetic parameters of 

the water in the textile. 

 

2. EXPERIMENTAL PROCEDURE 

2.1 Materials 

The basic denim was selected for this study. A summary of the fabric characteristics used in this investigation are 

shown in Table 1. 

 

Table 1. Characteristics of untreated denim 

Composition 100% Cotton 

Weave structure Twill 4 

Density (yarns / 

cm) 

Warp 30 

Weft 20 

Linear density 

(Tex) 

Warp 96 

Weft 100 

Surface density (g/m²) 430 

 

The selected fabric has been processed by different industrial washing treatments, which are often used for final finish 

of the denim garments. These treatments were acidic enzyme wash and neutral enzyme wash (Table 2). 

 

Table 2. Description of the denim industrial treatments 

Treatment Description 

Acidic enzyme wash The enzyme is introduced in acidic bath (pH=5). The concentration of 

enzyme is 40 g for a load of 1 kg of the merchandise. The temperature 

is raised up to 50°C and items are turned for 50 minutes. 

Neutral enzyme wash This one is analogous to the Acidic enzyme washing, only the enzyme 

used is neutral (pH = 7). Equally, we used 40 g/kg of enzyme 

concentration and the duration of treatment was about 50 min. 
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2.2 Measurements 

In order to quantify the influence of washing treatments on the hydrophilicity of the jeans fabric and to evaluate the 

wetting property of the textile surface, contact angle measurements were investigated. The contact angles of water and 

oil were measured with the drop shape analyzer (Digidrop GBX Contact angle Meter - France) equipped with video-

camera system and computer software. The contact angle of the liquid was measured using 5µL droplet which was 

gently deposited on the surface using the syringe. 

 

2.3 Characterization 

The treated (washed) and untreated fabrics were characterized via the Scanning Electron Microscopy (SEM). This 

technique allows visualization of the surface of the textile and then detects the changes in roughness degree. Samples 

(washed and unwashed) were cut at 4 cm² pieces. Specimens were examined at approximately 100 and 200 X 

magnification. 

 

3. RESULTS AND DISCUSSION 

3.1 Experimental data 

Figure 1 displays the SEM images of the original fabric (the unwashed fabric) vs. the treated one (washed fabric) at 

200X magnification. It is clear and easy to distinguish the difference on the topographical properties of the surface 

between the three substrate samples. 

From the figure 1, it is observed that the surface of sample washed in acidic bath with 40 g/kg of enzyme at 50°C for 

50 minutes is somehow more worn than the surface of the sample washed in the neutral bath at the same conditions of 

duration, temperature and enzyme concentration. Moreover, it is noticed some sign of fiber fracture, and roughness. 

The mechanism of wear at acidic enzyme wash is characterized by signs of fiber fracture, debris and roughness 

formation. 

 
(a) 
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(b) 

 
(c) 

Figure 1- SEM micrographs at magnification of 200x. (a) Micrograph of the original jean fabric, (b) Micrograph of the 

fabric treated by 40g/Kg enzyme at pH=7 for 50 minutes, (c) Micrograph of the fabric treated by 40g/Kg enzyme at pH=5 

for 50 minutes 

 

Wetting of water on the textile surface depends not only on the chemical nature but also on the morphological 

structure and topographical properties of the surface. For this reason, we are study the wettability of the original jean 

fabric and the washed one by measuring the contact angle of the substrate with the water. The volume of water used 

for the contact angle measurements was 50µL. The well-known young equation describes the balance at the three-

phase contact angle of the textile, water and vapor. 

 

                        

Where: 

      ,        and      are the surface tension of the textile/vapor interface, of the textile/water interface and 

of the water/vapor interface respectively. 
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 t=0s, =87.1°                     t=0.20s, =37.3°                   t=0.36s, =8.5° 

Figure 2- Evolution of the water – enzyme treated fabric (pH=7, W=40g/Kg, t=50min) contact angle vs. time 

 

Considering results given in figure 2 which illustrates the evolution of water contact-angle on the textile substrate, we 

can observe that the contact angle on the sample washed by enzyme at neutral medium changes as a function of time 

from 87.1°, at the first contact, until 8.5° after 0.36s due to its good moisture adsorption and hydrophilic properties. In 

figure 3, we have reported experimental data of the evolution of the water contact-angle on all samples used in this 

study as a function of time when water drop deposited on the surface. From curves, it was noted that at the same time 

the water-denim fabric contact angle is significantly influenced by the washed treatment. The lowest contact angle 

value was noted for the fabric washed in acidic bath and the highest one was noted for the untreated fabric.   

 

Figure 3- Evolution of the water – denim fabrics contact angles vs. time 

3.2 Spreading kinetics of the water drop deposited on denim fabric 

In order to better understand the influence of enzymatic wash treatment on hydrophilic properties of textile and to 

interpret the spreading kinetics of water drop deposited on textile surface, the experimental mass of water-fabric 

contact angles at each time were curve fitted using MatLab to the exponential kinetics model (Figure 4, 5 and 6). This 

model has a double exponential form as given by the following equation [16]: 

)exp(-K1∞
t  

Where  is the water-fabric contact angle at time “t” and the terms 
∞

 are the water-fabric contact angles at first 

contact (time=0s). K1 is the spreading kinetic of water drop. 
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Figure 4- Fitted curve of the water – untreated denim fabrics contact angles vs. time 

 

 

Figure 5 - Fitted curve of the water – acidic enzyme washing denim fabrics contact angles vs. time 

 

 

Figure 6- Fitted curve of the water – neutral enzyme washing denim fabrics contact angles vs. time 

 

In figures 4, 5 and 6 the lines were the best fit of the mathematical model to the kinetics experimental data. The 

validity of the exponential model in the three fabric cases in describing the kinetic data is checked by the correlation 

coefficient (R-square) and the sum of square due to error (SSE). R-square and SSE were defined as: 
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- Sum of Squares Due to Error (SSE) which measures the total deviation of the response values from the fit to 

the response values. A value closer to 0 indicates that the model has a smaller random error component; 

- R-square is the square of the correlation between the response values and the predicted response values. It can 

take on any value between 0 and 1, with a value closer to 1 indicating that a greater proportion of variance is 

accounted for by the model. 

 

Table 3 summarizes the exponential model fitting parameters, the R² and the SSE coefficients for samples. 

 

Table 3: Goodness-of-fit statistics parameters in different cases of treatment 

Sample ∞
  K1 SSE R-square 

Untreated 124.7 4.867 1.748 0.9899 

Acidic enzyme wash 61.02 7.959 0.282 0.9895 

Neutral enzyme wash 88.9 5.972 1.225 0.9836 

 

The exponential model proposed to describe the evolution of water contact angle with time is tested by comparing the 

theoretical curve with the experimental one. As shown in table 3, for all samples, the high R² values (>0.98) and the 

law SSE values (<1.8) indicate that the experimental data are well correlated to the exponential model.  

From the exponential model, it could be found that the initial water-fabric contact angles for the untreated, neutral 

washed and acidic washed fabrics were equal to 124.7°, 88.9° and 61.02°, respectively. The kinetic parameter for the 

untreated, neutral washed and acidic washed fabrics (“K1 (s
-1

)”) were found to be equal to 4.768 s
-1

, 5.972 s
-1

 and 

7.959 s
-1

, respectively. These results indicate that the hydrophilic property of the denim fabric depends on the type of 

washing treatment. Indeed, using values of measurement of contact angles as the primary data, we can study the 

degree of wetting when the denim fabric and the water interact and then the hydrophilic property of the textile. For 

example, a large angle (124.7°>> 90°) as observed in the case of the untreated fabric correspond to low wettability and 

therefore the fiber can be considered as hydrophobic. However, a small contact angles (61.2°<<90°) as observed in the 

case of the acidic enzyme washed fabric correspond to high wettability and then the denim fabric can be considered as 

hyrdrophilic. 

 

4. CONCLUSION 

In this work, after visualization of the surface of the washed and unwashed denim fabric via SEM technique at 100 

and 200 X magnification and evaluation of roughness changes, we have investigated the experimental study of the 

dynamic spreading of water drop on three different cotton denim fabrics using an exponential model. The simulation 

curves by MatLab showed good fits with the experimental data of the water – textile surface contact angles. The 

validity of the mathematical model in describing the kinetic data is checked by the correlation coefficient (R-square) 

and the sum of square due to error (SSE). Finally, we noted that the enzyme washing treatment of the denim fabric 

have a significant influence on the kinetic rate of spreading of water drop. Indeed, results show that the spreading 
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kinetic rate was raised when the textile was washed. It was very important in the case of acidic enzyme washing 

treatment. 
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