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Abstract
 

One of the significant problems of used natural leather shoes is the growth of bacteria 

which contributes to the unpleasant smell during use. In this study, an attempt was made 

to improve the antibacterial property of cow and goat leather by surface modification 

using corona discharge. The corona discharge surface modification was performed at 

different stages of the oiling process. The effectiveness of the different process was 

evaluated using two representative bacteria named S. aureus and E. coli. The atom 

absorption and FTIR results indicated that the silver nanoparticles adhere better on the 

modified corona discharged leather compared to unworked leather. The microbial 

experiments also revealed that the antibacterial property in the modified corona 

discharged leather is better than the unworked leather which indicates the essentiality of 

the corona discharged process. In addition the goat leather which was initially treated 

with corona discharge process showed better antibacterial property compared to the cow 

leather. The reduction in bacterial growth indirectly reflects the ability of the corona 

discharge process to reduce the unpleasant smell of leather. 

 

Key words: leather; antibacterial property; corona discharge; silver nanoparticles 

 
 

 

 



Journal of Science and Technology 

1. INTRODUCTION 

 

One of the problems in leather is the unpleasant odor in leather shoes [1] which is due to 

the bacteria growth on the leather surface after a certain period of time. As a result of the 

bacterial growth, foot odor developed due ovaleric acid, which is produced when 

Staphylococcus epidermidis, a resident species of the normal cutaneous microbial flora, 

which degrades leucine present in sweat. In addition, Bacillus subtilis was detected in 

the skin of subject with strong foot odor, and this species is shown to be closely 

associated with increased foot odor [2]. Successful treatment of foot odor very much 

depends on removing of these microorganisms. In microbial evaluation for materials and 

antibacterial polymers standard method such as odor of index bacteria were used. These 

bacteria are: E. coli and S. Aureus [3]. 

 

Many researchers have studied about the property of silver as photocatalysts [4], 

antibacterial properties of silver in polymers and nanocomposites fibers with silver 

nanoparticles exhibiting good antibacterial properties [5]. There are significant 

advantages of leather shoes that are made with leather containing silver nanoparticles; 

legs and foot remain dry without any allergy, problematic bacteria producing odor on the 

shoes are removed, biological balance and preservation of skin in athlete’s activities and 

fungal disease healed between fingers [6-7]. Recently, it was reported that the 

application of corona discharge has improved the moisture content of artificial and 

natural polymer surface. The occurrence of such phenomenon is important in composite 

materials [8-10]. Other effects of this process to wool textiles include increase in 

resistance against condensation and change in antibacterial properties [11], increase in 

humidity and increase in rubbing resistance [12]. One of the most important steps in 

leather production in the leather shoes is the oil impregnation step. The oil impregnation 

step includes the doping process which includes covering the surface of leather with a 

thin layer of oil [5]. 

 

Corona treatment is the application of an electrical discharge of high voltage 

(around 10000 Volts) through air between two electrodes, using frequencies around 40 

kHz, at normal atmospheric temperature and pressure. The treatment can improve the 

surface affinity and the sticking strength of some hydrophilic polymers, because the 

treatment can lead to the increasing of the high reactive free radical oxygen in the 

polymer surface. Although corona discharge technology has been widely used, it is 

mostly used for improving the polymer surface hydrophilic property, especially in the 

composite material strength improvement [13-16] and textile surface treatment to 

improve the cotton [17] and wool fabric printability [18]. To the best of our knowledge 

it has not been used for the leather industry.  
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Thus in this study the corona discharge technology is introduced to the leather 

industry where the leather surface is first exposed to corona discharge process before the 

oil impregnation step. The oil impregnation step includes the doping process which 

includes covering the surface of leather with a thin layer of oil. If leather is not be 

lubricated at the time of drying, it will become hard and austere  and its fibers cannot 

stumble over each other, thus it would not have consistency against tension force and 

against friction and ablation [19]. In addition, a combination of silver nanoparticles with 

oil is used in the impregnation step so as to increase the antibacterial properties in the 

leather. The amount of silver nanoparticles left on the leather is measured using X-RD, 

SEM and TEM. Atomic absorption and antibacterial test with 21196 standard tests were 

also performed. 

 

 

2.  MATERIALS AND METHODS 
 

2.1  Materials 

 

In this study two kinds of leather samples were used; cow and goat leather samples with 

1.5 mm thickness, without oiling and without color of Vatan leather factory. Nano 

particles having 10 nm in size and concentration 0.1 mg/ml is obtained from Nano star 

company, emulsifier from Zamzam Company. The bacteria strain having features as 

depicted in Table 1 is collected from BoAli research center of Mashhad, Iran. 

 

Table 1: Bacteria used for antibacterial test 
Genealogy Bacteria 

ATCC1 6538p,PTCC2 1112 

CIP3 53.156, GCMC4 346 

NBR5 12732, NCIB6 8625 

Staphylococcus Aureus 

(S. Aureus) 

ATCC  8739p,PTCC 1330 

CIP 53.126, GCMC 1576 

NBR 3972, NCIB 8545 

Escherichia coli 

(E. Coli) 

 

2.2  Method 

 

The leather samples were impregnated with two types of oil; olive oil and industrial oil 

(olive oil is obtained from Alborz Gostar Company and industrial oil from Vatan leather 

factory). In this study, the leather samples (cow and goat leather) were processed in 

various ratios of silver nanoparticles to oil (0.3:0.7, 0.5:0.5 and 0.6:0.4) using the 

methods described in Figure 1. 
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Figure 1: Surface modification using corona discharge at different stages of the oiling 

process defined by Standard (no corona discharge applied), first and second method. 

 

In this study, the Corona machine as shown in Figure 2 is obtained from Azad 

industry electric factory in Iran and it is equipped with atomic absorption with AA-

20model from Australia. It is used for the surface modification of both the cow and goat 

leather. 

 

 
 

Figure 2: Schematic diagram of the corona motion machine on the film, textile and 

leather 
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The cow and goat leather samples were placed on the silicon roller which was 

placed at a distance of 0.3 cm from the negative electrode. The voltage applied in corona 

discharge is 7000 volts and liner speed is 2 m/min. In this method, the samples were 

exposed to the corona discharge for 30 cycles (because if more than 30 cycles were 

applied, the leather will burn and less than 30 cycles is applied the pores created will be 

insufficient). 

 

2.3 Characterization of the Samples  

 

2.3.1 Atomic Absorption and TEM 

 

First of all, a certain weight of sample was heated in the container. Heating was 

continued until the leather begun to burn. Then the solvent was added to the sample and 

amount of dismissed silver in water was measured. The size and distribution of silver 

nanoparticles detected using TEM (Philips CM120 BioTWIN). 

 

2.3.2  X-RD analysis and SEM 

 

X-RD analysis was performed on the XR-D machine from Phillips Co. made in Holland 

(cathode made from copper and Anode from tungsten). X-RD test was done on produced 

leather samples containing silver nanoparticles and also on raw leather in order to 

confirm presence of silver nanoparticles. The leather surface that was treated under the 

corona process was analyzed using the SEM. The EVO Series Environmental Scanning 

Electron Microscopes were used. 

 

2.4  Evaluation of Microbial Properties 

 

In order to evaluate the degree of anti bacterial property of produced leather the number 

of colonies was counted according to the international standard method of Tran, no 

21196. Based on this method, leather samples along with marker samples in size of 5 x 5 

cm
2
 were treated using 70% ethanol for 20 min, so as to ensure they are free of bacteria. 

Suspension of tested bacteria with standard opacity of 0.5 Mc Farland was provided and 

a working suspension (with a number of bacteria to 1.3 x 10
3
 bacteria in each ml of 

Muller Hintons slant agar) was also prepared. Samples were separately put in sterile 

plates and subsequently a suitable volume of provided bacteria suspension was added. 

After the required time, 10 ml of suspension of leather surface was picked, and the 

numbers of survived bacteria were counted. They were then cultivated on the Hepton 

agar Muller cultivation and placed in the incubator for 24 h at 37 
o
C. Counting the 

bacteria colonies and comparisons with suspension and marker were performed 

according to the standard method [9] 

http://www.microscopy.info/Microscope/Instrument/600
http://www.microscopy.info/Microscope/Instrument/600
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3.  RESULTS AND DISCUSSION 

 

3.1  Characterization of the Silver Nanoparticles 

 

The TEM results in Figure 3 illustrates that the size of the silver nanoparticles used in 

this study is in the range of 10 nm and they are spherical in shape. 

 

 
 

Figure 3: TEM spectrum of silver nanoparticles 

 

3.2  Surface Analysis of the Leather Samples 

 

In general, the atomic absorption spectroscopy results in Table 2 reveals that the first 

method is better than second method and standard method, because the content of silver 

nanoparticles in the leather processed using method (1) is much higher compared to (2) 

and standard method. The application of corona discharge before the oiling process 

helps in modifying the leather surface through the creation of more pores on  the leather 

surface thus allow better penetration or adhesion of the silver nanoparticles to the 

surface. However, in method (2) corona discharge was performed only after 

impregnation with silver nanoparticles. The presence of the nanoparticles and oil layer 

blocks the corona discharge and thus do not allow surface modification of the leather. 

The formation of pores cannot occur and thus the applied nanoparticles do not adhere to 

the leather surface, thus resulting in a loss of nanoparticles. In the standard method 

corona discharge was not performed thus no sufficient pores were created for easy 

adhesion of silver nanoparticles in them.  A similar trend is observed for the goat’s 

leather where the olive oil seemed to assist the nanoparticles to adhere to the leather 

better. The results also revealed that the silver nanoparticles tend to adapt better with 

goat’s leather compared to the cow’s leather. As can be observed in Table 2, the goat 

10nm 
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leather compared to cow leather for the same condition has much more silver 

nanoparticles content, because goat’s leather has much more pores compared to cow’s 

leather, thus the silver nanoparticles in oil (olive oil or industrial oil) can permeate better 

into the pores and stabilize there. Moreover goat’s leather has longer naps thus providing 

larger area when compared to cow’s leather and this allows more silver nanoparticles to 

adhere better to the leather. The silver nanoparticles tend to be more stable in these naps, 

because when leather has so many naps, the cross section of leather can attract silver 

nanoparticles more effectively. Also the highest ratio of silver nanoparticles to oil 

(60:40) is the best ratio, because higher content of silver nanoparticles in the leather will 

contribute to improved antibacterial properties. It is observed that the olive oil seems to 

be a better choice because it is able to retain higher nanoparticles compared to industrial 

oil for the same ratio of silver nanoparticles to oil. 

 

The results in Table 2 also indicates that the olive oil can dissolve silver 

nanoparticles better than industrial oil, thus allowing more silver particles to be retained 

on the leather. The presence of higher content of fatty acids (C3-C18), in olive oil 

probably tends to dissolve the silver nanoparticles better. Also, the results in Table 2 

reveals that the content of silver nanoparticles in the surface with naps is more than the 

smooth surface, because silver nanoparticles tend to get absorbed in the naps more than 

the smooth surface. Leather with naps has a larger surface area compared to the leather 

with smooth surface, thus the more silver nanoparticles tend to be place in these naps. 

 

As can be observed from Figure 4, the existence of the peak at 38.12 confirms 

the presence of Ag and the peak is observed in the leather samples treated with 

nanoparticles. No peaks at 38.12 were observed for the raw leather sample. The results 

also show that the silver nanoparticles were well retained in the leather sample thus 

depicting the oil impregnating steps were well performed. 

 

As can be observed from Fig. 5(a) the leather samples which are not exposed to 

corona discharge have less pores compared to the sample that were exposed to corona 

discharge. The presence of more pores is due to the bombardment of the leather surface 

with ionized chemical particles in air [12]. The increase in the pores allows the silver 

nanoparticles to be absorbed more easily onto the leather surface and remain intact in the 

pores even after a long a time. The SEM images also show that with increase number of 

cycles in the corona process, aggregate, tracks and pores on the surface will increase and 

this will result in surface erosion. 
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Table 2: Content of silver nanoparticles after corona process in cow and goat leather 

with different ratios of oil and silver nanoparticles 
First Method Second Method Standard Method 
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3.3 Antibacterial Properties 

 

Based on the 21196 standard, it was stated that every polymer that can remove S. aureus 

and E.Coli, can remove the bacteria that produces the odor in feet. These bacteria are 

coryne bacterium, staphylococcus epider and bacillus subtilis. The results of the 

microbial experiments (21196 standard tests) on the leather samples that were treated 

using the standard method, method 1 and 2 are depicted in Fig. 6, 7 and 8 respectively.  
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Figure 4: X-RD absorption from leather sample a) without silver nanoparticles and b) 

with silver nanoparticles 

. 
 

 
 

Figure 5: SEM analysis of the leather (a) before corona (raw leather), (b) after corona 
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 Microbial tests results revealed increased antibacterial property for the leather treated 

using the corona discharge process. The corona operations on the leather caused 

corrosion and porosity on the leather surfaces. The porosity created by the corona 

discharge process enhanced the moisture content and improve the breathability of 

leather. The surface modification on the leather allows better adhesion of the nanometer-

sized silver nanoparticles to leather thus improve the antibacterial properties in exhibited 

in Table 3. The samples that were subjected to the corona discharge showed 

improvement in antibacterial properties because the silver nano particles tend to adhere 

better to the leather surface which subsequently provides the antibacterial effect. The 

corona discharge applied to the leather makes the surface more porous and thus 

increases the level of humidity and breathing on the leather  

 

Table 3: The effect of corona discharge and silver nanoparticles for antibacterial 

properties in the goat and cow leather 
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Figure 6: Microbial cultivation of evidence sample without silver nanoparticles in the 

standard method in the presence of a) E. Coli b) S. Aureus 

 

 
 

Figure 7: Microbial cultivation in first method of (a) goat leather sample with silver 

nanoparticles and (b) cow leather with silver nanoparticles in presence of S. Aureus 

bacteria. 
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Figure 8: Microbial cultivation in second method of a) goat leather sample with silver 

nanoparticles and b) cow leather with silver nanoparticles in presence of S. Aureus 

bacteria. 

 

surface and this is proven by the absorption test results as shown in Fig. 9. The 

improvement in the antibacterial property will solve the problem of unpleasant odor [8-

10] caused by bacteria such as E. Coli and S. Aureus. Corona effect of processing on the 

samples is clearly visible in Figure 9. The corona discharge process performed before 

impregnating of silver nanoparticles in samples (first method) was observed to improve 

the surface hydrophilicity of the leather tremendously and this is proven by the shortest 

absorption time amongst the 3 methods. The second method also improved the surface 

hydrophilicity of the leather but as not as good as the first method. No improvement of 

surface hydrophilicity can be observed when using the standard method as illustrated by 

the long absorption time [14]. The occurrence of such phenomenon is due to the 

fragmentation of linkages between macromolecules, caused by the bombardment of 

ionized gas particles which osculate together [12-14]. Moreover the free polar 

compounds on the surface can react with the hydrophilic groups in the material such as 

the carboxyl and hydroxyl groups and this consequently cause an increase in the level of 

humidity as observed in many reported polymeric material [13-15]. 

 

(b) (a) 
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Figure 9: Content of humidity of goat leather with corona process and without corona 

process (standard method) 

 

 

4.  CONCLUSIONS 

 

Results revealed that the corona discharge process is helpful in modifying the leather 

surface such that it allowed better adhesion of the nanoparticles to the leather surface of 

both goat and sheep. The method of the corona discharge application is also important 

and the first method was found to be the best method to use because the anti bacterial 

property and hydrophilicity of the leather increased. The leather samples which were 

exposed to corona discharge before application of silver nanoparticles (1st method) were 

bombarded with ionized chemical particles in air thus creating many pores which seem 

to allow the silver nanoparticles to be absorbed more easily onto the leather surface and 

remain intact in the pores even after a long a time. The outcome of FT-IR, XRD, SEM 

and TEM also revealed that the silver nanoparticles were present on the leather and that 

the amount of silver nanoparticles in goat leather is more than the cow leather due to the 

presence of more pores on the goat’s leather. In addition, it was also found that the 

antibacterial property in goat’s leather is better than cow’s leather. 
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