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Abstract 

odern environmental finishing processes, like plasma, are necessary for society, and the 

textile sector is on the lookout for cutting-edge production technology to improve fabric 

quality. Corona discharge at atmospheric pressure (CDAP) and atmospheric-pressure dielec-

tric barrier discharge (APDBD) are two treatments that are quickly becoming the norm in the textile 

industry as a result of their many benefits over more conventional wet processing techniques. It is pos-

sible to initiate plasma using air or standard industrial gases like hydrogen (H2), nitrogen (N2), and 

oxygen (O2) at room temperature and pressure. After plasma treatment, materials like silk and surface 

fabrics get desirable features including antibacterial, flame retardant, antistatic, and UV protection 

thanks to the surface groups introduced by plasma. 
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Introduction 

In textile industry, in order to meet the consum-

er requirements and reducing the costs, the innova-

tion methods have been used. In this context, the 

plasma ultrasonic and microwave applications can 

be defined as innovative methods in the textile in-

dustry. In textile industry the plasma treatment is 

used as a pre-treatment before the dyeing process. 

Plasma In textile industry 

Plasma known as the materials 4
th

 state and de-

scribed as an ionized gas consists of electrons neu-

trons, ions and radicals. Generation of plasma can 

be created by applying an electric field to a low-

pressure gas, as in neon or fluorescent tubes. Plas-

ma can also be created by heating a neutral gas to 

very high temperatures. 

Plasma technology is well known for imparting 

functional finishes to textile materials without the 

use of harmful chemicals or water, an environment- 

friendly surface modification. By plasma pre-

treatment, the functionalities achieved include al-

tered moisture relations (absorbance or repellence) 

and fiber capillarity faster dye or ink uptake), anti-

microbial, soil repellence, stain resistance, soft han-

dle and improved dyeing. [1-10] 

This variety is possible by altering process pa-

rameters such as supply frequency, discharge pow-

er, treatment time, degree of ionization and type and 

pressure of gas. For example oxygen or helium 

plasma increases moisture absorbance while fluoro-

carbon increases water repellence. Several surface 

phenomena such as adsorption, desorption, etching, 

cleaning, surface activation and cross-linking occur 

singly or in combination on exposure to plasma. 

[11] 

There has a number of report show the use of 

plasma treatment on modifying polyester, acrylic, 

wool, polyethylene, nylon ,6 cotton, silk, blended 

cotton-polyester and polyacrylonitrile with the use 

of different gases such as oxygen, nitrogen, argon, 

helium, carbon dioxide fluorine, CF4, SF6, air, or 

water vapor. Among the different plasma gases, 

oxygen is a good medium for introducing hydro-

philic groups to the materials surface with easy op-

eration criteria. Many researchers have improved 

the hydrophilicity of natural and synthetic fibers 

(cotton, wool, flax, linen, silk, PP, PET and PA6) 

by using plasma treatment. [1, 12-53] 

Classification of plasma In textile industry 

In textile industry, the plasma application is 

classified as thermal and cold plasma. Generation of 

plasma can be created by applying an electric field 

M 
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to a low-pressure gas. Plasma can also be created by 

heating a neutral gas to very high temperatures. 

Since the thermal plasma energy cause faster igni-

tion on the textile materials, the cold plasma appli-

cation become in use. The cold plasma application 

can be classified as low and atmospheric pressure 

plasma treatments depending the used pressure.  

The plasma application on the textile materials 

recently found more use since it causes various 

modifications on the fiber surface. there seen recov-

ery on wettability, water repellence and dyeability 

behavior on the fiber. After different gas plasma 

application on the textile materials, the dyeability 

behaviors of the textile materials improve as a re-

sults of surface modifications and forming new 

functional groups. [54] 

Silk Fabrics as an animal fabric 

Silk has known traditionally as the ‘queen of fi-

bres’. It is the only fibre among all natural fibres 

that is spun. It has been used in textiles for more 

than 5000 years because it has unique lustre, tactile 

properties, durability, and dyeability. In order to 

improve the plasma effect, the sericin should be 

removed from the silk fiber. This treatment also 

increases the water absorption, dyeability and water 

repellency . In addition, silk fibres have good me-

chanical properties , although they have the lowest 

weight among natural fibres . Silk is a filament fiber 

from the cocoon of silkworm. [12] 

Silk is natural polymer consisting of repetitive 

hydrophobic and hydrophilic peptide sequences. 

Silk has poor wetting properties. Wettability is the 

initial behaviour of a fabric, yarn, or fiber when 

brought into contact with a liquid. It also describes 

the interaction between the liquid and the substrate 

prior to the wicking process. Wetting and wicking 

are important phenomena in processing and applica-

tions of fibrous materials. Fiber’s behaviour in wet-

ting and wicking is important to describe fluid 

transport in fibrous media. In most of the wet pro-

cesses used on fibrous materials, uniform spreading 

and penetration of liquids into pores is essential for 

better performance of resulting products. Wetting of 

textiles involves several primary processes: immer-

sion, capillary sorption, adhesion, and spreading. 

[12] 

Wettability is important for characterizing liquid 

transport, fiber surfaces and adhesion with a poly-

mer. Wicking is the capillary action of fluids that 

allows a liquid to flow through tight spaces, even 

against gravity. Wetting is a prerequisite for wick-

ing. If a liquid does not wet fibers, it cannot wick 

into a fabric. Wicking and wetting are two interre-

lated processes. The ability of the fabric to wick 

depends on the surface properties of the constituent 

fibers, thickness, and their total surface area. Wet-

ting and wicking are significant properties of textile 

and have a great industrial importance for many 

operations viz., scouring, dyeing, and finishing. 

By changing the chemical composition of the fi-

brous material, it can modify its overall surface 

wetting properties. It has been reported that the hy-

drophilicity of the silk fabric is drastically improved 

by being pre-treated with amine solutions, such as 

serine, glycine, and aspartic acid.  

Silk, however, is highly sensitive to concentrat-

ed alkalis and acids. Its lustre is affected and re-

duced by dilute acids and boiling in dilute alkalis 

also. This limits the chemicals and auxiliaries that 

can be used in the further processing of silk to im-

prove its competitiveness. With the increasing pop-

ularity of natural products, the demand for silk not 

only for clothing use but also for personal care 

products has been increasing recently. Therefore, 

physical and chemical modification techniques are 

being developed for treating silk in order to in-

crease its serviceability. Among the different treat-

ments, most of the researchers have concentrated on 

low-pressure glow discharge plasma to improve the 

wicking properties of the silk fabric. 

Plasma Treatment on Silk Fabrics 

A number of researchers have studied the sur-

face properties of silk fabrics at low-pressure plas-

ma, treated the silk fabrics with different gasses 

such as O2, N2 and H2 plasmas for deep dyeing, 

they have improved the surface properties of silk 

fabric with oxygen low temperature plasma treat-

ment. Among the different plasma gases used for 

improving wettability, oxygen is a good medium for 

introducing hydrophilic groups into the surface of 

the material with easy operation criteria. Plasma 

treatment on silk fabrics changes only the upper-

most atomic surface layers of the fabric, while bulk 

properties are unaffected due to low range of pene-

trations.  

Atmospheric pressure plasma is used for chang-

ing the surface functionalities like hydrophobic to 

hydrophilic. Introducing polar groups onto the fiber 

surface can increase the hydrophilicity. Plasma 

treatment modifies the physicochemical properties 

of the fabric surface. 

It can be used to enhance the properties of fi-

bres, such as their adhesion, wettability, and capil-

larity (faster dye or ink uptake), thus resulting in 

significant improvement in dyeing depth. has stud-

ied the surface morphology of silk fibroin fibers 

with low-temperature argon plasma which enhanced 

the surface roughness of the fabrics. has treated the 

silk fabrics with RF Ar plasma and improved the 

tensile strength at 5–10 min treatment time. [55] 

Since the surface modification under low-pressure 

plasma in textiles requires vacuum, longer treat-

ment time for surface modification and plasma sys-

tem should be operated in a batch mode as every 

time new sample needs to be loaded, Therefore, 
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atmospheric pressure plasma is an alternative meth-

od for large scale production. 

Dielectric barrier discharge (DBD) is a cold, 

non-equilibrium; atmospheric pressure plasma has 

been used in many industrial applications including 

the textiles department for surface modifications. 

DBD plasma can be used in the textile material to 

alter the surface properties of the fabrics. Plasma 

treatment has advantages when compared to the 

conventional wet chemical process in terms of re-

duction of waste and contamination problems and 

time. [54] 

Mechanism of plasma treatment 

The plasma treatment of silk fabrics was carried 

out in Atomflo 400 Series atmospheric plasma 

(Surfx Technologies, USA) in a conditioned envi-

ronment (temperature 21  1°C and relative humidi-

ty 65  2%). Helium (99.95% purity) and oxygen 

(99.7% purity) were used as the carrier and reactive 

gases respectively. The treatment was carried out 

using a rectangular nozzle mounted vertically above 

the substrate (Figure 1).  

The nozzle was heated to 100°C, and the helium 

flow rate was kept at 30 l.min
-1

 during the treat-

ment. The output powers used were 120, 130, and 

150 W with respect to the corresponding oxygen 

flow rates of 0.1, 0.3, and 0.5 l.min
-1

 respectively. 

During the plasma treatment, the silk fabrics 

were placed firmly on the treatment platform. Three 

silk fabrics were treated under the same treatment 

conditions in order to ensure uniformity of treat-

ment. 

Different treatment conditions were combined 

with the following parameters: oxygen flow rate 

(0.1, 0.3, and 0.5 l.min
-1

), treatment time (0.1, 0.5 

and 1.0 s), and jetto- substrate distance (1, 2 and 3 

mm); The plasma-treated fabrics were stored under 

standard conditions (i.e. a temperature of 211°C 

and a relative humidity of 65  2%) for 24 h prior to 

further evaluation. [1] 

 

Figure 1. Schematic of the atmospheric plasma jet 

treatment system 

Surface Analysis (SEM Analysis) 

The scanning electron microscope micrographs 

of samples were given in Figure 2. According to the 

SEM micrographs, one can conclude that nitrogen 

and oxygen plasma treatment caused deformation 

on the surface of silk fabric, Plasma treatment caus-

es microcracks and new functional groups in silk 

fibers. It was considered that the deformation of the 

plasma treatment increased in the capillarity of 

plasma treated sample. The amount of carbon re-

duced while the amount of oxygen and nitrogen 

increased on the surface of the oxygen and nitrogen 

plasma treated silk fabric. 

It is concluded that, the reduced carbon ratio 

could be originated from the functional groups in-

crease around the oxygen and nitrogen atoms. [12] 

 

A 

 

B 

 

C 

Figure 2. SEM micrographs of samples  

(a). The sample applied nitrogen plasma for 10 min, 

(b). The sample applied oxygen plasma for10 min, 

(c). The sample untreated plasma application 
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The XPS analysis of oxygen and nitrogen plas-

ma applied silk fabric, the results shows that the 

amount of carboxyl, hydroxyl and amine groups 

increased. Besides, by the analysis of the results, it 

can be said that the nitrogen plasma occurred amid 

groups to some extend by making chemical reaction 

on with carboxyl groups. 

The degradation rate (weight loss) of the plas-

ma-treated fabric increased with increasing the ex-

posure time due to etching of contaminant layer. 

This contaminant layer is responsible for hydropho-

bicity of the fabric. This etching process is predom-

inant on the amorphous region of the surface than 

the crystalline region. Therefore, it is possible that 

the initial rate of the etching is more rapid. Once all 

the amorphous materials on the surface has been 

removed, the remaining crystalline and tightly 

bound amorphous regions could not be removed 

easily, causing decline in the etching rate. After the 

removal of this waxy layer, the fabric acquires hy-

drophilicity. [56] 

The effect of plasma treatment on the dyeing 

properties of silk fabric. 

Actually, studies have shown that plasma treat-

ment is effective in enhancing the uptake of certain 

dyes owing to modification of the fibre properties. 

Comparing specimens treated under different oxy-

gen flow rates, it was found that by the fact that an 

increase in oxygen flow rate results in an increased 

number of reactive species in the plasma and thus 

the formation of more polar groups As a result, silk 

fabrics treated with a higher oxygen flow rate more 

dye was absorbed. 

Secondly, when comparing specimens treated 

under different exposure times, it was found that the 

accumulation of active species within the same area 

of silk fabrics. Therefore, more polar groups are 

formed, and thus hydrophilicity is increased and 

more dye is absorbed. 

Lastly, when comparing specimens treated un-

der different jet-to-substrate distances, it was found 

that with increase in the distance between the jet 

and the fabric surface, the velocity and the activity 

of the active species in the plasma jet decrease by 

the time it reaches the top side of the fabric. [1] 

The higher the concentration of colourant in the 

substrate, the higher is the K/S value. It can be seen 

that the K/S values for plasma-treated degummed 

silk fabrics are higher than those for untreated 

degummed silk fabrics, indicating that the concen-

tration of dye in the plasma-treated degummed silk 

fabrics is higher, i.e. the dyeability of the fabrics 

has been improved by the plasma treatment. The 

reason for this is probably the formation of polar 

groups on the fabric surface.  

The surface roughness caused by etching also 

increases the surface area and aids wetting. The K/S 

values for raw silk fabrics are always higher than 

those for degummed silk fabric. This might be be-

cause raw silk fabrics are thicker, and therefore the 

amount of dye per unit surface area of fabrics (re-

gardless of fabric thickness) is higher, thus giving 

higher K/S values. [1] 

A number of researchers have studied silk fab-

rics were dyed with the natural dyes extracted from 

the fruits of Sambucus Ebulus L. by conventional 

and microwave methods. Before the dyeing process, 

silk fabrics were treated with oxygen plasma for 1 

and 5 minutes in order to see if there is an increase 

in dyeing properties. After the dyeing process, the 

samples having deep shades were treated with three 

different fixing agent causing increase the fastness 

properties of samples. According to the results, the 

colour strength of the samples increased with in-

crease of the duration of the plasma treatment. Fur-

thermore, the results show that the microwave ener-

gy caused to increase the colour strength of sam-

ples. As known from the literature, microwave heat-

ing results in increasing the diffusion of organic 

molecules into polymers, which in turn increase the 

fixing rate of dyes into the polymeric textiles as a 

result the colour strength of samples increased with 

the microwave energy. [12] 

Advantages and Disadvantages of Plasma 

Treatment of Textile Materials 

Advantages 

1. Endless chemical modifications are 

possible by choosing appropriate gasses or 

chemicals.  

2. The dyeability behaviors of the textile 

materials improve as a results of surface 

modifications and forming new functional 

groups 

3. By plasma pre-treatment, the 

functionalities achieved include altered 

moisture relations (absorbance or 

repellence) and fiber capillarity )faster dye 

or ink uptake), anti-microbial, soil 

repellence, stain resistance, soft handle and 

improved dyeing. 

4. In most cases, it can be a dry process, 

reducing water consumption and energy to 

dry the treated materials. 

5. Reduction for usage results in reducing the 

amount of wastewater and the waste water 

treatment cost.  

6. It has an economical advantage over the 

conventional wet processing due to its low 

chemical consumption and reduction in 

chemical and water costs.  
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7. Although for the above reasons all plasma 

processing is more environmentally 

friendly in comparison to the textile wet 

processing, the closed plasma treatment 

systems are an even more environmentally 

friendly process because the plasma by-

products can be trapped rather than being 

released into the environment.  

Disadvantages 

1. The degradation rate (weight loss) of 

the plasma-treated fabric increased 

with increasing the exposure time due 

to etching of contaminant layer. This 

contaminant layer is responsible for 

hydrophobicity of the fabric. This 

etching process is predominant on the 

amorphous region of the surface than 

the crystalline region. 

2. System dependency is one of the most 

important disadvantages of the plasma 

treatment. This means that the same 

flow rate, gas pressure and power 

input may not produce the same level 

of the needed reacting species.  

3. purchasing expensive plasma 

equipment and high vacuum pumps 

are considered to be limiting factors 

and could be considered as a 

disadvantage  

4. It is harder to predict the exact 

structural characteristics of the plasma 

treated area for a more complex 

molecule. This is due to the fact that 

plasma causes the complex molecular 

structure to fragment into a multitude 

of coexisting active species which 

could react or deposit on the surface. 
 

Atmospheric-pressure plasma method for im-

proving the pigment-based ink-jet printing per-

formance of silk fabrics 

As an environmentally friendly technique, at-

mospheric-pressure plasma which is a secure dry-

preprocessing method has been applied for textile 

surface modification more recently. the silk fabrics 

were processed with air plasma to improve surface 

strength and anti-bleeding performance of the treat-

ed surfaces. 

According to literatures, the highly charged pos-

itive ions and photons which are the main species in 

plasma have a remarkable ability to break primary 

chemical bonds.  According to the content change 

of C–C/C–H component, it is generally agreed that 

some of C–C bonds in silk surface were attacked 

and broken during the plasma treatments. The car-

bon radicals, formed by removal of hydrogen within 

the polymer chain will recombine with atomic oxy-

gen and nitrogen generated by the electron impact 

dissociation in plasma. That reactions resulted in 

the formation of oxygen and nitrogen-containing 

polar groups which were introduced onto the fabric 

surface and promoted the wettability.  

Fig.3 shows the anti-bleeding property of silk 

fabrics before and after plasma modification. As 

shown in (a), the bleeding phenomenon of original 

fabric was severe along weft and warp edge of the 

printed color-block. By contrast, the bleeding re-

sistance was dramatically improved with excellent 

edge definition after plasma treatment which could 

be seen at (b). As well-known, hydrophobic fabrics 

cause less ink absorption. Surface roughness caused 

by plasma etching increased fabric surface areas, 

captured more ink, and enhanced a larger ink color 

gamut and ink adhesion. It was also considered that 

the polar groups which were introduced onto the 

fabric surface improved the hydrophilicity of the 

fabric. 

 

 

A

 

B 

Figure3 

 

The modified sample has deeper color (higher 

K/S value), darker shade (lower L* value) and 

higher chroma (C* value) than the untreated one. 

The surface wettability of the silk fabric had been 
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remarkably enhanced which has been demonstrated 

by contact angle measurement. Furthermore, the 

ink-jet printing properties of silk were verified to be 

superior as shown by the higher K/S value and dis-

tinct printing edge. From the above, atmospheric-

pressure plasma has been proved effective to im-

prove the surface properties and actual printing per-

formance of silk fabrics. The ink-jet printing is best 

to be carried out within 24 hours after the plasma 

processing. [54] 

Plasma Pre-treatment on Tasar Silk Fabrics Coat-

ed with ZnO Nanoparticles against Antibacterial 

Activity 

ZnO nanoparticles (ZnO NPs) play a significant 

role in antibacterial, cleaning and UV protection. 

ZnO NPs have been synthesized by the wet chemi-

cal method and the average crystallite size of the 

same is found to be 49 nm using XRD. Plasma 

treated silk fabrics are coated with ZnO NPs using 

vacuum thermal evaporation technique. It is found 

that the plasma pre-treated silk fabrics coated with 

ZnO NPs have better antibacterial activities against 

Escherichia Coli bacteria. [57] 

Tasar silks are coarsest of the silk fibers.  It is 

used in base materials for furnishing fabrics, handi-

crafts and wearing clothes. It is usually affected by 

strains, microbes, and sensitive to UV radiation in 

sunlight. The use of many antimicrobial agents is 

avoided because of their possible harmful or toxic 

effects. Application of nanotechnology in textiles is 

started by Nano-Tex to provide durable fabrics be-

cause nanoparticles have a large surface area-to-

volume ratio and high surface energy. 

 Recently, the use of inorganic nanoparticles 

coating on textile fabrics works towards the fabrica-

tion of antibacterial textiles. Some metals and metal 

oxides at low concentrations are toxic to microbes. 

Silver (Ag), Zinc oxide (ZnO), Copper (Cu), Cop-

per oxide (CuO), Titanium dioxide (TiO2), Magne-

sium oxide (MgO), are commonly used as inorganic 

materials within the fabrication of antimicrobial 

coatings. 

Out of which, ZnO NPs have its unique optical, 

chemical, electrical properties and it has a wide 

bandgap (3.3 eV) of the II-VI semiconductor 

groups. The ZnO NPs are used in solar cells, piezo-

electric properties, gas sensors, photocatalytic, UV 

protection, microbes resistant, skin care applica-

tions and so on. The ZnO NPs are non-toxic to hu-

mans and animals. It inhibits the growth of bacteria 

due to the increased surface area as reduced particle 

size. 

Many researchers have coated ZnO NPs on cot-

ton, wool, polyester etc to improve UV protection, 

antibacterial effect, and hydrophobic properties. 

The ZnO nanomaterials can be prepared onto poly-

anilines to improve their hydrophobicity. The appli-

cation of ZnO NPs on textile fabrics is aimed to 

produce antibacterial fabrics. To increase the adhe-

sion of nanoparticles on the textile materials various 

pre-treatment has been done. 

Plasma pre-treatment is offering an attractive 

path to enhance the surface properties of the textile 

material. Cold plasma (glow discharge) is an eco-

friendly technology that has opened up many new 

possibilities for numerous industries including tex-

tiles. 

 The plasma treatment etches on the fabric sur-

face in the nano range, which modifies the surface 

properties of the fabric to enhance the adhesion of 

the material. tasar silk fabrics have been pre-treated 

with argon glow discharge plasma with constant 

power and different time parameters (5, 10, and 30 

min).  

ZnO NPs have been synthesized and then depos-

ited by a thermal evaporation method on the plasma 

treated silk fabrics to achieve a fresh glide path to 

develop high value-added silk fabrics which pro-

vide good adhesion of ZnO NPs and improved anti-

bacterial performance. 

The Tasar silk fabric is coated with ZnO NPs 

using a vacuum thermal evaporation system and 

schematic of the system is shown in Fig. 4. Control 

of coating thickness and uniform coating are the 

major advantages of the system. The physical 

method of coating can easily overcome the envi-

ronmental pollution related to chemical treatments 

and at the same time, it can also increase the adhe-

sion properties of the fiber.  

The thermal evaporation is a cylindrical system 

with 40 cm in height and 30 cm in width. The base 

pressure of the system is attained of the order of 10-

5 mbar using a diffusion pump backed by a rotary 

pump. The plasma coated fabrics are placed in the 

substrate holder and the ZnO NPs are placed on the 

molybdenum boat under a vacuum of 10-5 mbar. 

Applying the low tension current of the order of 

6.0-7.0 A on the boat, ZnO nano-powder started to 

evaporate and deposited on the fabrics. The typical 

deposition time is kept for 2-3 minutes. 

 

 

Fig. 4: Experimental set up of thermal evaporation 

unit  

 

The surface morphologies of raw, untreated and 

plasma treated ZnO coated fabrics are shown in 
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Fig.5. From Fig.5 (a) shows the raw fabric at the 

magnification of 500 and Fig.5 (a1) shows the 

cross-section view of the fabrics at the magnifica-

tion of 1k.  

The raw fabrics have deep grooves on the sur-

face. Fig. 5(b and b1) represents that the ZnO coat-

ed fabrics without plasma treatment have dendrite-

like structure created on the surface which confirms 

the deposition of ZnO. It is clearly observed from 

Fig. 5 (c and c1), there is a drastic change in the 

fiber surface with the presence of a smooth coating 

of ZnO on the fibers. Similarly, Fig. 5(d and d1) 

show dense ZnO NPs covered on the fabrics. It 

could be seen that plasma treatment of the fiber 

could promote coating of ZnO nanoparticles on 

fibers when compared with that of untreated sam-

ple. Plasma treatment increases the adhesion prop-

erties of fibers. [57] 

 

 

Fig.5. SEM micrograph of (a) raw, (b) untreated 

fabric coated with ZnO NPs, (c) 5 mins Plasma 

treated fabric coated with ZnO NPs, (d) 30 mins 

Plasma treated fabric coated with ZnO NPs and a1, 

b1, c1, d1 shows the cross-sectional view of un-

treated and plasma treated silk fabric coated with 

ZnO. 

 

The antibacterial test of all the fabrics is carried 

out against E. Coli (ATCC 25922- American Type 

Culture Collection, Rockville, MD). The agar disc 

diffusion plate method is applied to the qualitative 

bacterial test. The bacteria membrane wall damage 

due to the direct interaction between Zn
+2

 ions and 

the cell wall or ZnO generates the active oxygen 

species which can destroy the cell wall. The zone of 

inhibition for all the fabrics is shown in Fig.6. 

There is a dense population of bacteria colonies 

around the raw fabric and no inhibition zone is 

formed (Fig. 6 (a)). 

 A distinct inhibition zone width of 10 mm is 

observed for without plasma treated fabric coated 

with ZnO NPs (Fig.6 (b)). Conversely, the plasma-

treated silk fabric coated with ZnO NPs exhibits a 

clear inhibition zone of 12 mm around the sample, 

which clearly declares that the plasma treatment 

process gives a better antibacterial performance 

(Fig.6 (c)). Tasar silk combined with ZnO NPs is 

suitable for self-cleaning, antibacterial and medical 

applications such as surgical sutures, drug delivery, 

sensor etc. The human body without any harmful 

effects also accepts it. [57] 

 

Fig. 6. Antibacterial activity E. Coli of (a) raw, 

(b) untreated fabric coated with ZnO NPs, (c) 5 

mins Plasma treated fabric coated with ZnO NPs 

Recommendation 

ZnO Coated & plasma pre-treated silk fibers 

showed excellent antibacterial activity against E. 

Coli bacteria. Plasma pre-treatment of silk fabrics 

has been made using plasma unit under various ex-

perimental conditions. Plasma pre-treatment on silk 

fabrics improves the adhesion of ZnO nanoparti-

cles.  

The study indicates some hydrophilic polar 

groups, such as C－O, C=O and N－C=O, generat-

ed during plasma discharging were introduced onto 

fiber surface. Consequently, the surface wettability 

of the silk fabric had been remarkably enhanced. 

Furthermore, the ink-jet printing properties of 

silk were verified to be superior as shown by the 

higher K/S value and distinct printing edge. 

 From the above, atmospheric pressure plasma 

has been proved effective to improve the surface 

properties and actual printing performance of silk 

fabrics. 

Funds 

The authors declare that there is no funder 

Conflict of Interest 

There is no conflict of interest in the publication 

of this article. 



AMINA L. MOHAMED AND S. ABD EL-MOEZ 

 

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024) 

142 

Acknowledgment 

The authors are gratefully grateful to 

acknowledge the Faculty of Applied Arts, Benha 

University. 

References 

1. Kan, C.-w. and Lam, Y.-l. The effect of plasma 

treatment on water absorption properties of silk 

fabrics, Fibers and Polymers, 16 1705-1714 (2015). 

2. El-Sayed, E. and Hassabo, A.G. Recent advances in 

the application of plasma in textile finishing, 

Journal of Textiles, Coloration and Polymer 

Science, 18(1) 33-43 (2021). 

3. Abdel-Aziz, E., Bakr, M., Zayed, M., Othman, H. 

and Hassabo, A.G. Microencapsulation and its 

application in textile wet processing: A review, 

Journal of Textiles, Coloration and Polymer 

Science, 19(2) 189-202 (2022). 

4. Hamdy, D.M., Othman, H.A. and Hassabo, A.G. A 

recent uses of plasma in the textile printing Journal 

of Textiles, Coloration and Polymer Science, 19(1) 

1-10 (2022). 

5. Hassabo, A.G., Zayed, M., Bakr, M. and Othman, 

H.A. Review on some fabric pretreatment via 

plasma to improve their printability using various 

types of colorants and dyes, Materials 

International, 4(3) 1-16 (2023). 

6. Gaafar, Z.S., Roshdy, Y.A.E.-m., El-Shamy, M.N., 

Mohamed, H.A. and Hassabo, A.G. Antimicrobial 

processing techniques for fabric enhancement, J. 

Text. Color. Polym. Sci.,  - (2024). 

7. Hassabo, A.G., Gouda, N.Z., Khaleed, N., Shaker, 

S., Abd El-Salam, N.A., Mohamed, N.A. and 

Othman, H. Enzymes in digital printing of 

polyamide fabric, Journal of Textiles, Coloration 

and Polymer Science, 21(1) 149-160 (2024). 

8. Hassabo, A.G., Khaleed, N., Shaker, S., Abd El-

Salam, N.A., Mohamed, N.A., Gouda, N.Z. and 

Othman, H. Impact of various treatments on 

printing wool techniques, Journal of Textiles, 

Coloration and Polymer Science, 21(1) 75-86 

(2024). 

9. Mamdouh, F., Othman, H. and Hassabo, A.G. 

Improving the performance properties of polyester 

fabrics through treatments with natural polymers, J. 

Text. Color. Polym. Sci.,  - (2024). 

10. Zakaria, N., Shahin, A., Othman, H. and Hassabo, 

A.G. Enhancing the properties of textile fabrics 

using plasma technology, Egy. J. Chem., 67(13) 

171-177 (2024). 

11. Ratnapandian, S., Wang, L., Fergusson, S. and 

Naebe, M. Effect of atmospheric plasma treatment 

on pad-dyeing of natural dyes on wool,   (2011). 

12. Dayıoğlu, H., Merdan, N., Eyüpoğlu, S., Kılınç, M. 

and Kut, D. The effect of plasma treatment on the 

dyeability of silk fabric by using phytolacca 

decandra l. Natural dye extract, Textile and 

Apparel, 26(3) 262-269 (2016). 

13. El-Halwagy, A.A. and Bendak, A. A review on 

plasma treatment of linen fibres, Bull Nat Res Cent 

(Cairo), 30 195 (2005). 

14. Bendak, A. and El-Halwagy, A.A. A review on 

plasma  treatment of polyamide fibres, Bull Nat Res 

Cent (Cairo), 31  (2006). 

15. El-Zawahry, M.M., Ibrahim, N.A. and Eid, M.A. 

The impact of nitrogen plasma treatment upon the 

physical-chemical and dyeing properties of wool 

fabric, Polym. Plast. Technol. Eng., 45(10) 1123-

1132 (2006). 

16. El-Shafei, A., Hauser, P. and Helmy, H.M. Durable 

nanolayer graft polymerization of textile finishes 

applied with high-density atmospheric pressure 

plasma, 86th Textile Institute World Conference, 

Hong Kong, pp. 622- 632 (2008). 

17. El-Shafei, A., Hauser, P. and Helmy, H.M. 

Nanolayer graft polymerization of cationic and 

fluorocarbon monomers on cotton using plasma: 

Enhancing dyeability and light fastness of direct 

dyes on cotton, AUTEX 2009 World Textile 

Conference, Izmir, Turkey, pp. 288-298 (2009). 

18. Salem, T. Pet surface properties affected by low 

temperature plasma modification, 16th 

Erfahrungsaustausch Oberflächentechnologie mit 

Plasma-und Ionenstrahlprozessen, Mühlleithen / 

Vogtland, Germany,  (2009). 

19. Salem, T., Uhlmann, S., Nitschke, M., Calvimontes, 

A., Hund, R.-D. and Simon, F. Modification of 

plasma pre-treated pet fabrics with poly-dadmac 

and its surface activity towards acid dyes, 3rd 

Aachen-Dresden International Textile conference, 

Aachen, Germany,  (2009). 

20. EL-Halwagy, A.A., El-Kashouti, M.A., Sadek, M., 

Zeer, D.M. and Ahmed, H.M. Improvement of the 

graft and printability of linen fabric by glow 

discharge plasma in atmospheric air, Journal of 

International Environmental Application & Science, 

5(5) 916-932 (2010). 

21. Salem, T., Pleul, D., Nitschke, M., Hund, R.-D. and 

Simon, F. Printing behavior of polyester fabrics 

modified with low-pressure plasma based 

treatments, 4th Aachen-Dresden International 

Textile conference, Dresden, Germany,  (2010). 

22. Salem, T., Uhlmann, S., Nitschke, M., Calvimontes, 

A., Hund, R.-D. and Simon, F. Modification of 

plasma pre-treated pet fabrics with poly-dadmac 

and its surface activity towards acid dyes, the XXX 

FATIPEC congress, Genoa, Italy,  (2010). 



PLASMA TECHNIQUES FOR ENHANCING SILK FABRIC PROPERTIES 

 

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024) 

143 

23. Ghalab, S., Raslan, W.M., El-Khatib, E.M. and El-

Halwagy, A.A. Improving of silk printability by 

atmospheric air plasma treatment, RJTA, 15(3) 115 

- (2011). 

24. Raslan, W.M., El-Khatib, E.M., El-Halwagy, A.A. 

and Ghalab, S. Low temperature plasma/metal salts 

treatments for improving some properties of 

polyamide 6 fibers, J. Indust. Text., 40(3) 246-260 

(2011). 

25. Raslan, W.M., Rashed, U.S., El-Sayad, H. and El-

Halwagy, A.A. Ultraviolet protection, flame 

retardancy and antibacterial properties of treated 

polyester fabric using plasma-nano technology, 

Mater. Sci. Appl.,  1432-1442 (2011). 

26. Salem, T., Pleul, D. and Simon, F. Plasma-based 

surface functionalization of polyester/wool fabric 

and its interaction with acid dyes, 5 th Aachen-

Dresden International Textile conference, Aachen, 

Germany,  (2011). 

27. Salem, T., Uhlmann, S., Nitschke, M., Calvimontes, 

A., Hund, R.-D. and Simon, F. Modification of 

plasma pre-treated pet fabrics with poly-dadmac 

and its surface activity towards acid dyes, Progress 

in Organic Coatings, 72(1–2) 168-174 (2011). 

28. Kamel, M.M., El-Zawahry, M.M., Helmy, H.M. 

and Eid, M.A. Improvements of the dyeability of 

polyester fabrics by atmospheric pressure oxygen 

plasma treatment, The Journal of the Textile 

Institute, 102(3) 220-231 (2011 ). 

29. El-Khatib, E.M., Raslan, W.M., El-Halwagy, A.A. 

and Galab, S. Effect of low temperature plasma 

treatment on the properties of wool/polyester blend, 

RJTA, 17(1) 124 - 132 (2013). 

30. Salem, T., Pleul, D., Nitschke, M., Müller, M. and 

Simon, F. Different plasma-based strategies to 

improve the interaction of anionic dyes with 

polyester fabrics surface, Applied Surface Science, 

264(0) 286-296 (2013). 

31. El-Shafei, A., Helmy, H., Ramamoorthy, A. and 

Hauser, P. Nanolayer atmospheric pressure plasma 

graft polymerization of durable repellent finishes on 

cotton, J. Coat. Technol. Res., 12(4) 681-691 

(2015). 

32. Ahmed, H.M., Abd–El Thalouth, J.I., Rashed, U.M. 

and El-Halwagy, A.A. New approach in burn out 

printing with dbd plasma technique on linen fabric 

and its blend with polyester, International Journal 

of Science and Research, 5(12) 1183-1197 (2016). 

33. Ramamoorthy, A., Helmy, H.M., Rajbhandari, R., 

Hauser, P. and El-Shafei, A. Plasma induced graft 

polymerization of cationic and fluorocarbon 

monomers into cotton: Enhanced dyeability and 

photostability, Ind. Eng. Chem. Res., 55(31) 8501-

8508 (2016). 

34. El-Halwagy, A.A., Mashaly, H.M., Ahmed, K.A. 

and Ahmed, H.M. Treatment of cotton fabric with 

dielectric barrier discharge (dbd) plasma and 

printing with cochineal natural dye, Indian Journal 

of Science and Technology, 10(10) 1-10 (2017). 

35. Helmy, H.M., Hauser, P. and El-Shafei, A. 

Influence of atmospheric plasma-induced graft 

polymerization of dadmac into cotton on dyeing 

with acid dyes, The Journal of The Textile Institute, 

108(11) 1871-1878 (2017). 

36. Salem, T., Simon, F., El-Sayed, A.A. and Salama, 

M. Plasma-assisted surface modification of 

polyester fabric for developing halochromic 

properties, Fibers and Polymers, 18(4) 731-740 

(2017). 

37. Ahmed, H.M., El-Halwagy, A.A., EL-Kashouty, 

M.A., El-Aaty, A.A. and Garamoon, A. 

Antibacterial effect of silver nano particles 

deposited on polyamide fabric treated with glow 

discharge plasma under atmospheric pressure 

(gdpap), Journal of Textiles, Coloration and 

Polymer Science, 15(1) 47-61 (2018). 

38. Ahmed, H.M., El-Halwagy, A.A., Abdelrahman, 

A.A. and Garamoon, A.A. Plasma application in 

textiles, Journal of Textiles, Coloration and 

Polymer Science, 16(1) 15-32 (2019). 

39. El-Hennawi, H.M., Ahmed, H.M., Ahmed, K.A., 

El-Halwagy, A.A., Samir, A. and Garamoon, A. 

Evaluation of synthesized ozone by dielectric 

barrier discharge plasma for degradation of anionic 

dyes from their solutions, Egy. J. Chem., 62(6) 

1025 -1036 (2019). 

40. Abdelghaffar, F., Abd El-Ghaffar, R.A., Rashed, 

U.M. and Ahmed, H.M. Highly effective surface 

modification using plasma technologies toward 

green coloration of polyester fabrics, Environmental 

Science and Pollution Research, 27(23) 28949-

28961 (2020). 

41. Ahmed, H.M., Ahmed, K.A., Rashad, U., El-

Halwagy, A.A. and El-Hennawi, H.M. New natural 

dye printing paste functional on various kinds of 

fabrics enhanced by plasma irradiation, Egy. J. 

Chem., 63(2) 743-758 (2020). 

42. Ahmed, H.M., Khattab, T.A., Mashaly, H.M., El-

Halwagy, A.A. and Rehan, M. Plasma activation 

toward multi-stimuli responsive cotton fabric via in 

situ development of polyaniline derivatives and 

silver nanoparticles, Cellulose, 27(5) 2913-2926 

(2020). 

43. El-Naggar, M.E., Khattab, T., Abdelrahman, M., 

Aldalbahi, A. and Hatshan, M. Development of 

antimicrobial, uv blocked and photocatalytic self-

cleanable cotton fibers decorated with silver 

nanoparticles using silver carbamate and plasma 

activation, Cellulose,  1-17 (2020). 



AMINA L. MOHAMED AND S. ABD EL-MOEZ 

 

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024) 

144 

44. Raslan, W.M., El-Halwagy, A.A. and El-Sayad, 

H.S. Recent advances in plasma/nanoparticles 

treatments of textile fibers, Journal of Textiles, 

Coloration and Polymer Science, 17(2) 87-105 

(2020). 

45. El-Hamshary, H., El-Naggar, M.E., Khattab, T.A. 

and El-Faham, A. Preparation of multifunctional 

plasma cured cellulose fibers coated with photo-

induced nanocomposite toward self-cleaning and 

antibacterial textiles, Polymers, 13(21) 3664 

(2021). 

46. Mohamed, H. and El-Halwagy, A.A. Plasma-based 

nanotechnology for textile coating, Journal of 

Textiles, Coloration and Polymer Science, 18(1) 11-

31 (2021). 

47. Abdellatif, F.H.H., Rashed, U. and Ahmed, H.M. 

Utilization of atmospheric dielectric barrier 

discharge plasma for nano-particles synthesis and 

immobilization on cotton fabric, Egy. J. Chem., 

65(4) 67-78 (2022). 

48. Ahmed, H.M., El-Sayad, H., Raslan, W., Rashed, 

U. and El-Halwagy, A. Natural dyes printability of 

modified silk fabric with plasma/nano particles of 

metal oxides, Egy. J. Chem., 65(12)  (2022). 

49. Ahmed, H.M., Mohamed, M.A. and Abdellatif, 

F.H.H. Nanoparticles modifications of textiles using 

plasma technology, Fundamentals of Nano–Textile 

Science,  145-170 (2022). 

50. El-Naggar, M.E., Khattab, T.A., Abdelrahman, 

M.S., Aldalbahi, A. and Hatshan, M.R. 

Development of antimicrobial, uv blocked and 

photocatalytic self-cleanable cotton fibers decorated 

with silver nanoparticles using silver carbamate and 

plasma activation (vol 28, pg 1105, 2021), 

Cellulose,   (2022). 

51. Khattab, T., Mashaly, H., Ahmed, H., Rehan, M. 

and El-Halwagy, a. Multi-stimuli responsive natural 

fibers immobilized with silver nanoparticles via 

plasma-activated generation of polyaniline, Egy. J. 

Chem., 65(3) 305-314 (2022). 

52. Khaled, E., Abd-El-Thalouth, J., Rashed, U.M. and 

Mohamed, H. Plasma technique for modification of 

the natural thickener to improve textile printing 

performance, Journal of Textiles, Coloration and 

Polymer Science, 20(2) 333-358 (2023). 

53. Khalil, H.M., El-Halwagy, A., Rashed, U.M., 

Raslan, W. and Ahmed, H.M. Effect of plasma 

/copper oxide nanoparticles on silk fabric 

printability with some natural dyes using ultraviolet 

fixation, Egy. J. Chem., 67(9) 415 - 426 (2024). 

54. Zhang, C., Wang, L., Yu, M., Qu, L., Men, Y. and 

Zhang, X. Surface processing and ageing behavior 

of silk fabrics treated with atmospheric-pressure 

plasma for pigment-based ink-jet printing, Appl. 

Surf. Sci., 434 198-203 (2018). 

55. Naebe, M., Haque, A.N.M.A. and Haji, A. The 

effect of plasma treatment on dyeing of natural 

fibers, Innovative and emerging technologies for 

textile dyeing and finishing,  191-212 (2021). 

56. Inbakumar, S. Effect of plasma treatment on surface 

of protein fabrics, Journal of Physics: Conference 

Series, IOP Publishing, p. 012111 (2010). 

57. Rani, K.V., Sarma, B. and Sarma, A. Plasma 

pretreatment on tasar silk fabrics coated with zno 

nanoparticles against antibacterial activity, Surface 

Review Letters, 26(05) 1850193 (2019). 

 

 

 تقنيات البلازما لتعسيس خصائص أقمشة الحرير

 أمينة لطفي محمد أ و ش. عبد المعس ب*
انتحضٍراد وانتدهٍساد  ، قسىيعهذ ثحىث وتكُىنىخٍب انُسٍح(، 06603006انًركس انقىيً نهجحىث )يعرف الاَتسبة إنى سكىثس  أ

 ، اندٍسح، يظر01011شبرع انجحىث )شبرع انتحرٌر سبثقًب(، انذقً، ص. ة.  22،  خنلانٍبف انسهٍهىزٌ
 يٍىٍَخ، أنًبٍَب 66220 06، تبل Liner conture Makeup GmbH ة

 

 المستخلص

إٌ عًهٍبد انتشطٍت انجٍئً انحذٌثخ، يثم انجلازيب، ضرورٌخ نهًدتًع، وٌجحج قطبع انًُسىخبد عٍ أحذث تقٍُبد 
وتفرٌغ انحبخس انعبزل عُذ انضغظ  (CDAP) خىدح الأقًشخ. ٌعذ تفرٌغ انهبنخ عُذ انضغظ اندىي الإَتبج نتحسٍٍ

يعبندتٍٍ أطجحتب ثسرعخ انقبعذح فً طُبعخ انًُسىخبد َتٍدخ نفىائذهًب انعذٌذح يقبرَخ ثتقٍُبد  (APPDB) اندىي
ىاء أو انغبزاد انظُبعٍخ انقٍبسٍخ يثم انًعبندخ انرطجخ انتقهٍذٌخ. يٍ انًًكٍ ثذء عًهٍخ انجلازيب ثبستخذاو انه

فً درخخ حرارح انغرفخ وانضغظ. ثعذ يعبندخ انجلازيب،  (O2) والأكسدٍٍ (N2) وانٍُتروخٍٍ (H2) انهٍذروخٍٍ
تحظم انًىاد يثم انحرٌر والأقًشخ انسطحٍخ عهى يٍساد يرغىثخ ثًب فً رنك يقبويخ انجكتٍرٌب ويقبويخ انههت 

 .خ وانحًبٌخ يٍ الأشعخ فىق انجُفسدٍخ ثفضم انًدًىعبد انسطحٍخ انتً أدخهتهب انجلازيبويضبدح نهكهرثبء انسبكُ
 انكهًبد انًفتبحٍخ: تقٍُبد انجلازيب؛ خظبئض الأقًشخ انحرٌرٌخ

 


