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                                  Abstract 

Background: Increasing microbial resistance have emerged as a major challenge to the 

healthcare systems and despite the wide range of the available antimicrobial therapies, microbial 

infections remain high, due to the ability of these organisms to develop resistance to virtually all 

antimicrobial therapies. New strategies are needed to control these microbial infections. Metal 

oxides nanoparticles coated onto cotton fibers represent an important  and novel tool due to its 

excellent antimicrobial activity against pathogenic microbes which are responsible for 

―Nosocomial infections‖. 

 

Objectives: The main objective of this study is to investigate and study the antibacterial and 

antifungal activity of  zinc oxide (ZnO) and  copper oxide (CuO) nanoparticles coated onto 

cotton fibers. 

 

Methodology: CuO-NPs and ZnO-NPs were synthesized in absence\ presence of different 

surfactants and deposited on\into 100% cotton fibers using ultrasonic irradiation. The optical 

structure and morphology of the coated cotton fabrics were examined by UV, FTIR, XRD, SEM, 

XPS and TGA analysis. Wash durability test was executed in order to investigate the stability of 

NPs. The efficacy of the different surfactants in minimizing the leaching of the adsorbed NPs 

and the remaining concentration of  the NPs on the washed cotton fabric were determined using 

Atomic Absorption Spectrometer (AAS). Antibacterial and antifungal activities of ZnO-NPs and 

CuO-NPs coated fabrics were investigated against different pathogenic bacterial and fungal 

species and compared with uncoated cotton material. 

 

Results: Our results showed that CuO-NPs and ZnO-NPs-coated cottons exhibited good 

antimicrobial activity, where CuO-NPs coated cotton has greater antimicrobial activity against  

Escherichia coli and ZnO-NPs-coated cotton has greater activity against Staphylococcus aureus 

and this activity was significantly retained after several washings. Besides, both MO-NPs 

showed greater inhibitory activity against the bacterial species than the fungal species. It was 

also shown that surfactants was used to preserve a homogeneous distribution and a uniform 

ordering of nanoparticles on the surface of the cotton fabrics. 
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In addition, Sodium dodecyl sulfate (SDS), was the most effective surfactant in minimizing the 

leaching of both MO-NPs and it helped in getting the smallest size for both metal oxides.  Also, 

our results revealed that the microbial reduction percentage (%) decreased as the number of 

washing cycles increased. 

Conclusion: It is concluded that MO-NPs coated cotton fabrics were prepared successfully. In 

addition, the different surfactants were able to stabilize the adsorbed NPs onto the surface of the 

cotton. Moreover, the coated cotton exhibited good antimicrobial activity against all the tested 

organisms. 

Keywords: CuO nanoparticles, ZnO nanoparticles, Surfactants, Ultrasonic irradiation, 

Antimicrobial activity. 
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Antibacterial and Antifungal Activity of Metal Oxides Nanoparticles Coated 

 onto Cotton Fibers 

 دراسة  التأثير المضاد لمبكتيريا و المضاد لمفطريات ألكاسيد المعادن النانوية المثبتة عمى ألياف القطن
 

 ممخص الدراسة
 

مجموعـة  تـوفر مـ ، فعمـ  الـر   الصـحية الرعايـة ظنممةأل ا  كبير  ا  تحديـوبات زيادة مقاومة الميكر تعتبر  :مقدمة
لقدرة هذه الكائظنات  ا  ظنمر  عالية ال تزال االلتهابات الجرثوميةاال أ  واسعة م  العالجات المضادة لمميكروبات، 

اســتراتيجيات  رالحاجــة لتيــوي تبــرز وهظنــا. ا  تقريبــجميــا العالجــات المضــادة لمميكروبــات لعمــ  تيــوير مقاومــة 
 عمـ  أليـاا القيـ  مثبتـةأكاسيد المعاد  الظناظنوية التمثل حيث  .جديدة لمسييرة عم  هذه االلتهابات الجرثومية

ـــة  مســـةولة عـــ  عـــدو ال تمـــ وخصوصـــا  لجـــراثي  فـــت  تـــل ا فعاليتهـــا الممتـــازةأداة مهمـــة وجديـــدة بســـب   الظنقي
 .المستشفيات

مضـاد لمفيريـات الالمضـاد لمبكتيريـا و  التأثيرراسة هو بحث ودراسة الهدا الرئيست م  هذه الد هدف الدراسة:
 .عم  ألياا القي  لمثبتةالظناظنوية ا (CuO) ( وأكسيد الظنحاسZnOكسيد الزظن   أل

  العوامـــل الظنشـــية ســـيحيا  تصـــظنيا أكاســـيد الظنحـــاس و أكاســـيد الزظنـــ  الظناظنويـــة فـــت وجـــود  تـــ  :منهجيةةةة الدراسةةةة
بظنيـــة الباســـتخدا  الموجـــات فـــو. الصـــوتية. تـــ  فحـــ   الظنقيـــة  أليـــاا القيـــ  ثـــ  تـــ  تثبيتهـــا عمـــ ، يابهـــاوفـــت 

 .TGA“ و UV ،FTIR ،XRD،SEM  ،XPSباستخدا  اجهزة "القيظنية المغمفة  لمقيا لشكميةا البصرية و

العوامــل فعاليــة ، وتــ  دراســة الجســيمات الظناظنويــةاســتقرار مــ   أكــدتال  أجــل "تحمــل الغســل " مــ تــ  اجــرات اختبــار
عمـ   المتبقيـةالجسـيمات تركيـز  تحديـد، و الجسـيمات الظناظنويـة المثبتـةمختمفة فت تقميل تسـر  ال ية سيحيا  الظنش

مضـاد الو  بكتيريـامضـاد لمال مـ  الظنشـاي ظناتأكد .باستخدا  ميياا االمتصا  الذرياأللياا القيظنية المغسولة 
البكتيريـة والفيريـة  األظنـوا  ة مـ مختمفة مجموعضد  أللياا القي  المغمفة بأكاسيد المعاد  الظناظنوية لمفيريات

 .مغمفة بأكسيد المعاد  الظناظنويةال ير القي   أليااما  تهاومقارظن ممرضةال
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أليــاا القيــ  المغمفــة بأكاســيد الظنحــاس والزظنــ  الظناظنويــة فعوالــة ضــد الميكروبــات،  أمهــرت الظنتــائ  أ  النتةةا: :
  أعمــــــــــ  ضــــــــــد بكتيريــــــــــا ةاظنويــــــــــة فعاليــــــــــأليــــــــــاا القيــــــــــ  المغمفــــــــــة بأكاســــــــــيد الظنحــــــــــاس الظن أمهــــــــــرت حيــــــــــث

" Escherichia coli  ،" ضــد بكتيريــا عمــ  أ ةاألليــاا المغمفــة بأكاســيد الزظنــ  الظناظنويــة فعاليــأمهــرت بيظنمــا 
 "Staphylococcus  aureus" ، العالية بعد  سمها عدة مرات. و د احتفمت األلياا القيظنية بهده الفعالية 

الفيريـة التـت تـ   األظنـوا البكتيريـا مقارظنـة مـا  األظنـوا أعم  فـت  تـل  عاليةف هماكالاضافة ال  ذل ، فقد أمهر 
ســاهمت بتوزيــا الجســيمات  التــت تــ  دراســتها العوامــل الظنشــية ســيحيا  أ   ،كــا  مــ  الواضــ  أيضــااختبارهــا. 

 الظناظنوية بشكل متجاظنس ومظنتم  عم  سي  األلياا القيظنية.

و ـد ، ألكثر فعاليـة فـت تقميـل ارتشـاح أكاسـيد المعـاد  الظناظنويـةا (SDS)العامل الظنشي سيحيا   مهر أ كذل ، 
باإلضـافة للـ  ذلـ ، كشـفت ظنتائجظنـا  ساعد أيضا  فت الحصول عم  حج  أصغر ألكاسيد المعاد  المستخدمة.

 .  تل الميكروباتظنسبة   ممت م لل  أ  زيادة دورات الغسيل 

العامــل أكاســيد الظنحــاس أو أكاســيد الزظنــ  فــت وجــود المغمفــة بالقيظنيــة األليــاا  فقــد أمهــرتعــالوة عمــ  ذلــ ، 
 .البكتيرية والفيرية التت ت  اختبارها األظنوا أ ص  فعالية ضد  (HY) الظنشي سيحيا  

فعاليـــة  باإلضـــافة للـــ  تـــ  عمميـــة تثبيـــت أكاســـيد المعـــاد  الظناظنويـــة عمـــ  األليـــاا القيظنيـــة بظنجـــاح. الخالصةةةة:
األليـاا أمهـرت فقـد عـالوة عمـ  ذلـ ،   سـي  األليـاا القيظنيـة. المسيالت فت تثبيت الجسـيمات الظناظنويـة عمـ

 .ضد جميا الكائظنات الحية التت ت  اختبارها جيدالمغمفة ظنشاي  يةالقيظن

، األمــواج فــو. العوامــل الظنشــية ســيحيا   الظناظنويــة، أكاســيد الزظنــ  الظناظنويــة، الظنحــاسأكاســيد  الكممةةات المفتاةيةةة:
 .، الظنشاي المضاد لمميكروباتالصوتية
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                                                           Chapter 1  

                                                         Introduction 

1.1 Overview 

The re-emergence of infectious diseases caused by antibiotic-resistant bacteria and the 

frequency of infections caused  by opportunistic fungal strains represent a serious threat  in 

public health worldwide (Lee et al., 2008). 

The common pathogenic bacteria which include, Escherichia coli, Klebsiella pneumoniae, 

Haemophilus influenza, Streptococcus pneumoniae, Enterococcus and  Staphylococcus these 

cause a wide variety of infections and especially nosocomial infections, which threat the 

health of  patients with non-infectious diseases (such as heart disease, cancer and other 

chronic diseases) and  have to stay in hospital for long period (Inbaneson et al., 2011). 

Despite the antimicrobial therapy, morbidity and mortality associated with these bacterial 

infections remain high, partially as a result of the ability of these organisms to develop 

resistance to virtually all antibiotics (Jones et al., 2008). Also, azoles that inhibit sterol 

formation and polyenes that bind to mature membrane sterols described as the main 

antifungal therapy for several decades. But unfortunately, the emergence of Fluconazole 

resistance among different fungal pathogenic strains and the high toxicity of Amphotericin B 

represent another  health related problems (Lee et al., 2008). Therefore, new strategies are 

needed to control these bacterial and fungal infections. 

Currently, inorganic metal oxides including (TiO2, MgO, CuO, ZnO and Ag ) have attracted a 

great interest as alternative antimicrobial agents. This was due to their safety and selective 

toxicity against bacteria, stability, heat resistance and their ability to withstand intensive and 

harsh processing conditions (Fu et al., 2005; Makhluf et al., 2005; Manna 2012; 

Ravikumar et al., 2012; Singh et al., 2012).  

The antimicrobial effect of nanoparticles (NPs) investigated against many bacterial strains, 

but there is till now little information about their efficiency against pathogenic fungal species. 
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Nowadays, metal oxides nanoparticles coated onto cotton fibers represent important 

composite that are increasingly being developed for use in novel health-related applications  

(El-Nahhal et al., 2012). It was reported that nano-metal oxide deposited on cotton fabrics 

have an excellent antimicrobial activity against pathogenic microbes, which are responsible 

for ―Nosocomial infections‖, or hospital acquired infections. Therefore, much attention paid 

toward the use of antibacterial fabrics in the form of medical clothes to minimize the chance 

of nosocomial infections. These coated fabrics protect against UV radiation and do not 

possess skin irritation and sensitization properties (El-Nahhal et al., 2012; El-Shishtawy et 

al., 2011; YeonáLee et al., 2007). But till now, the strong challenge is to develop 

nanoparticles and other based materials that are stable enough and effective in the elimination 

of bacteria, fungi and viruses and of the best controlling the outbreak of new resistant species. 

In this study, we have investigated antibacterial and antifungal activity of CuO and ZnO 

nanoparticles incorporated onto the surface of the cotton fibers against different pathogenic 

bacterial and fungal species. Moreover, this study introduced a novel approach to allow  

a homogeneous distribution and a uniform ordering of nanoparticles on the surface and 

minimize the leaching of the deposited nanoparticles from the surface of the cotton material.   

This is essential to last the antimicrobial activity of the deposited nanoparticles through using 

different types of surfactants including anionic ―Sodium dodecyl sulfate‖ (SDS), cationic 

―Cetyl tri-methyl ammonium bromide C19HBrN42 ‖ (CTAB) and ―Alkyl hydroxy-ethyl 

dimethyl ammonium chloride C16H36NOCl.C18H40NOCl‖ (HY) and non-ionic one ―Triton X 

100% ‖ (TX-100%).  
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1.2 Objectives 

1.2.1 General Objective 

The main objective is to study the antibacterial and antifungal activity of ZnO & CuO 

nanoparticles coated onto cotton fibers. 

1.2.2 Specific Objective  

1. Synthesis metal oxide nanoparticles coated cotton fibers using Ultrasonic Irradiation.  

2. Investigate the ability of different types of surfactants to increase the order and 

homogeneity of the deposited nanoparticles and to minimize their leaching out the coated 

cotton material. 

3. Investigate the optical structure and morphology of deposited nanoparticles. 

 

1.3 Significance 

Textiles provide a suitable substrate for the growth of microorganisms, especially at 

appropriate humidity and body temperature, which may cause many health problems. Thus, 

textile products need to be treated with antimicrobial agents to prevent the proliferation of 

microorganisms, and this is critical in medical clothes to minimize the chance of nosocomial 

infections. Unfortunately, these microorganisms now resist nearly all potent antibiotics and 

other conventional agents especially in the current situation of Gaza’s hospitals.  Therefore, 

this study attempts to set an effective alternative using inorganic nanoparticles coated onto 

cotton fibers in order to control the spread of pathogens and related infections in both 

community and hospital environments. Thus, reduce the dependence on antibiotics and other 

antimicrobial agents against nosocomial infections, especially in prolonged treatments. In 

addition, the study try to find out a way to increase the durability of the antimicrobial activity 

of the coated fibers. This will reduce the associated costs. 
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Chapter 2 

Literature Review 

 

2.1  Nanoparticles and their unique properties  

Nanoparticles (NPs) are particles that usually ranging in dimension from 1-100 nanometers 

and have properties unique from their bulk equivalent or molecular precursors  

(Moritz and Geszke-Moritz, 2013). 

NPs may exist in different shapes such as spheres, platelets, nano-rods, hexagonal discs,  

P-shaped, U-shaped, nano-flowers and nano-bars (Andelman et al., 2010; Chen et al., 

2010; Kruszynska et al., 2010; Lee et al., 2010; Ning et al., 2010; Prombutara et al., 

2012).  

With the decrease in the dimensions of the materials to the atomic level, their properties 

change. Therefore, nanoparticles possess  unique electrical, magnetic, mechanical, optical, 

chemical and antimicrobial properties, which largely differ from those of their bulk materials  

(Dinesh et al., 2012; Reddy et al., 2007). These intrinsic properties of a metal nanoparticle 

are mainly determined by size, shape, composition, crystallinity and morphology (Rajendra 

et al., 2010).  

Taking advantages of the specific characteristics of NPs such as high surface to volume 

ratio, homogeneous particles size distribution, possibility of facile surface modification, 

good stability, and the ease of preparation, these materials offer new solutions in the fields of 

pharmacy, dentistry, medicine and biology (Moritz and Geszke-Moritz, 2013).          

For example, the larger surface area of nanoparticles can results in increased adsorption of 

the surrounding atoms and subsequently change their properties and behavior (Dinesh et al., 

2012). 

Regards to microbial cells, the larger surface area can result in a greater degree of interaction 

with microbial cell walls which consequently cause microbial death (Fu et al., 2005; Kon 

and Rai, 2013; Makhluf et al., 2005). 
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Nanoparticles are broadly grouped into organic and inorganic nanoparticles. The latter have 

gained significant importance due to their ability to withstand adverse processing conditions 

and now, the metallic nanoparticles are thoroughly being explored and extensively 

investigated as potential antimicrobials (Ravishankar Rai and Jamuna Bai, 2011). 

2.2 Inorganic metal oxides nanoparticles as antimicrobial materials  

Prior to the extensive use of chemotherapeutics in modern health care systems, inorganic 

antimicrobials such as silver and copper were used since ancient times to treat microbial 

infections. Now, the advances in the field of  nanotechnology has introduced  the nano-sized 

inorganic and organic particles which are finding increasing applications as amendments in 

industrial, medicine and therapeutics, synthetic textiles and food packaging products 

(Ravishankar Rai and Jamuna Bai, 2011).  

Several studies indicated that inorganic metal oxide nanoparticles have  shown a wide range 

of antibacterial activities against both Gram-positive and Gram-negative bacteria, including, 

Escherichia coli, Staphylococcus, Bacillus, Proteus, Pseudomonas, Klebsiella, Salmonella, 

Listeria, Campylobacter (Baek and An, 2011; Emami-Karvani and Chehrazi, 2011; 

Gajjar et al., 2009; Jones et al., 2008). 

With regard to mycoses, inorganic metal oxide NPs are considered as potential antifungal 

agent. However, the antifungal effect of  NPs has received only marginal attention and just a 

few studies on this topic have been published (Noorbakhsh et al., 2011). 

Zinc oxide (ZnO), copper oxide (CuO), magnesium oxide (MgO), titanium dioxide (TiO2) are 

some of the most commonly used inorganic metal oxides  in the fabrication of antimicrobial 

coatings (Singh et al., 2012). However, the durability of antimicrobial finishes on textiles is 

important for consumer usage.  These inorganic nanoparticles have a distinct advantage over 

conventional chemical antimicrobial agents.  
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They  kill bacteria through various mechanisms such as binding to intracellular proteins and 

inactivating them, generation of reactive oxygen species, the accumulation of NPs in the 

cytoplasm or on the outer membranes (Raghupathi et al., 2011), disruption of membranes or 

membrane potential (Neal, 2008), oxidation of proteins, genotoxicity and  interruption of 

energy transduction (Dinesh et al., 2012; Kumar et al., 2012), formation of reactive oxygen 

species (ROS) and release of toxic constituents (Bhatt and Tripathi, 2011), damaging the 

outer membrane and changing the membrane permeability, which is caused by progressive 

release of lipopolysaccharide molecules and membrane proteins (Noorbakhsh et al., 2011). 

In spite of the presence of many studies devoted to the antimicrobial activity of inorganic 

metal oxide nanoparticles, their mechanism of action and the factors which influence the 

antimicrobial effect are still not well understood (Kon and Rai, 2013). Zinc oxide (ZnO) and 

copper oxide (CuO) nanoparticles due to their antimicrobial property are being incorporated 

into a variety of medical and skin coatings (Ravishankar Rai and Jamuna Bai, 2011). 

However, there is still a lack of definite knowledge regarding the interaction of ZnO and CuO 

nanoparticles with microbial cells.  

2.2.1 Zinc oxide Nanoparticles and their antimicrobial activity 

Zinc is a mineral element essential to human health and ZnO is a form in the daily 

supplement for zinc (He et al., 2011). ZnO belongs to a group of metal oxides with  photo-

oxidizing and  photo catalytic ability against chemical and biological species (Singh et al., 

2012).   

ZnO nanoparticles are very important materials, and widely used as nanosensors, UV-

absorbers, and catalysts. Due to their safety for humans and their ability to reflect the  UV 

light, they have been used extensively in personal care products, food additives, as well as in 

coating and paints (Baek and An, 2011; Chang et al., 2012). 

ZnO nanoparticles exhibited strong antibacterial and antifungal activities when used as a 

surface coating on materials and textiles (Abramov et al., 2009).  
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There are several mechanisms which have been proposed to explain the antibacterial activity 

of ZnO nanoparticles.  

Dutta and his co-workers have studied the antibacterial effects of ZnO-NPs against E. coli. 

The results of scanning electron microscopy (SEM) and transmission electron microscopy 

(TEM) confirmed that the antibacterial effect of ZnO-NPs were due to membrane lipid 

peroxidation caused by the reactive oxygen species (ROS) which were generated during ZnO 

NPs interaction with the bacterial cells. Also, deformation, cell swelling and membrane 

disruptions were observed from TEM and SEM (Dutta et al., 2012). 

Raghupathi and his colleagues, have reported the antibacterial properties of  ZnO-NPs against 

E. coli  and S. aureus. In their study, the northern analyses of various (ROS) specific genes 

and confocal microscopy suggested that the antibacterial activity of ZnO-NPs  might involve 

both the production of ROS and the accumulation of  NPs  in the cytoplasm or on the outer 

membranes (Raghupathi et al., 2011).  

The antibacterial potential of ZnO-NPs against foodborne pathogens was investigated by 

Tayel and his researchers team. They reported that exposure of Salmonella typhimurium and 

Staphylococcus aureus  to their relevant minimal inhibitory concentrations from ZnO-NPs  

reduced the cell number to zero and the SEM of the treated bacteria with NPs exhibited that 

the disruptive effect of ZnO on S. aureus was vigorous as all treated cells were completely 

exploded or lysed after only 4 h from exposure (Tayel et al., 2011). 

The antibacterial effect of ZnO-NPs on Campylobacter jejuni was examined by Xie and his 

team. Their results showed that C. jejuni was extremely sensitive to treatment with ZnO-NPs 

and the SEM examination revealed that the majority of the cells had transformed from spiral 

shapes into coccoid forms after exposure to ZnO-NPs. These coccoid cells were found by 

Ethidium Mono-azide-quantitative PCR (EMA-qPCR) to have a certain level of membrane 

leakage. The study was also addressed the molecular basis of ZnO-NPs action through 

studying the gene expression of a large set of genes involved in cell stress response, motility, 

pathogenesis, and toxin production.  
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Reverse transcription-quantitative PCR (RT’-qPCR) have showed that in response to 

treatment with  ZnO-NPs, the expression levels of two oxidative stress genes (katA and ahpC) 

and general stress response gene (dnaK) were increased. These results suggested that the 

antibacterial mechanism of ZnO nanoparticles is most likely due to disruption of the cell 

membrane and oxidative stress in Campylobacter (Xie et al., 2011). 

Researchers reported that an aqueous suspensions containing ZnO –NPs exhibited a strong 

antibacterial activity against E. coli. The dominant mechanisms of such antibacterial behavior 

were found to be either or both of chemical interactions between hydrogen peroxide (H2O2 ) 

and membrane proteins, and chemical interactions between other unknown chemical species 

generated due to the presence of ZnO –NPs with the outer lipid bilayer of bacteria, the 

produced (H2O2) enters the cell membrane of bacteria and kills them (Zhang et al., 2010).  

Applerot and his colleagues have examined the antibacterial activity of ZnO against E. 

coli and S. aureus. In this study, electron-spin resonance measurements revealed that aqueous 

suspensions of ZnO-NPs produce increased levels of ROS, namely hydroxyl radicals. 

Likewise, an exposure of bacteria to the small ZnO-NPs resulted in an increased cellular 

internalization of the nanoparticles and bacterial cell damage (Applerot et al., 2009). 

Researchers have investigated the antibacterial activity of ZnO-NPs and their mode of action 

against an important foodborne pathogen, E. coli O157: H7. They found that ZnO-NPs have 

strong antibacterial activity against E. coli O157: H7 and as the concentration of ZnO-NPs 

increased, the inhibitory effects increased. The results from SEM, TEM and Raman 

spectroscopy demonstrated that ZnO-NPs  changed the cell membrane components including 

lipids and proteins, although no significant morphological changes were observed, indicating 

that ZnO-NPs could distort bacterial cell membrane, leading to loss of intracellular 

components, and ultimately the death of cells (Liu et al., 2009).  
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Researchers have reported the biocidal effects and cellular internalization of  ZnO-NPs  

against Streptococcus agalactiae and S. aureus. According to them, ZnO NPs have a good 

bacteriostatic effect and the results of TEM confirmed that bacterial cells were damaged after 

ZnO NPs contacted with them. ZnO NPs causes an increase in membrane permeability and 

the cellular internalization of these NPs (Huang et al., 2008). 

Tam and his co-workers have investigated the antibacterial activity of ZnO-NPs against  

E. coli and Bacillus atrophaeus. ZnO-NPs exhibited antibacterial activity against E. coli and  

B. atrophaeus, but it was considerably more effective in the latter case showing zero viable 

cell count. Damage of the cell membranes was found in both organisms, and the effect was 

more pronounced for B. atrophaeus. Also, the release of H2O2  from ZnO structures has been 

detected using Chemiluminescence analysis and  it was concluded that  the effect of H2O2 on 

the E. coli and  B. atrophaeus contributed in the antibacterial effect of  ZnO (Tam et al., 

2008). 

Researchers, have stated the bactericidal activity of  ZnO–NPs against E. coli. They reported 

that when (H2O2) was generated by ZnO–Np, it caused cell wall rupture due to the surface 

activity of ZnO when contact with the bacteria. The cell death was caused by the 

decomposition of the cell wall followed by the subsequent decomposition of the cell 

membrane. This damage of the cell membrane directly led to the leakage of minerals, 

proteins and genetic materials, causing cell death (Padmavathy and Vijayaraghavan, 

2008). 

Zhang and his team have tested the antimicrobial activity of ZnO nano-fluids against E. 

coli DH5α. Their results revealed that the ZnO antibacterial activity is likely due to the 

production of the ROS, such as H2O2 and the SEM images showed that there was an 

interaction between the ZnO-NPs and E. coli, which is due to the electrostatic forces. They 

suggested that part of the ZnO antibacterial activity is via contact with the bacterial 

membrane and the production of the active oxygen species close to the membrane (Zhang et 

al., 2008).  
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Researchers have reported in their preliminary studies the biocidal effects and cellular 

internalization of ZnO-NPs on E. coli. Their results confirmed that E. coli cells after contact 

with ZnO were damaged due to the increase of membrane permeability leading to 

accumulation of ZnO-NPs in the bacterial membrane and also cellular internalization of  Zn-

NPs (Brayner et al., 2006). 

He with other researchers have investigated the antifungal activities of ZnO-NPs and their 

mode of action against two pathogenic fungi (Botrytis cinerea and Penicillium expansum). 

Their results showed that ZnO-NPs can significantly inhibit the growth of B. cinerea and P. 

expansum and that P. expansum was more sensitive to the treatment with ZnO NPs than B. 

cinerea. ZnO NPs inhibited the growth of B. cinerea by affecting cellular functions, which 

caused deformation in fungal hyphae due to excessive accumulation of nucleic acid and 

carbohydrates. In comparison, ZnO NPs prevented the development of conidiophores and 

conidia of  P. expansum, which eventually led to the death of fungal hyphae (He et al., 2011).  

2.2.2 Copper oxide Nanoparticles and their Antimicrobial activity 

Copper (Cu) and its alloys are natural antimicrobial materials and the ancient civilizations 

exploited their antimicrobial properties long before the concept of microbes became 

understood in the nineteenth century (Gupta et al., 2013). Moreover, copper is one of the 

relatively small groups of metallic elements that are essential to human health, and today, it is 

considered as a safe material to humans. This knowledge is based on empirical evidence that 

has been rationalized during the last decades (Delgado et al., 2011).  

Copper (II) oxide or cupric oxide (CuO) is the higher oxide of copper, known as a 

semiconducting compound with a monoclinic structure. It is the simplest member of the 

family of copper compounds and exhibits a range of potentially useful physical properties 

such as high temperature, superconductivity, electron correlation effects and spin dynamics. 

Therefore, it finds a wide application (Ravishankar Rai and Jamuna Bai, 2011). 
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CuO nanoparticles CuO-NPs were effective in killing a range of bacterial pathogens involved 

in hospital-acquired infections. But to date, there is limited information available about the 

interaction of CuO-NPs with microbial cells and its biocidal mechanism (Borkow and 

Gabbay, 2009; Ravishankar Rai and Jamuna Bai, 2011). 

Ananth and his co-workers  have synthesized CuO-NPs by different  experimental procedure 

and the  anti-bacterial property of the prepared samples were tested against two Gram-

positive bacteria namely Streptococcus iniae and Streptococcus parauberis and two Gram-

negative bacteria such as E. coli and Vibrio anguillarum by disc diffusion assay and MIC 

assay. Among the bacteria tested, E. coli and S. iniae were found the most susceptible to 

CuO-NPs. It was reported that CuO-NPs which prepared through hydrothermal method 

exhibited highest activity than the samples prepared through co-precipitation routes. It was 

stated that the increase in the activity of hydrothermally synthesized CuO-NPs  may due to its 

morphology dependent interaction with the bacterial cell wall, stress-related damage and the 

release of Cu
2+

 which led to protein and nucleic acid denaturation and consequent cell death 

(Ananth et al., 2015). 

Kruk and his assistants have stated that CuO-NPs  had high activity against Gram-positive 

bacteria S. aureus and S. epidermidis strains and they also exhibited antifungal activity 

against Candida species. Their activity against clinical isolated strains, included methicillin-

resistant strains of S. aureus was similar to, earlier examined, silver nanoparticles. 

Their results of the antimicrobial tests  proved that synthesized CuO-NPs  antimicrobial 

agents can be proposed as an alternative strategy for reducing bacterial or fungal adhesion 

and to prevent bio-film formation at lower cost than use of silver (Kruk et al., 2015). 

Mahapatra et al. tested antibacterial activity of  CuO-NPs  against Klebsiella pneumoniae,  

Pseudomonas aeruginosa, Salmonella paratyphi  and  Shigella strains. According to their 

report, these nanoparticles indicated suitable antibacterial activity against the mentioned 

bacteria. It was believed that crossing of nanoparticles through the bacterial cell membrane 

and then damaging the vital enzymes of bacteria were the critical factors that trigger cell 

death. They also indicated that these nanoparticles were not cytotoxic on HeLa cell line 

(Dizaj et al., 2014).  

Researchers have studied the antibacterial activity of the  CuO-NPs on the microorganisms  

E. coli, S. aureus, P. aeruginosa and Bacillus cereus. Their results showed a significant 
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growth inhibition of the bacterial cultures by CuO-NPs with respect to control and as the 

concentration of CuO-NPs  increase the antibacterial effect increase. They stated that the 

growth inhibition probably due to disruptions of cell membrane by CuO nanoparticles 

resulted in malfunction of cell enzyme (Das et al., 2013). 

Azam et al. (2012) have investigated the antibacterial activity of CuO-NPs against two Gram-

positive bacteria (S. aureus and Bacillus subtilis) and two Gram-negative bacteria  

(P. aeruginosa and E. coli).  It was showed that CuO-NPs  have remarkable antibacterial 

activity against the bacterial cultures. It was concluded that bactericidal activity of these 

nanoparticles depended on their size, stability, and concentration added to the growth 

medium. The authors stated that,  CuO-NPs  restrict bacterial growth via passing through 

nano-metric pores exist on the cellular membranes of  most bacteria (Azam et al., 2012). 

Ramyadevi and his team have reported that CuO-NPs showed antimicrobial activity 

against Micrococcus luteus, S. aureus, E. coli, K. pneumoniae, and P. aeruginosa, and three 

fungal strains ‖ Aspergillus flavus, Aspergillus niger and Candida albicans”. They concluded 

that  CuO-NPs  showed more inhibitory activity in bacteria than the fungus with more zone of 

inhibition in E. coli  (26 mm) than in C. albicans (23 mm) (Ramyadevi et al., 2012). 

2.3 Metal oxides nanoparticles against nosocomial infections 

A nosocomial, or hospital-acquired, infection is a new infection that develops in a patient 

during hospitalization. It is a worldwide problem that occur both in developed and in 

developing countries (Borkow and Monk, 2012). 

Nosocomial infection (NI) can be bacterial, viral, fungal, or even parasitic and the most 

common nosocomial pathogens include Staphylococci (especially S. aureus),  P. aeruginosa, 

E. coli, Clostridium difficile, Streptococcus species, Enterobacter species, Acinetobacter 

species, Klebsiella species, influenza virus and noroviruses (Borkow and Monk, 2012).  
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With regard to fungal infections, there are two major causes of fungal infections of the skin 

and nails that include yeasts and dermatophytes. Candida spp. represents one of the most 

common pathogens often causing hospital-acquired sepsis with an associated mortality rate of 

up to 40%. Therefore, developing new antifungal agents, especially against the opportunistic 

Candida, a cutaneous mycosis that can become invasive and  can both infect skin epithelium 

and eye tissue, is of particular interest (Higa et al., 2013). 

Fungal infections of the skin and nails form the most numerous and widespread group of all 

mycoses and it was reported that the prevalence of superficial mycotic infections  caused by 

dermatophytes has risen to such a level in the last decades that skin mycoses now affect more 

than 20–25% of the world’s population, making them one of the most frequent forms of 

infections (Havlickova et al., 2008). 

The most common sources of infectious agents causing healthcare problems include the 

individual patient, medical equipment, the hospital environment, and the healthcare 

personnel. Giving that the person-to-person transmission route is the most likely and that the 

hospital textiles may contribute to the spread of nosocomial infections (Perelshtein et al., 

2015). 

Due to the outbreak of the infectious diseases and the development of antibiotic resistance 

microbes in general, and in hospitals in particular, much attention is being paid to the 

problem of nosocomial infections (NI) with  many new antimicrobial agents have been 

searched and examined (Dayanand et al., 2010). In the present scenario, metal oxide 

nanoparticles have emerged up as one of the novel solutions to reduce  the hospital acquired 

infections owing to its unique chemical, physical and antimicrobial properties (Dayanand et 

al., 2010). 

Since textiles are a common material in healthcare facilities, it is important that they do not 

transfer pathogens to patients or hospital workers (Perelshtein et al., 2015). Textiles are an 

excellent substrate for bacterial and fungal growth under appropriate moisture and 

temperature conditions, and it was shown that bacteria and fungi can survive for prolonged 

periods in hospital fabrics (Dayanand et al., 2010). 
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Healthcare textiles include bed sheets, blankets, towels, personal clothing, patient apparel, 

uniforms, gowns, and drapes for surgical procedures. Medical textiles are often contaminated 

by microorganisms originating from body substances, including blood, skin, stool, urine, 

vomits, and other body fluids and tissues (Perelshtein et al., 2015). Thus, metal oxide 

nanoparticles can be used to fabricate antimicrobial textiles to be used in hospitals by coating 

the textiles with antimicrobial nanoparticles (Abramova et al., 2013). 

2.4 Cotton and synthesis of nano composites coated cotton 

Although cotton fabric is among the very popular textiles in medical usage, due to its natural 

properties, porosity and hydrophilic structure,  it represent an ideal place for settling and 

growing of pathogenic microbes which upsurge the problem of hospital acquired infections  

(Berendjchi et al., 2011). Thus, antimicrobial finishing is of importance to eradicates such 

pathogens taking the advantage that cellulosic cotton fabric consists of many functional 

hydroxyl groups which can interact with surrounding inorganic or polymeric nanoparticles 

such as metal oxide nanoparticles (Sedighi et al., 2014). 

Currently, preparation and applications of nano metal oxide coatings onto cotton fibers have 

received much attention due to its promising applications and the growing trend of  the use of 

antibacterial fabrics in the form of medical clothes, protective garments, and bed spreads to 

minimize the chance of the nosocomial infections (El-Nahhal et al., 2013; El-Nahhal et al., 

2012). 

There were three general methods  to impregnate metal oxides nanoparticles onto the cotton 

fibers: The first method through using ― pad-dry-cure process‖ while the second route 

through using ultrasonic irradiation as an effective method for the deposition of NPs onto the 

surface of cotton fibers and other substrates. The third method was via thermal chemical 

treatment (El-Nahhal et al., 2013; El-Nahhal et al., 2012; Gouda et al., 2015). Among these 

routes, we employed ultrasonic irradiation in order to impregnate and deposit NPs on\into the 

natural cotton fibers.  
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The introduction of ultrasound is a promising tool in nano-synthesis as it reduce the operation 

time, allow one step preparation and deposition of nanomaterials on textile substrates and 

enhance the quality of the products (Harifi and Montazer, 2015). Also, the sonication 

method results in appreciable quantity of coating, higher dispersion and more diffusion of the 

particles onto the substrate compared to the other coating methods (Firdhouse and Lalitha 

2013).  

Moreover, it results in a smooth and homogeneous layer of coating and it is capable of  

projecting nanoparticles towards the fabric surface at a very high speed which cause them 

adhere strongly to surfaces (Abramov et al., 2009). 

 

2.5 Antimicrobial activity of nano composites coated cotton 

Recently, the splendid antimicrobial behavior of  nano-metal oxides deposited on cotton 

fabrics have been proved against Gram-positive and  Gram-negative bacteria by many 

authors (Gouda et al., 2015).  

The antimicrobial activity of cotton coated with ZnO-NPs was tested against E. coli and  

S. aureus cultures by El-Nahhal and his team. In their study, they have prepared crystalline 

ZnO of hexagonal phase with an average crystallite size of 12 nm.  These nanoparticles were 

probably physically adsorbed onto the cotton fiber surface by ultrasonic irradiation. Their 

results approved that  the coated cotton samples displayed a high activity with a great 

reduction in the bacteria activity (El-Nahhal et al., 2013). 

Researchers have in situ synthesized ZnO-NPs on the surface of cotton fabric via a simple 

wet chemical route to impart antimicrobial activity and ultraviolet (UV) protection. SEM 

images revealed that significant amounts of hierarchical ZnO-NPs were homogenously 

formed on the fibers’ surface; most of them were bundle/flower-like particles having different 

sizes.  It was stated that the ZnO-NPs -coated cotton fabric have a good bacteriostatic activity 

against two representative bacteria, K. pneumonia and Staphylococcus aureus, which was 

demonstrated by the zone of inhibition and it was proved that the coated fibers have an 

excellent ability to block the UV radiation (Shateri-Khalilabad and Yazdanshenas, 2013). 
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El-Nahhal et al. (2012) have prepared CuO-NPs coated cotton fibers using ultrasonic 

irradiation. Their study revealed that CuO-NPs are crystalline and corresponds to monoclinic 

phase with an average crystallite size of 10 nm and that the coated cotton material showed a 

significant antimicrobial activity against E. coli and S. aureus cultures (El-Nahhal et al., 

2012). 

Singh and his team have characterized the antimicrobial properties of cotton fabrics finished 

with ZnO-NPs against two bacterial strains commonly associated with nosocomial infections, 

S. aureus and E. coli. In their work, they have investigated the antibacterial properties by four 

different tests including Semi-quantitatively testing by the agar diffusion method and the 

shake flask method (nutrient broth) and quantitatively by the shake flask method (saline) and 

the absorption method (ISO 20743:2007). Their results showed  a very high antimicrobial 

activity  of  ZnO-NPs  coated fabrics against both bacteria, with a slightly higher activity 

against S. aureus as compared to E. coli (Singh et al., 2012).  

Rajendra et al. (2010) have prepared ZnO-NPs by wet chemical method and have  directly 

applied them onto the 100% cotton fabric using pad-dry-cure method to impart functional 

properties.  The antibacterial activity of the finished fabrics was assessed qualitatively by 

agar diffusion and parallel streak method, and quantitatively by percentage reduction test. 

The results demonstrated that  ZnO-NPs  coated cotton fabrics have increased antimicrobial 

effect and  that higher antibacterial activity was observed against S. aureus than E. coli both 

in qualitative and quantitative tests (Rajendra et al., 2010).  

A significant bactericidal effect of the CuO-NPs  coated cotton bandages was demonstrated 

against the Gram-negative bacterial strain E. coli and the Gram-positive strain S. aureus by  

Perelshtein and his co-workers. In their study CuO-NPs were synthesized and subsequently 

deposited on the surface of cotton fabrics using ultrasound irradiation and their optimized 

process resulted in a homogeneous distribution of  CuO-NPs , 15 nm in size, on the cotton 

bandage surface by the sonochemical method (Perelshtein et al., 2009). 
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Perelshtein et al. (2008) have reported the antibacterial activities of coated cotton bandages 

prepared by homogeneous distribution of ZnO-NPs (30 nm) through sonochemistry. The 

antibacterial activities of the ZnO−fabric composite were tested against E. coli and S. aureus 

and they found that the minimum  ZnO-NPs  concentration for achieving a significant 

antibacterial activity was around 0.75% (wt.%) (Perelshtein et al., 2008). 

 

ZnO–soluble starch nano-composites using water as a solvent and soluble starch as a 

stabilizer was prepared by Vigneshwaran and his assistants. The synthesized ZnO-NPs of   38 

± 3 nm was then impregnated onto cotton fabrics and the antibacterial and UV protection 

functions of ZnO-NPs coated cotton fabrics was studied. It was reported that the ZnO-NPs 

coated cotton fabrics showed an excellent antibacterial activity against two representative 

bacteria, S. aureus (Gram positive) and K. pneumoniae (Gram negative). Also, nano-ZnO 

impregnation enhanced the protection of cotton fabrics against UV radiation in comparison 

with the untreated cotton fabrics (Vigneshwaran et al., 2006). 

 

2.6 Behavior of nanoparticles in presence of surfactant 

Over the years, attempts have been made to stabilize, prevent nanoparticles aggregation and 

homogeneously deposit these nanoparticles on surfaces as the proved fact that when these 

nano-particles aggregate, they lose their nanoscale sizes and its unique properties. Thus, in 

addition to nano particle size, a low degree of agglomeration and monodispered size 

distribution are desirable to enable homogeneous arrangement of nanoparticles (Mehta et al., 

2009). 

Therefore, the challenging issue now is to develop ways that help controlling the aggregation 

phenomena of nanoparticles and enhance their stability to apply them into functional 

materials and products. 

Among several methods to prevent self-aggregation of nanoparticles, coating with 

surfactants, where one end of the surfactant chain is anchored to particle surface and other 

end is free, is simple and effective method to first give one dimensionally ordered self-

assembly (Mehta et al., 2009). 
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The surfactant coating on nanoparticles changes their aggregation behavior due to changed 

interparticle potential. Therefore, different types of surfactants, depending upon their 

molecular structures, may tune the interparticle interactions to different extent and hence 

have different tendency to prevent the nanoparticles aggregation (Mehta et al., 2009). 

Kvitek et al. (2008) have described the influence of various surfactants and polymers on 

aggregation stability of silver nanoparticles (NPs). Among the tested surfactants, sodium 

dodecyl sulfate (SDS) proved to exhibit superior stabilization of the silver NP dispersions 

against the process of aggregation. It was also reported that the antibacterial activity of the 

modified silver NPs was significantly enhanced when modified by SDS. They concluded that 

there was a correlation between the aggregation stability and enhanced antibacterial activity 

in the system of the silver NPs modified by SDS (Kvitek et al., 2008). 

However, there isn’t till now any report on the ability of surfactants to minimize the leaching 

of nanoparticles from the cotton surface, and its ability to allow homogeneous distribution of 

nanoparticles on the surface. Therefore, this work try to find and develop effective way for 

long-lasting antimicrobial activity of the coated cotton by increasing the durability of 

nanoparticles.  

 

Chemical structure of the different surfactants illustrated in Figure (2.1). 
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Figure (2.1): Chemical structure of the different surfactants.
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                                                                Chapter 3 

Materials and Methods 

3.1 Reagents and Media 

All reagents and media used in this study were prepared and stored as recommended by 

the manufacturer unless otherwise stated. 

3.1.1 Chemical Reagents  

Reagents used in all tests were of analytical quality and directly used without further 

treatment. Zinc sulfate hepta-hydrated (ZnSO4.7H2O), Copper sulfate penta hydrated  

(CuSO4.5H2O),  Sodium hydroxide (NaOH), Sodium Chloride (NaCl), Sulfuric Acid 

(H2SO4), Hydrochloric Acid (HCl) were purchased from (HiMedia, India) and used in 

preparation of the samples without further purification. 

3.1.2 Surfactants 

Sodium Dodecyl Sulfate (SDS), Cetyl tri-methyl ammonium bromide, C19H42BrN 

(CTAB), Triton X-100, C8H17C6H4O (CH2CH2O)9.5H (TX-100) and Alkyl hydroxy-

ethyl dimethyl ammonium chloride, C16H36NOCl. C18H40NOCl (praepagen HY, R = 12–

14) (HY) were purchased from (HiMedia, India) and used in preparation of the samples. 

3.1.3 Culturing media 

Dehydrated Nutrient agar powder, Nutrient broth powder, Sabouraud Dextrose Agar 

(SDA), Di-Chloran Rose Bengal Chloramphenicol (DRBC) agar, Potato Dextrose Agar 

(PDA), were purchased from (HiMedia, India) and used to prepare culture media, and the 

manufacturer’s instructions were followed for media preparations. 

3.1.4 Other materials 

Water was of analytical grade. Deionized Distilled water (DD.W) was used to prepare all 

the solutions used during the coating of cotton material. Cotton was purchased from local 

market as a Turkish cotton product (100% cotton) and pretreated before used. 
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3.2 Equipment and disposables 

The following table include a comprehensive list of the equipment and disposables used 

in this study. 

 

Table 3.1: List of equipment and disposables. 

 

Equipment/disposables Manufacturer/Source 

 

Ultraviolet-Visible Spectrophotometer  

(SHIMADZU-1601 model)   

(SONNTEK, INC, USA) 

Fourier Transform Infrared (FTIR) (Thermo Fisher Scientific, USA) 

Scanning Electron Microscopic (SEM) (Carl Zeiss AG - EVO® 60) 

X-ray diffraction (XRD)  EQuniox 3000, INEL, France 

Atomic Absorption Spectrometer  (Unicam-929) 

Shaker  (Memert, Germany) 

Incubator  (Heraeus, Germany) 

Refrigerator  (Sanyo, USA) 

Autoclave  (Tuttnauer, USA) 

Vortex Mixer  ( LW Scientific, USA)  

Micropipette  (Labmed, Boeco ) 

Safety Cabinet  (Heraeus, Germany) 

Petri dishes  (Firatmed, Turkey) 

Sterile cups  (Firatmed, Turkey) 

Sterile Inoculating loops  (Firatmed, Turkey) 
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3.3 Methodology  

3.3.1 Preparation of the cotton material for coating 

Cotton fibers were first washed in a warm solution of 1% of sodium dodecyl sulfate (SDS) 

for an hour to detach any dirt or impurities that might prevent the metal oxide nanoparticles 

from adhering to the fabric. After rinsing with distilled water several times to remove any 

traces of SDS, the fibers were dried at 80°C for 24 hr. then sterilized by autoclave.  

3.3.2 Synthesis of MO-NPs and their coating onto the cotton fibers 

3.3.2.1 Synthesis of ZnO-NPs and their coating onto the cotton fibers 

The ZnO-coated cotton material required the preparation of 0.1 M aqueous solution of  Zinc 

sulfate as the following: 

ZnSO4.7H2O (1.44 g, 0.005 mole ) was dissolved in  50 ml of  sterile deionized distilled 

water  (DD.W) to produce a white color solution. Sodium hydroxide (0.4 g, 0.01 mol) was 

then added and the mixture was mixed thoroughly to form Zinc hydroxide. After that, 0.50 g 

of dry cotton was soaked in the precipitate-containing solution, irradiated using an 

Ultrasonicator for about 25 minute and stirred from time to time to ensure coating all the 

cotton material with ZnO-NPs. 

During the sonication, the flask was placed in a cooling bath keeping a constant temperature 

between (30-40 °C). The coated cotton was then washed thoroughly several times with 

distilled water to remove any excess of hydroxide and dried at 80 °C overnight and then 

sterilized by autoclave. 

3.3.2.2 Coating the cotton fibers with ZnO-NPs in the presence of surfactants  

A solution of (0.001 M) for each surfactant (SDS, CTAB, TX-100% , HY ) was prepared 

using (DD.W) and then used at the step
 
where ZnSO4.7H2O was dissolved and where the 

cotton material was soaked and all the above mentioned steps and conditions were followed 

up and kept. 

3.3.2.3 Synthesis of CuO-NPs and their coating onto the cotton fibers 

In the same way, the CuO-coated cotton material required the preparation of 0.1 M aqueous 

solution of Copper sulfate. CuSO4.5H2O (1.25 g, 0.005 mole) was dissolved in 50 ml of 

sterile DD.W  to produce pale-blue color solution. Sodium hydroxide (1.00 g, 0.01 mole) was 

then added and the mixture was mixed thoroughly to form Copper hydroxide ―A dark blue 

precipitate―.  
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After that, 0.50 g of dry cotton was soaked in the precipitate-containing solution, irradiated 

for about 45 minute and stirred from time to time to ensure coating all the cotton material 

with  CuO-NPs , which have brown color. 

During the sonication, the flask was placed in a cooling bath keeping a constant temperature 

between 30-40 °C. The coated cotton was then washed thoroughly several times with distilled 

water to remove any excess of hydroxide and dried at 80 °C overnight and then sterilized by 

autoclave. 

3.3.2.4 Coating the cotton fibers with CuO-NPs in the presence of surfactants 

A solution of 0.001 M for each surfactant (SDS, CTAB, TX-100% , HY) was prepared using 

DD.W and then used at the step
 
where CuSO4.5H2O  was dissolved and where the cotton 

material was soaked and all the above mentioned steps and conditions were followed up and 

kept. 

The above mentioned methodology for preparing the cotton material, synthesis of the metal 

oxides and coating the prepared cotton were adapted from the previous description of  El-

Nahhal and his co-workers in (El-Nahhal et al., 2013; El-Nahhal et al., 2012) with some 

modifications where DD.W was used during the synthesis of MO-NPs, duration of sonication 

was changed, the temperature was controlled and different surfactants were used. 
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3.3.3 Structural Characterization Techniques 

The optical structure and morphology of deposited nanoparticles have been characterized 

using these techniques: 

3.3.3.1 UV– vis Absorption Spectroscopy 

A small piece of each cotton sample was soaked in 10 ml of  absolute alcohol and then 

subjected  to vortexing in order to release the adsorbed nanoparticles into alcohol solution. 

The solution was then characterized using UV-Vis spectrophotometer (Shimadzu model  UV-

1601) in range of  200 nm to 800 nm in order  to confirm the formation of  nanoparticles onto 

the cotton fibers. 

3.3.3.2 Fourier transform infrared spectroscopy (FTIR) 

To confirm the formation of nanoparticles onto the cotton fibers and study the chemical 

changes in the cellulose functional groups after treatment with NPs, FTIR analysis with 

Thermo Scientific Nicolet 6700 FTIR spectrometer (Thermo Fisher Scientific, USA) Perkin 

Elmer RX1 model in the range of 400–4000 cm−1 was used.  

3.3.3.3 X-Ray Diffraction (XRD) Analysis 

The X-ray diffraction (XRD) patterns of the coated cotton samples were determined using X-

ray diffractometer (XRD EQuniox 3000, INEL, France) using Cu Kα radiation ( λ = 1.540 

˚A) over a wide range of Bragg angles 2θ  (30° ≤ 2θ ≤ 60°).  This measurement studied the 

crystalline structure and size of the NPs. 

3.3.3.4 X-ray Photoelectron Spectroscopy (XPS) 

The XPS analysis of the metal oxide coated cotton composites provide information of the 

interactions of the different coated components onto the fiber surface as well as the atomic 

compositions percentages of the coated materials. XPS spectra were recorded using a K 

Alpha (Thermo) fitted a monochromatic Al K X-ray source (spot size: 400 µm). The pass 

energy was set to 200 and 50 eV for the survey and the narrow regions, respectively. The 

spectra were calibrated against the C-C/C-H C1s component set at 285 eV. The composition 

was determined using the manufacturer sensitivity factors. 
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3.3.3.5 Topographical Analysis by Scanning Electron Microscopic (SEM) 

The morphological analysis of the coated cotton material and the control cotton material  

(without NPs) were studied comparatively based on the Scanning Electron Microscopic 

analysis (SEM), to give information about the external morphology of  MO-NPs and  their 

distribution. 

3.3.3.6 Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis (TGA) measures the percent weight loss in the sample while the 

sample is heated at a uniform rate in an appropriate environment. TGA of the coated cotton 

material was carried out using (Mettler Toledo TGA\SDTA 851e analyzer) in the range 20-

600 °C of heat rate 10 °C\ min. The system was purged with N2 gas using a flow rate of 50 

ml\ min. 

3.3.4 Wash durability of  the coated cotton material 

The wash durability testing of all coated cotton samples was carried out using distilled water 

at ambient temperature. Three pieces of each coated sample were washed using (Memeret 

shaker) on 120 rpm at the room temperature for about 25 minute  (5 cycles) and others were 

washed for 50 minute (10 cycle). The samples were then dried at 80 °C for overnight.  After 

drying, all samples were assessed for the concentration of Cu or Zn remaining at each piece 

using  Atomic Absorption Spectrometer (AAS) analysis and for antimicrobial activity. 

3.3.4.1 Concentration of MO-NPs on the cotton fabric 

In order to investigate the stability of NPs and the efficacy of the used surfactants in 

minimizing the leaching of NPs, the remaining concentrations of  Cu or Zn on the washed 

cotton materials were determined using Atomic Absorption Spectrometer (AAS) on the 

(Unicam 929) model after their dissolution from the cotton material using a concentrated 

solution of Hydrochloric acid (HCl) : Sulfuric acid (H2SO4). 

A dry, coated cotton piece of about  0.10 g was soaked in  5 ml of the concentrated solution 

(HCL): (H2SO4) [ 3:1 ] and then subjected to vortexing for about  3-5 min to insure a 

complete removal of the NPs from the cotton material. The cotton material was removed and 

the solution was  used for AAS analysis. This was done for all CuO NPs and ZnO NPs coated 

samples before washings, after the 5 and 10 washing cycles.  
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3.3.5 Antimicrobial activity of the coated cotton 

In order to assess the durability of antibacterial activity for the coated cotton, the after washes 

and before washing cotton fabrics were subjected to the assessment of their antibacterial 

activity. 

3.3.5.1 Test microorganisms  

The bacterial species used here included the Gram negative Escherichia coli and the Gram 

positive Staphylococcus aureus.  Fungal isolates included Candida albicans and 

Microsporum canis. These clinical isolates were kindly provided by the Microbiology 

laboratory of Al-Shifa’ Hospital. Bacterial cultures were maintained on nutrient agar (N.A) at 

37
o
C while the fungal isolates were maintained on Sabouraud Dextrose Agar (SDA) 

supplemented with chloramphenicol at 30
 o
C. 

3.3.5.2 Preparation of the tested microbial strains 

3.3.5.2.a  Preparation of bacterial  suspensions 

The bacterial suspensions were prepared by taking a single colony from 24 hr. stock bacterial 

culture to inoculate 10 ml of sterile nutrient broth medium (N.B). The broth culture then 

incubated in a shaking incubator for overnight at 37
o
C & 110 rpm. After incubation, 1 mL of 

the overnight culture was serially diluted in 10 ml of sterile normal saline, and the optical 

density of the diluted culture was then estimated at 660 nm. An initial optical density between 

0.10 and 0.15 was used as initial, this have an initial bacterial concentration of approximately 

(10
7
- 10

8 
CFU/ml). 

3.3.5.2.b  Preparation of  Candida  albicans inoculums  

Candida albicans was grown on SDA supplemented with chloramphenicol at 30
 o

C.  

After 2 days of growth, few colonies from C. albicans culture were taken and suspended in  

(10 ml) of sterile normal saline. The suspension was vortexed for about 15-20 seconds and 

diluted to obtain inoculum with a concentration of 10
4
-10

6  
yeast cells /ml. The optical density 

of the diluted culture was estimated at 530 nm and initial optical density between 0.10 and 

0.20 was used. Viable counts of the inoculum were verified by plating serial dilutions on Di-

Chloran Rose Bengal Chloramphenicol (DRBC) agar and SDA. 
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3.3.5.2.c Preparation of  Microsporum  canis inoculums 

The medically important dermatophytic fungus of M. canis was grown on Sabouraud 

dextrose agar (SDA) supplemented with chloramphenicol and incubated at 30 °C for 7 days 

to ensure adequate sporulation. After 1 week of growth, spores of M. canis were collected 

from sporulating colonies by covering the fungal colonies with 10 mL of sterile normal saline 

solution (0.9% NaCl).  After that, the culture was gently rubbed with sterile loop to dislodge 

conidia from the hyphal mat.  The suspension was then filtered and collected in a sterile tube 

and then vortexed for about 15-20 seconds. The fungal spore suspension was diluted and 

adjusted spectrophotometrically at a wavelength of 530 nm to an initial inoculum of 10
4
- 

10
5
spores /ml. An initial optical density between 0.10 and 0.20 was used. Viable counts of 

the inoculum were verified by plating serial dilutions on PDA. 

3.3.5.3 Antimicrobial testing of the coated cotton 

The antimicrobial activity was tested according to the standard quantitative test  

(AATCC 100) (AATCC 100, 2004) with some modifications, where a piece of the coated 

cotton was tested against a known concentration of bacterial or fungal suspension and the 

reduction in the viable cells in standard time was calculated. 

The efficiency of the antimicrobial activity was determined by comparing the reduction in 

viable cells of the treated sample with that of control sample expressed as a percentage 

reduction in standard time.  

A dry piece of the cotton material (coated or uncoated) of about 0.10 g were used during the 

antimicrobial testing, the pieces were sterilized by autoclave and by UV- sterilization before 

testing the antimicrobial activity. The cotton materials ―Test and Control ―were soaked in 

sterile normal saline and incubated for a standard time without shaking. 

The (Test) referred to a dry piece of the coated cotton material, while the (Control) referred 

to a dry piece of uncoated cotton material. The Test and Control pieces were tested in parallel 

in order to compare the resulting viable cells. A Blank of sterile 0.9% NaCl solution (without 

any fabric) was included in each experiment to ensure that any decrease in bacterial number 

was likely due to the exposure to the coated cotton material. All samples were tested in 

triplicate and the mean of the resulted viable cells was tabulated.  



28 

A preliminary antibacterial test was carried out on uncoated cotton material treated with the 

different surfactants where the cotton materials were washed very well and then allowed to 

dryness. These  samples were tested against the bacterial cultures on nutrient agar plates to 

ensure that the  surfactant is completely removed by washing after the coating stage and any 

decrease in bacterial number was likely due to the exposure to MO-NPs coated cotton 

material not from the used surfactant. 

3.3.5.3.a Testing the antibacterial activity of the coated cotton 

Two cotton pieces ―Test and Control ―were inoculated with 500 µL of  the bacterial 

suspension and then each piece was inserted in a vial containing 20 ml of sterile physiologic 

saline solution (NaCl 0.9%). The vials were tightly closed and allowed to vigorous shaking 

for about 1 min. and then incubated at 37 °C for 24 hr. After incubation, 1000 µL of each 

sample was taken and serially diluted with (0.9%) NaCl solution and 100 µL of each dilution 

was transferred onto nutrient agar plates. The plates were allowed to grow overnight at 37 °C 

and the viable bacteria were counted. 

3.3.5.3.b Testing the anti-candidal activity of the coated cotton 

Two cotton pieces ― Test and Control ―were inoculated with 100 µL  of  the Candida 

suspension and then each piece was inserted in a vial containing 30 ml of sterile saline 

solution. The vials were tightly closed and allowed to vigorous shaking for about 1 min and 

then incubated at 30°C for 48 hr.  After incubation, 1000 µL of each sample was taken and 

serially diluted with (0.9%) NaCl solution and 100 µL of each dilution was transferred onto 

SDA plates. The plates were allowed to grow for 48 hr. at 30 °C and the viable yeast cells 

were counted. 

 

3.3.5.3.c Testing the anti-fungal activity of the coated cotton 

Two cotton pieces ―Test and Control ―were inoculated with 100 µL of M. canis spore 

suspension and then each piece was inserted in a vial containing 30 ml of sterile saline 

solution. The vials were tightly closed and allowed to vigorous shaking for about 1 min. and 

incubated at 30 °C for 5 days.  After incubation, 1 mL of  each sample was taken and serially 

diluted with  0.9%  NaCl solution and 100 µL of each dilution was transferred onto (PDA) 

plates  supplemented with chloramphenicol. The plates were allowed to grow for 72 hr. at 30 

°C and the viable fungal cells were counted. 
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Chapter 4  

Results and Discussion 

4.1 Synthesis of MO-NPs Coated Cotton Fibers 

The CuO/ZnO-coated cotton fiber was obtained by deposition of  the MO-NPs onto the 

cotton fibers via the ultrasound irradiation of the metal oxides according to the reactions 

illustrated below in a similar way previously reported by (El-Nahhal et al., 2013; El-

Nahhal et al., 2012). 

General Equation: 

   M SO4 + n H2O                               M 
2+

 (aq) + SO4
2−

  

      M 
2+ 

(aq) + 2 NaOH                          M(OH)2 (s) + 2 Na
+ 

 +  SO4
2−

  

      M (OH)2 (s)        Cotton material, Ultrasonic irradiation      MO (s) + H2O 

4.2 Coating Mechanism 

The coating process involved an in situ generation of metal oxide nanoparticles in the 

deionized distilled water (or in the 0.001 M solution of surfactant), in the presence of the 

cotton material. The cotton material was subsequent adsorbed on the cotton fibers in a one-

step reaction via ultrasonic irradiation. 

 

The CuO-NPs are formed during the irradiation according to the following reactions.  

 

 CuSO4.5H2O + Surfactant +  H2O                          Cu
2+

 (aq) + SO4
2−

  

 Cu 
2+ 

(aq) + 2 NaOH                             Cu (OH)2 (s) + 2 Na
+ 

 +  SO4
2−

  

  Cu (OH)2 (s)        Cotton material, Ultrasonic irradiation        CuO (s) + H2O 
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The formation of copper oxide took place using NaOH. Copper ions react with a solution of 

NaOH to form a deep blue Cu(OH)2 complex. The Copper hydroxide is converted to 

crystalline CuO-NPs of brown color after a few minutes of irradiation. The CuO-NPs 

produced by this reaction are thrown at the surface of the cotton fibers by ultrasonic 

irradiation. These nanoparticles are strongly adsorbed onto the cotton substrate, since these 

particles are not removed by several washing. 

Our assumption is that the CuO-NPs were probably physically adsorbed onto the surface of 

the natural cotton fibers by the sonochemical treatment. This is similar to the one reported by 

Perelshtein and his co-workers (Perelshtein et al., 2009) who further stated that the 

sonochemical irradiation of a liquid causes two primary effects, namely, cavitation (bubble 

formation, growth, collapse) and heating. When the microscopic cavitation bubbles collapse 

near the surface of the solid substrate, they generate powerful shock waves and micro-jets 

that cause effective stirring/mixing of the adjusted layer of liquid. In such case, the ultrasonic 

waves promote the fast migration of the newly-formed copper oxide nanoparticles to the 

fabric's surface. This fact might cause a local softening of the fibers at the contact sites, which 

is why the particles strongly adhere to the fabric's surface regardless of its properties. 

ZnO-NPs were obtained in a similar way to that of CuO-NPs and the same assumption was 

proposed: 

ZnSO4.7H2O + Surfactant + H2O                           Zn
2+

 (aq) + SO4
2−

  

 Zn 
2+ 

(aq) + 2 NaOH                          Zn (OH)2 (s) + 2 Na
+ 

 +  SO4
2−

  

 Zn (OH)2 (s)        Cotton material, Ultrasonic irradiation              ZnO (s) + H2O 
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Figure (4.1): Steps in the synthesis of CuO-NPs. (1) Aqueous solution of Copper sulfate,  

(2) Copper hydroxide ― dark blue precipitate―, (3) CuO-NPs and (4) CuO-NPs coated cotton. 

 

Figure (4.2): Steps in the synthesis of ZnO-NPs. (1) Aqueous solution of Zinc sulfate,  

(2) Zinc hydroxide, (3) ZnO-NPs coated cotton. 
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3.3 Wash durability of  the coated cotton material 

Wash durability test was carried out in the coated cotton fabrics showed that the different 

washing cycles resulted in significant release of MO-NPs out of the cotton material.  

The results showed  that CuO-NPs is adsorbed very well onto the surface of the cotton fibers 

compared with ZnO-NPs. This was obvious from the concentrations of both MO-NPs. 

As shown in (Table 4.1 & 4.2), the coated cotton material in presence of SDS has adsorbed 

the lowest concentration of both MO-NPs. However, this concentration was retained after the 

different washings and this proved the efficiency of SDS in minimizing the leaching of NPs. 

MO-NPs concentration remain on the cotton material before and after the different washings 

illustrated in ( Table 4.1 & 4.2) and Figure (4.3 & 4.4). 

 

Table (4.1):  Concentration of CuO-NPs before and after washing. 

 

 

Table (4.2): Concentration of ZnO-NPs before and after washing. 

 

Coated cotton sample 

Concentration of ZnO-NPs (%) 

 Before Washing 

 

After 5 washings  After 10 washings 

 

ZnO + no surfactant 8.13 % 6.38 % 2.81 % 

ZnO + SDS  6.74 % 5.91 % 4.32 % 

ZnO + CTAB  8.33 % 5.28 % 3.67 % 

ZnO + TX 100 % 8.02 % 4.69 % 2.98 % 

ZnO + HY 9.83 % 6.52 % 4.06 % 

 

 

Coated cotton sample 

Concentration of CuO-NPs (%) 

 Before Washing 

 

After 5 washings  After 10 washings 

 

CuO + no surfactant 10.53 % 5.56 % 3.68 % 

CuO + SDS 7.78 % 6.93 % 5.84 % 

CuO + CTAB 9.37 % 6.34 % 4.06 % 

CuO + TX 100 % 8.49 % 4.42 % 2.84 % 

CuO + HY 10.68 % 7.33 % 5.08 % 
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  Figure (4.3): Concentration of CuO-NPs before and after washing. 

 

   

  Figure (4.4): Concentration of ZnO-NPs before and after washing. 
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The results from the tables (4.1 and 4.2) and Figures (4.3 and 4.4) showed that surfactants 

have reduced the leaching of MO-NPs. Of the four different surfactants, SDS was the most 

effective surfactant in minimizing the leaching of both MO-NPs  followed by HY. While 

CTAB has the lowest effect and TX has almost no effect. All these were compared with the 

case of not using any surfactant during coating the cotton fibers. 

 

4.4 Structural Characterization  

Several analysis were conducted to characterize the nano-coated cotton. 

 

4.4.1 UV–vis Absorption Spectroscopy 
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Figure (4.5): UV-Spectrum of ZnO-NPs. 

 

As shown in Figure (4.5), there was a blue shift of the peak maximum from 371 to 363 nm 

when SDS surfactant was used while the least blue shift of the peak maximum was at 371 nm 

when HY surfactant was used. This is in consistence with the decreasing of the particle size 

estimated by Scherer’s equation based on XRD results. 

The order of decreasing the particle size is in the given order:   SDS  <  HY. 

 

It is also shown that the highest intensity resulted when SDS was used whereas the lowest 

intensity resulted when HY was used, so the smallest particles showed the highest absorbance 

and the larger size showed the lowest absorbance. This is  because small particle has higher 

surface area which is the reverse of the particle size. 
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This goes with the fact that smaller particles "in case of using SDS" bound strongly to the 

fiber surface compared with the larger particles "in case of using HY" which, were not  

strongly adhered to the surface. This of course, explain why  the addition of  SDS  showed 

the least leaching of MO-NPs  compared with HY which showed higher leaching. 

 

 The gap energy was calculated according to the Planck’s constant is 3.4-3.8 eV. There was 

slight change of gap energy based on the nature surfactant used. 

 

4.4.2 Fourier transform infrared spectroscopy (FTIR) 

The FTIR spectral pattern of the ZnO and CuO nanoparticles coated cotton composites are 

very similar as shown in Figures (4.6 and 4.7).This is indicate that these materials have 

molecular structures and interactions with metal oxides. 
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Figure (4.6): FTIR spectra of ZnO-NPs. 
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Figure (4.7): FTIR spectra of CuO-NPs. 
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The IR  spectrum  showed an absorption band at 465 cm
-1

 which is typically due to the lattice  

stretching vibrations ν(Zn-O ) or ν(Cu-O). This is similar to the  value which previously 

reported by El-Nahhal and his colleagues (El-Nahhal et al., 2013) and very close to 470 cm
-1

 

which reported by Thilagavathi and Geetha (Thilagavathi and Geetha, 2014). 

The strong band at (1050-1080 cm
-1

) is assigned to asymmetric stretching vibration of  

ν(Zn-O-Zn) or  ν(Cu-O-Cu) bridging. This is close to the one at1,090 cm
-1

 reported 

previously by El-Nahhal and his team (El-Nahhal et al., 2013). The broad band at  

3330-80 cm
-1

 is due the ν(O-H) vibration. This  value is close to the  one at 3337 cm
-1

 

reported by Azizi and her colleagues (Azizi et al., 2013). 

The absorption band at 1640 cm
-1

 is due to δ(O-H) vibrations of  the hydroxyl groups of some 

M(OH)2 and/or physically adsorbed water molecules, this is almost similar to the one at  

1637 cm
-1

 reported by Parthasarathi and Thilagavathi (Parthasarathi and Thilagavathi, 

2011). 

There were no new peaks observed due to using the different surfactants in all samples, this 

imply that almost complete removal of surfactants was achieved by washings. That was also 

confirmed by XPS results which is discussed later. 

 

4.4.3   Scanning Electron Microscopic (SEM) 

4.4.3.1  SEM results of CuO-NPs coated Cotton 

Cationic, anionic and nonionic surfactants can play an important role in synthesizing the 

nano-material in different interesting morphologies. We found that surfactants  can be used to 

control the size, shape, and agglomeration among the particles. 

In general, there are two main clear trends for the morphologies of ZnO and CuO coated 

cotton fibers. In case of ZnO, the particles onto the fabric are seen as leaves inter-connected 

nano-sheets. They are larger in size and more compact than those of CuO particles which are 

seen as nano-wires or plume like. 

There is also some changes in the shape of agglomerates of particles in the samples, where 

the agglomerates without surfactant show comparatively less dense structure with distorted 

shape. The particle shape was improved and more morphological structure was approached 

when surfactants were used.  

Chapter%204%20nadia%20amara%20(2).docx#_ENREF_11
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The particle size has also decreased when surfactants were added compared with those 

synthesized in absence of  surfactants. A little change was seen in the particle morphology as 

the surfactant changed for the same metal oxide. 

The morphology of the coated fibers before and after deposition of (CuO-NPs) in the 

presence and absence of the different surfactants (SDS, CTAB, TX-100% and HY) was 

examined by SEM and presented in Figure (4.8, images a-f). 

 

                

          

 

Figure (4.8): SEM images (a) blank cotton, (b) CuO/cotton, (c) CuO-SDS/cotton,  

(d) CuO-HY/cotton, (e) CuO-CTAB /cotton, (f) CuO-TX-100/cotton. 

(d) 

(e) 
(f) 
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SEM of the control cotton fiber ―uncoated‖ Figure (4.8 image a), clearly showed grooves 

and fibrils on the surface of the fiber. SEM of CuO-NPs-coated cotton  Figure (4.8 image b), 

showed that the cotton fibers were well coated with (CuO-NPs). Some agglomerates of nano-

particles as nano-rods and nano-wires shapes seen in random directions of different length 

and width adhered to the surface of the fabric. 

The morphology of the CuO-NPs coated cotton changed as surfactants were used, in presence 

of SDS, an anionic surfactant, the particles are seen as nanowires of less than 80 nm width 

Figure (4.8 image c). 

The nanowires or thin spider yarns that were formed in presence of SDS surfactant are more 

unique and well-ordered compared with that in absence of SDS. These yarns or nanowires 

were strongly adhered to the surface of the fibers; therefore, the lowest leaching of 

nanoparticles were estimated during the washing cycles which was confirmed by the wash 

durability study which discussed previously. 

In case of using HY, cationic surfactant, a mixture of CuO-NPs were observed, some 

particles were seen as nanowires others were seen as clusters of particles, which covered the 

fiber surface Figure (4.8 image d). While using CTAB, cationic surfactant, different 

agglomerates of nanoparticles were shown and a network  layer of nano-rods were adhered to 

the surface of the fabric Figure (4.8 image e). 

In the case of TX-100, non-ionic surfactant, a plume-like interconnected nano-sheets were 

observed Figure (4.8 image f). 
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4.4.3.2 SEM results of ZnO-NPs coated Cotton 

The morphology of the coated fibers after deposition of ZnO-NPs in the presence of different 

surfactants was examined by SEM and presented in Figure (4.9, images a-e). The 

agglomerates particles were denser and more compact in the case of ZnO-NPs. 

Figure (4.9, image a), showed that ZnO-NPs  formed in absence of surfactant were well 

dispersed and almost covered all the fiber surface and there were some agglomerates of  NPs  

which can be seen as  nano-flakes along with some interconnected  as vine leaves of  no 

defined boundaries. It is obvious that the morphology of the ZnO-NPs coated cotton has 

changed as surfactants used. 

Using SDS, anionic surfactant, the particles were seen as layered nano-sheets stacks with 

more uniform as hexagonal shape Figure (4.9 image b). 

In case of using HY, cationic surfactant, a less dense particle structure and mixture of ZnO 

agglomerates were observed. Some particles were  seen as flakes of different sizes or 

interconnected nano-sheets others were seen as nano-flowers. All these shapes of ZnO-NPs  

can be formed  in certain conditions Figure (4.9 image c). 

In case of using CTAB, cationic surfactant, the surface of the fabric was fully covered with a 

layer of ZnO-NPs, these particles have grown as interconnected nano-leaves and layered 

nano-leaves and adhered themselves to the surface of the fiber Figure (4.9 image d). 

Thilagavathi and Geetha stated that CTAB-assisted hydrothermal synthesize ZnO urchin-like 

structure, various morphologies such as rod-like, spherical, hexahedron structures and other 

irregular structures (Thilagavathi and Geetha, 2014). 

In the case of  TX-100, nonionic surfactant, interconnected nano-sheets were observed  

Figure (4.9 image e). 

The different morphologies of ZnO-NPs were very similar to the ones reported by 

(Thilagavathi and Geetha, 2014; El-Nahhal et al., 2013; Shateri-Khalilabad and 

Yazdanshenas, 2013). 
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Figure (4.9): SEM images  (a) ZnO/cotton, (b) ZnO-SDS/cotton, (c) ZnO-HY/cotton,  

(d) ZnO-CTAB /cotton, (e) ZnO-TX-100/cotton. 
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4.4.4 X-Ray Diffraction (XRD) Analysis 

The XRD patterns for ZnO coated cotton materials prepared in absence and in presence of 

different surfactants are displayed in Figure (4.10). All the diffraction peaks were well 

indexed to the hexagonal ZnO wurtzite structure (Al-Owais 2013).  

 

  

Figure (4.10): XRD pattern of  ZnO-Coated cotton fibers.  

The major three peaks at 2θ = 31.5, 35 and 37 can be indexed to the lattice planes at 100, 002 

and 101. These values were closely similar to the previously reported values  

(El-Nahhal et al., 2013). 

The diffraction peaks at diffraction angle below 30 are characteristic with cellulosic cotton 

material (Ford et al., 2010). Diffraction peaks corresponding to the impurities were not found 

in the XRD patterns, confirming a high purity of the synthesized composites. 

 

The mean crystallite size of ZnO particles was determined by Scherrer’s equation: 

Crystallite size = 0.9 λ \ B ½ Cos Ɵ 

Where ( λ )  is the wavelength of the incident X-ray beam (nm) (1.54 A˚ for the Cu Kα),   

0.9 is  a shape factor, Ɵ  is the Bragg’s diffraction angle, B1/2  is the width of the X-ray pattern 

line at half peak-height in radians (Parthasarathi and Thilagavathi, 2011). 
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As shown in the above figure, there was a significant shift of all peaks to lower angle with 

broadening in the line width when SDS and HY surfactants were used in comparison with 

other surfactants CTAB or TX-100.  This led to a slight change to smaller size for ZnO-NPs.    

The average mean size of ZnO-NPs estimated by XRD data was (8.00 -12.84 nm) which is 

smaller than the reported value (12 nm) of similar ZnO-coated cotton material prepared 

without surfactants (El-Nahhal et al., 2013). 

Our value of  ZnO-NPs  size was  also smaller than the one reported by Parthasarathi and 

Thilagavathi of about ( 21nm) (Parthasarathi and Thilagavathi, 2011), the value reported 

by Perelshtein and his coworkers of about (30 nm) (Perelshtein et al., 2008) and the one  

(38 ± 3 nm) that reported by Vigneshwaran and his team (Vigneshwaran et al., 2006).  

The reason for this change is probably due to the nature of the used surfactant which acts as a 

capping agent that can limit the growth of  ZnO-NPs after their formation. 

In addition, the different methods yield different particle sizes of ZnO, depending on the type 

of precursor, the solvent, the pH and the temperature of the reacting solution  

(Rajendra et al., 2010). 

Scheme (4.1) illustrated possible mechanism for the reaction of ZnO with the different 

surfactants.  
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Scheme (4.1): Possible mechanism for the reaction of ZnO with the different surfactants. 
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XRD  pattern of CuO-coated cotton Figure (4.11) reveals the CuO-NPs  were formed  onto 

the surface of cotton fibers. The pattern corresponds to the  phase of  CuO with diffraction 

peaks which centered at 2θ  =  33.5, 35, 38.5, 48, 53 and 57
o
 assigned to the 110, -111, 111,  

-202, 020 and 202 reflection lines of monoclinic CuO particles. 

 

  

Figure (4.11): XRD pattern of CuO-Coated cotton fibers. 

The mean crystallite sizes of the particles were calculated by using Debye Scherrer’s 

equation. The average mean size of CuO-NPs  estimated by XRD data was (7.52-8.72 nm) 

which is smaller than the reported value (10-15 nm) of similar CuO-coated cotton material 

prepared without surfactants (El-Nahhal et al., 2012).  

Our value was smaller than the one prepared by Perelshtein and his colleagues of about  

(15 nm) (Perelshtein et al., 2009). It is also smaller than the one prepared by Perelshtein and 

his coworkers of about (19 nm) (Perelshtein et al., 2015). The reason for this change is 

probably due to the nature of the used surfactant which acts as a capping agent that can limit 

the growth of CuO-NPs after their formation.  

 

There was some changes between CuO-coated cotton  that prepared in absence of  surfactants  

and those prepared in presence of surfactants, where a slight shift of all peaks to low 

diffraction angle with line broadening. This reveals a formation of smaller particle size 

compared with those prepared in absence of surfactants.  

The average size of CuO and ZnO NPs on cotton is (7.52-12.84) is  listed below in (Table 4.3). 



45 

Table (4.3): Particle size of ZnO and CuO coated cotton composites prepared in presence of 

different surfactants. 

Coated cotton Particle size (nm) 

ZnO 12.84 

ZnO/SDS 8.00 

ZnO/HY 10.02  

ZnO/CTAB 11.06 

ZnO/TX-100 12.14 

CuO 8.72 

CuO/SDS 7.52 

CuO/HY 7.99 

CuO/CTAB 8.36 

CuO/TX-100 8.61 

 

 

4.4.5  X-ray photoelectron spectroscopy (XPS) 

Typical survey regions for CuO-coated cotton samples are displayed in Figure (4.12).  

The survey exhibited three main peaks: Cu2p3/2, C1s, and O1s centered at 934, 285 and 533 

eV, respectively in comparison with untreated cotton samples, where only two peaks are 

observed centered at 285 eV and 533 eV due to C1s and O1s. The presence of copper 

provides strong evidence for the grafting of CuO-NPs onto the cotton fibers.  
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Two main peaks correspond to the C1s and O1s are observed for untreated cotton fibers 

centered at 285 and 533 eV. The O/C ratio for the reported original untreated cotton fibers is 

38.4/61.6. After treatment with CuO-NPs, three peaks are observed centered at 285, 530 and 

933 eV correspond to the three components C1s, O1s and Cu2p3/2, respectively Figure 

(4.12). 

The surface composition of the different components for CuO-NPs coated cotton is presented 

in (Table 4.4). The atomic concentrations for the elements O, C and Cu are assigned of 

average 36.1%, 53.6% and 10.3%, respectively. There was a decreasing in the atomic 

concentration of carbon, whereas the there was a minor decreasing of the atomic 

concentration of oxygen. 

 

Figure (4.12): XPS survey Spectra for CuO/cotton. 
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Table (4.4): Surface composition of different components for CuO-NPs coated cotton. 

 

  

  

 

 

 

  

  

 

Figure (4.13):  High resolution of C1s and O1s of  CuO-cotton. 

 

High resolution C1s peaks were fitted with three components centered at ~286.6 , ~288.2  

and 289.9 eV, assigned to C-C/C-H, C-O and C=O, respectively. The high resolution of O1s 

spectra for the untreated cotton is fitted with three components at 527.1, 530.1 and 532.5 eV 

due to O-H, C-O-C and O-C groups, respectively (Zhang et al., 2014; Dastjerdi et al., 

2010), whereas after treatment four components are observed at 529, 531.4, 533 and 535 eV. 

The strong peak at 529 eV was probably associated with CH2O-(CuO) and the other two 

peaks at 531.4 and 533 which have the highest intensities are probably correspond to C-O-C 

and C-O respectively, the low intensity peak at 535 eV is probably due to H2O (Zhang et al., 

2014; Dastjerdi et al., 2010) Figure (4.13). 

     Material       Cu2p3/2        C1s         O1s 

Cotton fiber 0.0 61.6 38.4 

CuO 11.1 51.9 37.0 

CuO-HY 10.6 55.4 34.0 

CuO-TX 9.2 53.6 37.2 

CuO-CTAB 11.9 51.1 36.0 

CuO-SDS 6.4 56.3 36.3 
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Possible mechanism for the reaction of CuO-NPs with the cotton fibers is illustrated in 

Scheme 

(4.1)

 

Scheme (4.2): Possible reaction mechanism of CuO-NPs coated cotton. 

 

 
 

(a) (b) 

  

(c) (d) 

Figure (4.14): XPS survey Spectra for (a) ZnO/cotton, (b) ZnO-CTAB/cotton, (c) ZnO-

HY/cotton, (d) ZnO-SDS-100/cotton. 
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Typical survey regions for ZnO-coated cotton samples are displayed in Figure (4.14).  

They exhibited three main peaks: Zn2p3/2, C1s, and O1s centered at 1021, 285 and 533 eV, 

respectively in comparison with untreated cotton samples, where only two peaks are observed 

centered at 285 eV and 533 eV due to C1s and O1s. The presence of Zn provides strong 

evidence for the grafting of  ZnO-NPs onto the cotton fibers. 

The O/C ratios for the reported original untreated cotton fibers is reported 38.4/61.6  

(Table 4.4).  

The atomic concentrations for the elements O, C and Zn are assigned of average 36.1%, 

53.6% and 10.3 %, respectively (Table 4.5).  There was a decreasing in the atomic 

concentration of carbon, whereas the there was a minor decreasing of the atomic 

concentration of oxygen.  

 

Table (4.5): Surface composition of different components for ZnO-NPs coated cotton. 

Material       Zn2p3/2        C1s        O1s      N1s 

ZnO          23.4        38.1       38.5  

ZnO/SDS          20.8        40.2       38.4  

ZnO/CTAB         16.00        46.6       36.8       0.6 

ZnO/HY          11.0        49.5       39.0        0.5 

ZnO/TX          11.3        51.4       37.3  

 



50 

4.4.6 Thermogravimetric analysis (TGA)  

Thermogravimetric analysis (TGA) for  blank cotton, ZnO-NPs coated cotton and ZnO-NPs 

coated cotton  after 5 washing cycles is presented in Figure (4.15). The total weight loss were 

found 90%, 75% and 80% respectively. This reveals that around 15% of ZnO nanomaterial 

was adsorbed onto cotton fibrics and that about 10% remain onto the cotton fiber after 5 

washings. These results were in consistance with the results obtained using atomic absorbtion 

spectrophotometer (AAS). 
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Figure (4.15): Thermogravimetric analysis for a) blank cotton, b) ZnO coated cotton, 

and c) ZnO coated cotton after 5 cycles washings. 
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4.5 Antimicrobial activity of the coated cotton  

The antibacterial activity of the MO-NPs coated cotton was tested according to the standard 

method AATCC 100 with the previous mentioned modifications, the results were compared 

with that of the control samples. 

Reduction percentage (%) of microbial cells by the treated cotton material was calculated by 

the following formula: 

R= 100 (B – A)/B 

Where  R = reduction percentage (%),  A = the number of microbial cells recovered from the 

inoculated coated cotton material incubated over ( 24 hrs.) contact period.  

B = the number of microbial cells recovered from the inoculated uncoated cotton material 

immediately after inoculation (at ―0‖ contact time) (Parthasarathi and Thilagavathi, 2011; 

Rajendra et al., 2010). 

As shown in the tables below, a significant antibacterial activity was retained by the treated 

cotton fabrics even after 10 washes. The greatest antibacterial activity was observed when 

HY surfactant was used. 

The uncoated fabrics  (control) have  negative values for the percentage reduction test 

because the final number of cells will be much higher than the initial number of cells cause  it 

have no bactericidal activity and the results were found to be zero. 



52 

Table (4.6): Antimicrobial effect of CuO-NPs against  S. aureus. 

 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  1.14 X10
8
 - - 0* - - 

CuO + no surfactant  1.11 X10
7
 1.59 X10

7
 1.88 X10

7
 90.26% 86.05% 83.51% 

CuO-SDS 8.2 X10
6
 9.6 X10

6
 1.07 X10

7
  92.81% 91.53%  90.61% 

CuO-CTAB  1.12 X10
7
 1.61 X10

7
  1.91 X10

7
  90.18% 85.88%  83.25% 

CuO-TX 100%  1.14 X10
7
 1.63 X10

7
  1.94 X10

7
  90% 85.7%  82.98% 

CuO-HY  8.0 X10
6
 9.1 X10

6
  9.5 X10

6
 92.98% 92.02%  91.67% 

0* : No microbial reduction. 

 

Table (4.7): Antimicrobial effect of CuO-NPs against E. coli. 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  1.64 X10
8
  - - 0* - - 

CuO + no surfactant  1.37 X10
7
 2.27 X10

7
 2.63 X10

7
 91.65% 86.16% 83.96% 

CuO-SDS 3.9 X10
6
 6.4 X10

6
 8.4 X10

6
 97.62% 96.10% 94.88% 

CuO-CTAB  1.39 X10
7
 2.28 X10

7
 2.61 X10

7
 91.52% 86.10% 84.09% 

CuO-TX 100%  1.47 X10
7
 2.32 X10

7
 2.64 X10

7
 91.04% 85.85% 83.90% 

CuO-HY  3.5 X10
6
 2.64 X10

7
 7.8 X10

6
 97.87% 96.46% 95.24% 

0* : No microbial reduction. 
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Figure (4.16): Antimicrobial effect of CuO-NPs against S. aureus. 

 

 

Figure (4.17): Antimicrobial effect of CuO-NPs against E. coli.  
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Table (4.8): Antimicrobial effect of ZnO-NPs  against S. aureus. 

 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  1.51 X10
8
 - - 0* - - 

ZnO + no surfactant  1.37 X10
7
 2.09 X10

7
 2.47 X10

7
 90.93% 86.16% 83.64% 

ZnO-SDS 1.06 X10
7
 1.23 X10

7
 1.39 X10

7
 92.98% 91.85% 90.79% 

ZnO-CTAB  1.42 X10
7
 2.12 X10

7
 2.41 X10

7
 90.60% 85.96% 84.04% 

ZnO-TX 100%  1.43 X10
7
 2.16 X10

7
 2.51 X10

7
 90.53% 85.70% 83.38% 

ZnO-HY  1.03 X10
7
 1.19 X10

7
 1.24 X10

7
 93.18% 92.12% 91.79% 

0* : No microbial reduction. 

 

Table (4.9): Antimicrobial effect of ZnO-NPs against E. coli. 

 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  1.25 X10
8
 - - 0* - - 

ZnO + no surfactant  1.36 X10
7
 1.76 X10

7
 2.25 X10

7
 89.12% 85.92% 82% 

ZnO-SDS 1.09 X10
7
 1.23 X10

7
  1.31 X10

7
 91.28% 90.16% 89.52% 

ZnO-CTAB  1.41 X10
7
 1.78 X10

7 
 2.23 X10

7
 88.72% 85.76% 82.16% 

ZnO-TX 100%  1.45 X10
7
 1.84 X10

7
 2.27 X10

7
 88.40% 85.28% 81.84% 

ZnO-HY  1.04 X10
7
 1.18 X10

7
 1.24 X10

7
 91.68% 90.56% 90.08% 

0* : No microbial reduction. 
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  Figure (4.18): Antimicrobial effect of ZnO-NPs against S. aureus. 

 

 

Figure (4.19): Antimicrobial effect of ZnO-NPs against E. coli. 
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From the above tables ( 4.6, 4.7, 4.8 & 4.9) and Figures (4.16, 4.17, 4.18 & 4.19)  it is clear 

that the nano coated cotton fabric has the ability to withstand its antibacterial activity against 

both bacterial species (E. coli & S. aureus) even after 10 washes. However, this activity  

(% reduction)  reduced as the number of washes increased. 

The antimicrobial finishes durability in our study match very well the previous results of the 

wash durability test that carried out by  Rajendra and his colleagues (Rajendra et al., 2010) 

who stated  that a significant antimicrobial activity was actively retained in the ZnO-NPs 

coated cotton fabrics even after 10 washes. They also reported that the % bacterial reduction  

after 10 washes was very low and there was  no activity found in the fabrics after 20 washes. 

It is also noticed that CuO-NPs coated cotton  has greater antimicrobial activity against the 

Gram negative E. coli  whereas ZnO-NPs-coated cotton has greater antimicrobial activity 

against S. aureus. These findings match very well the results reported in (Ahamed et al., 

2014; Baek and An 2011; Premanathan et al., 2011; Rajendra et al., 2010; Reddy et al., 

2007) about ZnO-NPs and their microbial toxicity. 

We suggested that these findings  may be due to the differences in the structure of  the 

bacterial cell wall and the cell membrane which controls the access of different molecule 

inside the cell and to their sites of action. This suggestion is similar to the one reported in 

(Parthasarathi and Thilagavathi, 2011). Also, the concentration of NPs and their 

distribution along the cotton surface has a significant contribution to the activity. Moreover, 

the impact of nanoparticle size and shape on the antimicrobial activity can’t be ignored.  

The tables ( 4.6, 4.7, 4.8 & 4.9) also showed  that  cotton fabrics which was coated with 

CuO-NPs or  ZnO-NPs in the presence of HY  has the maximum antibacterial activity against 

both bacterial strains followed by cotton coated in presence of SDS whereas cotton coated in 

presence of CTAB and that coated in absence of any surfactant have nearly similar activity 

and the one coated in presence of TX has the minimum antimicrobial activity. We suggested 

that the maximum antimicrobial activity of CuO-HY and ZnO-HY was due to the highest 

concentration of  CuO & ZnO which was gained during the preparation of the cotton material 

when HY was used.  Also, it might be due to the different morphologies which resulted when 

HY was used. 
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From tables ( 4.6, 4.7, 4.8 & 4.9) it was stated that CuO-HY coated cotton caused 91.67% 

reduction of  S. aureus after 10 washes whereas ZnO-HY coated cotton caused 91.79% 

reduction after 10 washes. Also, CuO-HY caused 95.24% reduction of E. coli after 10 washes 

while ZnO-HY caused 90.08% reduction after 10 washes. 

Table (4.10): Antimicrobial effect of CuO-NPs against C. albicans. 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  9.6 X10
6
 - - 0* - - 

CuO + no surfactant 7.5 X10
5
 1.12 X10

6
 1.43 X10

6
 92.19% 88.33% 85.10% 

CuO-SDS 4.3 X10
5
 5.4 X10

5
 6.9 X10

5
 95.52% 94.38% 92.81% 

CuO-CTAB  8.1 X10
5
 1.16 X10

6
 1.40 X10

6
 91.56% 87.92% 85.42% 

CuO-TX 100%  8.4 X10
5
 1.23 X10

6
 1.51 X10

6
 91.25% 87.19% 84.27% 

CuO-HY  3.7 X10
5
 4.7 X10

5
  6.3 X10

5
 96.15% 95.10% 93.44% 

0* : No microbial reduction. 

 

Table (4.11): Antimicrobial effect of ZnO-NPs against C. albicans. 

 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  1.17 X10
7
 - - 0* - - 

ZnO + no surfactant 1.04 X10
6
 1.42 X10

6
 1.78 X10

6
 91.11% 87.86% 84.79% 

ZnO-SDS 8.1 X10
5
 9.2 X10

5
 1.06 X10

6
 93.08% 92.14% 90.94% 

ZnO-CTAB  1.07 X10
6
 1.49 X10

6
 1.86 X106 90.85% 87.26% 84.10% 

ZnO-TX 100%  1.12 X10
6
 1.54 X10

6
 1.91 X10

6
 90.43% 86.84% 83.68% 

ZnO-HY  7.2 X10
5
 8.7 X10

5
 1.02 X10

6
 93.85% 92.56% 91.28% 

0* : No microbial reduction.  
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Figure (4.20): Antimicrobial effect of  CuO-NPs against C. albicans. 

 

 

Figure (4.21): Antimicrobial effect of  ZnO-NPs against C. albicans. 
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Table (4.12): Antimicrobial effect of CuO-NPs against M. canis. 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  6.4 X10
5
 - - 0* - - 

CuO + no surfactant 5.4 X10
4
 7.2 X10

4
 8.3 X10

4
 91.56% 88.75% 87.03% 

CuO-SDS 4.7 X10
4
 5.3 X10

4
 6.3 X10

4
 92.66% 91.72% 90.16% 

CuO-CTAB  5.6 X10
4
 7.0 X10

4
 8.1 X10

4
 91.25% 89.06% 87.34% 

CuO-TX 100%  5.9 X10
4
 7.6 X10

4
 8.7 X10

4
 90.78% 88.13% 86.41% 

CuO-HY  4.2 X10
4
 5.1 X10

4
 6.1 X10

4
 93.44% 92.03% 90.47% 

0* : No microbial reduction. 

 

Table (4.13): Antimicrobial effect of ZnO-NPs against M. canis. 

 

 

Coated cotton sample 

 

Mean of CFU\ml 

 

% Reduction after  24 hr. 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Before  

Washing 

After 5 

washes 

After 10 

washes 

 

Control cotton  5.1 X10
5
 - - 0* - - 

ZnO + no surfactant 4.7 X10
4
 5.8 X10

4
 6.8 X10

4
 90.78% 88.63% 86.67% 

ZnO-SDS 4.2 X10
4
 4.8 X10

4
 5.1 X10

4
 91.76% 90.59% 90% 

ZnO-CTAB  4.9 X10
4
 6.1 X10

4
 6.9 X10

4
 90.39% 88.04% 86.47% 

ZnO-TX 100%  5.2 X10
4
 6.3 X10

4 
 7.2 X10

4
 89.80% 87.65% 85.88% 

ZnO-HY  3.9 X10
4 
 4.3 X10

4
 4.9 X10

4
  92.35% 91.57% 90.39% 

0* : No microbial reduction. 
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Figure (4.22): Antimicrobial effect of CuO-NPs against M. canis. 

 

Figure (4.23): Antimicrobial effect of ZnO-NPs against M. canis. 
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The above tables (4.10, 4.11, 4.12 & 4.13) and Figures (4.20, 4.21, 4.22 & 4.23) showed that 

both MO-NPs (CuO & ZnO) coated cotton has greater antimicrobial activity against the 

bacterial species (E. coli & S. aureus) compared with the fungal species (C. albicans &  

M. canis). Moreover, it’s obvius from the previous tables and figures that both MO-NPs 

coated cotton showed greater antifungal activity against C. albicans compared with M. canis 

and that CuO-NPs coated cotton  has greater activity against both fungal species (C. albicans 

& M. canis) compared with ZnO-NPs coated cotton. 

In addition, the tables and figures showed that both MO-NPs coated cotton fabric was able to 

withstand the antifungal activity against C. albicans and M. canis even after 10 washes. 

However, this activity (% reduction) reduced as the number of washes increased.  

It was found that the cotton fabric which was coated with CuO-NPs or ZnO-NPs in the 

presence of HY has the maximum antifungal activity against the tested fungal species, 

followed by the one coated using SDS. Whereas those coated using CTAB and in absence of 

any surfactant have nearly similar activity and the one coated in presence of TX has the 

minimum antifungal activity and the same suggestions where proposed for this difference. 

From tables (4.10, 4.11, 4.12 & 4.13), it was noticed that CuO-HY coated-cotton caused 

93.44% reduction of C. albicans after 10 washes whereas ZnO-HY coated-cotton caused 

91.28%  after 10 washes. In addition, CuO-HY caused 90.47% reduction of M. canis after 10 

washes similar to ZnO-HY which caused 90.39% reduction of this pathogenic fungi after 10 

washes. 

The tested fungal strains M. canis and C. albicans are shown in Figure (4.24). 

  

Figure (4.24): The tested fungal strains M. canis and C. albicans. 
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Chapter 5 

 

Conclusions and Recommendations 

 

5.1 Conclusions 

The following conclusions could be drawn from the results obtained from this study: 

1. Zinc oxide nanoparticles (ZnO-NPs) and copper oxide nanoparticles (CuO-NPs), were 

successfully synthesized in presence\ absence of different surfactants and 

subsequently deposited onto the surface of the cotton fiber by ultrasonic irradiation.  

2. The morphology and structure of the  NPs-coated cotton fabrics were analyzed by 

UV-vis spectrophotometer, FTIR, SEM, XRD, XPS and TGA. The analysis revealed 

that the physical and chemical characteristics of the cotton material prepared in 

presence of surfactants were markedly different from those prepared in absence of 

surfactants. It’s also shown that the  size of  the MO-NPs which obtained when 

surfactants were used, were smaller than those obtained in absence of  surfactants. 

3. SEM analysis revealed the presence of different forms of the crystalline metal oxide 

on the cotton fibers these forms were developed depending on the different 

surfactants, which was used during the synthesis of MO-NPs. These NPs were 

probably physically adsorbed with  good ordering onto the surface of the cotton fiber. 

The different forms resulted when surfactants were used have smaller average size 

than those resulted in absence of surfactants. The average crystalline size of ZnO-NPs 

estimated by XRD data was (8.00 -12.84 nm) and that of CuO-NPs was (7.52-8.72). 

4. In order to determine the durability of the adsorbed MO-NPs, the coated cotton was 

washed many times, the retained NPs was calculated using atomic spectrophotometer, 

then the antibacterial activity was assessed. In this situation, we can demonstrate the 

efficiency of the used surfactants to increase the durability of the NPs and its activities 

in the coated fabric. 

5. The results showed that there was subsequent decrease in the concentration of the 

adsorbed NPs accompanied with reduction in the antibacterial efficiency as the 

number of washes increased.  
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6. Of the four different surfactants, SDS was the most effective surfactant in minimizing 

the leaching of both MO-NPs and it helped in getting the smallest size for both metal 

oxides. 

7. The results of the antimicrobial activity showed that the cotton fabric finished with 

CuO-NPs displayed greater antimicrobial activity against E. coli, C. albicans and 

 M. canis, whereas ZnO-NPs coated cotton showed greater activity against S.aureus. 

Moreover, the cotton fabrics which was coated with CuO-NPs and ZnO-NPs has the 

greatest activity against all the tested microbes even after 10 washes. It’s also reported 

that both MO-NPs coated fabric showed more inhibitory activity against the bacterial 

strains compared with the fungal strains.  

 

5.2 Recommendations 

1. Since the exact mechanisms of NP toxicity against various microbial cells are not 

completely understood, we recommend to do more researches in this field in order to 

make better use of  nanoparticles in textile coating. 

2. In this study, we use one concentration of the different surfactants to reveal information 

about the behavior of NPs in presence of surfactants. We here recommend to study 

different concentrations of these surfactants. 

3. It is recommended to do further researches in order to study the exact mechanism through 

which the different surfactants stabilize NPs and minimize their leaching. 

4. It is recommended to study the effect of other surfactants and other agents which can be 

used  to increase the stability of NPs on the surfaces. 

5. We recommend to study the leaching of NPs under different temperatures and in presence 

of substances that may release NPs out of textile. 

6. We recommend to study the behavior of surfactants on other metal oxide nanoparticles. 

7. We recommend to study NPs effect on other organisms including humans. 

8. We recommend to use the present method of imparting antibacterial activity to the cotton 

fabrics which could be extended to different fabric structures for usage in hospital and 

related sectors. 

9. We recommend to use the present method of imparting antibacterial activity to other 

materials like paper, wood and ceramics which could be extended to different structures 

for usage in many important sectors. 
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Annex 

 

Different products of medical importance, which could be used in different medical and 

healthcare applications. All these products were coated with CuO-NPs. 

 

 

 

  

Surgical mask Surgical head cover Medical Gauze 

   

 

 

  

 

 

 

Napkin T-shirt Socks 

   


