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Abstract 
Zinc oxide nano particles is one of the best choices for ultraviolet 

protection due to its special properties. In this research, the UV-protection 

ability of sol gel-derived thin ZnO films on cotton fabrics was investigated. 

Various polymers have been used as adhesives to bind the nano-oxide with 

the surface of the treated fabric. Scanning electron microscopy and UV 

spectroscopy were carried out to study the properties of the treated fabrics. 

The results showed that the diameters of the synthesis zinc oxide particles 

- (68.81, 41.76 and 44.6 nm) with (PVA, PVP and CMC) respectively- were 

of the nanostructure, and the smallest diameter of the particles was 

produced with polyvinylpyrrolidone as adhesive. Using a 

spectrophotometer showed a decrease in the transmittance of the studied 

samples compared with the raw untreated sample of about 23%. 

Keywords: ZnO, sol gel, UV protection. 

 من الحماية لتطبيقات القطني القماش على الزنك أ وكس يد من نانوية طبقة تحضير

 البنفسجية فوق ال شعة
 2سفور زياد، 2طهماز غزل، 1شروف هدى

 الخلاصة:

ن  بسبب البنفسجية فوق ال شعة من الحماية في الخيارات أ فضل من واحدة هي النانوية الزنك أ كس يد جزيئات ا 

 للطبقات البنفسجية فوق ال شعة من الحماية قدرة عن التحري تم الدراسة، هذه في. فريدة خصائص من به تتمتع ما

 كمواد مختلفة بوليمرات اس تخدمت حيث. القطنية ال قمشة على جل-السول بطريقة المحضرة الزنك أ وكس يد من الرقيقة

 المعالجة، للعينات البصرية والخصائص البنية دراسة أ جل من. المعالج القماش سطح على النانوي ال وكس يد لربط رابطة

. البنفسجية فوق لل شعة السبيكتروفوتومتر باس تخدام الطيفي والتحليل الماسح الالكتروني المجهر باس تخدام الاختبار تم

 كربوكسي) باس تخدام نانومتر( 68.8 ،41.76 ،44.6) – المحضرة الزنك أ وكس يد جزيئات أ قطار أ ن النتائج أ ظهرت

 وأ ن النانو، مرتبة من وهي-الترتيب على( لاصقة كمواد الكحول فينيل وبولي البيروليدون فينيل بولي الس يللوز، ميتيل

 جهاز باس تخدام الاختبار أ ظهر كما. كرابط البيروليدون فينيل بولي اس تخدام عند نتجت للجزيئات أ قطار أ صغر

 %.23 بمقدار المعالجة غير الخام العينة مع المدروسة العينات نفوذية انخفاض سبيكتروفوتومتر

 .البنفسجية فوق ال شعة من الحماية النانوي، الزنك أ وكس يد جل،-سول: مفتاحية كلمات 

  

1-Introduction: 
Since the occurrence of the hole in the ozone layer 

and because of continued decrease in the thickness of 
the ozone layer, the ultraviolet severity of solar 
radiation has increased. The ultraviolet radiation 
(UVR) is composed of three types: UV-A (315-
400nm), UV-B (290-315nm), and UV-C (100-290nm). 
They cause serious health problems such as skin 
cancer, sunburn and photo aging. Therefore, special 
attention has been focused recently on the UV 
transmission of textile. [11] 

The fabric UV protective capacity varies 
significantly depending on many elements such as fiber 

type, additives, fabric structure, color, pigments and 
finishing products (different UV absorbers), 
laundering and washing conditions, wetness, etc. [8] 

The absorption spectra of a semiconductor, such 
as zinc oxide, show strong absorption in the UV region 
of the light spectrum but only very slight or no 
absorption of visible light.[10] Zinc oxide seems to be 
ideal for the preparation of highly UV-absorbing, 
nanosol-based coatings. Besides, textile materials have 
intrinsic properties that make them extremely valuable 
– they are flexible, lightweight, strong, soft, etc. As a 
result, they are excellent objects for imparting 
additional functionalities. [13] 
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At present, the nanotechnology worldwide-used in 
the fabric UV-proof finishing can be mainly divided 
into three different ways, including implanting, 
spinning, printing and dyeing. [13] 

Synthesis of metal nanoparticles with specific 
properties is a newly established research area that 
attracts a great deal of attention. Besides, 
nanostructured metal oxide has been found to display 
appealing functional, biocompatible, non- toxic, 
ultraviolet filtering, and anti-bacterial properties. [13] 

One of the new and different ways of surface 
modification methods of textile materials is the sol-gel 
method, which offers far-reaching possibilities for 
creating new surface properties. 

Nanosols prepared in this way are deposited on 
fibers/fabrics and dried at an elevated temperature to 
condense them into cross-linked lyogels. During 
further drying, the liquid phase is removed and a 
porous layer (xerogel) is formed on the fiber surface. 
[12] 

The sol-gel method has become an important tool 
for producing nanoparticles for these reasons: It is a 
low temperature using process, simple, economic and 
effective method to produce high quality coatings. 
Lack of scientific understanding of this complex 
reaction is one of the major drawbacks of this 
technique. [4] 

Using Sol-gel method offers the ability for 
modification of many textile materials, obtaining 
certain properties and to combine different properties 
in a single coating step. SiO2 nanostructure is 
synthesized by the Sol-Gel method and thin films are 
prepared using dip coating technique. [1] Influence of 
nano titanium dioxide finish, prepared by sol-gel 
technique, on the ultraviolet protection, antimicrobial, 
and self-cleaning characteristics of cotton fabrics. [9] 
The UV-protection ability of sol gel-derived thin ZnO 
films on glass substrates was investigated. The 
obtained results showed excellent UV protection. [5] 

ZnO could be one of the most important 
nanomaterial in future research and applications.  In 
addition, other major uses of ZnO, especially in the 
form of powder, pigments, photo catalysts, and 
ultraviolet absorption. The excellent UV absorption of 
ZnO can also be used in cosmetics, paints and plastics. 

[11] [12] 
The present paper describes the deposition of 

nano-zinc oxide thin-coatings by the sol-gel method 
on cotton textile substrates to obtain an UV-resistant 
cotton fabric. 

 

2-Experimental: 
2-1-Materials: 

Raw woven plain weave 100% cotton fabric with 
the weight of 132 g/m2 was purchased from the local 
market.  Zinc Acetate ((CH3COO)2Zn.2H2O, Schariau 
99%) was used as a precursor. Sodium hydroxide 
(NaOH, POCh 98%) was used as a reducing agent. 
Ethanol (C2H5OH, Chem-lab 99.8%) and distilled 
water were used as solvents. Polyvinyl alcohol (PVA, 
Lobachemie), Polyvinylpyrrolidone (PVP, Aldrich) 
and Carboxymethylcellulose (CMC, Titan Media 99%) 
were used as adhesives. 

 

2-2-Procedure: 
2-2-1-pretreatment of cotton fabrics: 

Bleaching and desizing were carried out in one 
bath using sodium hydroxide (NaOH 3%) and 
hydrogen peroxide (H2O2 10%). The treatment 
proceeded at 100o C for one hour. After that, the 
samples were rinsed with water then leaved to dry at 
room temperature. 
2-2-2-Preparation of the nano zinc oxide solution 
by sol-gel technique: 

Zinc Oxide nanoparticles was synthesized by using 
sol-gel technique. In order to produce a sol, sodium 
hydroxide solution was poured to the solution 
containing zinc acetate. Then, ethanol was added drop 
wise to the previous solution. After the reaction, white 
precipitate was formed. [4] 
2-2-3-Treatment of   cotton fabric: 

Three samples are immersed in the prepared 
solution taking into account the following: 
The first sample: (1.25 g) of PVA is added to the 
former solution and mixed until the solution is 
homogenized. Then, the cotton sample is immersed 
for 10 min and dried at 80 ° C for 10 min after that it 
was cured at 100 ° C for 5 min. The second sample:  
PVP is used as an adhesive instead of PVA. The Third 
sample: CMC is used. [3] 
 

3- Results and Discussion: 
After preparation of the treatment solution and 

applying it onto the cotton samples then drying and 
curing processes were applied, the cotton samples 
were tested using both the scanning electron 
microscope and the spectrophotometer. 

3-1-Scanning Electron Microscope (SEM): 
The nanoparticles obtained were identified by the 

Scanning Electron Microscope (SEM, VEGA II 
XMU, Czech) and analyzed using (Imagej) program to 
get the average nano-particles diameter for each 
sample. 

The mean diameter of the nanoparticles placed on 
each sample was measured and calculated as shown in 
Table (1). 

Table (1): Average diameter of nano-ZnO 
particles in treated samples 

Simple 
Average nano-structure 

diameter (nm) 

Nano-ZnO+PVA 68.81 

Nano-ZnO+PVP 41.76 

Nano-ZnO+CMC 44.6 

 
The above table shows that the diameters of the 

zinc oxide particles in all the studied samples are of the 
nano range, which confirms the success of sol-gel 
technology for obtaining nanomaterial. By observing 
the diameters of the particles diameters, the smallest 
value was found when polyvinylpyrrolidone polymer 
was used as an adhesive and then samples were 
prepared with Carboxymethylcellulose. This is clear 
through the images as shown in figures (1, 2, and 3). 
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It is known that when the particles are smaller, the 
active surface is larger and that is lead to more 

effective. Therefore, the smaller particles give more 
protection than others do.  

 

3-2- spectrophotometer: 
The transmittance of the treated samples were 

tested using (JASCO 530 spectrophotometer) within 
the band (200-400) nm and the device connected to a 
computer to record the results. 

Figure 4 shows the relationship between ultraviolet 
transmittance and wavelength of light. There is an 
improvement in the resistance of UV radiation of the 
treated fabrics compared with the raw untreated 
sample, especially the sample treated with nano zinc 
oxide with polyvinylpyrrolidone, where the 
transmittance decreased significantly compared to raw 
fabric. This result is accepted with the research said 
that, the adding of PVP could increase the UV 
blocking ability of the treated fabric.[13] It is important 
to mention that the results of all studied samples were 
similar to each other, since zinc oxide is the active 
material that absorbs light in the band of light studied. 
It is also evident from the figure that there was 
decreasing in the transmittance of the treated fabric in 
the band (200-220 nm), i.e. in the band of the most 
dangerous health package (UVC), where the decrease 
of the transmittance of about 23%. 

 

 
 

4-Conclusion: 
The zinc oxide was synthesis by sol-gel technology 

and applied to cotton fabric using polymer materials 
(PVA, PVP & CMC) to bind the zinc oxide with the 
surface of the cotton fabric. The solution was then 
applied to the samples and the drying and curing 
processes were carried out. The scanning electron 
microscopy images showed that nanoparticles were 
placed on the surface of the treated fabrics, but the 
average diameters of these particles differed according 
to the polymers used as adhesives. PVP was used to 
obtain the smallest diameters. The spectral survey 
showed a decrease in the transmittance of UV treated 
samples compared with the raw sample. The 
convergence of all samples has been demonstrated in 
their ability to repel ultraviolet radiation, as the active 
substance is nano-zinc oxide. 

 
 
 
 

Figure (1): SEM photos of cotton sample 
treated with nano-ZnO + PVA 

Figure (2): SEM photos of cotton sample 
treated with nano-ZnO + PVP 

Figure (3): SEM photos of cotton sample treated 
with nano-ZnO + CMC 

Figure (4): The relationship between ultraviolet 
Transmittance and wavelength of light. 
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