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Abstract
Copper and copper oxide nanoparticles have recently drawn attention for their applications in technical
textiles epically in healthcare industry. The present studies have been carried out to find the properties of
copper and copper oxide nanoparticles for special applications Copper oxide nanoparticles are prepared by
wet chemical process. In this technique CuSO4.5H2O is added with acetic acid and heated to 100 °C with
continuous stirring. NaOH is added to the solution till pH = 7 is reached. The color of the solution changed
from blue to black with precipitation. The black precipitation was washed 3-4 times and three different
concentrations C1, C2 and C3 were made by diluting the solution. The woven and knitted cotton fabrics were
dipped in a bath containing solution of nanoparticles at room temperature for 30 minutes. Then the fabrics
were removed from the bath, padded, and dried at different drying temperatures. Scanning electron
microscopic (SEM) study was conducted to study the phase and morphology of nanoparticles. Abrasion
testing was carried out to find out the concentrations and other parameters affecting the abrasion
characteristics of the fabrics. Anti-microbial testing of treated fabrics were performed. The results show that
the fabrics can attain Anti-Microbial activity depending on the concentrations of nanoparticles on the fabrics.
High concentration of nanoparticles is required for high antibacterial efficiency.
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1.

INTRODUCTION

Nanotechnology is science, engineering, and technology conducted at the nanoscale, which is about 1 to
100 nanometers. Nanoscience and nanotechnology are the study and application of extremely small things
and can be used across all the other science fields, such as chemistry, biology, physics, materials science,
and engineering.
The nanosize of material results in specific physicochemical characteristics different than those of the bulk
materials or larger particles. This effect is mainly credited to high surface-area-to-volume ratio, which results
in increased reactivity; hence, the nanoscale materials are more advantageous than their bulk materials. The
metallic nanoparticles such as copper, titanium, magnesium, zinc, gold and alginate have a strong
bactericidal potential owing to their large surface-area-to-volume ratio[1].
In chemical sciences, synthesis of transition metal and metal oxide nanoparticles is a growing research field.
As the metal particles are reduced in size, bulk properties of the particles disappear to be substituted to that
of quantum dot following quantum mechanical rules. It can thus be easily understood that metal
nanoparticles chemistry differs from that of the bulk materials. Since with size reduction the high surface area
to volume ratio lead to enhanced
catalytic activity [2]. Among various metal nanoparticles, copper (Cu) and copper oxide (Cu2O) nanoparticles
have attracted considerable attention because copper is one of the most important in modern technologies
and is readily available[3]. Considerable interest has been focused on copper nanoparticles due to their
optical, catalytic, mechanical and electrical properties[4].
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SEM scans the surface of the sample with a beam of electrons and the resulting image has a threedimensional appearance that can be useful for the surface structure investigation while image produced by
TEM is rather two dimensional and the electrons pass through the sample, so the image is not useful for the
surface structure investigation [5].
Abrasion is the physical destruction of fibres, yarns, and fabrics, resulting from the rubbing of a textile
surface over another surface [6].Textile materials can be unserviceable because of several different factors
and one of the most important causes is abrasion. Abrasion occurs during wearing, using, cleaning or
washing process and this may distort the fabric, cause fibres or yarns to be pulled out or remove fibre ends
from the surface [7]. Grey fabrics have lower abrasion resistance compared to dyed fabrics with the same
construction. During the dyeing operation, fibres on the fabric surface will cling to it, hence the fabric will
achieve a closer state, and the movement of fibres within the yarn will be limited [8].
2.

EXPERIMENTAL

2.1.

Materials

100% Woven cotton fabric, 100% Knitted cotton fabrics, Copper Sulphate, Copper Nitrate, Acetic acid,
Sodium Hydroxide, Aerosil 200
2.2.

Preparation of copper oxide nanoparticles

The aqueous solution of Copper (ii) Sulphate penta hydrate (0.2 M) was prepared in cleaned round bottom
flask. 1 ml of glacial acetic acid was added to above aqueous solution and heated to 100 °C with continuous
stirring. 8 M NaOH is added to above heated solution till pH reached to 7. The color of the solution turned
from blue to black immediately and the large amount of black precipitate is formed in the bottom of the flask.
The precipitate was centrifuged and washed 3-4 times with deionized water. Three different concentrations
C1, C2 and C3 of these nanoparticles were prepared by diluting solution. Aqueous Suspension of Aerosil 200
was prepared and added to three different concentrations of nanoparticles and stirred constantly for one
hour. The woven and knitted cotton fabrics were dipped in a bath containing 10 ml of nanoparticles solutions
at room temperature for 30 minutes. Then the fabrics were removed from the bath, padded, and dried at
different drying temperatures T1, T2 and T3 in an oven.
3.

RESULTS AND DISCUSSIONS

3.1.

SEM-EDAX analysis

Microscopic analyses are essential in nanotechnology. Electron microscopes are one of the most common
analysis instruments that use the interaction of emission ray of electrons with the sample atoms to provide
magnified image. There are several types of electron microscopes according to the type of electrons that has
been using for producing image. Hereon SEM and TEM are two main types of electron microscopes.
Electron microscopes are precise instruments and play an important role in nanoscale systems. Electron
microscopy can be employed in nanostructure imaging, composition, determine physical properties
measurements and even building and manipulating nanostructures [9, 10].
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Fig. 1 SEM micrographs of CuO nanoparticles on woven cotton fabrics

In order to obtain insight information about surface morphology and particle size of the samples, SEM
analyses were performed. The product is agglomerated from few μm to a few tens of μm. The agglomeration
was reduced with increase in grain growth .
The agglomeration of particles is usually explained as a common way to minimize their surface free energy,
and the SEM micrographies for pure and CuO nanoparticles are shown in Fig. SEM micrographs clearly
show the surface features, by which it highlight that CuO nanoparticle was successfully prepared.

Fig. 2 EDAX spectrum of CuO nanoparticles on woven cotton fabric
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3.2.

Abrasion resistance

The resistance of textile materials to abrasion as measured on a testing machine in the laboratory is
generally only one of several factors contributing to wear performance or durability as experienced in the
actual use of the material. While “abrasion resistance” (often stated in terms of the number of cycles on a
specified machine, using a specified technique to produce a specified degree or amount of abrasion) and
“durability” (defined as the ability to withstand deterioration or wearing out in use, including the effects of
abrasion) are frequently related, the relationship varies with different end uses, and different factors may be
necessary in any calculation of predicted durability from specific abrasion data [11].
Finishing treatments, the types and concentration of the chemicals used in the treatment processes are also
the parameters affecting the abrasion characteristics of the fabrics. Fabric samples with different
concentrations of nanoparticles show different results for abrasion testing, sample with high concentration of
nanoparticles shifted more on the reference fabrics as compared to fabrics sample with low concentrations.
Figs show the results of ‘Abrasion Testing’ performed by ‘‘Nu-Martindale Abrasion and Pilling Tester’’ in
Hochschule Niederrhein University of Applied Sciences, Germany at different cycles.

Woven cotton fabrics treated with C1, C2 and C3 concentration after 50 cycles of abrasion

Knitted cotton fabrics treated with C1, C2 and C3 concentration after 200 cycles of abrasion

Woven cotton fabrics treated with C1, C2 and C3 concentration after 200 cycles of abrasion

Fig. 3 Abrasion resistance of treated fabrics
CONCLUSION
As CuO is cheaper than silver, easily mixes with polymers and relatively stable in terms of both chemical and
physical properties, it finds a wide applications. SEM micrographs clearly show the surface features, by
which it pinpoints that CuO nanoparticles are successfully prepared.
The abrasion mechanism of textiles is a complex phenomenon and associated with the properties of fibers,
yarns, fabric structure and applied treatments. Transformation of nanoparticles from one surface to another
was measured by ‘‘Nu-Martindale’’ Abrasion and pilling Tester. Good results of abrasion were showed by
figures. Cotton fabrics with higher concentrations of copper oxide nanoparticles show good antimicrobial
results.
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