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Thesis Title The Development of Antibacterial Fabric on Textile Materials
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Academic Year 2014
ABSTRACT

The objective of this research was to develop antibacterial fabric by inorganic and organic
compound. The comparison between the antibacterial efficiency of both inorganic compound (Zinc
nanoparticles and Silver nanoparticles) and organic compound (Curcumin microcapsules) were
studied.

First experiment, zinc nanoparticles were synthesized by precipitation method under
different conditions. The results showed that synthesized zinc nanoparticles via precipitation method
by using stabilizer provided nanoparticles in spherical form with the size in the range of 200-400 nm.
Next step, silver nanoparticles were synthesized by reduction method with two conditions of under
room temperature and low temperature. The synthesized silver nanoparticles by reduction method at
low temperature showed spherical particles and smaller size than that obtained at room temperature
condition. For curcumin extraction from turmeric, optimum conditions were 80% (v/v) of ethanol with
1 h for extraction time. Next step, extracted curcumin was encapsulated by microencapsulation
technique. Following step, zinc nanoparticles, silver nanoparticles and curcumin microcapsules were
evaluated antibacterial activity of Staphylococcus aureus and Escherichia coli. It was found that the
zinc nanoparticles showed excellent antibacterial activity.

The result was found that the cotton coated with zinc nanoparticles showed 84 % and 65 %
microbial reduction against Staphylococcus aureus and Escherichia coli, respectively. After 14 cycles
washing, the zinc nanoparticles retain on cotton fabric with antibacterial activity up to 29 % for

Staphylococcus aureus and 18 % for Escherichia coli.

Keywords: antibacterial, zinc oxide nanoparticles, silver nanoparticles, microencapsules of

curcumin, cotton fabric
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Abstract

This research was studied for synthesis and characterization methods of silver nanoparticles for
textiles applications. The synthesis of silver nanoparticles was based on chemical reduction method using
sodium borohydride as reducing agent under different temperatures (room temperature and 2 degree Celcius).
The silver nanoparticles were characterized with spectrophotometer, scanning electron microscope and
dynamic light scattering apparatus and found that, silver nanoparticles (at 2 degree Celcius condition) was
provided sphere shape and smaller diameter than room temperature condition. The silver nanoparticles had
an average diameter of about 8415 nm with wavelength of maximum absorbance at 391 nm. Then the
antibacterial property of the silver nanoparticles was evaluated against Staphyviococcus aurens AATCC 6538
and Escherichia coli AATCC. The results found that the silver nanoparticles have potential to be used as

antimicrobial agent Staphylococcus aurens and Escherichia coli.

Keywords: silver nanoparticles, chemical reduction method, antimicrobial, textile
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Abstract

In this paper, the synthesis and characterisation of ZnO nanoparticles have been carried out
for textiles applications. The ZnO nanoparticles have been synthesized by precipitation method.
This technique is based on precipitation procedure by using zine nitrate and sodium hydroxide as
precursors. The scanning electron microscopy, dynamic light scattering, UV-Visible
spectrophotometry and X-ray diffraction were used to characterize the particle size and
morphology. The synthesized ZnO nanoparticles were spherical with the size in the range of 200-
400 nm. Next step, the ZnO nanoparticles were directly applied on to the fabric using pad-dry-cure
method. Finally, the antibacterial efficiency of modified fabrics was quantitatively evaluated and
compared against gram-negative Escherichia coli and aerobic gram-positive Staphylococcus aureus
according to AATCC 147. The results showed that the modified fabric demonstrated significant
antibacterial activity against Escherichia coli and Staphylococcus aureus. These results suggest that
synthesized ZnO nanoparticles could be used effectively for textiles applications.

Keywords: ZnO nanoparticle, Precipitation method, Antibacterial, Textiles

1. Introduction

Nowadays, nanoparticles have become an area of extensive research for textiles applications
because of their special physical properties including photocatalytic, electrical, optical,
dermatological and antibacterial properties. There are several metal nanoparticles such as titanium
dioxide, silver and zinc oxide have been applied for coating material for textile fabrics to provide
functions such as antibacterial activity [1]. Among these, zinc oxide nanoparticles (ZnO) are widely
used due to not only antibacterial but also UV protection properties [2]. ZnO nanoparticles may
exhibit stronger antibacterial activity than zinc oxide itself [3]. Because the nanosize of ZnO
particles is easily penetrate through the cell membrane than normal bulk ZnO, produce some type of
injury and inhibit the growth of the cells [4]. Many studies have recently reported improved UV
blocking and antibacterial properties for cotton fabrics containing ZnO nanoparticles [5-6].
Precepitaion method is widely used due to it is an inexpensive method to create ZnO nanoparticles.
Therefore, this paper was focused on the synthesis of ZnO nanoparticles by using precipitaion
method. The ZnO nanoparticles were characterized by using X-ray diffraction (XRD), scanning
electron microscopy (SEM), UV-Visible spectrophotometry (UV-Visible) and dynamic light
scattering (DLS). Further, the antimicrobial activities of ZnO nanoparticles were carried out against
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gram-negative Escherichia coli and aerobic gram-positive Staphylococcus aureus to coat ZnO
nanoparticles onto textile fabrics.

2. Experimental
2.1 Chemical and materials

The chemical reagents such as Zn(NO;3),.6H,O, NaOH and HCI were of analytical grade
(Sigma) and were used without further treatment. Deionized water was used to synthesize ZnO

nanoparticles.

2.2 Instrumentation for characterisation of ZnO nanoparticles

The UV-—vis absorption spectra were recorded by using UV-—vis spectrophotometer (UV-1601,
Shi-madzu). The particle sizes of ZnO nanoparticles were determined by DLS (Delsa™ Nano C,
BECKMAN COULTER) and morphology of ZnO nanoparticles were observed by SEM (JSM-
6510, JEOL), XRD study was carried out by using X-ray diffractometer (X’Pert PRO,
PANalytical).

2.3 Synthesis of ZnO nanoparticles

The ZnO nanoparticles were synthesized following the reported procedure by precipitation
method. This method was carried out using zinc nitrate and sodium hydroxide as precursors and
soluble starch as stabilizing agent [7]. Soluble starch of 0.1% (w/v) and 0.1 M Zn(NO3),.6H,O were
mixed using magnetic stirrer to completely dissolve the zinc nitrate. Then 0.2 M NaOH was added
into above solution with drop by drop for 2 h to complete the growth of particles. Next, this mixture
solution was allowed to settle for overnight. After that, the precipitated resultant was heated at
80 °C for overnight to obtain ZnO nanoparticles.

2.4 Antimicrobial activity of ZnO nanoparticles

The antibacterial activities of the synthesized ZnO nanoparticles were examined against
Staphylococcus aureus and Escherichia coli. Antibacterial efficiency was carried out according to
AATCC 147. Staphylococcus aureus and Escherichia coli were droped over the surface of the
nutrient agar plates. The plates were then incubated at 37°C for 24 hours. After incubation, ZnO
nanoparticles were added on agar plates and incubated at 37°C for 24 hours. Then, the zone of
inhibition was measured.

2.5 Coating ZnO nanoparticles onto fabrics

The ZnO nanoparticles were applied on 100% cotton using pad-dry-cure method. The cotton
fabric was cut to the size of 21%30 cm. Then this fabric was immersed in the solution of 2% (w/v)
ZnO nanoparticles and 1% (w/v) acrylic binder for 5 min and then it was padded to give a wet pick-
up of 100%. After that, the fabric was air-dried and then cured for 1 min at 130 °C. Next step, the
fabric was washed with fine wash detergent to remove unbound ZnO nanoparticles and binder.
Finally, the finished fabrics were kept in ambient condition for 24 hours before characterization
with SEM and antimicrobial activity evaluation tests.

3. Results and discussion

3.1 Synthesis and characterisation of ZnO nanoparticles

The ZnO nanoparticles were synthesized by using precipitation method. The formation of ZnO
nanoparticles was initially confirmed by using SEM, DLS, UV-Visible and XRD. The synthesized
ZnO nanoparticles morphology was characterized using SEM. Fig. la shows the SEM image of
ZnO nanoparticles. The ZnO nanoparticles are spherical in shape with smooth surface. The particle
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size of ZnO nanoparticles was measured with DLS teachnique. The sizes of zinc oxide
nanoparticles were 200-400 nm (Fig. 1b). Fig. 1lc shows the absorption spectrum of ZnO
nanoparticles. The absorption peak located at 300 nm resulting from the surface plasmon absorption
of ZnO nanoparticles. The structural characterisation was done by X-ray diffractometer. The result
was shown in Fig. 1d The dominant peaks: 26° = 32, 35, 36, 48, 57, 63, 66, 68 and 69 match to the
XRD JCPDS of ZnO which indicated the formation of pure wurtzite structure of ZnO nanoparticles.
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Fig. 1 Characterization of ZnO nanoparticles; (a) SEM image, (b) DLS result,
(¢) UV-Visible spectrum and (d) XRD patterns

3.1 Coating ZnO nanoparticles onto fabric

The surface of uncoated and ZnO nanoparticals coated cotton fabric were observed by scanning
electron microscopy and the images obtained were shown in Fig. 2. The SEM image of the coated
fabrics showed ZnO nanoparticles embedded on to the fabrics (Fig. 2b), which is absent in case of
the uncoated fabrics in Fig. 2a.

3.2 Antimicrobial activity of ZnO nanoparticles

Antibacterial properties of cotton fabric coated with ZnO nanoparticles are measured according
to the inhibition zone method. The diameter of inhibition zone for Escherichia coli and
Staphylococcus aureus were 1.44 and 5.22 mm, respectively. The results were found that ZnO
nanoparticles had strong antibacterial activity against.
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Fig. 2 SEM image of cotton fabric (a) uncoated and (b) coated with ZnO nanoparticals

4. Conclusions

The synthesis and characterisation of ZnO nanaoparticles were investigated. The ZnO
nanaoparticles were synthesized using precipitation method. The obtained nanoparticles were
investigated using SEM, DLS, UV-Visible and XRD analysis. Based on SEM and DLS analysis,
they are shown nanoparticles in spherical form with average diameter 200-400 nm. For UV-Visible
and XRD results, they indicated the formation of pure wurtzite structure of ZnO nanoparticles. Then
ZnO nanaoparticles were coated on cotton fabric. The ZnO nanaoparticles exhibited good
antibacterial properties against gram-positive and gram-negative bacteria. The advantages of this
method for ZnO nanaoparticles synthesis were simple, low cost and could be used effectively for
textiles applications.
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Abstract

The synthesis and characterization of ZnO nanoparticles have been carried out in the present work for textiles applications. The Zn0) nanoparticles were prepared by

using wet chemical method. The technique

based on precipitation procedure, using soluble starch as stabilizing agent and zinc nitrate and sodium hydroxide as

precursors. Scanning electron microscopy, X-ray diffractrometry and UV-Vis spectrophotometry were nsed to characterize the synthesized ZnO nanoparticles

composition, their size. shape, crytallinity and optical properties. The result of nanoparticle size of powder samples by scanning electron microscope was
150-200 nm. All diffiaction peaks of ZnO nanoparticles powder matched well with standard pattern of ZnO (JCPDS 36-1451) indicating the products consisted of a pure

phase. In addition, ZnO nanoparticles showed strong absorption in the UV range resulting in ful for textiles applications to protect UV radiation.

Introduction

The applications of ZnO nanoparticles are being nsed industrially for several pimposes including modifications to textiles, cosmetics, spray. plastics . paints. The ZnO

nanoparticle powders are semiconductor materials, occurring in a variety of structures. widely used due to their unigque properties, such as photocatalytic, electrical,
optical, dermatological and antibacterial. A common feature of the ZnO nanoparticle is widely direct band gap (3.37 ¢V) semiconductor with a high chemical stability and

a relatively high excitation binding energy (60 meV), the ZnO nanoparticle are generally applied to cotton and fat

n order to evaluate the UV protection.
Results
Objective

To synthesize and characterize the Zn0Q nanoparticles

Method
The 0.1% starch solution was heated and was used as stabilizing agent. 0.1

M of zine nitrate was added into the above solution and was then stirred

Fig. 1 Scanning electron microscopy (SEM) image ot the ZnO nanoparticles
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Abstract

In this paper. the synlh05|s and characterisation of ZnO nanoparticles have been carried out for textiles applications. The ZnO nanoparticles have
been synth d by precij ion method. This technique is based on precipitation procedure by using zinc nitrate and sodium hydroxide as precursors.
The scanning electron microscopy, dynamic light scattering, UV-Vis spectrophotometry and X-ray diffraction were used to characterize the particle size
and morphology. The synthesized ZnO nanoparticles were spherical with the size in the range of 200400 nm. Next step, the ZnO nanoparticles were
directly applied on to the fabric using pad-dry<cure method. Finally, the antibacterial efficiency of modified fabrics was quantitatively evaluated and
compared against gram-negative Escherichia coli and aerobic gram-poslt:va Staphylococcus aureus according to AATCC 147. The results show that the
modified fabric demonstrated significant ib ial activity i coll and Staphylococcus aureus. These results suggest that
synthesized ZnO nanoparticles could be used effectively for textiles applications.

Introduction

Nowadays, nanoparticles have become an area of extensive research for textiles applications because of their special physical properties including
photocatalytic, electrical, optical, der logical, and antib ial pr i There are several metal nanoparticles such as titanium dioxide, silver and
zinc oxide have been applied for coating material for textile fabrics to provide functions such as antibacterial activity. Among these, zinc oxide
nanoparticles (ZnO) are widely used due to not only antibacterial but also UV protection properties. ZnO nanoparticles may exhibit stronger antibacterial
activity than zinc oxide itself. Because the nanosize of ZnO particles is easily penetrate through the cell membrane than normal bulk ZnO, produce some
type of injury, and inhibit the growth of the cells. Many studies have recently reported improved UV blocking and antibacterial properties for cotton
fabrics containing ZnO nanoparticles. Precipitation method is widely used due to it is an inexpensive method to create ZnO nanoparticles. Therefore, this
paper was focused on the synthesis of ZnO nanoparticles by using Precipitation method. The ZnO nanoparticles were characterized by using X-ray
diffraction (XRD), scanning electron microscopy (SEM), UV-Vis spectrophotometry (UV-Visible) and dynamic light scattering (DLS). Further, the
antimicrobial activity of ZnO nanoparticles were carried out against gram-negative Escherichia coli and aerobic gram-positive Staphylococcus aureus to
coat ZnO nanoparticles onto textile fabrics. 0S

Objective

To synthesize and characterize the ZnO nanoparticles for antimicrobial textiles

Method

1.1 Synthesis of ZnO nanoparticles

Soluble starch of 0.1% w/v and 0.1 M Zn(NOs)zﬁHzO were mixed
using stirrer to pletely dissolve the zinc nitrate. Then 0.2
M NaOH was added into above solution by drop by drop for 2 h to
complete the growth of particles. Next, this mixture solution was
allowed to settle for overnight. After that, the precipitated resultant
was heated at 80 °C for overnight to obtain ZnO nanoparticles.

1.2 Coating ZnO nanoparticles onto fabric
The cotton fabric was cut to the size of 21x30 cm. Then this fabric was
immersed in the solution of 2% w/v ZnO nanoparticles and 1% w/v acrylic
binder for 5 min and then it was padded to give a wet pick-up of 100% w/v.
After that, the fabric was air-dried and then cured for 1 min at 130 °C.

Results

2.1 Charecterisation of ZnO nanoparticles 2.2 Coating ZnO nanoparticles onto fabric

The SEM image of the coated fabrics showed ZnO nanoparticles
embedded on to the fabrics (Fig. 2b), which is absent in case of the
uncoated fabrics in Fig. 2a.

Fig. 1 shows the SEM image of ZnO nanoparticles. The ZnO
nanoparticles are spherical in shape with smooth surface. The sizes
of zinc oxide nanoparticles were 200-400 nm.

" -— -(b? A .
]
H
§
2 -~
¢ k. A - Fig. 2 SEM image of cotton fabric (a) uncoated and (b) coated with ZnO
Dismeter (wm) nanoparticals
() Tntemity Na)\'7 /@) J, 2.3 Antimicrobial activity of ZnO nanoparticles
o - Antibacterial properties of cotton fabric coated with 2ZnO
nanoparticles are measured according to the inhibition zone method.
» The diameter of inhibition zone for Escherichia coli and Staphylococcus
" -t aureus were 1.44 and 5.22 mm, respectively.
" Conclusion
& The synthesis and characterisation of ZnO nanaoparticles were
N N B e = w TN B » e m e investigated. The 2ZnO nanaoparticles were synthesized using
Warehength (nm) 2 (theta) precipitation method. ZnO nanoparticles showed in spherical form with

average diameter 200-400 nm. The ZnO nanaoparticles exhibited good

antibacterial properties against gram-positive and gram-negative bacteria.

The advantages of this method for ZnO nanaoparticles synthesis were

simple, low cost and could be used effectively for textiles applications.
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