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Abstract
In this study, an attempt was made to investigate the antimicrobial activity on polypropylene 
(PP) hydroentangled nonwoven fabrics coated with transition metal oxides. After etching 
the nonwoven fabrics with RF plasma, nano-scale coatings of ZnO and CuO were done 
using the KrF excimer based pulsed laser deposition technique (PLD). Morphological and 
antimicrobial studies were carried out to elucidate the mechanism of antibiocidal behavio-
ur of the coated fabrics. Results showed significant antibacterial activity of ZnO and CuO 
coated PP hydroentangled nonwovens with a better activity against gram positive S.aureus 
than gram negative E.coli. Inherently non-toxic, PP has excellent chemical resistance and 
the use of specialised PP fibres for hydroentangled nonwovens could offer scope in addition 
to metal oxide coatings; nano-scale biological materials such as enzymes and drugs could 
add specific functionality for their use as medical textiles.
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Functional finishing of textiles using na-
noparticles has been studied by many re-
searchers with a view to enhancing their 
antimicrobial and self-cleaning proper-
ties [3]. The use of conventional methods 
for the functional finishing of textiles 
caused undesirable effects like the weight 
of add-ons, loss of comfort character-
istics, decrease in material strength and 
durability aspects. Different techniques 
are available for nano particle coating on 
textile materials that include enzyme im-
mobilisation; in which various methods 
like adsorption, covalent bonding, encap-
sulation, entrapment, enzyme crosslink-
ing, etc. are commercially adopted.

The use of metals as biocides, in particu-
lar nano structured gold and silver depos-
ited on PP nonwovens has been studied 
widely to evaluate the antibacterial prop-
erties by many researchers [4-9]. Metal 
oxides and their compounds of very low 
concentrations were also found to be tox-
ic to microbes [10, 11]. The mechanism 
of action for the destruction of the bac-
teria was found to be varied, including 
binding to cellular proteins, which caus-
es inactivation, the generation of reactive 
oxygen species and direct cell wall dam-
age. Most of the commonly used metal 
oxides studied were ZnO, CuO, MgO, 
TiO2 and AgO. 

Various techniques available for the nano 
coating of metal biocides include the use 
of nanosols, polymer dispersion of na-
no-sized metal oxides like silver, TiO2, 

ZnO, aluminium, silica, etc. [12-14], 
chemical vapour deposition (CVD) in-
volving the deposition of a solid material 
film from a gaseous phase [15, 16], phys-
ical vapour deposition (PVD), where the 
material to be deposited is taken as a sol-
id substrate and vaporised to be deposited 
on the intended target fabric [17], atomic 
layer deposition (ALD) [18] and plasma 
coating for special end uses. Metal oxide 
coatings at the nano-level present a larger 
surface area for greater interaction with 
increased durability and selective toxic-
ity to microorganisms along with safety 
and non-toxicity to humans [19-26]. 

The use of other metal oxides like cop-
per oxides (CuO), zinc oxides (ZnO), 
etc. with different techniques of depo-
sition was studied for polyolefin spun 
bonded fabrics [27] and found to de-
stroy microorganisms, besides being 
safe to humans. Nano composite fibres 
for permanent bacteriostatic application 
on textile and medical applications are 
being researched [28]. Yamamoto et al, 
observed that the antibacterial activities 
of nanoparticles are positively correlated 
with the size, which means an increase 
in the surface area with a smaller size for 
better results [29]. 

In this study, an attempt was made to 
investigate the antimicrobial activity of 
coated hydroentangled PP nonwovens 
with the KrF excimer based pulsed la-
ser deposition of metal oxides like CuO, 
ZnO and ZnO/CuO. 

 Introduction
Olefin polymers such as polypropylene 
(PP) have been widely used in medical 
textiles due to their unique characteris-
tics such as superior chemical resistance 
and good mechanical properties, as well 
as the nominal costs. These make them 
suitable in single use health care and 
hygiene products, medical textiles, etc. 
The antimicrobial function of polymeric 
materials can be attained by physical or 
chemical incorporation of biocides into 
polymer substrates [1].

Generally PP based nonwovens are 
found to be hydrophobic and it is nec-
essary to improve their hydrophilicity 
to widen their applicability for medical 
use. The use of gas plasma has led to the 
surface modification of substrate materi-
al and has enhanced its functional char-
acteristics [2]. Plasma treatment can be 
used for surface activation and has wide 
textile applications.
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 Experimental
Materials 
Hydroentangled nonwoven polypro-
pylene (PP) fabrics of 100 gsm (F1), 
150 gsm (F2) produced from 1.7 dtex 
fibres was prepared on a Rieter Perfo-jet 
hydro entangle nonwoven plant (France) 
using standard production parameters. 
The PP fibres (HY-Entangle HOP Phil, 
Fiber Visions a/s, Denmark) used for the 
fabric preparation are specially meant for 
hydroentangled nonwoven manufacture 
whose typical fibre properties are given 
in Table 1. For comparative purposes 
a needle punched nonwoven web from 
the same PP fibre with a fabric weight 
of 150 gsm (Fo) was prepared on a Dilo 
needle punching nonwoven line (Germa-
ny). An 8 ply cotton woven gauze mop-
ping pad (Fc) was also used as a candi-
date for the coating of metal oxides and 
used as a control material.

Methods 
Coating of metal oxide-sample 
preparation
Nonwoven PP fabrics and cotton gauze 
samples were treated with acetone to re-
move the spin finishes or other additives 
used during their manufacture. After 
washing the material using de-ionised 
water, the swatches were dried at 60°C 
prior to cutting into 2 x 2 inch specimens 
for coating by pulsed laser deposition af-
ter plasma etching.

Plasma treatment
The PP nonwoven and cotton swatches 
were subjected to plasma treatment using 
argon gas under the following conditions: 
pressure of 0.44 millibar, temperature of 
29°C, plasma voltage of 300 V, current 
of 0.65 A and a time of 5 mins each for 
the front and reverse sides of the fabric. 
The equipment used was a Plasma Sys-
tem Model HPVT_PS (Hydro Pneo VAC 
technologies, India).

Pulsed laser deposition of metal oxides
After argon plasma etching of the PP 
nonwovens to increase the adhesion of 
the coatings, the samples of 2 x 2 inch 
dimensions was coated with CuO, ZnO, 
and ZnO/CuO multi-layer using the 
pulsed laser deposition technique.

ZnO and CuO coating was deposited on 
fabrics using a KrF gas excimer (Coher-
rent compex pro) by means of a Laser Ab-
lation Vacuum Coating unit (Hind High 
Vacuum Co. P. Ltd, India). Commercial 
ZnO and the copper targets were loaded 

Table 1. Fibre properties of polypropylene 
HY entangle.

Fibre type Polypropylene HY 
entangle

Fineness 1.7 dtex
Tensile strength 2.3-3.5 cN/dtex
Elongation 100-300%
Fibre length 40 mm
Shrinkage 3-8%
Spin finish level 0.35%

on to the target holder and the substrate 
(fabric) was clamped on the substrate 
holder. The target used for coating was 
99.9% pure ZnO and Cu, sourced from 
Alfa Aesar, India. Reactive pulsed laser 
ablation was done in an oxygen atmos-
phere, and the deposition with optimised 
deposition parameters and conditions, 
detailed in Table 2. 

Morphological characterisation  
of the coated fabrics 
Surface morphology on SEM
A Carl Zeiss FESEM Zigma VP (Germa-
ny) scanning electron microscope was 
used to study the surface morphology 
of the coated samples. Suitable magni-
fications were used to reveal the form 
of coatings on the reference materials. 
Analysis of the coatings identified the 
presence of metal oxides adhering to the 
surface of the fibres.

XRD
The structure of the coatings and the 
impregnation of nanoparticles into the 
fabrics were examined using a Bruker 
D8 Advance X-ray diffractometer (USA) 
operating in the Bragg-Brentano mode.

An energy dispersive X-Ray (EDX) from 
Oxford Instruments, UK, was used to an-
alyse the surface elemental compositions 
with their respective weightings. XRD 
analysis was also done to characterise the 
ZnO and CuO nano particles coated on 
the PP nonwoven fabrics. The diffract-
ed intensities were analysed from 30 to 
80°2θ angles.

Pore size distribution
In order to estimate the permeability char-
acteristics of the plasma treated and ZnO/
CuO coated PP nonwoven fabrics, a cap-
illary flow porometer (ACFP-1020A) 
from M/s Porous Materials, Inc., USA, 
was used. Capillary flow porometry, also 
known as porometry, is a characterisation 
technique based on the displacement of 
a wetting liquid from the sample pores 
by applying a gas at increasing pressure 
[30]. It is widely used to measure min-
imum, maximum (bubble point) and 
mean flow pore sizes, as well as pore 
size distribution of the through pores in 
membranes nonwovens, paper, filtration 
and ultrafiltration media, hollow fibres, 
ceramics, etc.

In capillary flow porometry, a wetting 
liquid is allowed to spontaneously fill the 
pores in the fabric sample and a nonre-
acting gas is allowed to displace liquid 

Table 2. Optimised parameters and con-
ditions of the pulsed laser deposition process.

Laser KrF excimer (248 nm)
Repetition rate 20 Hz
Pulse duration 9 ns
Pulse energy 400 mJ/pulse
Target ZnO, Cu 
Substrate PP nonwoven fabrics
Deposition  
temperature Room temperature – 36°C

Atmosphere Oxygen
Base vacuum 3 × 10-6 mbar
Oxygen pressure 1.3 × 10-3 mbar

from the pores. The gas pressure and 
flow rates through wet and dry samples 
are being accurately measured. The gas 
pressure required for removing liquid 
from the pores causing gas to flow is giv-
en by:

D = 4 ɣ COS θ / P     (1)

Where D is the pore diameter,
ɣ is the surface tension of the liquid,
θ is the contact angle of the liquid, and 
P is the differential pressure of the gas.

From the gas pressure and flow rates 
measured, the pore throat diameters and 
pores size distribution are calculated. 

Antibacterial activity assessment 
The term ‘antimicrobial activity’ refers 
to a material that destroys, inhibits or 
prevents the propagation, growth and 
multiplication of microbial organisms. 
In the present study, the relative antibac-
terial activity of ZnO and CuO coated 
fabrics were studied against E.coli and 
S.aureus qualitatively by the disk diffu-
sion Kirby-Bauer method as per stand-
ard protocols [31]. The organisms were 
briefly swabbed in the Muller-Hinton 
agar plates, and fabric disks of 10 mm 
diameter of the control (uncoated) and 
the antimicrobial coated (ZnO, CuO and 
multi-layer ZnO/CuO) were then gently 
pressed on to the surface of the plates. 
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The plates were incubated for 24 hrs. at 
37°C. Presence of antimicrobial activi-
ty was identified by analysing the zones 
around the fabric disks.

The antibacterial effect was also inves-
tigated quantitatively for these coated 
samples using the Shake Flask Test in 
accordance with ASTM E2149-13 [32]. 
In this method, coated test samples are 
placed in a laboratory flask containing 
a dilute suspension of the test organism. 
Here the test bacteria certified for test-
ing purposes used were E.coli (AATCC 
8739) and S.aureus (AATCC 25923). 
The flasks were shaken vigorously for 
1 hour. Following exposure, a sample 
of the test organism suspension was re-
moved and quantitatively assayed for 
survivors. Afterwards the plates were 
incubated at 37 ±1°C for 24 hrs and the 
number of survivors were enumerat-
ed and the percentage reduction deter-
mined for the test flask as compared to 
the untreated control suspension (control 

Table 3. Antibacterial activity of metal oxide coated PP fabrics using absorption method. 
Note: B2-Untreated hydroentangled fabric F1, Z2- ZnO coated hydroentangled nonwoven 
gabric F1. C2 – CuO coated hydroentangled nonwoven fabric F1, ZC2 – ZnO/CuO coated 
hydroentangled fabric F1.

Sample ID
Absorbance at 625 nm Reduction, %

S.aureus E.coli S.aureus E.coli
Untreated 
PP hydroentangled
nonwoven fabric (B2)

0.56 0.56 0 0

ZnO coated 
PP hydroentangled
nonwoven fabric (Z2)

0.16 0.16 71 53

CuO coated 
PP hydroentangled
nonwoven fabric (C2)

0.14 0.14 75 51

ZnO/CuO coated 
PP hydroentangled
nonwoven fabric (ZC2)

0.09 0.09 84 96.4

uncoated material) using the following 
formula:

     (2)

Where,
RS – reduction percentage of bacteria
X –  number of bacterial colonies recov-

ered from the bacterial solution at 
‘0’ contact time

Y –  number of bacterial colonies recov-
ered from the specimen after shak-
ing for 1 hr.

If the number of bacteria after shaking is 
larger than that at ‘O’ contact time, then 
RS = 0.

To elucidate the mechanism of antibacte-
rial activity of ZnO, CuO and ZnO/CuO 
coated fabrics, bacterial cultures S.aureus 
and E.coli at concentrations of 108 CFU/ml  
were grown on the untreated and coated 
fabrics for 24 hrs. at 37°C. After incuba-
tion, the fabrics were gently washed with 
1X PBS (pH – 7.2), dehydrated with dif-

ferent concentrations of ethanol (10% to 
100%), and freeze dried overnight.
 
The resultant cultures were measured 
spectrophotometrically as per the mod-
ified ISO 20743:2007 and analysed for 
antibacterial activity as follows:

1-(OD625 coated fabric / 
OD625 untreated fabric) × 100  

(3)

Where, OD625 of the coated fabric is the 
optical density at 625nm of metal (ZnO, 
CuO & ZnO/CuO) coated PP Hydroen-
tangled nonwoven fabric, and OD625 of 
the untreated fabric is the optical densi-
ty of metal untreated PP hydroentangled 
nonwoven fabric (control).

 Results and discussion
Antibacterial performance
The antibacterial activity of ZnO, CuO 
and ZnO/CuO coated fabrics was as-
sessed using four different methods viz., 
the disc diffusion, parallel streak, absorp-
tion and shake flask methods in order to 
investigate the antibacterial efficacy un-
der different conditions. The antibacteri-
al activity of textile materials to inhibit 
bacterial growth was first tested using the 
disc diffusion method against S.aureus 
(ATCC 6538) and E.coli (ATCC 25922). 
The zone of inhibition was not observed 
against the test organisms for all the fab-
ric candidates, suggesting that the coat-
ings carried out by the PLD technique 
using ZnO and CuO are non-diffusible, 
hence they did not diffuse into the agar 
medium to produce the halo effect for 
both types of bacteria studied. 

The antibacterial efficacy of the metal-
lic oxide coated fabric was determined 
using the absorption method with nutri-
ent broth as the medium. The bacterial 
growth when in direct contact with the 
metal oxide coated fabric was monitored 
after 24 h incubation by measuring the 
optical density of the medium. The per-
centage of microbial reduction with the 
metallic oxide coated fabric against both 
species of bacteria is shown in Table 3. 
In Figure 1 graphs are included show-
ing the change in absorbance after 24 h 
of incubation. A high antimicrobial ac-
tivity was seen against Gram positive 
bacteria i.e., 84% reduction in growth 
for S.aureus with ZnO/CuO, followed by 
CuO (75%) and ZnO (71%), as shown in 
Table 3. However. the activity was min-
imal against Gram negative organisms. 
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Table 4. Antimicrobial assessment of coated fabrics. Medium used: nutrient agar. Test: 
Shake Flask Test ASTM E2149-13. Note: Fo-needle punched PP nonwoven fabric,  
F1-hydroentangled PP nonwoven fabric 100 gsm. F2-hydroentangled PP nonwoven fabric 
150 gsm, Fc-cotton woven gauze fabric.

S.No. Sample 
ID Sample details

Rs (% of inhibition)

S. aureus E. coli

1. Z1 ZnO coated needle punched PP nonwoven fabric Fo 100 5.25

2. Z2 ZnO coated hydroentangled PP nonwoven fabric F1 100 6.10

3. Z3 ZnO coated hydroentangled PP nonwoven fabric F2 100 15.50

4. Z4 ZnO coated cotton woven gauze fabric Fc 100 100

5. ZC1 ZnO/CuO coated needle punched PP nonwoven fabric Fo 100 2.50

6. ZC2 ZnO/CuO coated hydroentangled PP nonwoven fabric F1 100 5.85

7. ZC3 ZnO/CuO coated hydroentangled PP nonwoven fabric F2 100 25.25

8. ZC4 ZnO/CuO coated cotton woven gauze fabric Fc 100 100

9. C1 CuO coated needle punched PP nonwoven fabric Fo 100 10.50

10. C2 CuO coated hydroentangled PP nonwoven fabric F1 100 22.00

11. C3 CuO coated hydroentangled PP nonwoven fabric F2 100 42.85

12. C4 CuO coated cotton woven gauze fabric Fc 100 99.00

13. B1 Untreated needle punched PP nonwoven fabric Fo 0 0

14. B2 Untreated hydroentangled PP nonwoven fabric F1 0 0

15. B3 Untreated hydroentangled PP nonwoven fabric F2 0 0

16. B4 Untreated cotton woven gauze fabric Fc 0 0

Absorbance measurements are not as ac-
curate as plate counts for the determina-
tion of viable bacteria, but they can give 
a rapid estimate of cell numbers. Ab-
sorbance measurements (turbidity) are 
commonly used for minimum inhibitory 
concentration (MIC) and minimum bac-
tericidal concentration (MBC) tests [33]. 

Hence the dynamic shake flask method 
was performed as per ASTM E 2149-13 
for routine quality control and screening 
tests in order to overcome difficulties 
in using conventional antimicrobial test 
methods such as ensuring proper con-
tact of inoculums to the surface treated. 
This variant of the shake flask method 
is quicker to perform and gives an indi-
cation of bacterial efficiency within 24 
hours, whereas it takes at least 3 days to 
get the results by conventional plating 
methods. Table 4 gives the results of an-
tibacterial assessments of PP nonwovens 
(needle punched and hydroentangled fab-
rics) besides a cotton gauze pad for S.au-
reus and E.coli bacteria.

Table 4 gives the results of antibacteri-
al assessments of PP nonwovens (needle 
punched and hydroentangled fabrics) be-
sides cotton gauze fabric for S.aureus and 
E.coli bacteria.

CuO, ZnO and ZnO/CuO coated PP 
nonwovens and the cotton gauze pad 
were more effective against S.aureus, 
exhibiting a 100% inhibition for all the 
reference fabrics. However, the inhibi-
tion rates for E.coli were not much as 
compared to S.aureus. The coated cotton 
gauze pad showed a 100% inhibition for 
both test bacteria. One possible reason 
for the variations between the microor-
ganisms for the same level of metal oxide 
coating may be the differences in the cell 
wall configuration and the peptidoglycon 
and lipopolysaccharide constituents in 
the bacterial structure studied. Another 
aspect that needs to be considered and 
has been reported in literature [4-9] is 
bacterial inhibition, which is dependent 
on the total amount of metal constituents 
released from the coatings, which means 
to say that increasing the surface area of 
the coatings would obviously better the 
antibacterial performance. 

Metals like silver, zinc, copper, etc. have 
been traditionally recognised to have an-
tibacterial properties and have been used 
for many therapeutic treatments. Howev-
er, metal oxides like ZnO, CuO have been 
studied for their use as inorganic bioc-

Figure 2. SEM images of coated fabrics (a) uncoated PP nonwoven; (b) plasma treated PP 
nonwoven; (c) ZnO coated PP nonwoven; (d) CuO coated PP nonwoven; (e) ZnO + CuO 
coated PP nonwoven; (f) ZnO + CuO coated woven cotton gauze fabric.

a) b)

c) d)

e) f)
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ides. The mechanism of their antibacteri-
al activity has been proposed by research 
workers, who attributed it to the reactive 
oxygen species generated by the ZnO and 
CuO particles [34-36], which damages 
the cell wall of the bacteria. Researchers 
have studied and found that the antibac-
terial activity of ZnO treated cotton fab-
rics was much higher [3, 4]. These results 
correspond to experimental observations 
of the quantitative bacterial reductions of 
our study where ZnO, CuO and ZnO/CuO 
coatings were applied in the nano range 
by the PLD technique. Another mecha-
nism proposed involves the generation 
of H2O2, which destroys the bacteria and 
eliminates their proliferation, verified as 
a supporting mechanism for the antibac-
terial properties of ZnO [10].

Figure 3. EDX spectra and elemental compositions of coated fabrics (a) ZnO coated PP nonwoven fabric, (b) CuO coated PP nonwoven 
fabric, (c) ZnO/CuO coated PP nonwoven fabric.

SEM analysis of coated fabrics
From the scanning electron microscope 
images of the fabrics shown in Figure 
2, one can see clearly the metal oxides 
coated on the fibre surface. Moreover 
for the coatings the extent of adhesion 
to the PP fibres even after plasma sur-
face etching is comparatively lower than 
that of the coating on cotton gauze fab-
ric. This may be due to the higher fibre 
surface area available on the yarn and 
surface topography of the cotton fibres. 
For PP nonwoven fabrics this could also 
mean that with a prolonged deposition 
time, the coverage of the coatings will 
increase, which, in turn, can contribute 
significantly to the improvement in anti-
bacterial properties.

Surface elemental composition  
– EDX and XRD analysis
Figures 3.a-3.c show the EDX results 
for the metal oxide coatings on the hy-
droentangled nonwoven fabrics. It can be 
seen from the results that the presence of 
copper and zinc was detected in the coat-
ed samples examined. Adjacent tabulated 
data to the EDX spectrum gives the EDX 
results quantitatively analysed for the 
presence of copper and zinc.

It can be seen from the EDX results that 
for the ZnO coated and CuO coated PP 
nonwovens the presence of the respective 
metals is shown as a single peak, where-
as for the multi-layer coated fabrics both 
the metal elements are represented. 

a)

b)

c)
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The XRD analysis given in Figure 4 
shows the presence of (1 0 1), (1 0 0), 
(0 0 2) ZnO in the impregnated fabrics. 
The peaks assigned to diffractions from 
various planes correspond to the hexago-
nal close-packed structure of zinc oxide. 
The broadening of peaks was observed 
mainly due to the nano-size effect, in-
dicating the crystallinity of the coat-
ing. The inset of Figure 4.b is the CuO 
coated fabric, which reveals CuO pres-
ent in a crystalline form on the fibres. 
The peaks at 2θ = 35.5 and 38.4 are as-
signed to the (-111) and (111) reflection 
lines of monoclinic CuO nanoparticles. 
Since the ZnO peaks overlap the CuO 
peaks, it was not noticed in the case of 
ZnO/CuO coated fabrics.

Extended investigations with a view to 
envisaging the interaction of bacteria and 
the ZnO & CuO PLD coatings were done 
with the FESEM. The morphological 
changes that take place in the bacterial 
organisms when they come into contact 
with the ZnO and CuO coated nonwoven 
fabrics after a time period of 24 hrs. are 
presented in Figures 5.a-5.h. It can be 
seen that there has been a considerable 
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when they come into contact with the ZnO and CuO coated nonwoven fabrics after a time period of 24 hrs. 

are presented in Figures 5(a)-4(d). It can be seen that there has been a considerable reduction in bacterial 

growth on the coated fibres and  distinct lumping with cell wall damage has taken place with time. 

(a)                                     (b)    (c)    (d) 

 (e)   (f)    (g)    (h) 

Figure.5 SEM images (a) S.aureus on PP nonwoven fabric, (b) S.aureus on ZnO coated PP 
nonwoven fabric, (c) S.aureus on CuO coated PP nonwoven fabric, (d) S.aureus on ZnO+CuO coated PP 
nonwoven fabric, 
(e) E.coli on PP nonwoven fabric, (f) E.coli on ZnO coated PP nonwoven fabric, (g) E.coli on CuO coated PP 
nonwoven fabric, (h) E.coli on ZnO/CuO coated PP nonwoven fabric 

Investigation of the SEM images reveals that the ZnO and CuO coatings deter  bacterial growth and 

proliferation considerably and degrades over time, which is seen as damage to the bacterial cell structure, 

resulting in the antimicrobial activity of the coated fabrics. 

3.4 Capillary flow analysis 

 The measurements of the capillary flow parameters are given in Table 5. From the results of uncoated 

and coated PP nonwoven samples it can be seen that there is a great difference in the mean flow pore 

diameter. There is also a significant increase in the bubble point or the largest flow pore diameter detected, 
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PP nonwoven fabric, (d) S.aureus on ZnO+CuO coated PP nonwoven fabric, (e) E.coli on PP nonwoven fabric, (f) E.coli on ZnO coated 
PP nonwoven fabric, (g) E.coli on CuO coated PP nonwoven fabric, (h) E.coli on ZnO/CuO coated PP nonwoven fabric.

a) b)

e) f)

c) d)

g) h)
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It can be seen from the EDX results that for the ZnO coated and CuO coated PP nonwovens the 

presence of the respective metals is shown as a single peak, whereas for the multi- layer coated fabrics both 

the metal elements are represented.   

The XRD analysis given in Figure 4 shows the presence of (1 0 1), (1 0 0), (0 0 2) ZnO in the 

impregnated fabrics. The peaks assigned to diffractions from various planes correspond to the hexagonal 

close-packed structure of zinc oxide. The broadening of peaks was observed mainly due to the nano-size 

effect,  indicating the crystallinity of the coating. The inset of  Figure 4(b) is the CuO coated fabric, which 

reveals  CuO present in a crystalline form on the fibres. The peaks at 2θ= 35.5 and 38.4 are assigned to the (-

111) and (111) reflection lines of monoclinic CuO nanoparticles. Since the ZnO peaks overlap the CuO peaks, 

it was not noticed in the case of ZnO/CuO coated fabrics. 

Figure. 4. XRD pattern (a) ZnO/ CuO coated hydroentangled PP fabric(F1), (b) ZnO/ CuO coated 
needle punched PP fabric(Fo), (c) ZnO/ CuO coated hydroentangled PP fabric(F2), (d) ZnO/ CuO coated 
Woven fabric(Fc). The inset is CuO coated fabric. 

Extended investigations with a view to envisaging the interaction of bacteria and the ZnO & CuO PLD 

coatings were done with the FESEM. The morphological changes that take place in the bacterial organisms 

Figure 4. XRD pattern (a) ZnO/CuO coated hydroentangled PP fabric(F1), (b) ZnO/CuO 
coated needle punched PP fabric(Fo), (c) ZnO/CuO coated hydroentangled PP fabric(F2), 
(d) ZnO/CuO coated woven fabric(Fc). The inset is CuO coated fabric.
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Table 5. Capillary flow characteristics of PP nonwoven fabrics. Note: F1-hydroentangled 
PP nonwoven fabric 100 gsm, F2-hydroentangled PP nonwoven fabric 150 gsm.

Details of sample 
Mean flow 

pore diameter, 
microns

Smallest flow 
pore diameter 

detected, 
microns

Largest flow 
pore diameter 

detected, 
microns

F1 Hydroentangled PP (Raw) 36.14 ± 17.56 5.62 82.48
F2 Hydroentangled PP (Raw) 42.11 ± 35.02 10.59 153.75
F1 Hydroentangled PP (Plasma treated) 35.33 ± 32.91 2.96 226.20
F2 Hydroentangled PP (Plasma treated) 42.82 ± 35.36 3.41 136.52
F1 Hydroentangled PP (ZnO coated) 112.21 ± 107.20 36.14 265.11
F2 Hydroentangled PP (ZnO coated) 75.31 ± 120.37 25.73 726.71
F1 Hydroentangled PP (CuO coated) 59.17 ± 53.85 22.38 89.33
F2 Hydroentangled PP (CuO coated) 90.43 ± 100.42 28.66 612.22
F1 Hydroentangled PP (ZnO/CuO coated) 63.09 ± 58.14 29.59 197.38
F2 Hydroentangled PP (ZnO/CuO coated) 85.15 ± 102.54 24.29 583.44

reduction in bacterial growth on the coat-
ed fibres and distinct lumping with cell 
wall damage has taken place with time.
 
Investigation of the SEM images reveals 
that the ZnO and CuO coatings deter bac-
terial growth and proliferation considera-
bly and degrades over time, which is seen 
as damage to the bacterial cell structure, 
resulting in the antimicrobial activity of 
the coated fabrics.

Capillary flow analysis
The measurements of the capillary flow pa-
rameters are given in Table 5. From the re-
sults of uncoated and coated PP nonwoven 
samples it can be seen that there is a great 
difference in the mean flow pore diameter. 
There is also a significant increase in the 
bubble point or the largest flow pore diam-
eter detected, which could be attributed to 
the opening up of pores after the coating of 
ZnO and CuO on the fibre surfaces, cre-
ating bigger channels of capillaries in the 
nonwoven fabric structure. 

 Summary
In this work, the possibilities of coating 
metal oxides on PP hydroentangled non-
wovens using the pulsed laser deposition 
method were investigated as a means of 
imparting antimicrobial characteristics to 
them. The presence of nano-scale coatings 
of ZnO and CuO were established by XRD 
analysis. The results of antimicrobial per-
formance assessment also demonstrated 
that higher antibacterial activity was ex-
hibited against S.aureus than for E.coli for 
the coatings done on all the three types of 
fabrics studied. ZnO and CuO coated PP 
nonwoven fabrics can offer scope for use 
as wound dressings with the impregnation 
of suitable antibiotic drugs. Experimenta-
tion to show the direct interaction of the 

bacterium and surface metal oxide coat-
ings of ZnO and CuO by FESEM analysis 
showed death as well as lower presence 
and decomposition over time. PP, being 
inherently non-toxic, has excellent bio-
logical and chemical resistance, and the 
use of specialised PP fibres for hydroen-
tangled nonwoven fabrics contributes to 
a soft, high-strength, light weight, larger 
surface area material with good wicking 
properties for use in the medical textile in-
dustry. Measurements of pore characteris-
tics of the coated fabrics tend to show that 
the thin metal oxide coatings adhere to the 
fibre surfaces and the mean pore diameter 
increased significantly compared to the 
uncoated samples. In addition to metal 
oxide coatings, as proposed by Petrulyte 
[37], nano-scale biological materials such 
as enzymes and drugs could add specific 
functionality to medical textiles.
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