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Abstract
A new approach for fabrication of a long-term and recoverable antimicrobial
nanostructure/textile hybrid without increasing the antimicrobial resistance is demonstrated.
Using in situ synthesized Ag nanoparticles (NPs) anchored on ZnO nanowires (NWs) grown
on textiles by a ‘dip-in and light-irradiation’ green chemical method, we obtained
ZnONW@AgNP nanocomposites with small-size and uniform Ag NPs, which have shown
superior performance for antibacterial applications. These new Ag/ZnO/textile antimicrobial
composites can be used for wound dressings and medical textiles for topical and prophylactic
antibacterial treatments, point-of-use water treatment to improve the cleanliness of water and
antimicrobial air filters to prevent bioaerosols accumulating in ventilation, heating, and
air-conditioning systems.

Keywords: silver nanoparticles, ZnO nanowires, antibacterial activity, biocompatibility,
antibacterial textiles
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(Some figures may appear in colour only in the online journal)

1. Introduction

Since the discovery of penicillin, antibiotics have saved count-
less lives and alleviated immeasurable suffering [1]. However,
the overuse of antibiotics could result in a decreased human
resistance to diseases by immune suppression and an increased
5 These authors contributed equally to this work.

antimicrobial resistance of bacteria [2, 3]. Most recently,
global concern over the overuse of antibiotics has increased
dramatically due to the appearance of a new bacterium named
superbug NDM-1, which has an unprecedented level of resis-
tance to nearly all antibiotics known today [4, 5]. The World
Health Day in 2011 was devoted to antimicrobial resistance
under the theme of ‘No action today, no cure tomorrow’,
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which called for global policy response to control the spread
of antimicrobial resistance [6].

As an alternative to antibiotics, the renaissance of utilizing
silver as a broad-spectrum and highly active antimicrobial is
an alternative choice [7]. Although the specific mechanism for
the antimicrobial activity of silver nanoparticles (Ag NPs) is
not fully understood, it is believed that nano-sized particles
offer enhanced Ag+ ion release and higher specific surface
area than their bulk counterpart [8, 9]. Possible antimicrobial
mechanisms as caused by Ag NPs are likely collapse of the bac-
terial membrane, inhibition of the function of sulfur-containing
proteins and phosphorus-containing DNA, and deterioration of
the respiratory chain in bacterial mitochondria [7, 9–15].

However, there are several major challenges that remain
for employing Ag NPs as antimicrobial materials. First, it is
desired that the size of Ag NPs is small enough (<10 nm),
which will guarantee better antimicrobial efficiency compared
with their bulk counterpart by virtue of high specific surface
area and enhanced metal-ion release [8, 9, 16]. Additionally,
long-term antimicrobial activity of Ag NPs requires both
the absence of particle aggregation during storage and long-
term bacterial suppression during use as well as suppressed
surface oxidation [17]. Moreover, recoverable and reusable
antimicrobial materials are of great importance for reducing
silver exposure to avoid potential biological risk, including
environmental, cytotoxicity and human health effects [16, 18].
Finally, green synthesis of Ag NPs without external toxic and
corrosive reducing agents, organic solvents and stabilizer is
another environmentally benign process to avoid potential bio-
logical risk for practical applications [17, 19, 20]. Tremendous
effects have been devoted to possibly address these four major
challenges. Liu et al have reported recoverable small-sized
Ag NPs by mixing graphene oxide and oleylamine-capped Ag
nanoparticles synthesized by reducing AgNO3 in toluene [16].
Lv and co-workers reported long-term antimicrobial effect of
Ag NPs on silicon nanowires (SiNWs) by reducing silver
ions to form SiNW@AgNP nanostructures in the presence
of NaOH [17].

In this paper, we demonstrate a new approach to ad-
dress the four major challenges stated above. By anchoring
in situ synthesized Ag NPs on ZnO nanowires (NWs) grown
on textiles by a ‘dip-in and light-irradiation’ green chemical
method, we obtained small-sized Ag NPs with relative uniform
diameters. ZnO NWs can prevent the aggregation of Ag NPs,
which ensures the long-term antimicrobial activity of the com-
posites. The composites can be recovered and reused by simple
uptake of the textiles to reduce silver exposure. Moreover,
ZnO nanomaterial is biodegradable and biocompatible [21],
exhibits the most diverse and abundant family of nanostruc-
tures [22–24] and has been designed for piezoelectric nano-
generators [25, 26], Schottky contacted biosensors [27], DNA
delivery [28, 29], cancer-targeted optical imaging [30] and a
series of novel nano/microdevices in the bio-interface [31–35].
ZnO is also an antimicrobial material, which can provide
extra antimicrobial ability to Ag NPs by a synergistic effect
[29, 36–39]. Thus, the use of ZnO NWs will not cause addi-
tional biological risk, while promoting the antimicrobial effect
of Ag NPs. The Ag/ZnO/textile antimicrobial composites can

Figure 1. SEM and optical images of ZnO NWs grown on polyester
textiles. (a) The overall view shows the insulating textiles can be
imaged under electron irradiation due to the reduced charging effect
on ZnO NW coverage. (b), (c) Magnified images show the ZnO
NWs were grown on each textile fiber uniformly, with growth
direction pointing outward, about 2 µm in length and 50–200 nm in
diameter. (d) Before (left) and after (right) the growth of Ag
NPs/ZnO NWs on polyester textile disks.

be used for point-of-use water treatment for sterilization,
wound dressings and medical textiles for topical and prophy-
lactic antibacterial treatments, and antimicrobial air filters to
prevent bioaerosols accumulating in ventilation, heating and
air-conditioning systems.

2. Results and discussion

ZnO NWs were grown on textiles by a two-step low-temperature
seeded wet-chemical method [40]. Figure 1(a) shows the
overall view of a scanning electron microscopy (SEM) image
of the polyester textiles after growth. The insulating textiles
can be imaged under electron irradiation due to the reduced
charging effect on ZnO NW coverage. Figures 1(b), (c) show
the magnified SEM images of the ZnO/textile hybrid. The
ZnO NWs were grown on each textile fiber conformably, with
the growth direction pointing outward. The lengths of the
as-grown NWs were about 2 µm, with diameters in the range
from 50 to 200 nm.

Silver NPs were loaded on the ZnO NWs by a simple ‘dip-
in and light-irradiation’ green chemical method. ZnO/textile
composites were first dipped in an ethanol–water solution of
AgNO3 for 24 h and then rinsed with ethanol for 30 s to
remove unanchored ions. The Ag20/ZnO/textile (Ag20) com-
posites were dipped in 20 mM AgNO3 ethanol–water solution
and Ag100/ZnO/textile (Ag100) composites were dipped in
100 mM AgNO3 ethanol–water solution, respectively. The
composites were then exposed under UV irradiation or left
under natural light to reduce residual Ag ions to Ag NPs in
situ on ZnO NWs. The UV–vis reflectance spectroscopy (fig-
ure 2(a)) of the Ag20/ZnO/textile composites shows two broad
peaks centered at 370 and 435 nm, which correspond to the ab-
sorption edge of ZnO and characteristic surface plasmon peak
of spherical Ag NPs, respectively [41]. Figure 2(b) shows a
representative transmission electron microscopy (TEM) image

2



Nanotechnology 25 (2014) 145702 Z Li et al

Figure 2. (a) UV–vis reflectance spectroscopy of the Ag/ZnO/textile composites shows two broad peaks centered at 370 nm and 435 nm,
corresponding to the absorption edge of ZnO and the characteristic surface plasmon peak of spherical Ag nanoparticles, respectively. (b)
TEM image of Ag/ZnO nanocomposites, showing that the Ag NPs were completely attached to ZnO NW without any aggregation. (c) Size
distribution of Ag NPs. (d) The EDX spectrum confirms the formation of Ag in the samples.

of Ag20/ZnO nanocomposites (ZnONWs@AgNPs), showing
that the Ag NPs were completely attached to ZnO NWs without
aggregation. Ag NPs were grown relatively uniformly on ZnO
nanowires with an average diameter of 4.1 nm and a standard
deviation of 1.9 nm (figure 2(c)). Energy-dispersive x-ray
spectroscopy (EDX) further confirms the formation of Ag in
the samples, as indicated by the peak at around 3 keV in
figure 2(d). The atomic ratio of Ag with respect to Zn was
estimated to be from 1:10 to 1:20 in different samples by EDX
in Ag20. Ag100 contains more silvers than Ag20. (See table
S1 in the supporting information available at stacks.iop.org/N
ano/25/145702/mmedia).

The formation of small Ag NPs on ZnO NWs is suggested
to be a photochemical process [41, 42]. When the composites
are subjected to UV light irradiation, photogenerated conduc-
tion band electrons (e−CB) and valence band holes (h+VB) will be
created in ZnO NWs. The silver ions absorbed on the surface
of ZnO during the ‘dip-in’ process will be reduced by the
electrons trapped on the ZnO surface (e−trapped). Owing to the
finite ion supply and multiple reaction centers on the surfaces,
only small-size nanoparticles can be deposited on ZnO, and
the large-size ones will be dropped out. This provides an
excellent approach for selecting the small-size Ag NPs for our
applications. The multiple reaction centers on the ZnO surface
are surface defects emerging during the ‘dip-in’ process due to
partially dissolved surface atoms of ZnO. The reaction process
can be summarized as follows [41, 42]:

ZnO+ hν→ ZnO(e−CB+ h+VB) (1)

e−CB→ e−trapped (2)

Ag++ e−trapped→Ag (3)

where hν is the light quantum.

ZnO NWs and Ag NPs for biological applications have
been widely documented, respectively [26, 27, 36], and have
been shown to be biocompatible with different cells [21, 43].
The cytotoxicity of ZnONWs@AgNPs was evaluated with hu-
man embryonic kidney cell line 293 and rat embryonic smooth
muscle cell line A7R5 cells by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) assays. ZnONWs@
AgNPs were collected from the Ag/ZnO/textile composites
and incubated with 293 cells and A7R5 cells. After 24, 48
and 72 h of incubation, it is found that the ZnONW@AgNP
nanostructures have little influence on cells at low concen-
trations (0.01 µg ml−1), and only led to a mild decrease of
cell viability (∼25%) at high concentration (10 µg ml−1), as
shown in figure 3 and figure S3 (available at stacks.iop.org/
Nano/25/145702/mmedia) respectively, which suggested that
the ZnONW@AgNP nanocomposites have reasonably good
biocompatibility to human and mammalian cells. Considering
the good cellular biocompatibility of ZnO NWs [21], the com-
bined ZnONW@AgNP structure may reduce the dispersion of
AgNPs and abate cytotoxicity.

To investigate the antimicrobial activity of the Ag/ZnO/
textile composites, both gram-negative bacteria E. coli HB101
and gram-positive bacteria Staphylococcus aureus (S.a., ATCC
25923) were incubated with the composites. The zone of
inhibition in the modified Kirby–Bauer test and microbial
viability of bacteria in the colony-forming unit (CFU) test
were measured to evaluate the antimicrobial activity of the
composites. The modified Kirby–Bauer zone of inhibition test
method is used to evaluate the antibacterial activity of the
composites qualitatively. Parallel experiments were conducted
with pure textile, ZnO/textile, Ag20/ZnO/textile and the well
documented commercial antimicrobial nanocrystalline silver
dressing ACTICOATTM (Smith and Nephew), respectively.
ACTICOATTM is a well known commercial antimicrobial
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Figure 3. MTT test for investigating the biocompatibility of ZnO NWs and ZnONWs@AgNPs in human embryonic kidney cell line 293.
(a) The viability of 293 cells incubated with ZnONW@AgNP nanostructures for 24, 48 and 72 h. (b) The viability of 293 cells by incubated
with ZnO NWs for 24, 48 and 72 h. Both ZnONWs@AgNPs and ZnO NWs have little influence on cellular viability in different
concentrations from 0.01 to 10 µg ml−1.

Figure 4. A modified Kirby–Bauer method is used to evaluate the zone of inhibition of four different materials. Pure textile, ZnO/textile, the
commercial ACTICOATTM and Ag/ZnO/textile (Ag20) are cut into disks (ϕ = 11 mm) and placed on a lawn of E. coli/S.a. on an agar
medium plate. By incubating at 37 ◦C for 72 h, the clear ring of the inhibition zone can be easily observed and measured for investigating
the diffusion of antibacterial activity. For both gram-negative and gram-positive bacteria, the inhibition zone of Ag/ZnO/textile is
significantly larger than those of the other three materials.

dressing with nanocrystalline silver, applied in clinical burned
skin coverings [44, 45].

Each textile material was cut into a disk (ϕ = 11 mm)
and placed in a quadrant of an agar plate with E. coli/S.a.,
sharing with other three disks of different loading materials
(figure 4). The antibacterial activity of the samples can be
evaluated by the smallest clear ring of the zone of inhibition.
The plate was incubated at 37 ◦C for 72 h and the diameters
of the zones of inhibition were measured every 12 h. In the
first 12 h, clear zone of inhibition regions appeared around
the Ag20, ZnO/textile and ACTICOATTM samples on the agar
medium, suggesting that bacteria surrounding these materials

were inhibited or perished. As expected, the pure textile, which
has no antibacterial activity, exhibits no zone of inhibition on
the agar medium. These results suggest that the antibacterial
activity of ZnO/textile came from the ZnO and the antibacterial
activity of Ag20 came from both ZnO and the Ag nanoparticles
decorated on the ZnO NWs.

We also finished the statistical study of the modified
Kirby–Bauer tests in the four investigated materials in the
culture of E. coli and S.a. (figure 5) The columns in figure 5(a)
show the diameter of the zone of inhibition of pure textile,
ZnO/textile, ACTICOATTM and Ag20 composites. The zone
of inhibition in gram-negative bacteria is about 11 mm, 15 mm,
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Figure 5. The columns exhibit the diameter of the inhibition zone of four different materials in gram-negative E. coli (a) and gram-positive
S.a. (b) bacteria. (a) The inhibition zone of E. coli. Ag/ZnO/textile (Ag20) hybrid has the largest inhibition zone, about 23 mm in diameter.
(b) The inhibition zone of S.a. The diameter of the inhibition zone shows a similar relationship to that of E. coli. Pure textile has no
inhibition zone. The diameter of the inhibition zone has almost no change from 12 to 72 h, suggesting long-term antibacterial activity of the
Ag/ZnO/textile hybrid.

16 mm and 23 mm, respectively. As known in advance, the
zone of inhibition of pure textile is the diameter of the disk.
The columns in figure 5(b) show the results in gram-positive
bacteria. The zone of inhibition of Ag20 composites is also
larger than those of ACTICOATTM, ZnO/textile and pure
textile.

Remarkably, the Ag20 sample shows very steady and
long-term antibacterial activity, even comparing with the
commercial antimicrobial dressing ACTICOATTM. From 12
to 72 h, the diameters of zone of inhibition remain unchanged
as time elapses (figure 5), suggesting the Ag20 can preserve
a high antibacterial activity in both gram-negative E. coli
and gram-positive S.a. bacteria. Besides, with the modified
Kirby–Bauer test continued for 72 h, the Ag20 presents a
long-term inhibition of proliferation in both gram-negative
and gram-positive bacteria.

A parallel study was conducted between Ag20, Ag100
and ACTICOATTM by a modified Kirby–Bauer method.
ACTICOATTM dressing contains at least eight times more sil-
ver atoms than Ag/ZnO/textile composites (table S1 available
at stacks.iop.org/Nano/25/145702/mmedia), and the diameters
of silver particles in ACTICOATTM are in the range of
hundreds of nanometers. In the modified Kirby–Bauer test,
Ag20 and Ag100 show potent antibacterial activity against
both gram-negative E. coli and gram-positive S.a. bacteria.
The diameters of the zone of inhibition for Ag20 and Ag100
are very close to each other in both gram-negative and
gram-positive bacteria (figure S2 available at stacks.iop.org
/Nano/25/145702/mmedia), while both of them are larger than
that of ACTICOATTM. Our observations are consistent with
previous studies showing that gram-positive bacteria are more
resistant to AgNPs since their membranes are thicker and more
stable than those of gram-negative bacteria [37].

This result indicates that the antibacterial activity of
Ag/ZnO/textile in the Kirby–Bauer test is higher than that
of ACTICOATTM, which is probably due to the high specific
surface areas and the enhanced ion release of Ag NPs. The ZnO

NWs also play an important role here due to the synergistic
effect. Besides, Xiu et al infer that Ag NP morphological
properties primarily influence release of Ag+, and Ag+ is the
definitive molecular toxicant to bacteria [46]. Their theory
gives us a clue to understand our result: Ag20 and Ag100
have much lower quantities of silver than ACTICOATTM but
they have high dispersity and high specific surface, which are
advantages for Ag+ release. The Ag20 and Ag100 release
more Ag+ ions than ACTICOATTM within the same period of
time, thus they exhibit higher antibacterial activity.

The CFU test estimates the number of viable germs,
which are able to form visible colonies on agar medium,
after treatment with antibacterial materials. This experiment
evaluates the antibacterial activity of our nanocomposites by
direct contact. The Ag100 sample is chosen as a reference
to compare its antibacterial activity with one of the other
three materials: Ag20, ZnO/textile and ACTICOATTM. The
solutions of gram-positive S.a. bacteria were shaken with
antibacterial materials for some hours to ensure full contact
between antibacterial materials and bacteria. The solution was
then diluted, spread uniformly on an agar plate and incubated
at 37 ◦C. The number of bacterial colonies on the agar plates is
counted by using a colony-counter 24 h later and we calculate
the number of CFUs with the following formula:

CFU counts=
colony counts

dilution ratio× amount of sample
. (4)

The CFU results are shown in figure 6. It shows that
ZnO/textile deactivates 58.1, 67.4 and 99.6% of bacteria
after shaking with samples for 1, 2 and 5 h, respectively.
Remarkably, Ag100 deactivates approximately 99.5% of the
bacteria in the first hour (table S2 available at stacks.iop.org/
Nano/25/145702/mmedia), and this value is increased to more
than 99.99% after shaking for 2 h. The antibacterial activity
of Ag100 is two to four orders higher than ZnO/textile. This
result indicates that the in situ synthesized Ag NPs enhance
the antibacterial activity of ZnO/textile significantly.
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Figure 6. A parallel study between ZnO/textile, Ag20, Ag100 and ACTICOATTM in a CFU test. The three samples treat bacterial medium
for 1, 2 and 5 h. (a) A comparison of CFU between ZnO/textile and Ag100. The lower line indicates the Ag100 has a higher antibacterial
activity, about two to four orders of magnitude higher than ZnO. (b) A comparison of CFU between Ag20 and Ag100. The CFU curve of
Ag100 is lower than that of Ag20. The antibacterial activity of Ag100 is one to three orders of magnitude higher than that of Ag20. (c) A
comparison of CFU between Ag100 and ACTICOATTM. After 1 and 2 h treatment, ACTICOATTM represents a higher antibacterial activity
than Ag100. After 5 h treatment, the CFU results of ACTICOATTM and Ag100 are the same.

The result of the CFU test between Ag20 and Ag100
shows that fewer bacteria; colonies are counted after treatment
with Ag100 (figure 6(b)). In the first hour, Ag100 deactivates
87.8% of bacteria, and Ag20 61.5%. After 5 h, Ag100
and Ag20 both deactivate nearly 100% of bacteria in our
experiment, respectively. In figure 6(b), Ag100 shows a more
efficient antibacterial activity, about one to three orders of
magnitude higher than that of Ag20. This result probably
originates from the difference of Zn and Ag atomic ratio
between the two materials, which is surveyed through EDX
and is shown in table S1 (available at stacks.iop.org/Nano/25
/145702/mmedia). The Ag100 sample contains 10.5 wt% of
silver atoms and the Ag20 sample 6.1 wt%. This indicates
that the antibacterial activity is positively correlated with the
number of Ag NPs on ZnO NWs. More Ag NPs can increase
the opportunity of contact between Ag and bacteria, and
deactivate more bacteria.

The CFU test shows that the commercial ACTICOATTM

manifests more efficient antibacterial activity than Ag100, with
over 99.99% of the bacteria killed within the first hour (fig-
ure 6(c)). However, from 2 to 5 h, the CFU counts of Ag100 de-
crease remarkably and attain the same level as ACTICOATTM.
After 5 h, the Ag100 and ACTICOATTM deactivate nearly
100% of bacteria (table S2 available at stacks.iop.org/Nano/2
5/145702/mmedia). The silver atoms in ACTICOATTM are at
86.5 wt%, significantly greater than in Ag100 (10.5 wt%). The
massive Ag NPs in ACTICOATTM play an important role in its
antibacterial activity by direct contact. However, the difference
of antibacterial activity between Ag100 and ACTICOATTM is
tiny, especially after long contact periods. It is reasonable to
believe that the antibacterial activity of our nanocomposites
can match or even exceed the effect of ACTICOATTM if the
quantity of silver in our nanocomposites is increased.

As we pointed out, the aggregation of Ag NPs, the
long-term antibacterial activity and the dangerous exposures of
silver in the environment are three key obstacles for practical
applications of silver nanostructures. Here, we discuss the
obvious advantage of Ag/ZnO/textile nanocomposites to solve
these three problems.

The long-term antibacterial activity was evaluated by a
modified Kirby–Bauer test. Ag/ZnO/textile nanocomposites

exhibit potent antibacterial activity and inhibit both gram-
negative and gram-positive bacterial proliferation for at least
72 h, demonstrating long-term antibacterial activity of the
composites.

Furthermore, we found that the Ag/ZnO/textile nanocom-
posites can be reused many times to inhibit bacteria. After
the first 72 h modified Kirby–Bauer test, all disks were taken
up from agar plates and placed directly on new agar plates
incubated with bacteria, without any treatment. The modified
Kirby–Bauer test was carried out several times, with an incu-
bation time of 72 h in each test.

The results are shown in tables S3 and S4 (available at sta
cks.iop.org/Nano/25/145702/mmedia). The zone of inhibition
induced by Ag/ZnO/textile nanocomposites can be clearly
identified, from the first to the fourth modified Kirby–Bauer
test. It is remarkable that the nanocomposites preserve a
long-term antibacterial activity after multiple times of use.
SEM images are taken of the reused nanocomposites. The
ZnONW@AgNP nanostructures finely remain on the textile
after being taken up from agar (figure S5 available at sta
cks.iop.org/Nano/25/145702/mmedia). Simultaneously, ZnO
NWs sustain Ag NPs from self-aggregation and bind with
these nanoparticles. The ZnONW@AgNP structure plays a
key role for long-term antibacterial activity and makes this
textile recoverable and reusable. The antibacterial activity of
ACTICOATTM with respect to E. coli decreases significantly
after the third test. Silver particles on ACTICOATTM are easily
flaked off and adhered on the agar medium, which is easily seen
by the naked eye. This may be the reason for its invalidation.

Simultaneously, the Ag NPs are synthesized by the ‘dip-in
and light-irradiation’ green chemical method without toxic
chemical agents. From the TEM image of ZnONWs@AgNPs
in figure 2(b), we can find that the Ag NPs were com-
pletely attached to the ZnO NWs without aggregation, and
this ZnONW@AgNP nanostructure is finely preserved after
antibacterial test (figure S5 available at stacks.iop.org/Nano/
25/145702/mmedia) to insure the Ag NPs separate. Another
benefit of the ZnONW@AgNP nanostructures on textile is
easy to take off and thus reduce the harmful silver exposures,
which is very important while considering the environmental
impact. Once the antibacterial process is accomplished, silver
nanoparticles can be recycled very conveniently.
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3. Conclusion

In summary, we demonstrate a new approach of a long-
term and recoverable antimicrobial nanostructure/textile hy-
brid without increasing the antimicrobial resistance of bacteria.
Using in situ synthesized Ag NPs anchoring on ZnO NWs
grown on textiles by a ‘dip-in and light-irradiation’ green
chemical method, we obtained ZnONW@AgNP nanocompos-
ites with small-sized Ag NPs with relative uniform diameters.
The ZnONWs@AgNPs address four major superiorities si-
multaneously. ZnO NWs can prevent the aggregation of Ag
NPs, which ensures the long-term antimicrobial activity of
the nanocomposites. Meanwhile, green synthesis of Ag NPs
without external toxic and corrosive reducing agents, organic
solvents and stabilizer is another environmentally benign pro-
cess to avoid potential biological risk and to enable practical
applications. The nanocomposites are reusable and can be
easily reclaimed by simply taking up textiles from applied
surface for reducing silver exposure in environment. Finally,
the biocompatible ZnO NWs are antimicrobial material, which
can provide additional antimicrobial ability to Ag NPs by a
synergistic effect. Thus, the use of ZnO NWs will not cause
extra biological risk, while promoting the antimicrobial effect.
The hybrid shows potent, steady and long-term antibacterial
activity for wide medical and environmental applications. This
new Ag/ZnO/textile antimicrobial composite can be used for
wound dressings and medical textiles for topical and prophy-
lactic antibacterial treatments, point-of-use water treatment to
improve the cleanliness of water and antimicrobial air filters to
prevent bioaerosols accumulating in ventilation, heating and
air-conditioning systems.
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