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The ability to scale-up the sonochemical coating of medical textiles with antibacterial nanoparticles is
demonstrated in the current paper. A roll-to-roll pilot installation to coat textiles was built taking into
consideration the requirements of the sonochemical process. A long-run experiment was conducted in
which 2500 m of fabric were coated with antibacterial ZnO nanoparticles (NPs). The metal oxide NPs
were deposited from an ethanol:water solution. In this continuous process a uniform concentration of
coated NPs over the length/width of the fabric was achieved. The antibacterial efficiency of the sono-

Key WordS:. chemically-coated textiles was validated in a hospital environment by a reduction in the occurrence of
Sonochemistry S . . .

Scale-up nosocomial infections. NP-coated bed sheets, patient gowns, pillow cover, and bed covers were used
Coating ZnO by 21 patients. For comparison 16 patients used regular textiles. The clinical data indicated the reduced

Cuo occurrence of hospital-acquired infections when using the metal oxide NP-coated textiles.

In order to reduce the cost of the coating process and considering safety issues during manufacturing,
the solvent (ethanol:water) (9:1 v:v) used for the long-run experiment, was replaced by water. Although
lesser amounts of ZnO NPs were deposited on the fabric in the water-based process the antibacterial
activity of the textiles was preserved due to the smaller size of the particles.

© 2015 Elsevier B.V. All rights reserved.

Antibacterial textiles

1. Introduction 10 patients are affected by hospital-acquired infections, 3 million
deaths are caused yearly by hospital-acquired infections.

Hospital-acquired nosocomial infections are a major health and In the last 2 decades, due to the continuous consumption of anti-

financial issue worldwide. The problem of bacterial infections in
general, and in hospitals in particular, has led to extensive research
and to industrial efforts to produce antibacterial textiles. The finan-
cial impact of these infections overwhelms the current medical
advances by increasing the length of hospitalization by at least
8 days on the average per affected patient, resulting in more than
10 million patient days in hospitals in Europe per year [1]. The sta-
tistics on patient safety in the EU show alarming tendencies: 1 in
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biotics, and the evolution and spread of resistance genetic determi-
nants, multidrug resistant (MDR) and even extremely drug resistant
(XDR) bacteria that cause life-threatening infections have emerged
[2]. An active infection control program could significantly reduce
both the number of infections and hospitalization costs.

The most common sources of infectious agents causing health-
care problems are: the individual patient, medical equipment, the
hospital environment, and the healthcare personnel. Although the
person-to-person transmission route is the most likely, the role of
the environment should not be ignored and hospital textiles may
contribute to the spread of nosocomial infections. Since textiles
are a common material in healthcare facilities, it is important that
they do not transfer pathogens to patients or hospital workers.
Healthcare textiles include bed sheets, blankets, towels, personal
clothing, patient apparel, uniforms, gowns, and drapes for surgical
procedures [3,4]. Medical textiles are often contaminated by
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Fig. 1. Scheme of roll-to-roll pilot installation for sonochemical coating.

microorganisms originating from body substances, including
blood, skin, stool, urine, vomits, and other body fluids and tissues.

The growing need for antibacterial textiles has resulted in rev-
olutionary progress in the textile industry [5]. In the last decade,
the design of new methods of fabric finishing has included the
use of metal and metal oxide nanoparticles that have a high surface
area and can be finely spread on the surface of the substrates [6-8].
The metal oxides can be deposited as a separate phase or in a com-
bination of composite nanostructured materials. Most of the meth-
ods for antibacterial finishing of textiles are based on multistage
procedures and require toxic templating and binding agents for
the anchoring of the nanoparticles on the substrate. As a result of
earlier attempts to sonochemically coat small pieces of cotton,
polyester, nylon, and wool with antibacterial nanoparticles (NPs)
[9,10] successfully kill of bacteria, a small machine operating in
continuous mode for sonochemical coating of textile was built
[11]. The machine was later upgraded to two industrial scale coat-
ing machines for continuous deposition of NPs on 40 cm wide fab-
rics at a speed of 1-3 m/min. ZnO and CuO NPs were coated on
cotton and polyester fabric using these machines. Excellent anti-
bacterial properties of the coated fabrics were maintained after
65 washing cycles in hospital washing regimes (75 and 92 °C)
[12]. We have also demonstrated the ability of the metal oxide
NPs to eradicate resistant bacteria [13].

The present manuscript reports on the improvement of the origi-
nal sonochemical process for the synthesis and simultaneous depo-
sition of metal oxide NPs on fabrics, making the synthetic route safer
and more cost efficiently using water instead of an ethanol:water

solution. Previously, the metal oxide NPs were prepared by the basic
hydrolysis of the corresponding metal acetates in 9:1 ethanol:water
(v:v). The introduction of ignitable ethanol in an industrial plant not
only requires special protective equipment, but is also more costly
than using water as the only solvent. When water replaced the eth-
anol:water mixture, the amount of oxides on the textile was smaller,
however, the particle size was also reduced and as a result the anti-
bacterial activity was not hampered.

This article also presents clinical results obtained in an experi-
ment conducted in a hospital (Institute for Emergency Medicine
“N.L. Pirogov” (IEM), Sofia, Bulgaria) where patients were dressed,
and slept on antibacterial (ZnO) coated fabrics and their propensity
to bacterial infection was monitored and compared to control
patient using uncoated textiles. Since the mechanism of the sono-
chemical coating has been explained previously [14,15], it is not
discussed in the current paper.

2. Experimental
2.1. Characterization

The batch experiments were carried out using a Sonics and
Materials instrument (Ti-horn, booster, 20 kHz, 750 W at 30% effi-
ciency). The roll-to-roll coating was carried out using a sonochem-
ical coating pilot installation constructed by CEDRAT Technologies,
Grenoble, France.

The X-ray diffraction (XRD) patterns of the product were deter-
mined using a Bruker D8 diffractometer with Cu Ko radiation. The
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