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M Introduction

Over recent years one can observe in-
creasing interest in the antibacterial fin-
ishing of fibers and textiles, which results
from the possible practical utilisation of
such fibers and textiles [1, 2]. Many tex-
tiles currently used in hospitals and hotels
constitute a potential source of infection
and disease caused by micro-organisms
as a result of secondary infection. Medi-
cal and hygienic applications of textiles
have become important areas in the tex-
tile industry. Antimicrobial properties
can be imparted to textiles by physical
or chemical treatment with appropriate
agents. Textile materials with such prop-
erties are grouped into two categories,
i.e. fabrics with unstable properties and
those durably functionalised. Unstable
bioactive properties can be easily ob-
tained by finishing processes, but they
are quickly lost during laundering. In this
case antibacterial agents are incorporated
into fibres or textile in the process of wet
finishing. As a result of slow biocide re-
lease from such modified textiles, bacte-
ria are completely destroyed. However,
the antibacterial properties of textiles
decay if the fabrics are impregnated with
antibacterial agents only, with no cova-
lent bonds between each other. Scientific
literature on this subject provides some
examples of the chemical addition of
biocides to textiles. Sun and co-workers
[3, 4] prepared textile materials based
on helamine that show bioactive proper-
ties against a wide range of pathogenic
micro-organisms, being also non-toxic
and environmentally friendly. These ma-
terials were prepared with the use of a
dimethyl derivative of hydantoin, such
as dimethylol-5,5-dimethylohydantoin.
This derivative was used for the chemi-
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Antibacterial and Catalytic Properties
of Textiles with Modified Surfaces

Abstract

This paper presents methods for the surface modification of cotton woven fabric and poly-
propylene non-woven in order to make them antibacterial. In the case of cotton fabric, its
surface was functionalised with chloroacetate groups by means of chloroacetyl chloride,
using pyridine as a catalyst, followed by the quaternalisation of the chloroacetate groups
with poly(4-vinylpyridine). In the second process polypropylene nonwoven was impreg-
nated with a multimonomer containing vinyl groups, which were then changed into tertiary
amine groups by the addition of diethylamine. These groups were quaternalised with propyl
bromide. In the next method colloidal silver was incorporated into the nanolayers formed
from polyelectrolytes on the polypropylene non-woven. Quantitative tests of bacteriological
activity of the modified woven fabric and non-woven showed both bacteriostatic and bacte-
ricidal activities in relation to Escherichia coli. In addition, colloidal platinum was incor-
porated into previously deposited polyelectrolyte nanolayers in order to impart catalytic
properties to fibers. The results obtained clearly show the catalytic action of such systems,
the oxygen release from the hydrogen peroxide solution being an example.

Key words: antibacterial textiles, surface modification, multimonomers, catalysts.

cal modification of cellulose, followed
by the oxidising treatment with chlorine
to obtain active hydantoin.

Antibacterial cellulose textiles were ob-
tained with the use of 1,2,3,4-butanotet-
racarboxylic and citric acids, followed by
oxidation with oxygen. Carboxylic acids
were then converted to peroxide acids in
a process with hydrogen peroxide. These
acids were added to a cellulose woven
fabric in an acidic medium. Polymeric
materials containing such units show
an oxidising potential as well as bacte-
riostatic and bactericidal activity against
bacteria such as Escherichia coli [5, 6].

This paper presents possibilities of an-
tibacterial modification of the surface
of cotton fabric and polypropylene non-
woven in a two-stage chemical process.
In the first stage woven fabric was chlo-
roacetylated with chloroacetyl chloride
in THF, using pyridine as a catalyst. In
the second stage the chloroacetylated
cotton reacted with poly(4-vinylpyri-
dine) to form a quaternary ammonium
salt. Cotton fabric containing quaternary
ammonium groups was tested for bacte-
riostatic and bactericidal activity against
Escherichia coli.

The next object of study was a polypro-
pylene non-woven containing nanolay-
ers of polyelectrolytes deposited by the
layer-by-layer technique. as described in
previous papers [7, 8]. In order to find out
whether the deposited layers, including
those with added metals, can serve as cat-
alysts of chemical reactions, a hydrogen
peroxide solution was tested for decom-
position under the influence of platinum
deposited on the nonwoven.

M Experimental

Materials

Cotton woven fabric (from Uniontex)
with a surface weight of 140 g/m2 was
purified by treating it with a solution con-
taining 1.5% sodium carbonate in 1 dm3
of water, followed by washing with dis-
tilled water and ethanol. After the purifi-
cation treatment, 100% cotton fabric was
dried and cut into 5 x 5 cm samples.

Polypropylene nonwoven with a surface
weight 0f 27.9 g/m?2 and average filament
diameter of 9.65 um was prepared by the
melt-blown method (Cenaro-Lodz, Po-
land).

Poly(4-vinylpyridyne) (P4-VP) with
Mn = 170 kDa and poly(allylamine hy-
drochloride) (PALL) with M, = 70 kDa
were obtained from Aldrich. Poly(acrylic
acid) (PAA) and poly[2-(N,N-dimeth-
ylamino)ethyl methacrylate] (PDAMA)
were prepared by radical polymeriation,
as described in [7, 8].

Tetrahydrofurane (THF) (Aldrich) and
dimethylsulfoxide (DMSO) (Merck)
were purified by distillation and stored
over Merck 4 A molecular sieves. Chlo-
roacetyl chloride (Aldrich) was used
without additional purification. Pyridine
(POCh) was heated to boiling point un-
der nitrogen over CaH, and distilled.

Reaction between cotton fabric and
chloroacetyl chloride (Figure I)

A typical esterification procedure was as
follows: a 5 x 5 cm cotton fabric sample
(1.4 g) was placed in a 250 ml round-bot-
tomed flask equipped with a stirrer. Then
60 ml of THF and 1.0 ml (13.4 mmol) of
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pyridine were added. The mixture was
cooled to 0 °C and 1.0 ml (12.4 mmol)
of chloroacetyl chloride dissolved in 5 ml
of THF was added. The reaction was car-
ried out under nitrogen. After 24 hours
the fabric samples were separated from
the precipitated pyridine hydrochloride,
thoroughly washed with water and etha-
nol to remove impurities and then dried
under vacuum at a temperature of 40 °C
to a constant weight. The chlorine con-
tent in the sample was 1.09% by wt.

Reaction between chloroacetylated
cotton fabric

and poly(4-vinylpyridine) (Figure 2)

A 5 x5 cm sample of chloroacetylated
cellulose fabric was immersed in an
ethanol solution of P4-VP with a con-
centration of 10-2 base mol/L at 20 °C
for 2 hours, then washed thoroughly with
ethanol and dried under vacuum at 60 °C
to a constant weight.

Synthesis of multimonomer
(multiacrylate) (Figure 3)

Multiacrylate (MA) was prepared by the
esterification of poly(2-hydroxyethyl
methacrylate) with acrylate chloride.
The process was carried out under the
optimum conditions described in our
previous paper [9]. The MA obtained
contained pendant acrylate groups of
99.3 mol%, with an Mn = 28,230 g/mol.

Deposition of a layer of quaternary
ammonium salt on polypropylene
nonwoven (Figure 4)

A typical procedure was as follows: a
5 x5 cm sample of polypropylene non-
woven was impregnated with the mul-
timonomer by dipping the material in a
solution of MA with a concentration of
10-2 base mol/l dissolved in THF at 20 °C
for 2 hours. Then the sample was dried
to a constant weight and irradiated with
UV on both sides for 1 min. The content
of MA was 4% by wt. The addition of
diethylamine to the vinyl groups of MA
was performed by immersing the nonwo-
ven sample with deposited, and by some
degree cross-linked , multimonomer into
a40% solution of diethylamine in ethanol
for 2 hours at 40 °C and then thoroughly
washed with ethanol and dried in air. The
tertiary amine groups formed in the layer
of multimonomer were quaternised by
dipping the nonwoven sample into a 50%
solution of 1-propylbromide in THF for
2 hours at a temperature of 30 °C, which
was then thoroughly washed with THF
and dried under vacuum at a temperature
of 40 °C to a constant weight.
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Figure 1. Reaction of cellulose modified with chloroacetate groups.
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Figure 2. Reaction of quaternisation of chloroacetate groups formed on cellulose with

poly(4-vinyl pyridine).
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Figure 3. Reaction of multiacrylate formation.
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Figure 4. Reaction of the addition of diethylamine to vinyl groups and quaternisation of

tertiary amine groups with 1-propylbromide.

Deposition of colloidal silver
on polypropylene nonwoven

Colloidal silver was deposited on poly-
propylene nonwoven with previously
deposited nanolayers of polyelectrolytes:
poly(acrylic acid), poly(allylamine hy-
drochloride) and poly[2-(N,N-dimethyl-
amino)ethyl methacrylate], by the meth-
od described in previous papers [7, 8].
Several methods of silver deposition
were used:

A. Silver sol was prepared as in [10].
To 100 ml of AgNOj solution heat-
ed to 95 °C with a concentration of
10-2 mol/l, 3 ml of 0.24 M sodium cit-
rate solution was added. The resultant
sol was left to cool down.

Using a “Miitek” electric charge me-
ter, it was found that the sol had a
negative charge. It was titrated with
poly(allylamine hydrochloride) solution

with a concentration of 10-3 mol/l to neu-
tralise the charge. The charge per 1 1 of
sol calculated was 4.1 x 10-3 Q/I.

This solution was used to impregnate
polypropylene nonwoven containing de-
posited layers of the composition given
in Table 1.

B. Silver sol, NANOSILVER SM15 from
Amepox [11], diluted four times with
water (the concentration of dry solid
was 3.77%), was deposited on poly-
propylene nonwoven containing lay-
ers of the composition given in Ta-
ble 1. The nonwoven was dipped in
this solution, and after 10 min. it was
washed with water and dried in air.

C. Polypropylene nonwoven containing
deposited nanolayers (Table 1) was
impregnated with a 0.1 M AgNO;j
solution, rinsed and reduced with a
0,24 M solution of sodium citrate.
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Measurements of bacteriologic
activity

Determination of the bacteriostatic and
bactericidal activity of the modified cot-
ton fabric and polypropylene nonwoven
was carried out on the basis of the Japa-
nese standard: JIS L 1902:1998. The tests
were performed with the use of bacterial
strains Escherichia coli (ATCC 11229 —
derived from the American Type Culture
Collection). The bacteria were counted
on the sample surface and compared with
those on an unmodified sample after a
24 h incubation period.

The microbiological quantitative tests
were carried out at our Microbiology
Laboratory (Institute of Biopolymers and
Chemical Fibers, £.0dz, Poland).

From the data given in Table 1, we can
conclude that that silver deposited on
polypropylene nonwoven imparts bacte-
riostatic properties to this material (sam-
ples 1 - 4). The most effective method of
deposition is the process of direct silver
deposition in the layer of modified non-
woven (method C, sample 4), consisting
in the saturation of this layer with silver
salt, followed by its reduction to metal-
lic silver. Relatively less effective are the
methods of depositing colloidal silver on
the top layer of modified nonwoven. The
incorporation of tertiary amine groups
alone into the external nanolayer brings
about some, though insignificant, bacte-
riostatic activity (samples 5 and 6).

All in all, the formation of quaternary am-
monium groups on the surface of poly-
propylene nonwoven as well as on cotton
fabric (samples 7 and 9) has turned out to
be a very effective method of imparting
bacteriostatic properties.

Decomposition of hydrogen peroxide
solution by platinum deposited

on nonwoven

Samples of polypropylene nonwoven
with deposited platinum were prepared
as described previously [12]. Polyelec-
trolyte layers were deposited as previ-
ously stated [7, 8]. After grafting with
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Figure. 5. Decomposition of hydrogen per-
oxide solution by the sample containing
platinum deposited in the form of sol: ¢ 30
%, and m — 15 % H,0»
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Table 1. Results of bacteriological activity tests; * - Polypropylene nonwoven containing a
deposited layer of multimonomer + (Et),NH + C3H,Br. **- Chloroacetylated cotton fabric

+ Poly(4-vinylpyridine).

Method of Ag

Number of bacteria, Bacteriostatic

No | Deposited layers deposition cfu/sample activity
0 PP standard 0 1,43% 109 0

1 PKA;PALL;PKA;PDAMA A 4,27x 102 6,5
2 PKA, PALL A <20 >6,9
3 PKA;PALL;PKA;PDAMA;PKA B 4,64x103 5,5
4 PKA, PDAMA C <20 >6,9
5 PKA;PALL;PKA;PDAMA 0 2,6x107 1,7
6 PKA, PDAMA 0 5,84x106 2,4
7 PP/MM* 0 <20 >6,9
8 Cotton standard 0 1,69%x108 0
9 Modified cotton fabric** 0 <20 >6,9

acrylic acid, the nonwovens were im-
mersed in aqueous solutions of appropri-
ate electrolytes, PAA and PDAMA, with
a concentration of 10-2 mol/l. Prior to
each operation, the samples were rinsed
with distilled water.

Preparation of platinum sol

46 ml of a 0.1% solution of chloroplatinic
acid was neutralised to pH 8 with K,COs.
The solution was heated to boiling point
and several drops of freshly prepared 1%
tannin solution were added and left for cool-
ing. The resultant dark green sol showed
a negative charge. The titration with a
10-2 mol/l solution of poly(allylamine hy-
drochloride) showed that the concentration
of charges was 3.4 x 10-3 C/1.

Method A

Samples of the nonwoven prepared were
dipped into platinum sol, rinsed, and
dried in air. Specimens with a weight of
about 2 mg were cut from the prepared
nonwoven and placed in an eudiometer
filled with 30% or 15% H,0O,. The de-
composition of the hydrogen peroxide
solution was tested by measuring the vol-
ume of liberating oxygen with time. The
results are given in Figure 5.

Method B

The next sample was prepared as de-
scribed above, which was then saturated
with a solution of chloroplatinic acid
with a concentration of 2x10-3 mol/l
and neutralised with potassium carbon-
ate to pH = 8 (0.0449g H,PtClg x H,O
in 50 ml of water). The saturated sample
was then immersed into a 1% solution of
gallic acid to reduce it. The sample was
heated for about 30 min. at a temperature
of about 50 °C,and dried in air.

The decomposition of 30% hydrogen per-
oxide solution by this sample is shown in
Figure 6.

As is seen, this decomposition is faster
than that in the case of the respective
sample with deposited platinum sol.

The decomposition in the initial phase
satisfies the straight line equation, i.e.
Y=ax +b.

The values of @ and b and the standard
deviation, R2, for the experiments per-
formed are listed in Table 2.

M Conclusions

The results obtained confirm the possibil-
ity of using the methods described herein
for modification of the surfaces of cotton
fabric and polypropylene nonwoven in
order to impart antibacterial properties to
them. The most effective with respect to
antibacterial activity against Escherichia
coli are the modifications leading to the
formation of quaternary ammonium salts
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Figure 6. Decomposition of 30% hydrogen
peroxide solution by the sample containing
platinum produced by reduction in the na-
nolayer.

Table 2. Values of the constants in the linear
equation.

Method | % H,0, | a b R2
A 15 017 | -023 | 0976
A 30 027 | -009 | 0989
B 30 0,31 | +0,01 | 0,997
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on the surface of the fabrics under dis-
cussion, as well as colloidal silver in-
corporated into nanolayers formed from
polyelectrolyte complexes deposited on
polypropylene nonwoven.

The addition of tertiary amine groups to
the external nanolayer is relatively insuf-
ficient for antibacterial action.

It was found that the reduction of silver
salt incorporated previously into the top
layer is a very effective method of metal-
lic silver deposition. Relatively less ef-
fective is the method of silver deposition
from previously formed sol.

In addition, it was shown that a polypro-
pylene nonwoven surface modified with
metallic platinum shows catalytic proper-
ties in the reaction of hydrogen peroxide
decomposition. The catalytic action of
platinum is also confirmed by the previ-
ous observation of the increased thermal
resistance of modified polypropylene fi-
bres [12].
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The 8th International Symposium

EL-TEX 2008
Electrostatic and Electromagnetic Fields
New Materials and Technologies

will be held on 26-27 November 2008 in L6dz, Poland,
under the honorary patronage of the Polish Ministry of Economy

The Symposium is organised by the Textile Research Institute (IW) in todz,
the Institute of Telecommunication, Teleinformatics and Acoustics (ITT&A) of
the Technical University of Wroctaw, the Polish Committee of Electrostatics
(SEP), Warsaw, and the Electromagnetic Compatibility Section of Polish
Academy of Science, Warsaw, Poland.

El-Tex Symposium has been organised by the Textile Research Institute since
1994. On the 1st of July 2007 the Textile Research Institute was enlarged by the
inclusion of the following formerly independent institutions:

Institute of Textile Architecture (Instytut Architektury Tekstyliow — IAT)

Institute of Textile Materials Engineering (Instytut Inzynierii

Materiatéw Wiodkienniczych)

TRICOTEXTIL Institute of Knitting Techniques and Technologies (Instytut

Technik i Technologii Dziewiarskich Tricotextil)

The main aim of El-Tex 2008 is the survey and promotion of scientific, techno-
logical and applicational developments and the exchange of experiences between
experts representing different scientific disciplines.

The program will cover a selection of issues in the scope of:
the effects of electromagnetic fields (EMF) onto human health,
eliminating or restricting the hazards caused by the occurrence of static
electricity,
environmental aspects of EMF,
production methods and application of textile shielding materials,
electrostatic evaluation of textile fabrics,
the metrology of electrostatic and electromagnetic fields.

The fee covers: participation in sessions, CD with abstracts and presentations,
boarding, and social event. Hotel costs are not included.

Recommended accommodation and Symposium venue: Hotel
AMBASADOR, address: ul. Kosynierow Gdynskich 8, 93-320 £6dz, Poland
tel.+4842 646 49 04

Additional information of the EL-TEX Symposium you will also find on pages 120
and 125.

Information:
Textile Research Institute (IW), Brzezinska 5/15, 92-103 L6dz, Poland,
tel: +4842 6163101, fax: +4842 6792638, http://www.iw.lodz.pl
Contact persons:

Katarzyna Grzywacz tel. (+4842) 6163 195, e-mail: grzywacz@iw.lodz.pl
Joanna Koprowska tel (+4842) 6163 116, e-mail: koprowska@iw.lodz.pl
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