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Abstract

Silver nanoparticles (Ag-NPs) are increasingly being incorporated in a variety of products,
textiles, and in healthcare, mainly due to their antibacterial properties. The present study
investigated the antimicrobial efficiency and colour changes of floor covering loaded with
colloidal silver nanoparticles via a simple and cost-effective method. The influences of col-
loidal concentration on antimicrobial activity against Escherichia coli and Staphylococcus
aureus as well as laundering durability were studied. The results of the silver-treated floor
covering (nylon 6 piles) with 50 - 100 ppm dilution exhibited outstanding antimicrobial
efficiency and indicated a 99.42% reduction in Staphylococcus aureus and a 79.25% re-
duction in Escherichia coli. Furthermore, the bioactivity of Ag-NPs was maintained even
after ten washings. The removal of silver nanoparticles in wastewater was investigated by
UV—visible spectroscopy. Scanning electron microscopy (SEM) and EDX were employed
to confirm the presence of nano silver on the surface. The results indicated that Gram
positive bacteria are more tolerant to silver than Gram negative bacteria. An appropriate
antimicrobial agent deposited on floor covering can prevent unpleasant odours and growth

of pathogenic microorganisms.
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I Introduction

In the past few decades many efforts have
been made in nanotechnology and na-
noparticles due to their unique properties
and potential application in healthcare,
medicine, domestic textiles, and hygienic
as well as protective textiles [1 - 4]. Now-
adays there has been constantly increas-
ing concern about the health hazard aris-
ing during medical and other treatment
from microbial infections [5]. The means
of shielding the human body against such
threats need to be developed, with one of
the most popular being the production
of antimicrobial textiles for usage inside
protective clothing, medical gauzes and
sheets [6]. Due to the significant increase
in using bactericide, antiviral and fungi-
cide products, there is great demand for
the antimicrobial finishes of textiles, as
an excellent culture to control the growth
of microorganisms and prevent textiles
from the deterioration of odours, which is
a health concern caused by microorgan-
isms [7-9]. Silver based antimicrobials
have captured much attention not only
because of the non-toxicity of active Ag*
to human cells but also due to their nov-
elty in being a long lasting biocide with
high temperature stability and low vola-
tility [10, 11].

Silver nanoparticles show an efficient
and strong antimicrobial property com-
pared to other agents due to their large
surface area to volume ratio, which pro-
vides better contact with microorgan-
isms [12 - 15]. Ag-NPs penetrate inside
the cell membrane and react with thiol

groups, thereby preventing protein syn-
thesis [16, 17].

Multifunctional domestic implements,
especially floor covering with antimi-
crobial properties, have been actively
developed to prevent human contamina-
tion and the exposure of any bacterium
in the human life environment [18]. The
large surface area and ability to retain the
moisture of the floor covering also assist
the growth of microorganisms on the fab-
ric [19, 20]. Using silver nanoparticles
leads to an increase in the number of par-
ticles per unit area, thereby maximising
antimicrobial effects [21].

The purpose of this study was to deter-
mine the antibacterial activity of silver
nanoparticles deposited on nylon car-
pet against Staphylococcus aureus and
Escherichia coli bacteria. As one of the
challenges in the development of textile
applications is to keep the process sim-
ple and inexpensive, special attention
was paid to using an easy and applicable
method. Therefore this paper presents a
simple and effective method for the an-
tibacterial treatment of nylon carpet that
contains silver nanoparticles via spraying.

B Experimental
Material

The solution used was colloidal nano sil-
ver in alcohol media with an average par-
ticle size of 5 nm (0.8%) 8000 ppm, sup-
plied by Narminchemie Co. Iran. A car-
pet of pile loop nylon was produced by
Palaz Moquette Co. Iran. Carpet samples
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were in a nylon (polyamide-6) pile-loop
form. The carpet is formed from three
layers, with the first layer made of nylon
yarn, the second layer - polypropylene,
and the third layer was non-woven poly-
ester attached to the second layer with a
synthetic resin.

Method

First, silver nano particle solutions of dif-
ferent concentration (50, 75, 100 ppm)
were prepared. The volumes of the solu-
tions were chosen based on the appropri-
ate concentration of nano silver in the
ppm scale; the primary concentration
was 80 ppm, selected within the range
50 - 100 ppm. Then nylon carpet samples
were cut to the size of 5 x 10 cm2.

Here a spraying method was used as be-
ing convenient for the application of an
antibacterial compound to the carpet due
to the latter’s construction. Thus 10 mL
of different percentages of silver nano
particle solution were sprayed on the sur-
face of the carpet, and then the samples
were put in an oven at 100 °C for 30 min
to 90 min. Then the samples treated were
cut to the small size of 0.5 x 1 cm2 and
prepared for antibacterial testing

The AATCC 100-2004 test method was
applied to evaluate bacterial reduction
via immersing the treated samples in
bacteria solution. The two main types of
bacteria, a Gram positive (Staphylococ-
cus aureus, AATCC 6538) and a Gram
negative (Escherichia coli, AATCC
11303), were prepared for testing. All
samples were tested in two cultured
bacteria based on the McFarland stand-
ard, 1.5 x 108 CFU/mL and 1 x 10-3
(0.5 McFarland). The sterile samples
prepared were immersed in 1 mL of an
appropriate dilution in a bacterium test
tube (according to the McFarland stand-
ard). The test tubes contained carpet and
bacteria solution and were transferred to
an incubator with a temperature of 37 °C
for 24 h. The tubes were then removed
from the incubator and the solution was
dripped onto a plate to assess antibac-
terial properties. From each test tube,
0.1 mL of bacterial suspension mixed
with melted trypticase soy agar (45 °C)
was cultured and placed in the incubator
at 37 °C for 24 h, and then the bacterial
colony was counted. The bacterial reduc-
tion was calculated with the use of Equa-
tion 1.
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Table 1. Assessment of antibacterial finishes on nylon 6 carpet treated with nano silver after
one to ten washings with a dilution factor of 1x10-3 (0.5 McFarland).

Silver concentration, ppm
Bacteria 50 s 100
1st 10th 1st 10th 1st 10th
washing | washing | washing | washing | washing  washing
Start 1.9x104 1.9x104 1.9x104
Z’jjgg}s”"ggﬁ‘;ﬁ_ After 24 h 0 6x101 0 1101 0 0
Reduction % 99.99 99.69 99.99 99.95 99.99 99.99
o Start 1.9x104 1.9x104 1.9x104
gf:fj’/‘x’fh’a coll, T After 24 h 1.9x103 | 3.1x103 | 1.1x102 | 2.6x102 | 2x101 | 4.1x102
Reduction % 92.11 83.68 99.42 86.32 99.89 97.84

1000 ppm

Figure 1. Colour changes of raw and treated carpets with different Ag-NPs concentrations.

C=A—B

x100 (1)

where C is the bacterial reduction ratio
in percentage CFU/ml, A the number of
bacterial colonies from untreated fabrics,
and B is the numbers of bacterial colo-
nies form treated fabrics.

Moreover the colour change was con-
siderably more prominent on the carpet
loaded with Ag-NPs in high dilution col-
loid. The colour changed from yellow to
brown, which occurs during an oxidation
reaction, being a common disadvantage
of Ag particles. This experiment attempt-
ed to find an appropriate dilution not only
with an excellent antimicrobial property
but also one producing carpet without
yellowing. To assess colour changes in
the carpet, color indexes L*a*b* were
measured and reported. Also the colour
changes were reported based on the cal-
culation of AE (Equation 2).

Contrast=AE=E, —E, = 2)

= \/(L*z ~L) +(a2—ad) +(b2-b")

With regards to the importance of dura-
ble finishing treatment and exploring the
durability of silver on a product against
repeated washing, samples were standard

washed 1 to 10 times with 1% (w/v) de-
tergent solution at 60 °C for 20 min, and
finally the antibacterial characteristics
were obtained and compared.

Moreover the spectra absorbed were
measured with a Cary 300 UV-vis spec-
trophotometer to show the existence of
nano silver in the washing effluent.To
have a precise study of the treated carpet
surface and silver nano particles, scan-
ning electron microscopy (SEM: model
LEO 440i, England) at 300 - 30000 mag-
nification was used. Energy-dispersive
X-ray analysis (EDX) was also used to
confirm the presence of silver particles as
well [22].

@ Results and discussion

By counting the number of bacteria in
the control and treated sample, the reduc-
tion in the bacterial percentage was de-
termined. The results of the reduction in
all concentrations with two bacteria are
reported in Tables 1 and 2. Table 1 indi-
cates that the minimum dilution of silver
nano particle solution (50 ppm = 0.05%)
has a bacteriostatic property of 99.99%
in 1.9 x 104 CFU/mL of S. aureus bac-
terium, and by increasing the dilution up
to 100 ppm a 99.99% bacterial reduction
was obtained.
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Table 2. Antibacterial properties of carpets treated with nano silver after one and ten wash-
ings against different bacterium with 0.5 McFarland.

Silver concentration, ppm

B . 50 75 100
acteria
1st 10th 1st 10th 1st 10th
washing | washing  washing | washing | washing  washing
s Start 6.5%x105 6.5%x105 6.5%x105
taphylococcus 4 4 4 4 2 3
aureus, CFU/ML After 24 h 2.2x104 | 7.9x104 | 1.5%x104 | 1.8x104 | 3.8x102 | 3.8x10
Reduction % 96.62 87.85 97.69 97.23 99.94 99.42
o ) Start 5.3x105 5.3x105 5.3x105
gﬁﬁ’}‘z’fh’a colf, After 24 h 2.2x105 | 2.7x105 | 3.4x104 | 1.9x105 | <10 | 1.1x105
Reduction % 58.49 49.06 93.58 64.15 99.99 79.25
40 3663
35
30
25
w
< 20
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Remaining washing bath
after 1 to 10 washings
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Figure 3. UV—vis spectrum of the silver nanoparticle solution and remaining washing bath
after 1 to 10 washings.

Lee and Jeong observed a bacteriostat-  which had been removed after primary
ic of 99.99% against S. aureus and K.  rinsing. The reduction percentages were
pneumonia,while the concentrations of low in Comparison with the increase in
the colloidal silver bath were 10, 20, and  .oncentration of nano silver but were
30 ppm on nonwoven polyester fabrics

) ; ) within the acceptable range of antibacte-
treated with 2 - 3 nm silver particles [23].

rial activity.

Table 1 (see page 97) shows the silver
not only preserved its durability after re-
peated washings but also its antibacterial

. . 4
property. The durability of the antibacte- fa were obtallned ?t 1.9 x 104 CFU/mL
rial property against S. aureus was more ~ (10Wer bacteria) with 100 ppm of nano

than for E. coli. However, after 10 wash-  silver. Table I (see page 97) indicates that
ings, the percentage of bacterial reduc- by decreasing the dilution of bacteria to
tion decreased due to unabsorbed silver 1.9 x 104 CFU/mL, an appropriate anti-
nanoparticles on the surface of the fibre, bacterial is obtained.

The highest antibacterial properties
against two different kinds of bacte-
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Using a colloidal solution of nano silver
with a 50 - 100 ppm concentration pro-
duced the best antibacterial properties
without any significant changes in colour.
Figure 1 (see page 97) presents the col-
our produced on the samples treated with
different concentrations, and Figure 2
shows the colour changes based on AE.

Furthermore, to confirm the presence of
silver nanoparticles in the effluent and
its durability during repeated washings,
UV-vis spectroscopy was employed. The
curves indicate that there is a peak at
around 300 nm for nano silver solution,
whereas there is no peak to confirm the
presence of nano silver in the effluent.
The results are shown in Figure 3.

SEM images and EDX analyses obtained
from the samples confirmed the presence
of silver on the surface of the carpet.
SEM images of the nanoparticles are il-
lustrated in Figure 4. In all SEM images,
Ag-NPs showed in white colours after 10
repeated washings, confirming reasona-
ble durability for antibacterial properties.
The EDX patterns indicated a small peak
related to Ag, due to the very low silver
concentration (100 ppm) (Figure 5).

According to the results presented in
Table 2, Ag-NPs showed very good an-
tibacterial properties even at a very low
concentration in relation to the maximum
bacteria dilution 1.5 x 108 (0.5 McFar-
land).

The bacterial reduction of carpets with
75, 100 ppm of Ag-NPs against S. aureus
was about 98% after the first washing due
to the high durability of the silver nano-
particle solutions. The resistance of nano
silver gradually decreased particularly
against S. aureus, showing very low re-
sistance after ten washings. There is also
a slight difference by increasing the dilu-
tion from 50 to 100.

E. coli was more resistant than S. aureus
against the antibacterial compound after
10 washings; however, by increasing the
silver concentration from 50 ppm to 100
ppm, the antibacterial property was about
79.25% after 10 washings.

The aim of this study was to provide
strict conditions on a product to deter-
mine the maximum viability of silver na-
noparticles against two kinds of bacteria.
Figures 6 and 7 (see page 100) show the
number of bacterial colonies in the con-

FIBRES & TEXTILES in Eastern Europe 2012, Vol. 20, No. 4 (93)



Figure 4. Scanning electron microscopy (SEM) of nylon 6 fibres at different magnifications in 100 ppm nano silver: a) without washing
(500%), b) without washing (30000%), c) after one washing (500%), d) after one washing (30000%), e) after ten washings (500x), f) after

ten washings (30000 %).

trol and treated samples after 10 wash-
ings against both bacteria.

Zheng et al. reported that silver treated
cotton fabrics showed an excellent and
durable antibacterial effect against both
S. aureus and E. coli with over 98.77%
bacterial reduction even after 20 consec-
utive home launderings [24]. Vesna et.al
indicated that cotton fabrics loaded with
silver nanoparticles from 10 ppm and
50 ppm colloid exhibit excellent antibac-
terial activity against E. coli, S. aureus
and C. albicans. On the other hand, in an-
other research it was reported that cotton
fabrics loaded with silver nanoparticles
with 10 ppm colloid showed poor laun-
dering durability. However, the desirable
antibacterial efficiency of cotton fabrics
loaded with silver nanoparticles from
50 ppm colloid was preserved after five
washings [25]. Jantas indicated that anti-
bacterial textile showed an excellent an-
tibacterial effect against E. coli and could
withstand 50 washings [26].

Suk-Woo Park et al. revealed that nylon
6/silver possessed excellent antibacte-
rial properties and an inhibitory effect
on the growth of S. aureus and K. pneu-
moniae [27].

In the present study, the most suscepti-
ble bacteria were S. aureus and E. coli .
Tests performed on carpets indicated that
the antibacterial properties were greater
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against the Gram negative (E. coli) than
with the Gram positive (S. aureus). In
general, Gram positive bacteria appeared
to be more tolerant to silver than Gram
negative cells. It has previously been
reported that Gram positive bacteria are
less susceptible to the antibacterial activ-
ity of silver. This resistance may be at-
tributed to Gram negative bacteria with
complicated cell walls. The cell wall of
Gram negative consists of lipids, proteins
and lipopolysaccharides (LPS), provid-
ing effective protection against biocides,
whereas Gram positive is without LPS.
On the other hand, Gram positive has a
simple cell wall structure in which the
cytoplasm membrane has a rigid pepti-
doglycan layer composed of networks
with plenty of pores, which allow foreign

molecules to enter the cell without any
difficulty [28-30].

Our intention in this work was to assem-
ble silver nanoparticles on carpets using
a simple method applicable in industry in
terms of safety and with the least impact
on the environment. Nylon was chosen as
a biodegradable and biocompatible poly-
mer, widely used in many industrial fields
due to its low cost, superior fibre form-
ing ability (resiliency), good mechanical
strength, and strong chemical and thermal
stability.

@ Conclusions

The purpose of this paper was to find an
easy way to apply nano size silver colloi-

Counts o
150
300}
] 100
Au
100 50
Ag
A
[ I [ [ T [ I ‘
5 1 1 20 0 5 1 1

a) Energy (ko) b) Energy (ke\

Figure 5. a) EDX patterns of a) raw sample b) sample treated with 100 ppm nano silver

after 10 washings.
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Figure 6. Growth of S. aureus on a) control sample (6.5%x105 CFU/mL), b) sample treated
with 100 ppm nano silver after 10 washings (6.5%105 CFU/mL).

Figure 7. Growth of E. coli on a) control sample (5.3x105 CFU/mL), b) sample treated
with 100 ppm nano silver after 10 washings (5.3(105 CFU/mL).

dal solution on carpet to obtain an anti-
bacterial effect without colour changes.
Utilising nano silver solution to remove
bacteria, due to its economical consump-
tion and competent performance of its
applications, is widely employed in com-
parison with other finishing agents. By
controlling the activity of the pathogenic
factor, this technology is important for
everyday applications. Therefore it has
become preferred to other improvement
and manufacturing methods because of
its high efficiency, applicability, envi-
ronmental compatibility and durability
. With regard to the operations carried
out on nylon carpet with very low rate
of nano silver (50-100 ppm), the high-
est degree of removing bacterial against
the most common bacteria was achieved
without significant colour change. In
addition, the spraying method could be
applied to the last stage of finishing on
the carpets or even used domestically by
spraying during usage. UV-vis spectra
confirmed that there is no silver in wash-
ing effluent. This high aspect ratio of the
antibacterial property on carpet without
any side effects of silver on the environ-
ment suggests potential application in
other textile areas.

100

References

1. Ravindra S, Murali Mohan1 Y, Narayana
Reddy N, MohanaRaju K. Fabrication of
antibacterial cotton fibres loaded with si-
Iver nanoparticles via Green Approach.
Colloids and Surfaces A: Physicochem.
Eng. Aspects 2010; 367: 31-40.

2. Kitahara N, Sato T, Isogawa H, Ohgoe Y,
Masuko S, Shizuku F, Hirakuri KK. An-
tibacterial property of DLC film coated
on textile material. Diamond & Related
Materials 2010; 19: 690-694..

3. Flores CY, Diaz C, Rubert A, Benitez
GA, Moreno MS, Fernandez Lorenzo de
Mele MA, Salvarezza RC, Schilardi PL,
Vericat C. Spontaneous adsorption of
silver nanoparticles on Ti/TiO, surfaces,
antibacterial effect on Pseudomonas
aeruginosa. Journal of Colloid and Inter-
face Science 2010; 350: 402—408.

4. Thomas V, Yallapu MM, Sreedhar B, Baj-
pai SK. Breathing-In/Breathing-Out Ap-
proach to Preparing Nano silver-Loaded
Hydrogels: Highly Efficient Antibacterial
Nano composites. Journal of Applied Po-
lymer Science 2009; 111: 934—944.

5. GaffarHossain KM, Gonzalez MD, Loza-
no GR, Tzanov T. Multifunctional modifi-
cation of wool using an enzymatic pro-
cess in aqueous—organic media. Journal
of Biotechnology 2009; 141: 58-63.

6. Nochos AN, Iconomopoulou SM, Voyiat-
zis GA. Antimicrobial crosslinked poly-
styrene nanospheres for specialty mul-

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

tifunctional textile production. Journal of
Controlled Release 2008; 132, 3: 75-76.

. Shaoa H, Jianga L, Menga WD, Qing

FL. Synthesis and antimicrobial activity
of a perfluoroalkyl-containing quaterna-
ry ammonium salt. Journal of Fluorine
Chemistry 2003; 124: 89-91.

. Kiwi J, Pulgarin C. Innovative self-

cleaning and bactericide textiles. Cata-
lysis Today 2010; 151: 2—7.

. Kulthong K, Srisung S, Boonpavanit-

chakul K, Kangwansupamonkon W,
Maniratanachote R. Determination of
silver nanoparticle release from antibac-
terial fabrics into artificial sweat. Part Fi-
bre Toxicol 2010; 1, 7: 8.

Dror-Ehre A, Mamane H, Belenkova T,
Markovich G, Adin A, Silver nanoparticle-
—E. coli colloidal interaction in water and
effect on E. coli survival. Journal of Col-
loid and Interface Science 2009; 339:
521-526.

Rai M, Yadav A, Gade A. Silver nano-
particles as a new generation of antimi-
crobials. Biotechnology Advances 2009;
27(1): 76-83.

Barrasa JG, Luzuriaga JML, Monge
M. Silver nanoparticles: synthesis thro-
ugh chemical methods in solution and
biomedical applications. Cent. Eur. J.
Chem. 2010.

Sichani GN, Morshed M, Amirnasr M,
Abedi D. In Situ Preparation, Electro-
spinning, and Characterization of Poly-
acrylonitrile Nanofibers Containing Silver
Nanoparticles. Journal of Applied Po-
lymer Science 2010; 116: 1021-1029.
Ahmed EM, Aggor FS. Swelling Kinetic
Study and Characterization of Crosslin-
ked Hydrogels Containing Silver Nano-
particles. Journal of Applied Polymer
Science 2010; 117: 2168-2174.

Kotlyar A, Perkas N, Amiryan G, Meyer
M, Zimmermann W, Gedanken A. Co-
ating Silver Nanoparticles on Poly(me-
thyl methacrylate) Chips and Spheres
via Ultrasound Irradiation. Journal of
Applied Polymer Science 2007; 104:
2868-2876.

Ki HY, Kim JH, Kwon SC, Jeong SH. A
study on multifunctional wool textiles tre-
ated with nano-sized Silver. J Mater Sci
2007; 42: 8020-8024.

Matyias E, Bacciarelli A, Rybicki E,
Szynkowska MI, Kolodziejczyk M. Anti-
bacterial properties of silver finished te-
xtile. Fibres & Textiles in Eastern Europe
2008; 16, 5(70): 101-107.

Kitahara N, Sato T, Isogawa H, Ohgoe Y,
Masuko S, Shizuku F, Hirakuri KK. An-
tibacterial property of DLC film coated
on textile material. Diamond & Related
Materials 2010; 19: 690-694.

Dastjerdi R, Montazer M. A review on
the application of inorganic nano-struc-

FIBRES & TEXTILES in Eastern Europe 2012, Viol. 20, No. 4 (93)



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

tured materials in the modification of
textiles: Focus on anti-microbial proper-
ties. Colloids and Surfaces B: Biointerfa-
ces 2010; 79: 5-18.

Filipowska B, Rybicki E, Walawska A,
Matyjas-Zgondek E. New Method for the
Antibacterial and Antifungal Modification
of Silver Finished Textiles. Fibres & Te-
xtiles in Eastern Europe 2011; 19, 4(87):
124-128.

Dastjerdi R, Montazer M. A new me-
thod to stabilize nanoparticles on texti-
le surfaces. Colloids and Surfaces A:
Physicochem. Eng. Aspects 2009; 345:
202-210.

Qingwen S, YiL, Jianwei X, Hu JY, Yuen
M. Thermal stability of composite phase
change material microcapsules incorpo-
rated with silver nano-particles. Polymer
2007; 48: 3317-3323.

Lee HJ, Jeong SH. Bacteriostasis and
Skin Innoxiousness of Nanosize Silver
Colloids on Textile Fabrics. Textile Res.
J. 2005; 75(7): 551-556.

Zhang F, Wu X, Chen Y. Lin H. Applica-
tion of silver nanoparticles to cotton fa-
bric as an antibacterial textile finish. Fi-
bers and Polymers 2009; 10; 4: 496-501.
llic V, Saponjic Z, Vodnik V, Potkonjak
B, Jovanc’ic P, Nedeljkovic J, Radetic
M. The influence of silver content on
antimicrobial activity and color of cotton
fabrics functionalized with Ag nanopar-
ticles. Carbohydrate Polymers 2009; 78:
564-569.

Jantas R, Gorna K. Antibacterial fini-
shing of cotton fabrics. Fibers & Textiles
in Eastern Europe 2006; 14, 1(55): 55.
Park SW, Bae H, Xing Z, Kwon OH, Huh
MW, Kang IK. Preparation and proper-
ties of silver-containing nylon 6 nanofi-
bers formed by electrospinning. Journal
ofAppliedPolymer Science 2009; 112:
2320-2326.

Gouda M. Enhancing flame-resistance
and antibacterial properties of cotton fa-
bric. Journal of Industrial Textiles 2006;
36(2): 167-177.

Maneerung T, Tokura S, Rujiravanit R.
Impregnation of silver nanoparticles into
bacterial cellulose for antimicrobial wo-
und dressing. Carbohydrate Polymers
2008; 72: 43-51.

Egger S, Lehmann, RP, Height MJ, Lo-
essner MJ, Schuppler M. Antimicrobial
Properties of a Novel Silver-Silica Na-
nocomposite Material. Applied and envi-
ronmental microbiology 2009: 2973-
2976.

Received 10.03.2011 Reviewed 01.12.2011

FIBRES & TEXTILES in Eastern Europe 2012, Vol. 20, No. 4 (93)

Technical University of Lodz
Faculty of Material Technologies
and Textile Design

Activity profile: The Department conducts scientific research and educa-
tional activities in a wide range of fields:

Material science and textile metrology

Structure and technology of nonwovens

Structure and technology of yarns

The physics of fibres

Surface engineering of polymer materials

Product innovations

Commaodity science and textile marketing

Fields of cooperation: innovative technologies for producing nonwo-
vens, yarns and films, including nanotechnologies, composites, bioma-
terials and personal protection products, including sensory textronic sys-
tems, humanoecology, biodegradable textiles, analysis of product innova-
tion markets, including aspects concerning corporate social responsibil-
ity (CSR), intellectual capital, and electronic commerce.

Research offer: A wide range of research services is provided for the
needs of analyses, expert reports, seeking innovative solutions and prod-
ucts, as well as consultation on the following areas: textile metrology,
the physics of fibres, nonwovens, fibrous composites, the structure and
technology of yarns, marketing strategies and market research. A high
quality of the services provided is guaranteed by gathering a team of
specialists in the fields mentioned, as well as by the wide range of re-
search laboratories equipped with modern, high-tech, and often unique
research equipment. Special attention should be paid to the unique, on
a European scale, laboratory, which is able to research the biophysical
properties of textile products, ranging from medtextiles and to clothing,
especially items of special use and personal protection equipment. The
laboratory is equipped with normalised measurement stations for estimat-
ing the physiological comfort generated by textiles: a model of skin and
a moving thermal manikin with the options of ‘sweating’ and ‘breathing’.
Moreover, the laboratory also has two systems for estimating sensory
comfort — the Kawabata Evaluation System (KES) and FAST.

Educational profile: Educational activity is directed by educating engi-
neers, technologists, production managers, specialists in creating inno-
vative textile products and introducing them to the market, specialists in
quality control and estimation, as well as specialists in procurement and
marketing. The graduates of our specialisations find employment in many
textile and clothing companies in Poland and abroad. The interdisciplinary
character of the Department allows to gain an extraordinarily comprehen-
sive education, necessary for the following:

Independent management of a business;

Working in the public sector, for example in departments of control

and government administration, departments of self-government

administration, non-government institutions and customs services;

Professional development in R&D units, scientific centres and labo-

ratories.

For more information please contact:

Department of Material and Commodity Sciences and Textile Metrology
_ Technical Universiy of Lodz
ul. Zeromskiego 116, 90-924 t.6dz, Poland

tel.: (48) 42-631-33-17  e-mail: nonwovens@p.lodz.pl web site: http://www.k48.p.lodz.pl/

101



