e"bm“ Chem, ’.qa?f

S, Journal of
the Serbian
R Chemical Society

3 \ o
4%? ooty lm\\r\‘ g JSCS(@tmf.bg.ac.rs » www.shd.org.rs/JSCS
J. Serb. Chem. Soc. 74 (3) 349-357 (2009) UDC 546.57-72:677.674/.675:
JSCS-3836 :677.027:615.281.004.12

Original scientific paper

A study of the antibacterial efficiency and coloration of
dyed polyamide and polyester fabrics modified with
colloidal Ag nanoparticles

VESNA ILIC', ZORAN SAPONJIC?, VESNA VODNIK?, DARKA MIHAILOVICY,
PETAR JOVANCIC', JOVAN NEDELJKOVIC* and MAJA RADETIC™

Textile Engineering Department, Faculty of Technology and Metallurgy,
Karnegijeva 4, 11000 Belgrade and ?Vincanstitute of Nuclear Sciences,
P.O. Box 522, 11001 Belgrade, Serbia

(Received 3 September, revised 11 November 2008)

Abstract: In this study, the influence of dyeing on the antibacterial efficiency of
polyamide and polyester fabrics loaded with colloidal Ag nanoparticles and the
influence of the presence of Ag nanoparticles on the color change of dyed fab-
rics were investigated. Dyes C.1. acid green 25 and C.I. disperse blue 3 were
used for dyeing of polyamide fabrics, while dye C.I. disperse violet 8 was used
for dyeing of polyester fabrics. The influence of Ag nanoparticles on the color
change of polyamide fabrics depends on the dye type, but generaly it was lower
compared to polyester fabrics. Polyester fabrics exhibited excellent antibacte-
rid efficiency againgt Gram-positive bacterium Saphylococcus aureus and Gram-
-negative bacterium Escherichia coli, independent of the order of dyeing and Ag
loading. Polyamide fabrics provided a desirable level of antibacteria activity only
if the Ag loading was performed after dyeing.

Keywords: Ag nanoparticles; polyester; polyamide; antibacterial efficiency; color
change.

INTRODUCTION

The traditional approach to textile materials from only an aesthetic and com-
fort point of view must be considered as the past. Currently, in addition to con-
ventional end-use properties, textile products must exhibit some advanced pro-
perties, such as UV protection, self-cleaning, antimicrobial and/or anti-electro-
static properties.13 These effects can be achieved using new technologies that
can provide targeted functionalization and long-term durability, as well as en-
vironmental and economical feasibility. Developments in the synthesis of dif-
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ferent metal and metal oxide nanoparticles (NPs) and the wide range of their
successful applications opened up new perspectives for the engineering of de-
sired properties of textile materials. The greatest interests are oriented towards
the imparting of antimicrobial effects.#-1> Ag NPs seem to be particularly con-
venient for the improvement of antimicrobial properties of textile materials since
bacteria do not become resistant to Ag as in the case of antibiotics.4 The high
stability and large surface to bulk ratio of Ag NPs provide an excellent an-
tibacterial efficiency.

Although much work has been done on the antimicrobial activity of Ag NPs
on different textile materials,4-1° there are only few data on the synergism be-
tween loading of Ag NPs and dyeing or printing.6:16 This aspect is of great im-
portance from the technological point of view since textile products should pre-
serve dl the usual aesthetic and comfort standards. Therefore, the influence of
dyeing on the antibacterial efficiency of polyamide (PA) and polyester (PES)
fabrics loaded with Ag NPs, as well as the influence of Ag NPs on the color
change of dyed fabrics were the focus of this study. Dyes C.I. acid green 25 and
C.l. disperse blue 3 were used for dyeing of PA fabrics, while dye C.1. disperse
violet 8 was used for dyeing of PES fabrics. The antibacteria efficiency was
tested against Gram-positive bacterium Staphylococcus aureus and Gram-
negative bacterium Escherichia coli.

EXPERIMENTAL

Desized and bleached PA (150 g/m?) and PES (165 g/m?) fabrics were cleaned in a bath
containing 0.50 % nonionic washing agent Felosan RG-N (Bezema) at a liquor-to-fabric ratio
of 50:1.17 After 15 min of washing at 50 °C, the fabrics were rinsed once with warm water (50 °C)
for 3 min and three times (3 min) with cold water. The samples were dried at room temperature.

The PA fabrics were dyed with acid dye C.I. acid green 25 (Ortolgreen B, BASF) and
disperse dye C.I. disperse blue 3 (Coalliton Blue FFR, BASF), whereas the disperse dye C.I.
disperseviolet 8 (Palanil Violet 3B, BASF) was used for dyeing of PES fabrics.

AgNO; (Kemika) and NaBH, (Fluka) of p.a. grade were used without any further purify-
cation for the synthesis of the colloidal Ag NPs.18.19 Briefly, 8.5 mg of AgNO; was dissolved
in 250 mL of water and purged with argon for 30 min. Under vigorous stirring, the reducing
agent NaBH, (125 mg) was added to the solution and left for 1 h under an argon atmosphere.
The concentration of the Ag colloid was 50 ppm.

One gram of fabric was immersed in 65 mL of Ag colloid for 5 min and dried at room
temperature. After 5 min of curing at 100 °C, the procedure was repeated. Subsequently, the
samples were rinsed twice (5 min) with deionized water and dried at room temperature.

A schematic presentation of the dyeing procedures for PA and PES fabrics is presented
in Fig. 1. The PA fabrics were dyed in a bath containing 2.0 % (o.w.f.) acid dye and 4.0 %
(o.w.f.) Na,SO, at aliquor-to-fabric ratio of 60:1 and at pH 4.0. The dyeing of the PA fabrics
with disperse dye was performed in a bath containing 2.0 % (o.w.f.) dye at a liquor-to-fabric
ratio of 60:1 and at pH 5.0. The pH values were adjusted with CH;COOH (30 %). The PES
fabrics were dyed in a bath containing 1.0 % (o.w.f.) disperse dye, 1 g/L CHT dispergator (Be-
zema) and 0.50 mL/L CH3;COOH (30 %) at aliquor-to-fabric ratio of 25:1 and at pH 5.0. The
fabrics were then washed in a bath containing 0.50 % Felosan RG-N (Bezema) at a liquor-to-
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DYED POLYAMIDE AND POLYESTER FABRICS 351

-fabric ratio of 40:1. After 30 min of washing at 40 °C, the fabrics were rinsed once with
warm water (40 °C) for 3 min and four times (3 min) with cold water. Afterwards, the fabrics
were dried at room temperature.

100°C 130°C
60 min 60 min \5 °C- min”
2°C- min” 80 °C
s0°C
2°C: min”
PA fabric :
0% PES fabric
20°C
@ (b)

Fig. 1. Dyeing procedures for PA (a) and PES (b) fabrics.

The shape and size of silver NPs were determined using a Philips EM-440 transmission
electron microscope (TEM) operating at 100 kV. Samples for the TEM measurements were
prepared by placing a drop of Ag colloid onto a holey carbon-coated standard copper grid
(400 mesh) and evaporating the solvent.

The UV /Vis absorption spectra of the silver colloid were recorded using a Thermo Evo-
lution 600 spectrophotometer.

The fiber morphology was observed using a JEOL JSM 6460 LV scanning electron mic-
roscope (SEM). Prior to analysis, the samples were coated with athin layer of gold.

The elemental analysis of the PES and PA fabrics loaded with silver NPs was realized
using a Perkin Elmer 403 atomic absorption spectrometer (AAS).

The color coordinates of the dyed fabrics (CIE L*, a*, b*) were determined with Da-
tacolor SF300 spectrophotometer under illuminant Dgg using the 10° standard observer. On
the basis of the measured CIE color coordinates, the color difference (AE*) was determined as.

AE* = /(Aa*)? + (AD*)? + (AL¥)2 (1)

where: AL* is the color lightness difference between the treated (dyed fabric loaded with Ag
NPs) and the control (dyed untreated fabric without Ag) samples, Aa* is the red/green dif-
ference between the treated and control samples and Ab* is the yellow/blue difference be-
tween the treated and control samples.

The influence of dyeing on the antibacterial efficiency of fabrics was quantitatively
assessed using a Gram-positive bacterium Staphylococcus aureus ATCC 25923 and a Gram-
-negative bacterium Escherichia coli ATCC 25922. Sterile potassium hydrogen phosphate buf-
fer solution of pH 7.2 (70 mL) was inoculated with 0.7 mL of a bacterial inoculum. One gram
of sterile fabric cut into small pieces was put into the flask and shaken for 1 h. 1.0 mL aliquots
from the flask were diluted with phosphate buffer and 0.10 mL of the solution was placed onto
atryptone soy agar (Torlak, Serbia). After 24 h of incubation at 37 °C, zero time and one hour
counts of viable bacteria were made. The percentage bacteria reduction (R / %) was calculated
using Eqg. (2):

RleOCO_C

@)
0
where: Cy (CFU — colony forming units) is the number of bacteria colonies on the control
fabric (fabric without Ag, dyed in the described manner), and C (CFU) is the number of
bacteria colonies on the dyed fabric loaded with Ag NPs.
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352 ILICetal

RESULTS AND DISCUSSION

The absorption spectrum of the colloidal Ag NPs showed the presence of a
strong surface plasmon resonance band with a maximum at 380 nm (Fig. 2). The
position of the symmetric plasmon resonance band and its half-width (46 nm) in-
dicated a narrow size distribution of Ag NPs without undesired aggregation. Based
on the TEM analysis of the colloidal Ag NPs, the average diameter of the nearly
spherical Ag NPswas found to be 10 nm (inset in Fig. 2).

Absorbance

0.0 ' . r . T .
300 400 500 600 700

Wavelength, nm

Fig. 2. Absorption spectrum of Ag NPsin agueous solution; inset: TEM image of the Ag NPs.

The surface morphology of the PA and PES fibers loaded with Ag NPs was
examined by SEM. The SEM images of the Ag loaded PA and PES fibers are
shown in Fig. 3. It can be noticed that almost spherical aggregates of Ag NPs with
diameters less than 100 nm are unevenly distributed over the surface of baoth fibers.

e

B
56, BEE B 5 M
5

Fig. 3. SEM images of Ag-loaded PA (@) and PES (b) fibers.

To quantify the Ag on the fabrics after loading the colloidal NPs, elemental
analysis using atomic absorption spectrometry was performed. It was found that
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one gram of PA and PES fabrics contained 1.79 and 21.12 ug of Ag, respec-
tively. Evidently, the amount of Ag on PES fabrics was more than ten times hi-
gher. The higher content of Ag NPs on the PES fibers indicates their stronger
binding, most likely due to the existence of benzene rings in polymer structure. It
iswell known from surface-enhanced Raman spectroscopy (SERS) studies of ben-
zoic acid and its derivates on Ag NPs that there are strong interactions between
the Ag surface and benzene rings.20.21

These results are in good correlation with the color changes of the fabrics,
which were evauated by measuring the UV/Vis reflectance spectra (Fig. 4). Load-
ing of Ag NPs caused color changes of the PA and PES fabrics. Due to loading
of Ag NPs, an overall decrease in the reflectance was observed for both samples,
demonstrating a color change of the PA and PES fabrics from white to yellowish.
The observed color changes are in accordance with literature data.® The more
pronounced color change of the PES fabric could be anticipated because of the
higher amount of Ag NPs detected by AAS. The color difference between fabrics
loaded with Ag NPs and control fabrics (untreated fabrics) was expressed via the
AE*, AL*, Aa* and Ab* values (also presented in Fig. 4).
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Fig. 4. Reflectance curves of the control (untreated fabrics)
and silver-loaded PA and PES fabrics.

Bearing in mind that the fiber surface is responsible for many important pro-
perties of textile materials (wettability, dyeability, printability, etc.), it can be ex-
pected that modification of PA and PES fibers with Ag NPs might affect their
dyeability. In order to establish the influence of the Ag NPs presence on the color
of dyed PA and PES fabrics, colorimetric determination based on the CIELAB
color system was performed. The colorimetric data for the fabrics loaded with Ag
NPs before and after dyeing are givenin Tablel.
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The obtained results indicate that the color of PA fabrics dyed with AG25
was amost unaffected by Ag loading, regardless of the order of Ag loading and
dyeing. The obtained color changes could not be visually detected since the va-
lues of the color difference (AE*) were less than one. However, the influence of
the Ag NPs was more pronounced after dyeing of PA fabrics with DB3. The
loading of Ag NPs onto the PA fabrics before and particularly after dyeing brought
about considerable color changes. The fabrics became darker (AL*), lessred (Aa*)
and less blue (Ab*). A similar trend was observed in the case of PES fabrics dyed
with DV 8, athough the color difference (AE*) was several times greater, demon-
strating a significant color change. The increased greenness and decreased blue-
ness are attributed to the presence of the Ag NPs on the fabrics.

TABLE |. Colorimetric datafor PA and PES fabrics loaded with Ag NPs before and after dyeing

Dye Sample L* ar b* AE* Description
AG25 Control PA* 3016 2540 —4.72
Silver loading before dyeing
PA+Ag 2992 -2546 475 0251 Darker

Silver loading after dyeing
PA+Ag 29.80 -2482 423 0.833 Darker, lessgreen, lessblue
DB3 Control PA* 3480 615 —44.78
Silver loading before dyeing
PA+Ag 33.23 6.83 4387 1934 Darker, lessred, lessblue
Silver loading after dyeing
PA+Ag 34.47 4,28 4169 3.629 Darker, lessred, lessblue

DV8 Control PES® 43.38 1455 —39.52
Silver loading before dyeing
PES+Ag 43.37 1194 3531 4.962 Lessred, less blue

Silver loading after dyeing
PES+AgQ 42.19 975 3095 9901 Darker,lessred, lessblue
aDyed fabric without Ag NPs

Despite the low content of Ag on the PES and, particularly, the PA fabrics,
these amounts were sufficient to impart a desirable level of antibacterial activity.
The influence of the order of dyeing and loading of Ag NPs on the antibacterial
activity of the PA and PES fabrics was evaluated for the Gram-positive bacte-
rium Staphylococcus aureus and the Gram-negative bacterium Escherichia coli.
The values of bacterial reduction by the PA and PES fabrics which had been Ag-
-loaded before and after dyeing are givenin Tables 11 and I11.

The PES fabrics showed outstanding antibacterial efficiency for both bacte-
ria regardless of the order of the operations. Similarly, the PA fabrics exhibited
excellent antibacterial efficiency when the loading of the Ag NPs was performed
after dyeing, regardless of the dye studied. However, the opposite order of opera-
tions led to a significant decrease in bacterial reduction of E. coli on the PA fab-
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rics. These PA fabrics can be considered as inactive. Evidently, to obtain the ma-
ximum antibacterial efficiency, the order of the operations must be carefully
planned. Hence, it is recommended that the loading of Ag NPs onto PA fabrics
should be performed after dyeing, while Ag loading of PES fabrics after dyeing
should be avoided due to the strong color change of the fabrics.

TABLE II. Antibacteria efficiency of PA and PES fabrics loaded with Ag NPs before dyeing
Initial number of bac- Number of bacteria colonies

Dye Sample terial colonies (><10‘5) on the fabric after 24 h RI%
S aureus

AG25  Control PA® o4 2.4x10°

PA+AQ ' 5.2x10° 97.8
DB3 Control PA? o4 1.3x10°

PA+Ag ' <10 99.9
DV8  Control PES® 30 2.5x10"

PES+AQ ' <10 99.9

E. coli

AG25  Control PA? 55 2.7x10°

PA+AQ ' 1.8x10° 333
DB3 Control PA® 52 1.7x10°

PA+Ag ' 1.2x10° 29.4
DV8  Control PES® 8.5x10"

PES+Ag 30 <10 99.9
“Dyed fabric without Ag NPs

TABLE I11. Antibacteria efficiency of PA and PES fabrics loaded with Ag NPs after dyeing
Initial number of bac- Number of bacterial colonies

Dye Sample terial colonies (x10™) on the fabric after 24 h R1%
S. aureus

AG25  Control PA® o4 2.4x10°

PA+Ag ' <10 99.9
DB3 Control PA? o4 1.3x10°

PA+Ag ' <10 99.9
DV8  Control PES® 30 2.5x10*

PES+Ag ) <10 99.9

E. coli

AG25  Control PA? 39 2.2x10°

PA+Ag ' <10 99.9
DB3 Control PA? 39 1.3x10°

PA+Ag : 130 99.9
DV8  Control PES® 30 8.5x10"

PES+Ag ) <10 99.9
“Dyed fabric without Ag NPs
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CONCLUSIONS

The order of loading of Ag NPs and dyeing has a strong influence on the
color change of PA and PES fabrics. It was shown that the color of the PA fab-
rics dyed with C.1. acid green 25 was dlightly affected by Ag loading, regardiess
of the order of the operations. On the contrary, the loading of Ag NPs onto fab-
rics before and particularly after dyeing with C.1. disperse blue 3 induced consi-
derable color changes. Moreover, the color changes became even more promi-
nent on the PES fabrics which were Ag loaded after dyeing with C.I. disperse
violet 8. The obtained color changes are suggested to be due to the presence of
Ag NPs on the fabrics.

The antibacterial efficiency of the PES fabrics for S aureus and E. coli isin-
dependent of the order of dyeing and loading of Ag NPs. In order to achieve desi-
red level of antibacterial efficiency of PA fabrics, the loading of the Ag NPs after
dyeing is recommended.
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Science and Environment of Republic of Serbia (Eureka project NANOVISION E! 4043 and
project 142066). We gratefully acknowledge M. Bokorov (University of Novi Sad, Serbia) for
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U3BOJ

ITPOYUYABABE AHTUBAKTEPNICKE EOUKACHOCTU U ITPOMEHE OBOJEA
TIOJIMAMNJHUX U TTOJIMECTAPCKNX TKAHMHA MOJJUGHUKOBAHUX
KOJIOMJHUM HAHOYECTUITAMA CPEBPA

BECHA WMJITRY, 30PAH HIATIOBWEZ, BECHA BOJIHUK?, IAPKA MUXAWJIOBURY, IETAP JOBAHUME?,
JOBAH HEJIEJbKOBUR? 1t MAJA PAJIETHUR®

I Kaitieopa 3a wexciiuano unxcersepcitgo, Texnoaouko—meiiarypuku gaxyaitieiti, Kaprnezujesa 4, 11120 beozpao u
?Uncimuimiyim 3a Hykaeapre Hayie “Bunua”, iip. 522, 11001 Beozpad

Lwp oBor pama je ma ce yTBpAM yTullaj Oojema HA aHTHOAKTEPHjCKY €(PHKACHOCT IIOJIH-
AMHUJIHUX W MOJUECTAPCKUX TKaHWHA MOAM(DUKOBAHHX KOJOWIHMM HaHOUYECTHIIaMa cpedpa Kao u
yTHI] TIPUCYCTBa cpebpa Ha mpoMeHy obojera Oojennx TkanuHa. boje C.l. acid green 25 u C.I.
disperse blue 3 cy xopumtheHe 3a Gojere mojauaMuIHUX TKaHKuHa, a 6oja C.l. disperse violet 8 3a
noJivecTapcke TKaHuHe. [IpomeHa obojerha MONMaMHUIHAX TKAaHWHA 3aBUCH OJ TUIMa 0oje, aiu je
reHepallHO Mama y nopehemy ca MonuecTapckuM TKaHHHaMa. AHTHOAKTepHjcKa e(UKACHOCT TKa-
HuHA Moau(UKOBaHUX cpeOpoM je Tectupana Ha ['pam-mosuTBHE OakTepuje Saphylococcus au-
reus u I'pam-meratusue Gaxrepuje Escherichia coli. TTomuectapcke TkaHuHE MOKa3yjy OUTHUHY
aHTHOaKTEepHjCcKy e(hHKaCHOCT HE3aBHCHO OJ1 pejociesia Oojerba i HaHoLIeHha cpebpa. [la 6u momu-
aMHUHA TKaHWHA 06e30e/1mia )KeJbeHH HUBO aHTHOAKTEPH]CKe aKTHBHOCTH, HEOIIXOAHO j€ HAHETH
cpebpo nocie 6ojema. Mopdosoruja Biakana Moau(UKOBaHMX HaHYECTHIIAMa cpedpa yTBpheHa je
CEM aHanu3oM, JIOK je 3a eIeMEHTapHy aHan3y KopHiuheHa aToMCKa arcopIIMOHa CIIEKTPOMETPHja.

(Mpumberno3. centembpa, pesuaupano 11. HoBemGpa 2008)
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