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Rapid fabrication of silver
nanoparticle/polydopamine
functionalized polyester fibers

Yanfen Zhou'?, Liang jiang"2 , Ya Guo', Zhenhua Sun',
Zhiqing Jiang', Shaojuan Chen', Jianwei Ma'? and
Stephen Jerrams®

Abstract

In this paper, silver nanoparticles functionalized poly(ethylene terephthalate) (PET) fibers with antimicrobial activity,
electrical conductivity and good coating stability are reported. Firstly, silver plated PET fibers were fabricated by
rapid polydopamine (PDA) modification followed by electroless plating. Secondly, the surface morphologies and com-
positions of PDA modified and silver coated PET fibers were characterized by employing scanning electron microscopy,
atomic force microscopy, X-ray diffraction and energy dispersive spectrometry. Finally, the antimicrobial properties
and electrical conductivity of the silver plated PET fibers were investigated. The results showed that the silver
coated PET fibers exhibited excellent antimicrobial activity to both Escherichia coli and Staphylococcus aureus (with an
antimicrobial efficiency of 100 and 99.99%, respectively), and that the antimicrobial activity was well maintained
after washing. The silver coated PET fibers showed electrical resistance of 0.76 2 per | cm, indicating good conductivity.
It was also demonstrated that the silver layer that formed had good mechanical durability, as indicated by
conductivity measurements during tensile loading and observation of the surface morphology of the fibers under various
modes of deformation.
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sensitization followed by palladium(II)
(PdCl,) activation, or by silane modification.
However, the problems of multistep procedures

Fibers functionalized with silver nanoparticles are
attracting an increasing amount of interest since they
can be used in various applications including conduct-

ive shields, electronic sensors, electromagnetic interfer-
ence shielding and antibacterial textiles.'" Commonly
used methods to produce metal coated materials
include sputtering methods,® electroplating,” in situ
synthesis,>® electroless plating”'® and self-assembly."!
Among these methods, electroless plating is the most
widely used in industry due to its advantages of being
a simple procedure together with achieving a continu-
ous and uniform coating layer.'> However, the disad-
vantages of the electroless plating method are that it
requires careful control of the plating bath compos-
ition'? and requires an activation step for the sub-
strates in order to produce catalytic sites for the
deposition of metals. Conventionally, substrate fibers
are processed either by tin(II) chloride (SnCl,)

include a significant requirement for instruments and
toxic solvents involved in these processes, which limit
their wide application.

In recent years, inspired by the adhesion mechanism
of mussels, dopamine (DA) has been widely used as an
excellent material candidate for surface modification
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due to several advantages of simple ingredients, mild
reaction conditions and general applicability to various
types of substrate materials.*'® ?° The method of poly-
dopamine (PDA) modification has also been used for
the preparation of silver coated fibers.'*' 2 For exam-
ple, Wang et al.?*?** prepared silver functionalized
poly(ethylene terephthalate) (PET) fibers and polyme-
taphenylene isophthamide (PMIA) fibers with PDA
modification followed by electroless plating. The results
showed that both silver coated PET and PMIA fibers
exhibited good -electrical conductivity (with surface
resistivities of 0.40 and 0.61 mQ-cm, respectively), and
satisfactory stability was achieved by ultrasonic treat-
ment. Hu et al.®> prepared conductive ultrahigh-mole-
cular weight polyethylene fibers by employing PDA
modification followed by electroless silver plating.
The resistance of the silver coated fibers was measured
at 0.15Q/cm per bundle. However, it should be noted
that in these research projects, the PDA modification
process generally took 24 h, which is very time-consum-
ing. It is known that the formation of PDA was asso-
ciated with oxidation, intra-molecular cyclization and
rearrangement, followed by multistep reactions that
lead to deposited thin film on the material’s surface.'®
The initial DA oxidation reaction is critical to initiate
thin-film deposition on a material surface, but this pro-
cess is very slow in air conditions.?® It has been demon-
strated that the formation of PDA can be accelerated to
some extent by employing various oxidizing agents,
such as ammonium persulfate, sodium periodate and
copper ions.>”*® However, to date there has been no
report on the preparation of silver coated fibers by
combining rapid PDA modification and electroless
plating.

The applications of silver coated fibers are largely
dependent on their conductivity! and antimicrobial
properties.”” The mechanical durability of the silver
nanoparticles is also of great importance as silver
coated fibers are inevitably subjected to external
forces in service or when further processed (e.g. by
spinning, weaving or knitting). However, research
into silver coated fibers to date has mainly focused on
their conductivity and antimicrobial properties, and
investigation of mechanical durability has largely been
ignored.

Based on these considerations, in this work, silver
coated PET fibers were prepared by employing rapid
DA modification followed by electroless plating. The
DA modification process was accelerated by using
CuS0O4/H»0,. The coated silver layer was characterized
using Fourier transform infrared spectroscopy (FTIR),
scanning electron microscopy (SEM), atomic force
microscopy (AFM), X-ray diffraction (XRD) and
energy dispersive spectrometry (EDS). Antimicrobial
activity against Escherichia coli and Staphylococcus

aureus, as well as the change of electrical conductivity
during tensile loading of the silver coated fibers, were
investigated. In particular, the coating durability of the
deposited silver nanoparticles subjected to mechanical
loading was evaluated.

Methods/experimental
Materials

PET fibers used in the present study were commercial
multifilament yarns having 1500/136/0 specification,
i.e. 1500 denier, 136 filaments and zero twist.
The fibers were supplied by Zhengfeng Braid Co.,
Ltd, Jiangxi, China. The PET fibers were ultrasonically
cleaned with ethanol and hydrochloric acid followed by
distilled water to remove surface contaminants, and
then vacuum dried before use. DA hydrochloride
(DA-HCI) and tris (hydroxymethyl) aminomethane
(Tris) were procured from Macklin, China; silver
nitrate (AgNO;) was purchased from the Shanghai
Fine Chemicals Research Institute; and copper sulfate
(CuSOy4-5H50), hydrogen peroxide (H,0O,), ammonia
(NH3-H»0), glucose, ethanol and distilled water were
supplied by Qingdao Shengtianyi Chemical Plant,
China and used without further treatment.

PDA modification of PET fibers

Initially, a DA solution with a concentration of 2.0 g/L
was prepared by dissolving DA-HCI powder in distilled
water and the pH value of the solution was adjusted to
8.5 by adding Tris. CuSO4 and H,O, were added to the
DA solution with a concentration of 1.8 g/L. and 0.6 ml/
L, respectively. PET fibers were then put in the DA/
CuSO4/H,0, solution and processed at 25°C for 1h.
After treatment, PET fibers were separated from the
solution, rinsed three times with distilled water and
then dried in a vacuum oven at 60°C overnight.
Pristine PET fibers and PDA treated PET fibers were
referred to as PET and PET/PDA, respectively.

Electroless deposition of silver on PET/PDA

Silver nitrate solution with a concentration of 8 g/L. was
prepared by dissolving 4 g silver nitrate in 500 mL dis-
tilled water; ammonia solution at a concentration of
S0mL/L was then added slowly to the silver nitrate
solution whilst stirring until the solution became trans-
parent. PET/PDA fibers were put in the prepared solu-
tion, and then glucose solution (with a concentration of
12 g/L) was dripped slowly into the above mixture to
initiate the reduction of silver. After reaction under
magnetic stirring for 2h, the fibers were separated,
washed thoroughly with distilled water and dried in a
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vacuum oven at 60°C overnight. The fibers obtained
were referred to as PET/PDA/Ag. A schematic illustra-
tion of the surface modification, and the silver coating
process for PET fibers and the corresponding reaction
mechanism are depicted in Figure 1.

Characterization

The surface functional groups of the PDA modified
PET fibers were characterized using FTIR (Nicolet
iS5, USA), and spectra were recorded in the attenu-
ated total reflectance mode. The surface morphology
of PET fibers was observed by using SEM (Phenom
Pro, Netherlands). Samples were coated with a fine
layer of gold (2nm) before undergoing observation.
Images with different magnifications were taken at an
accelerating voltage of 5kV. The diameters of 100
individual particles were measured by using Imagel
software, and the particle size distribution and aver-
age particle size were obtained based on the individ-
ual measurements. The crystalline structure of the
silver coated PET fibers was investigated by XRD
(Bruker D8 Advance, Germany); Cu Ko radiation
with a wavelength of 1.54056 A was used, and the
diffraction patterns were recorded from 10 to 80°.
Surface element compositions of PET and PET/
PDA/Ag fibers were analyzed using EDS (INCAx-
Sight6427, Oxford).

The durability of silver nanoparticles against
washing was determined by conducting ultrasonic

washing and standard washing cycles according to the
International Organization for Standardization stand-
ard ISO 105CO01. For ultrasonic washing, the PET/
PDA/Ag fibers were washed in deionized water under
ultrasonication (with a power of 2500 W and frequency
of 28 kHz) for 1 h at 25°C, then dried in vacuum oven at
60°C overnight and used for further testing. For stand-
ard washing, a water-resistant colorfastness tester (SW
20B, Meibang Instrument, Quanzhou, China) was
used. Specifically, a certain amount of PET/PDA/Ag
fibers were placed in the sample cup (550 ml volume)
and a standard soap solution pre-heated to 40°C was
added at a concentration of 5g/L, and the bath ratio
was controlled at 50:1. The fibers were washed for
five cycles, and for a single washing cycle the washing
condition was set at 40°C for 30 min with the sample
cup rotating at 40r/min. After washing three times
with distilled water, PET/PDA/Ag fibers were dried
in a vacuum oven at 60°C overnight and used for
further testing.

Antimicrobial activities of pristine PET fibers, silver
coated PET fibers and silver coated PET fibers after
washing were tested against E. coli (AATCC 11229)
and S. aureus (AATCC 6538). The antimicrobial
experiments were conducted according to the agar dif-
fusion plate method (GB/T 20944.1-2007) and the
shake flask method (GB/T 20944.3-2008). The agar dif-
fusion plate method provides qualitative data (known
as the inhibition zone) for measuring the antibacterial
activity of silver coated fibers, while the shake flask

(a) HO  oH

C; + CuS0,/H;0,

NH,

AgNO,/NH4-H,O + glucose '

pH=8.5, 25°C, 1h

PET fiber

(b) H,0, + HO-+—HO, + H,0
Cu?* + HO,™ + 30H" «— 0,Cu(OH),* + H,0
Cu2*+ H,0, + 30H" +— HO,CU(OH)," + H,0
Cu* + 30H" «— Cu(OH)y"
Cu?* + 40H" «— Cu({OH)*
0,CU(OH), v Cu(OH), + O
HO,Cu(OH)," «— Cu(OH)," + HO,®
Cu(OH),” + O, + OH- «—» Cu(OH);+ O,
CU(OH); + HyO, «—s Cu(OH)," + OH"
Cu(OH); + HO, «—s Cu(OH)y~ + OH" + OH-
OH" + H,0, «—H,0 + HOy
OH" + HO, +—+H,0 + O~

R+ R +— Hy0,(HO,) + O,(+OH") (R = HO-+ 05)

PET/PDA fiber

25°C, 2h

PET/PDA/Ag fiber

(©

Cyclization or
polymesitaon /¥

pH2T75

€0, 0,

o ol o o
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Figure |. Diagrammatic representation of (a) the preparation of silver coated PET fibers, (b) the mechanism of the production of
reactive oxygen species from CuSO.4/H,0,® and (c) the process of dopamine polymerization in the presence of CuSO4/H,0,.%8

PDA: polydopamine; PET: poly(ethylene terephthalate).
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method gives quantitative data for antimicrobial effi-
ciency, which can be calculated by using equation (1)

Y

Y =
W,

(1)

where Y is the antimicrobial efficiency, and W, and Q,
represent the live bacteria concentrations before and
after contact with the specimen for 18 h, respectively.

Tensile properties and the change in electrical con-
ductivity during tensile loading of the silver coated PET
fibers were measured by using a modified tensile testing
machine for fibers. A digital multimeter was connected
between the two grips of the tensile testing machine.
Hence, the change of electrical resistance was recorded
during in situ tensile loading. Test conditions were as
follows: a pre-load of 10cN was applied for a separ-
ation rate of 100 mm/min for a gauge length of 100 mm
at a temperature of 20°C and relative humidity of 65%.
In order to investigate the mechanical stability of the
coated silver layer, PET/PDA/Ag fibers were subjected
to various degrees of deformation and different times of
cyclic loading at a constant displacement of 0 to 5mm
at a speed of 100 mm/min, and then the surface
morphologies of PET/PDA/Ag fibers were observed
utilizing SEM.

Results and discussion
Effect of CuSO4/H,0; on the DA reaction

The formation mechanism of DA-inspired thin-film
deposition in the presence of oxidants and in alkaline
conditions is related to the oxidative polymerization of
DA.*! The DA oxidation reaction resulted in a solution
that turned from clear and transparent to dark brown

and opaque as the reaction proceeded to completion.*®
Figure 2(a) shows the color changes of DA and
DA/CuSO4/H>0O, solutions with reaction time.
Figure 2(b) is a plot of UV/Vis (ultraviolet/visible
light) absorbance at 420 nm, which is a characteristic
peak of PDA,*® with reaction times for DA and DA/
CuS0O,4/H»0,. It can be seen that the solution of DA
was initially pink and gradually changed to be cloudy
when the reaction time reached 60 min. In contrast, the
solution of DA/CuSO4/H,0O, was a yellowy brown at
the beginning and then turned dark brown within
30 min, indicating more rapid formation of PDA.
This is because CuSO, acted to oxidize DA, while in
alkaline conditions, CuSO4/H,O, produced a large
number of reactive oxygen species including O,
HO,- and OH-,*° which triggered the polymerization
of DA and improve the deposition rate of PDA on
the substrates.”®

Figure 2(b) shows the UV/Vis absorbances at
420nm of the DA and DA/CuSO4/H,0, solutions
after they were diluted three times. It is shown that
the absorbance of DA/CuSO4/H,0, was much higher
than that of DA at each reaction time. After polymer-
ization for 60 min, the absorbance of DA/CuSO,4/H,0,
reached 2.43, which was much higher than that of DA
at 0.328. Therefore, it was confirmed that the polymer-
ization of DA can be accelerated by the introduction of
CUSO4/H202.

FTIR analysis

The surface color of the PET fibers changed from white
to dark brown after PDA modification, as shown in
Figure 3(a). FTIR was employed to analyze the
change of functional groups of PET fibers before
and after PDA modification, and the results are

(a) R |
o.-|= 1 [ Bl B
LR

DA/CUSO,H,0,

20 30 40 50 60

Time (min) 0 10

b)
251 —a&— DA
—o— DA/CuSOH,0,
20
§ 151
8
.§ 104
<
05}
ol A’X‘k_a—‘a—_ﬁ_“
L ' L L s L s
] 10 20 30 40 50 60
Time (min)

Figure 2. (a) Color change and (b) ultraviolet/visible light absorbance at 420 nm with reaction time for dopamine and dopamine/

CuSO4/H,0,; the ultraviolet/visible light absorbance of dopamine
diluted three times.
DA: dopamine.

and dopamine/CuSO4/H,0O, was measured after the solution was
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(b)

1618 1455

/
L ApES

——PET
——PET/PDA

Absorbance

4000 3500 3000 2500 2000 1500 1000
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Figure 3. (a) Digital image and (b) Fourier transform infrared spectra of poly(ethylene terephthalate) and poly(ethylene tereph-

thalate)/polydopamine fibers.
PDA: polydopamine; PET: poly(ethylene terephthalate).

shown in Figure 3(b). It can be seen that both PET
fibers and PET/PDA fibers exhibited peaks at 1720
(O=C-0O group), 2965 (C-H asymmetric in the CH
and CH, groups of the benzene ring), 1410 (CH, scissor
vibration) and 1230cm™' (C-O stretching vibration).
Besides, some new peaks were shown in the spectra of
PDA modified PET fibers. The band at 1455cm ™" was
assigned to the C-N stretching of PDA,** while the
absorbance at 1616cm ™" was ascribed to the C=C
stretching vibration of indole in PDA.* The weak
absorbance intensity of these peaks might be due to
the low thickness of the PDA layer. These results
prove the successful immobilization of the PDA layer
on the surface of PET fibers.

Surface morphology

The surface morphologies of three categories of PET
fibers, including untreated, PDA modified and silver
coated, are shown in Figure 4. It can be seen from
Figure 4(a) that the surface of pristine PET fibers was
smooth. In contrast, a layer of PDA can be seen on
the surface of PET fibers after PDA treatment
(Figure 4(b)). After silver plating, the silver particles
were clearly observed as shown in Figure 4(c). The
average particle size (D,) was measured at 208 with
an SD (o) of 29nm. AFM was used to analyze the
surface morphology of PET, PET/PDA and PET/
PDA/Ag fibers, and the resultant three-dimensional
images are shown in Figure 4(d) to (f). The surface of
pristine PET fibers was relatively smooth with a surface
roughness (R,) of 1.55nm. Gullies were observed on
PET/PDA fibers with a surface roughness of 4.92nm
and this implies the successful modification of the
fibers. The surface of PET/PDA/Ag fibers was much

coarser with a surface roughness of 16.3 nm occurring
on the deposited silver nanoparticles.

Surface composition

XRD and EDS were employed to further confirm the
deposition of silver particles on the surface of PET
fibers. XRD patterns for pristine PET fibers and
silver coated PET fibers are presented in Figure 5(a).
Compared with pristine fibers, the diffracted intensity
of the peaks for silver coated fibers located between 20
of 14 and 28°, which were the crystal faces of PET
fibers, weakened significantly because of the plating of
silver particles on the fiber surface. New peaks at
20=38.3, 44.5, 649 and 77.8° were found in the
XRD pattern of silver plated PET fibers. These peaks
can be assigned to the (111), (200), (220) and (311)
planes of the cubic structure of metallic Ag,'” revealing
the formation of face-centered cubic silver crystallite on
the surface of PET fibers. No diffraction peaks corres-
ponding to silver halide or silver oxide were observed in
the XRD patterns of silver coated PET fibers, indicat-
ing that the silver particles deposited on the PET fiber
surface were in the metallic state.

Element composition of PET fibers and PET/PDA/
Ag fibers was determined using EDS, and the results
are shown in Figure 5(b) and (c), respectively. It can be
seen that the pristine PET fiber was composed of C and
O clements with a carbon to oxygen signal ratio (C/O)
of 1.966, which is close to the theoretical value of 1.875
for the C/O ratio for PET. The EDS spectrum for PET/
PDA/Ag fibers in Figure 5(c) shows that the content of
Ag is 88.9wt%, and, meanwhile, the signals for C and
O were markedly weakened because of the deposition
of a dense silver layer on the surfaces of PET fibers.
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Figure 4. Scanning electron microscopy images of (a) pristine poly(ethylene terephthalate) fibers, (b) poly(ethylene terephthalate)/
polydopamine fibers and (c) poly(ethylene terephthalate)/polydopamine/Ag fibers, and (d) atomic force microscopy profile of pristine
poly(ethylene terephthalate) fibers, (e) poly(ethylene terephthalate)/polydopamine fibers and (f) poly(ethylene terephthalate)/poly-

dopamine/Ag fibers.
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Figure 5. (a) X-ray diffraction of poly(ethylene terephthalate) fibers and poly(ethylene terephthalate)/polydopamine/Ag fibers.
(b) Energy dispersive spectrometry spectra of poly(ethylene terephthalate) fibers and (c) poly(ethylene terephthalate)/

polydopamine/Ag fibers.
PDA: polydopamine; PET: poly(ethylene terephthalate).

Antimicrobial properties

Figure 6 demonstrates the results of the inhibition zone
used to evaluate the antimicrobial activity against E.
coli and S. aureus of various PET fibers. It can be

observed from Figure 6(a), (b), (f) and (g) that the sam-
ples of pristine PET fibers and PET/PDA fibers failed
to show an inhibition zone, indicating no antimicrobial
features against E. coli and S. aureus. However, a clear
inhibition zone was observed for the sample of silver
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Figure 6. Antimicrobial ring tests for poly(ethylene terephthalate), poly(ethylene terephthalate)/polydopamine and poly(ethylene
terephthalate)/polydopamine/Ag fibers. (a)—(e) Antimicrobial rings against E. coli: (a) poly(ethylene terephthalate) fibers,

(b) poly(ethylene terephthalate)/polydopamine fibers, (c) poly(ethylene terephthalate)/polydopamine/Ag fibers, (d) ultrasonic
washed poly(ethylene terephthalate)/polydopamine/Ag fibers and (e) poly(ethylene terephthalate)/polydopamine/Ag fibers after
standard washing for five cycles. (f)—(j) antimicrobial rings against S. aureus: (f) poly(ethylene terephthalate) fibers, (g) poly
(ethylene terephthalate)/polydopamine fibers, (h) poly(ethylene terephthalate)/polydopamine/Ag fibers, (i) ultrasonic washed

poly (ethylene terephthalate)/polydopamine/Ag fibers and (j) poly(ethylene terephthalate)/polydopamine/Ag fibers after standard

washing for 5 cycles.

plated PET fibers against both E. coli and S. aureus, as
shown in Figure 6(c) and (h). The widths of the inhib-
ition zones were measured to be 2.8 and 3.6 mm for FE.
coli and S. aureus, respectively. The silver nanoparticles
appeared to have broken the cell wall of the micro-
organism and attacked the respiration chain and cell
division, which finally led to cell death.** As shown in
Figure 6(d), (i), (e) and (g), silver coated PET fibers still
exhibited obvious antimicrobial action against E. coli
and S. aureus after ultrasonic and standard washing,
though the decrease in the growth inhibition rings
(1.2 and 1.1mm in width for E. coli and 1.4 and
1.3mm in width for S. aureus, respectively) might
have been caused by the decrease in antimicrobial
activity.

The antimicrobial efficiency of silver coated PET
fibers before and after washing was measured, and
the results are shown in Figure 7. It was found
that the antimicrobial efficiency of PET/PDA/Ag
fibers reached 100% against E. coli and 99.99%
against S. aureus, respectively. After washing in
water under ultrasonication for 1h, the antimicrobial
efficiency against E. coli and S. aureus slightly
dropped to 98.2 and 97.8%, respectively. The anti-
microbial efficiency against E. coli and S. aureus
was 97.6 and 97.2% after standard washing for five
cycles. The results suggest that the silver coated PET
fibers have high antimicrobial activity against both E.
coli and S. aureus, and that their antimicrobial activ-
ity can be well maintained even after various washing
treatments.

120

O Before washing
O Ultrasonic washing for 1h

100 L Standard washing for 5 cycles

80

60 -

40

Antimicrobial efficiency (%)

20

S. aureus

Figure 7. Antibacterial efficiency tests for poly(ethylene ter-
ephthalate)/polydopamine/Ag fibers.

Conductivity and mechanical stability of
PET/PDA/Ag fibers

The electrical resistance of PET/PDA/Ag fibers mea-
sured by a two-point multimeter was 0.76 Q2 over a
length of 1cm, indicating good conductivity after
deposition of silver nanoparticles. After standard
washing for five cycles, the electrical resistance of
PET/PDA/Ag fibers increased to 1.78Q over a
length of 1cm, which also indicates good stability
against washing of the coated silver nanoparticles.
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Figure 8. (a) Load-displacement curve and (b) change of resistance versus displacement for poly(ethylene terephthalate)/polydo-

pamine/Ag fibers.

Figure 9. Scanning electron microscopy images of (a) pristine poly(ethylene terephthalate)/polydopamine/Ag fibers and poly(ethyl-
ene terephthalate)/polydopamine/Ag fibers at different displacement; (b) 3, (c) 5, (d) 10 and (e) I5mm, and (f) at tensile break.

Figure 8 shows a typical load displacement curve and
the change of electrical resistance versus displacement
for PET/PDA/Ag fibers. It can be seen from
Figure 8(b) that the electrical resistance increased
with increasing displacement until tensile failure
occurred, indicating decreased conductivity with
fiber clongation. The increase in resistance can be
due to two effects: firstly, as the fibers were elon-
gated, the length increased and the cross-sectional
area decreased, hence the resistance increased as in
compliance with equation (2); secondly, as the fibers
were stretched, the coated silver layers were subjected

to increasing damage, which also led to an increase in
electrical resistance.

R=p- )

N

where R is the resistance in €2, p is the resistivity in -m,
[ is the length in m and S is the cross-sectional area in
m”. The average value of resistance just before failure
was 1130, which suggests that the silver coated
fibers still had a certain degree of conductivity prior
to tensile failure.
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Figure 10. Scanning electron microscopy images of poly(ethylene terephthalate)/polydopamine/Ag fibers after different numbers of
loading cycles: (a) 10, (b) 30, (c) 50 and (d) 100 cycles; displacement was kept at 0—5 mm.

In order to investigate the mechanical durability of the
coated silver layer, PET/PDA/Ag fibers were stretched to
various degrees of deformation, and the surface morphol-
ogies of the stretched fibers were observed by using SEM
as depicted in Figure 9. Compared with the original silver
coated PET fibers, the surfaces of PET/PDA/Ag fibers
experienced different stretching and showed various
degrees of damage in the form of cracks and exfoliation.
In particular, for the fibers subjected to low deformations
(3 and 5mm), only cracks were seen on the fiber surfaces.
With the increase in displacement, both the numbers and
the sizes of the cracks in the silver coating increased, and
some small exfoliations can be clearly seen on the sur-
faces of the fibers (Figure 9(d) and (e)). However, the
silver layer did not exhibit any peeling even at tensile
failure as shown in Figure 9(f), implying that the binding
force between the coated silver layer and PDA modified
PET fibers was strong.

Surface morphologies of PET/PDA/Ag fibers subjected
to different times of cyclic loading at a constant displace-
ment of 0 to S mm were also assessed to further investigate
the mechanical stability of the coated silver layer. As
shown in Figure 10, with the increase in cyclic loading,
wrinkles can be clearly seen on the surface of PET/PDA/
Ag fibers besides small cracks and small exfoliations. As
the fibers were stretched, provided that the coated silver
layer deformed along with the fibers, the adhesion between
the fibers and the coated silver layers was not destroyed.
However, due to the differences between the deformation
recovery abilities between the PET fibers and the silver
layer, some of the silver nanoparticles separated from
the fiber surfaces and wrinkles formed after specific
cycles of deformation. Although a certain number of
cracks and exfoliations appeared on the surface of silver
coated fibers after 100 cycles, most of the silver nanopar-
ticles were still attached to the fiber surface, indicating
good mechanical stability of the coated silver layers.

Conclusions

Silver coated PET fibers were prepared through PDA
modification and electroless plating. The deposition

rate of PDA on the fiber surface was significantly
improved by using CuSO4/H,0, as an oxidants and
trigger. The silver coated fibers exhibited excellent anti-
microbial activity against both E. coli and S. aureus,
and the antimicrobial performance was well maintained
after washing. The silver coated PET fibers also showed
good conductivity with a resistance of 0.76  per 1cm.
The coated silver layer was found to have good mech-
anical durability, as indicated by electrical conductivity
measurements during tensile loading and surface
morphology observation of the fibers after various
degrees of deformation. Combing the characteristics
of excellent antimicrobial properties, good electrical
conductivity and robust coating durability, the silver
coated PET fibers are expected to be good candidate
materials for the production of functional fabrics and
nonwovens, which can be used in the fields of health-
care and smart wearables.
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