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Abstract In this paper, a new method is introduced
for producing multi-functional cellulose nanofibers in
order to achieve the biodegradable materials for
various applications with a minimal amount of poten-
tially toxic materials. Cellulose nanofibers (CNFs)
were fabricated by electrospinning cellulose acetate
solution followed by deacetylation. The CNFs were
then treated with silver nitrate, ammonia, and sodium
hydroxide and subsequently with dopamine as reduc-
ing and adhesive agent. Ag ions on the CNF surface
were photo-reduced to Ag nanoparticles (NPs) using
UVA irradiation to produce a dense layer of silver
nanoparticles on the nanofibers. This is based on the
simultaneous formation of polydopamine and Ag NPs
on CNFs. Overall, this is a fast, simple, and efficient
procedure that takes place in a conventional method at
ambient temperature. The crystalline structure of
CNFs decorated with AgNPs was studied by X-ray
diffraction. Field-emission scanning electron micro-
scopy and energy-dispersive X-ray patterns showed
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uniform distribution of silver nanoparticles on the
CNF surface. Incorporation of AgNPs on the CNF
surface via dopamine improved the electrical conduc-
tivity and also the tensile strength of the nanomat. The
CNFs decorated with AgNPs exhibited a low electrical
resistivity around 35 KQ/square and a tensile strength
of 87% higher than untreated CNFs.

Keywords Cellulose nanofibers - Silver
nanoparticles - Electrospinning - Cellulose acetate -
Dopamine

Introduction

In the last few decades, a huge interest in the field of
cellulose nanofibers has appeared because of wide
variety of potential applications such as green com-
posites, energy storage devices, separator membranes,
electrical devices, electrochemical actuators, drug
delivery systems, solar cells, biosensors, and gas
sensors (Jung et al. 2015; Ge et al. 2010; Jonoobi et al.
2015; Jabbour et al. 2013). Cellulose, as the most
abundant renewable biopolymer on earth, has excep-
tionally good mechanical performance at comparable
low weight (Lu and Hsieh 2012; Zhang et al. 2013). In
addition, formation of cellulose fibers in nanoscale
leads to high surface area, large volume-to-mass ratio
and high porosity (Tungprapa et al. 2007). Electro-
spinning of cellulose acetate (CA) with subsequent
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deacetylation is still the main process for producing
cellulose nanofibers (Konwarh et al. 2013; Ohkawa
2015). Cellulose acetate has been electrospun under a
wide variety of conditions and straightforward con-
version to cellulose (Frey 2008). Liu and Hsieh
reported that acetone:dimethylacetamide (2:1)
(DMACc) is the most versatile solvent for fabrication
of continuous CA nanofibers that can be deacetylated
to cellulose using NaOH solution (Liu and Hsieh
2002). Silver nanoparticles represent one of the most
commonly studied among metal nanoparticles due to
unique optical, electrical, catalytic, and thermal prop-
erties (Dastjerdi and Montazer 2010). There are many
known methods for synthesis of Ag nanoparticles on
cellulosic materials, including hydrothermal reduction
(Li et al. 2015), chemical reduction (Jung et al. 2009),
microwave irradiation (Li et al. 2011), sonochemical
reduction (Perelshtein et al. 2008), laser ablation
(Koshy et al. 2016), gamma irradiation (Thi et al.
2014), photochemical (Son et al. 2006), and biological
synthesis methods (El-Rafie et al. 2012). Examples of
recent reports on this field are presented in Table 1.
Numerous research papers and patents are available

and significant number of research works is in progress
for producing cellulose nanofibers containing silver
nanoparticles as ecofriendly materials for various
applications (Jung et al. 2015; Martins et al. 2012). For
instance, Nogi et al. (2015) produced optically trans-
parent conductive paper with a low sheet resistance of
39 Q/square using cellulose nanofibers and silver
nanowires for lightweight and portable electronic
devices. Jang et al. prepared cellulose-based nanofi-
bers with catalytic activity by electrospinning of CA
solution with 0-5 wt% AgNOj;, UV irradiation and
post-deacetylation under alkali condition. They pro-
duced cellulose nanofibers with different Ag content
and phase showed the important role of Ag ions in
catalytic reduction of methylene blue (Jang et al.
2014).

Among the various synthesis methods for the
preparation of silver nanoparticles, chemical reduction
by using a predominant salt precursor, reducing agent,
and stabilizing agent is the most common method
(Ravindra et al. 2010). Therefore, the environmental
issues associated with the manufacture of silver
nanoparticles and usage of the safe material in the

Table 1 Various methods of Ag NPs deposition on the cellulosic materials

Experimental conditions Ag NPs Materials References
deposition

Cellulose/silver nanocomposite fibers prepared with immersion of cellulose ~ Hydrothermal  Cellulose fibers Li et al.
fibers in AgNOj3 aqueous solution and then heated at 80 °C for 24 h for reduction (2015)
in situ synthesis of Ag NPs

Silver NPs incorporated into a microbial cellulose membrane through Chemical Microbial Jung et al.
equilibration of cellulose membrane with aqueous AgNO5; and NaBH, reduction cellulose (2009)
solution membrane

Synthesis of cellulose/AgCl nanocomposites using cellulose solution and Microwave Microcrystalline  Li et al.
AgNOj; in N, N-dimethyl acetamide (DMAc) followed by microwave irradiation cellulose (2011)
heating at 150 °C

Silver NPs were synthesized and deposited on cotton fabric using ultrasound Sonochemical  Cotton fabric Perelshtein
irradiation in a one-step reaction procedure by AgNO; solution reduction et al.

(2008)

Silver NPs were synthesized by laser ablation method, and then the cellulose Laser ablation  Cellulose paper Koshy et al.
paper matrix was coated with silver NPs by solvent casting method matrix (2016)

Silver NPs were immobilized on the surface of cotton fabric by gamma Gamma Cotton fabric Thi et al.
irradiation on the fabric in the AgNO; chitosan solution irradiation (2014)

Cellulose acetate (CA) nanofibers containing Ag NPs on the surface produced Photochemical Cellulose acetate  Son et al.
by UV irradiation of electrospun CA nanofibers from CA solution with method nanofibers (2006)
small amounts of AgNO;

Biosynthesis of silver NPs was carried out by using fungus Fusarium solani. Biological Cotton fabric El-Rafie et al.
All pre-washed cotton fabrics were immersed in a bath containing methods (2012)

synthesized AgNPs solution for 1 min and padded to 100% wet pick-up
dried at 70 °C for 3 min, followed by curing at 150 °C for 2 min
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synthesis processing is an important subject (Tolaymat
et al. 2010).

Dopamine (3, 4-dihydroxyphenethylamine), a mus-
sel-inspired catecholamine, has recently attracted
considerable interest as an effective adhesive com-
pound at slightly alkali pH and in the presence of
atmospheric oxygen, weak alkali, and oxidants (Xu
et al. 2011; Sa et al. 2014). The oxidative self-
polymerization of dopamine forms a polydopamine
(PDA) layer on a broad range of surfaces including
metal, nonmetal, ceramics, and polymers (Zhang et al.
2012; Hao et al. 2016; Li et al. 2012). PDA coating
have been frequently reported to be thin, surface-
adherent, and robust enough to use for variety of
applications including electrochemical systems,
biosensors, drug delivery, and tissue engineering
(Zhu et al. 2012; Lee et al. 2016). Moreover, the
self-polymerization and self-adhesive nature of poly-
dopamine layer leads to spontaneously reduce noble
metal ions to metal nanoparticles (Peng et al. 2016;
Liao et al. 2010; Rastegar et al. 2016). Su et al. (2015)
successfully synthesized monodisperse gold nanorods
using dopamine hydrochloride as an effective reduc-
ing agent. They reported the action of dopamine as
additive and generation of polydopamine as a binding
agent for controlling the size and shape of nanopar-
ticles. Wang et al. prepared a highly conductive silver-
plated polyester (PET) fiber with a bio-inspired poly-
dopamine coating and subsequently electroless plating
of silver on the surface of PET-PDA fiber. They
suggested the action of dopamine as an adhesive and
reducing agent for synthesis of a silver layer and also
decreased resistivity of the silver-plated PET as low as
0.4 m Q cm (Wang et al. 2012). Hao et al. prepared
carbon nanotubes decorated with silver nanoparticles
through PDA surface functionalization and UV irra-
diation. CNT surface was first functionalized by PDA
layer and then silver nanoparticles immobilized onto
CNTs-PDA surface by the weak reduction perfor-
mance of PDA layer on CNTs and the high energy of
UV light. The as-prepared nanocomposites demon-
strated excellent electrical conductivity with a surface
conductivity of 340 S/cm (Hao et al. 2016). Su et al.
fabricated high performance transparent conductive
cellulose with enhanced mechanical robustness and
long-term durability based on polydopamine func-
tionalized nanofibrillated cellulose substrate incorpo-
rating with silver nanowires network. They showed
tightly binding between PDA coating and silver

nanowires produced continuous conductive network
layer and simultaneously welded the wire to wire. This
dramatically decreased the sheet resistance to 14.2 Q/
square and increased the mechanical robustness and
chemical stability in order to use in green flexible
electronics (Su et al. 2017).

In this research, we explored cellulose nanofibers
decorated with Ag nanoparticles manufactured
through combination of electrospinning technique
and nanofinishing of nanofibers. Therefore, bioin-
spired dopamine as a reducing and adhesive agent was
employed to reduce Ag ions to nanoparticles and
simultaneously polymerized and formed poly-
dopamine layer on the surface of CNFs. The coating
of PDA on CNFs mechanically strengthen the
nanofibers structure and chemically modified nanofi-
bers surface led to easier electron transfer. In addition,
UV irradiation accelerates the dopamine-quinone
oxidation and generation of Ag nanoparticles. Also,
incorporation of Ag nanoparticles on the surface of
CNFs causes enhanced mechanical and electrical
properties. The tensile strength, electrical resistivity,
weight changes, and the structural characteristics of
the cellulose nanofibers decorated with silver nanopar-
ticles were also examined.

Materials and methods
Materials

Silver nitrate (AgNOs;, extra-pure >99.8%), sodium
hydroxide, aqueous ammonia (25%), acetone (99.9%),
dimethylacetamide (DMAc, 99.9%) were purchased
from Merck Co. (Darmstadt, Germany). Cellulose
acetate (CA, Mn = 30,000, 39.8% acetyl groups) and
dopamine were supplied from Sigma Aldrich Co
(Germany). All the chemicals were used without
further purification.

Electrospinning

A 17 wt% sample of CA was dissolved in mixture of
acetone/DMAc in the volume ratio of 2:1 and stirred
for 5 h to achieve the homogeneous solution which is
finally considered as a precursor solution for electro-
spinning. The CA solutions were electrospun at a
positive voltage of 20 kV, a needle tip-to-collector
distance of 15 cm and a solution flow rate of 3.0 mL/h.
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Electrospinning was performed at 20 £ 2 °C and
relative humidity 45-60%.

Deacetylation of CA nanofibers

Electrospun CA fibrous mats were deacetylated in
0.1 M NaOH solution for 48 h to regenerate into
cellulose. The fibrous mats were then rinsed with
distilled water to neutralize the pH and dried at
ambient conditions.

Preparation of cellulose nanofibers decorated
with Ag nanoparticles

Silver nitrate was dissolved in ammonia under stirring
to produce a transparent solution and then 1 N sodium
hydroxide was added to the solution. Electrospun
cellulose nanofiber mats were immersed in the solu-
tion and then 2 g/L. dopamine was added dropwise to
initiate the reduction reaction. The samples were then
taken out and irradiated under UVA (320 nm) for 2 h
at room temperature. The silver coated cellulose
nanofibers were finally rinsed with distilled water
and dried at room temperature.

Characteristics

The X-ray diffraction (XRD) study was carried out
with X-ray diffractometer (model EQuniox3000,
INEL, Artenay, France) having nickel-filtered Cu Ko
radiation to investigate the crystalline size and phase
of the synthesized silver nanoparticles on the cellulose
nanofibers. Field emission scanning electron micro-
scopy (FESEM SIGMA VP-500, Germany) was used
to observe the surface morphology of the treated
electrospun nanofibers and synthesized Ag nanopar-
ticles. Prior to taking FE-SEM pictures, a gold layer
was placed on the fabric surface to make the final
image much clearer. X-ray mapping images and
Energy-dispersive  spectroscopy (EDX) (Oxford
Instrument, England) patterns was also applied for
elemental composition analysis.

Fourier transform infrared (FTIR) spectra of the
cellulose/Ag nanofiber were taken on FTIR Micro-
scope (Thermo Nicolet Corporation, Madison, WI,
USA) in the range of 4000-675 cm ™' to characterize
the changes appeared in functional groups on the
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cellulose acetate nanofibers after deacetylation and
cellulose nanofibers after treatment with dopamine.
The electrical resistivity was measured by two-point
probe instrument. The tensile strength of the samples
before and after treatment was determined using
Instron with a gauge length of 2 cm and an extension
rate of 5 mm/min. The weight change percentage
(AW%) of various samples was also determined
according to Eq. (1):

W, — W,
— X

1

AW% = 100 (1)
where W, and W, are the weight of samples before and
after treatment, respectively.

Result and discussions

The surface modification of CNFs by coating with
silver nanoparticles and simultaneous dopamine poly-
merization was carried out in three main steps. The
first step involved fabricating CNFs by electrospin-
ning of cellulose acetate solution and subsequent
deacetylation with NaOH solution. The second step
was the complex reaction for immobilization of Ag
nanoparticles on the CNF surface by the reduction
performance of dopamine. The third step consisted of
the photo reduction of the residual silver ions to silver
nanoparticles and the deposition of the nanoparticles
onto the CNFs using UV irradiation. The above
mentioned steps are shown in reaction rl to r8 and
each step is described in details.

2AgNO; + 2NaOH — Ag,0 + 2NaNO; + H,0

(r1)
2AgNO; + 2NH4OH — Ag,0 + 2NH4NO; + H,0

(r2)
Ag,0 + 4NH,OH — 2[Ag(NH3),]OH + 3H,0

(r3)
Ag,0 + 4NH,OH + 2NaNO;

— 2Ag(NH3),NOs + 2NaOH (r4)
Cell — CH,OH + NaOH — Cell — CH,0 Na*
+ H,0
(r5)
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At first, Ag ions are adsorbed by the catechol and
nitrogen groups in dopamine and then reduced to silver
nanoparticles. Catechol groups have a moderate reduc-
tion capability with a redox potential of —530 mV
versus normal hydrogen electrode (NHE) (Son et al.
2013). Oxidative polymerization of dopamine causes
the oxidation of catechol group in dopamine and loses
two electrons that generates enough reducing capability
to reduce Ag" to metallic Ag® (Son et al. 2013).
Therefore, silver nanopaticles were deposited on the
CNF surface through simultaneously formation of
polydopamine layer while providing binding sites for
the reduced silver nanoparticles. On the other hand, the
high energy of UV light leads to photoreduction of the
residual silver ions to silver nanoparticles and further
diffusion and aggregation on the cellulose nanofibers
(Jang et al. 2014).

FTIR
The FTIR method was employed for analysis of the

changes appeared in chemical structure of CA after
deacetylation and CNFs after treatment with dopamine.

fibers (Fig. 1a, b) shows the characteristic peaks
attributed to stretching vibrations of the acetate
substituent around 1745 cm™' (C=0), 1375 cm™!
(C-CH;), and 1235 cm ! (C-0O-C). After deacetyla-
tion, the intensity of characteristic peaks ascribed to -
OH at 3479 cm™' increased, while acetate groups
disappeared. This proves the formation of pure cellu-
lose fiber as a result of deacetylation with NaOH. After
cellulose nanofibers were treated with dopamine, the
intensity of absorption peak at 3497 cm ™' assigned to
the asymmetric stretching vibration of aromatic O—H
increased and also widened. This indicates the suc-
cessful deposition of polydopamine and formation of
hydroxyl groups on the CNF surface.

XRD

Analysis of X-ray diffraction patterns is a suit-
able method to investigate the purity, crystalline
nature, and unit cell dimensions of crystalline com-
pounds. The XRD patterns of the silver-coated cellu-
lose nanofibers are illustrated in Fig. 2. Five obvious
peaks located at 37.6°, 43.5°, 63.6°, 76.1°, and 80.6°
related to (111), (200), (220), (311), and (222) planes,
which are reflections of face-centered cubic (fcc)
silver (JCPDS, silver file 4-0783) (Montazer and
Allahyarzadeh 2013). No characteristic peaks were
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Fig. 1 FTIR spectra of a cellulose acetate nanofibers (blue), b regenerated cellulose nanofibers (red) and ¢ cellulose nanofibers treated

with 2 g/L. dopamine (violet). (Color figure online)

observed in this sample corresponded to impurities
such as silver halide or silver oxide. Therefore,
synthesized pure silver metal with fcc symmetry on
the cellulose nanofibers leads to conductive properties
on the cellulose nanofibers.

The crystallite size was calculated around 18 nm
through Scherer’s Eq. (2):

K x 1 x 180

= 2
FWHM x © x Cos0 2)

Crystallite size (A)

@ Springer

where K = 0.9 is the shape factor, 1 = 1.54 is the
wavelength of X-ray of Cu radiation, 0 is Bragg’s
angle and FWHM is full width at half maximum of the
peak (Montazer and Allahyarzadeh 2013).

FE-SEM

The surface morphology of the treated and untreated
CNFs samples was observed by FE-SEM and the
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Fig. 2 XRD spectrum of cellulose nanofibers decorated with 0.1 w%AgNO; and then treated with dopamine 2 g/l under UVA

irradiation for 2 h (sample 3)

images are illustrated in Fig. 3. The FE-SEM images of
regenerated cellulose nanofibers with two different
magnifications (1000 and 2000x) illustrated the
smooth surface with the fiber diameters between 90
and 350 nm (Fig. 3a, b). The FE-SEM images of the
treated cellulose nanofibers with 0.1 and 0.2 w%
AgNOgj are illustrated in Fig. 3c—f, respectively. The
average size was estimated around 26.5 and 206 nm for
nanoparticles and nanofibers diameter, respectively.

The presence of Ag nanoparticles on CNFs was also
confirmed by EDX patterns (Fig. 4). Nitrogen relates
to polydopamine formation, and Ag is the extra
element on the treated nanofibers compared to
untreated nanofibers. The presence of Au in the EDX
pattern is due to shielding of a gold layer on the sample
before FE-SEM observation. Mapping images (Fig. 5)
of Ag indicated a uniform distribution of Ag nanopar-
ticles with no agglomerated particles on the CNF
surface. Dopamine with an aromatic structure acts not
only as a reducing agent, but also as an additive for
controlling the size and shape of Ag nanoparticles (Su
et al. 2015). Nanoparticles are kept in suspension by
repulsive electrostatic forces between the particles
owing to adsorbed dopamine.

Weight change

The weight changes of the treated samples are shown
in Table 2. An increase in the weight of cellulose
nanofibers (6%) after treatment with dopamine under
alkali conditions indicated polydopamine formation
(PDA) on the fiber surface. UV light accelerates both
the dopamine polymerization and PDA layer forma-
tion on the nanofiber surface (Du et al. 2014). This also
leads to a thicker PDA layer formation on the fiber
surface, which consequently enhances the nanofibers
weight by about 11%. Physical interlocking and
chemical bonding of Ag NPs with hydroxyl and amine
groups of formed PDA on the cellulose nanofibers
leads to more weight gain comparing with other
treated samples. Therefore, increasing silver nitrate to
0.2 w% in the presence of dopamine and UV
irradiation causes more synthesis of Ag NPs on the
fiber surface. There is negligible weight change on the
treated samples at higher concentration of silver salt
(0.3 w%) because of the blocking of the functional
groups in PDA and cellulosic nanofibers. It is safe to
infer that the polymerization of dopamine and adsorp-
tion of AgNPs on the nanofibers results in weight gain.
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Fig. 3 FE-SEM images of cellulose nanofibers a, b untreated,
¢, d decorated with 0.1 w%AgNO; and then treated with
dopamine 2 g/ under UVA irradiation for 2 h (sample 3) and e,

Tensile strength
The results of tensile strength [tensile strain (%),
maximum load (cN), and stress at maximum (MPa)]

for treated and untreated CNFs are presented in
Table 2. The treated CNFs with dopamine showed
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L1=26.61 nm 200nm

f decorated with 0.2 w%AgNO; and then treated with dopamine
2 g/L under UVA irradiation for 2 h (sample 4)

higher tensile strain compared to raw CNFs. Dopa-
mine can be oxidized and cyclized through covalently
bonding via aryl-aryl linkages and also strong nonco-
valent forces including charge transfer, n—n stacking,
and hydrogen bonding to form spontaneous deposition
of an adherent polydopamine layer (Zhang et al. 2012;
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Fig. 4 EDX spectrum of cellulose nanofibers a untreated,
b decorated with 0.1 w% AgNO; and then treated with
dopamine 2 g/L under UVA irradiation for 2 h (sample 3)

Son et al. 2013). Polydopamine coating on CNFs
generates a highly stable polymer layer that enhances
tensile strain of the modified CNFs from 10.88 to
13.40. In addition, cellulose nanofibers treated with
dopamine and also UV irradiation for 2 h showed
higher tensile strength compared with the same sample
kept in dark (6.12 MPa). Du et al. reported that
polymerization and formation of polydopamine layer
on the solid surfaces can be accelerated by UV light as
a trigger. Generation of reactive oxygen species
(ROS), including singlet oxygen (10,), superoxide
radicals (O3 "), or hydroxyl radicals (OH) under UV
irradiation play a key role for initiating the dopamine
polymerization due to oxidation-induced process of
polydopamine formation. UV-triggered dopamine
polymerization leads to thicker polydopamine on the
solid surface in short time and higher tensile strength
(Du et al. 2014). On the other hand, the samples treated
with silver nitrate in dopamine media indicated higher
tensile strength than the untreated fibers. Poly-
dopamine plays a key role in immobilization of Ag
nanoparticles on CNF surface due to metal-binding
ability of catechol and nitrogen-containing groups
presented in the structure (Su et al. 2017; Fu et al.

2014). Introducing Ag nanoparticles into the structure
of cellulose nanofibers improved the tensile strength
by interaction with hydroxyl groups of CNs creating in
the alkali condition (Su et al. 2017). Increasing
AgNO; to 0.2 w% causes more Ag nanoparticles that
provides more interfacial interactions and higher
tensile strength. Further increase in AgNO; has no
influence on the tensile strength, indicating the surface
coating of silver nanoparticles are complete and
nanoparticles connect with each other form a contin-
uous layer.

Electrical conductivity

The electrical conductivity of silver coated CNFs was
determined by two probe resistance measurement. The
results in Table 2 demonstrated that resistivity of
silver coated nanofibers decreases with increasing
silver nitrate concentration due to formation of a
continuous and compact silver nanoparticles coating
and closely connected Ag nanoparticles. The electrical
resistivity reaches to 100 kQ/square with 0.1 w%
AgNOg;; however, a further increase in AgNOj5 to 0.2
w% significantly reduces the electrical resistivity to
35 kQ/square. There is no obvious change in the
resistivity when silver nitrate exceeds to 0.2 w%. The
highly adhesive PDA coating on NCFs surface
uniformly connected Ag nanoparticles and PDA as a
welding material simultaneously bridges the discrete
Ag nanoparticles by covering the void spaces,
strengthening the electrical contact between neigh-
boring nanoparticles, providing more conductive
pathways for electron hence improving the overall
electrical conductivity.

Conclusion

Here, we made cellulose nanofibers decorated with
AgNPs by synthesizing AgNPs with uniform distri-
bution on the nanofiber surface assisted by simultane-
ous polydopamine layer formation and UV irradiation.
PDA coating with catechol and amine functional
groups was used as an effective reducing agent to
generate Ag NPs, as well as a chemisorption site for
the silver nanoparticles and adhesive layer between
CNFs and AgNPs. Also, dopamine acts as an additive
for controlling the size and shape of AgNPs while
polydopmine formed on nanofibers surface improves
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Fig. 5 Mapping images of cellulose nanofibers decorated with 0.1 w% AgNOj; and then treated with dopamine 2 g/L under UVA
irradiation for 2 h (sample 3) showing Ag, N, C, O elements on treated CNFs

Table 2 Preparation, electrical resistivity, weight changes and tensile properties of various samples

Sample AgNO; Dopamine UV light Tensile Maximum Stress at Electrical resistance ~ Weight
(w%) (g/L) (min) strain (%) load (cN) maximum (kQ/square) change (%)
(MPa)
Control — - - 10.88 59.71 1.49 - -
1 - 2 - 13.40 36.92 1.85 - 6
2 - 2 120 18.06 122.49 6.12 - 11
3 0.10 2 120 21.27 102.08 2.55 100 50
4 0.20 2 120 21.38 111.43 2.79 35 100
5 0.30 2 120 20.02 129.13 3.23 32 100

the electrical conductivity by providing more conduc-
tive pathways for electron and tensile strength by
generating highly stable polymer layer on the fibers
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surface. UV irradiation increases polydopamine for-
mation rate and reduction of Ag ions to Ag nanopar-
ticles in short time and then enhances the tensile
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strength and electrical conductivity. FE-SEM, EDX,
and XRD results verified the presence of silver
nanoparticles in the metallic state. The cellulose
nanofibers decorated with Ag nanoparticles exhibited
higher tensile strength and electrical conductivity
around 111 cN and 35 KQ/square in comparison to
untreated cellulose nanofibers. This simple method
can be used to prepare a variety of metal/CNFs
composites for various applications.
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