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Abstract

Polyol synthesis of cuprous oxide Cu,O nanoparticles was carried out by reducing CuCl>.2H,O with sodium
hydroxide in the presence of Diethylene glycol (DEG) as a solvent and capping agent. These Cu,O nanoparticles
were reinforced in cellulose acetate (CA) matrix by electrospinning of CA/ Cu,0 in N-Ndimethyl formamid and
composite nanofibrous were synthesized. The effect of nanoparticles concentration on the thermal behavior of the
resultant fibrous was examined by means of differential scanning calorimetric (DSC) and infrared spectroscopy
(FTIR). Also the influence of nanoparticles on the size and morphology of the nanofibers was examined by
scanning electron microscopy (SEM).
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Résumé

La synthése Polyol de nanoparticules d'oxyde cuivreux Cu,O a été effectuée par la réduction de
CuCl,.2H»0 avec I'hydroxyde de sodium en présence de diéthyléne glycol (DEG) comme solvant et un agent de
couverture. Ces nanoparticules ont été renforcées en acétate de cellulose matrice (CA) par électrofilage de CA /
Cu0 en N-N diméthylformamide et nanofibrous composite ont été synthétisés. L'effet de la concentration des
nanoparticules sur le comportement thermique de la fibre résultante a été examiné au moyen de calorimétrique
différentielle a balayage (DSC) et la spectroscopie infrarouge (FTIR). En outre l'influence des nanoparticules sur
la taille et la morphologie des nanofibres a été examinée par microscopie électronique a balayage (SEM).

Mots clés: Nanofibres, Cu20 Nanoparticules, acétate de cellulose, Electrofilage ..
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I. INTRODUCTION

Chemical preparation of mono dispersed nanoparticles
involves the process of precipitation of a solid phase from
solution, which includes the nucleation and growth of
particles in the solution. Control of nucleation and the
following growth are the key factors for the synthesis of
mono dispersed nanoparticles [1]. In this work, we report
high-yield synthesis of cuprous oxide nanoparticles. One
dimensional (1-D) nanocomposite fibers have attracted
much interest due to their enhanced electrical, electronic,
optical and chemical characteristics and wide potential
applications such as sensors, filtration membranes, micro
electronics and photonic devices, structural reinforcement,
biomedical devices, defense and security, and energy
generation. Different approaches have been reported to
produce nanofibers such as drawing, templates, phase
separation self assembly and electrospinning [2]. Among
them, electrospinning is the most bandy, low cost and high
speed method to produce nanocopmpsite fibers. The
electrospinning process is a technique based on the use of an
electrical charge to draw fibers from a polymer-solvent
solution [3]. Cellulose acetate (CA) was chosen for this
study. Cellulose acetate (CA) is a well known derivative of
cellulose and has been used in a broad field of applications
such as adhesive, or in separation processes (e.g. filtering,
reverse osmosis) [4]. Porous structures based on CA have
been developed [5, 6]. However, since CA is widely used as
synthetic fiber, preparation of CA fibrous structures is more
popular. CA fibrous structures have been produced via the
electrospinning technique and the influence of different
parameters on the fiber size and morphology (such as nature
of solvent and applied voltage) has been extensively studied
[7, 8]. Also encapsulation of drugs and other substances into
CA nanofibers has been reported [9, 10]. Electrospun CA
membranes have been used in separation processes [11, 12].
CA-silver composite [13] and CA—polymer blends [14, 15]
have been successfully electrospun. Other CA-—polymer
blends have been used as tissue engineering scaffolds [16,
17].

Therefore, the aim of this work was to develop cellulose
acetate- Cu20 composite material with nanofibrous
structure.

ll. EXPERIMENTAL DETAILS

1.1 Materials

Cellulose acetate (acetyl content Mw 29,000), N-N
dimethyl formamide, DEG (diethylene glycol) were
purchased from SigmaAldrich (UK) and CuCI2.2H20 from
Fluka. All Creagents were used without any further
purification.

1.2 Synthesis of Fe;O3; nanoparticles

The a-Fe203 nanoparticles were synthesized by polyol
method. Typically, CuCI2.2H20 was added to diethylene
glycol (DEG) with magnetic stirring at ambient temperature
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inside a round-bottom flask equipped with a condenser. After
dissolution, the mélange was heated at 70 °C during one
hour. After agitation 1ml of H20 was added to the milieu.
After that the solution was heated to 140 °C during 2 hours.
Then, 1M of NaOH was added. Finally, and after complete
dissolution, the solution was heated at 180 °C during 2 hours
under vigorous agitation.

1.3 Electrospinning process

To prepare Cu20-CA nanofibers, in a first experiment, 2 g
of cellulose acetate was dissolved in 10 ml N-N dimethyl
formamide (DMF) with magnetic stirring at ambient
temperature during 4 hours. Thereafter, the solution of Cu20
nanoparticles was mixed with cellulose acetate solution.
Afterwards, the final solution was placed in a 5 ml syringe
having a needle with an internal diameter of 0.5 mm and was
mounted on a home made electrospinning device (Fig. 1).
Briefly, it consists of a high-voltage supplier, a collector
screen and a syringe. When a constant droplet of solution
was observed at the tip of the needle, an electric potential of
25 kV was applied to the needle from a high voltage power
source. An aluminum foil, placed at 20 cm from the tip of the
needle was used as the counter electrode to collect the
material.

Collector

Syringe

o

high- voltage supply

Fig. 1 Shematic of electrospinning apparatus

lll. RESULTS

The X-ray diffraction spectrum of the Cu20 nanoparticles
embedded in cellulose acetate nanofibers is shown in Fig 2.
It was observed that all diffraction peaks indexed to cellulose
acetate structure. No peaks from any other phase of Cu20
were found, due to the small quantity of nanoparticles into
nanofibers. In this case we returned to use FTIR spectrometer
to identify crystalline phases into nanofibers.
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Fig. 2 XRD spectrum of Cu,O nanoparticles
embedded in cellulose acetate nanofibers.

Fig 3 Shows FTIR spectrum of nanofibers contains Cu20
nanoparticles. It is clear that the nanofibers present the same
vibrations of cellulose acetate. It is possible to observe a
band at 3484 cm-1 related to the hydroxyl-forming
intermolecular hydrogen bonding. Also the spectrum shows
absorption bands due to the CH stretching modes at 2944 and
2885 cm-1. The peaks at 1745, 1458, 1361, 1237, 1127, 1059
and 901 cm-1 are assigned to C=O stretching, CH2
deformation, CH3 deformation, C-O stretching mode of
carboxylate, asymmetric stretching mode of C-O-C bridge,
C-O-C stretching mode of pyranosse ring and out of plane
bending mode of CH respectively [18]. It was observed for
the nanofibers contain 1 and 2 ml solution of Cu20
nanoparticles two bands. The first one, around 536 cm-1, and
the second one around 467 cm-1, its result from Cu (II)-
Ostretching.
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Fig. 3 FTIR spectrum of Cu,O nanofibers.

DSC thermograms of the nanofibers are shown in Fig 4. All
spectrums show the same aspect, it’s containing three
regions. The first one contain endothermic events at 50 °C
and 64 °C for nanofibers contain 2 and 3 ml nanoparticles
solution respectively. Its can attributed to water evaporation.
The second one show endothermic peaks at 137, 166, and
172 °C for the three concentrations respectively. It’s due to
cellulose acetate decomposition and diethylene glycol
evaporation. The nanofibers contain 3 ml show an
endothermic peak at 276 °C attributed to DEG evaporation.
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Fig. 4 DSC thermograms of Cu,O nanofibers.

Fig 5 Shows SEM images of the nanofibers that were
synthesized by electrospinning. It was observed that there is
any individual nanoparticles can be observed in the
nanofibers due to their small size to nanofibers. Also, the
morphology of the electrospun fibers greatly depends on the
nanoparticles solution concentration. Electrospinning of 1 ml
nanoparticles solution in cellulose acetate nanofibers
resulted in beaded fibers. However, as the concentration of
nanoparticles solution increased, it was observed that the
fibers having very few beads, which is due to the higher
polymer chain entanglements in the solution and this is very
essential to maintain the continuity of the jet during the
electrospinning process for uniform fiber formation. In the
present work it was observed that the diameter of the
synthesized nanofibers was significantly affected by the
solution concentration. It could be observed that with the
increase in concentration of nanoparticles solution the fibers
diameter also increases. This trend in variation in diameter
with concentration was not affected by the presence of
cellulose acetate solution, because its concentration is the
same in all nanofibers. The variation in fiber diameter with
concentration could be associated to the differences in DEG
concentration, which has high viscoscity.
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Fig. 5 SEM images of Cu,O nanofibers (a: with 1 ml, b:
with 2 ml)

IV. CONCLUSION

The present study shows the synthesis of Cu20 nanoparticles
by polyol method. After that, CA- Cu20 composite
nanofibrous materials were prepared via the electrospinning
technique. The crystallographic analyze showed that all
diffraction peaks indexed to CA structure. The infrared
spectroscopy showed the crystallization of cuprique oxide.
The DSC revealed that the structural properties are strongly
modified with temperature in correlation with infrared
spectroscopy. The SEM showed the increasing of fibers
diameters with increasing nanoparticles concentration.
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