
INTRODUCTION

In the recent years, nanoscience and nanotechnolo-
gy have developed rapidly, leading to major advances
in nanomaterials processing and characterization.
From this category, one-dimensional materials –
nanofibers – present extremely high specific surface
area due to small diameters and nanofiber mem-
branes showing high ratio of surface area to volume,
high porosity, characterized by high pore intercon-
nectivity [1]. The unique characteristics of nanofibers
make them an important candidate for a large num-
ber of industrial applications [2–4].
A significant number of methods can be used to
obtain nanofibers: interfacial polymerization [5], melt
spinning [6], solution spinning [7] and electrospinning
[8, 9]. Electrospinning is a simple and versatile pro-
cess that uses the electrical field to obtain the poly-
meric nanofibers from solution. This method for
preparing nanofibers allows the use of a large num-
ber of polymers [10–11]. Some of these polymers are
polyvinyl pyrrolidone (PVP), polylactic acid (PLA),
chitosan, polyester urethane (PEU), polyvinyl alcohol
(PVA), polystyrene, polyacrylonitrile (PAN) and chitin
[12–16].
From a wide range of polymeric materials, cellulose
acetate (CA) belongs to the new generation of envi-
ronmentally friendly products that fit into the new
research directions due to the requirements of devel-
oping materials with minimal impact on the environ-
ment, using renewable resources as much as possi-
ble. Numerous single and binary solvent systems
have been used for obtaining electrospun CA fibers.

By using traditional single solvent systems for prepar-
ing CA solution, such as N,N-dimethylformamide
(DMF) [17], chloroform [18], acetic acid [19], N,N-di -
methylacetamide (DMAc) [20] and acetone [21],
some problems appear regarding to the obtaining
of continuous and bead-free electrospun fibers. The
physical properties of the solvent system can be
improved by using a binary solvent system of two sol-
vents with different dielectric constant and boiling
point of both solvents. Such binary solvent systems
for CA solution are acetone/ethanol [22], acetic
acid/water [23] or DMAc/acetone [21].
In this paper, a new ternary solvent system consisting
in DMF/Acetone/Chloroform was developed in order
to obtain continuous CA fibers by electrospinning
method. The influence of the solvents on the mor-
phology and mechanical properties of CA fibers has
been studied.

EXPERIMENTAL WORK

Materials

In this study, cellulose acetate (CA) with a molecular
mass of 30,000 purchased from Aldrich was used as
polymer source. The solvents used for dissolving CA
were acetone (A) with 1.3 g/cm3 density, purchased
from Aldrich, N,N-dimethylformamide (D) with 0.94
g/cm3 density, purchased from Alfa Aesar, and chlo-
roform (C) with 1.485 g/cm3 density, purchased from
Chimreactiv. All materials were used without any
purification.
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Preparation of electrospinning solutions

Five CA solutions with concentrations of 12% wt. were
prepared in the binary system of solvents DMF/
Acetone (table 1). Also, four CA solutions with con-
centrations of 12% wt. were prepared in the ternary
system of solvents DMF/Acetone/Chloroform (table 2).
A good dissolution of the CA in binary or ternary sol-
vent system is very important in achieving good mor-
phological properties of the electrospun fibers. Thus,
CA was dissolved in the solvents system by magnet-
ic stirring at room temperature for 2 hours, at a rota-
tional speed of 480 rpm and the obtained solutions
were used immediately in the electrospinning pro-
cess.

In order to obtain the nonwoven CA fibers mats on an
aluminium foil substrate by electrospinning method,
a NaBond unit was used with an applied voltage of
18 kV, a solution flow rate of 1.8 mL/h, nozzle size
spinneret of 0.8 mm, spinneret-to-collector distance
of 20 cm and a stationary substrate.

Characterization

Morphological characterization of the CA obtained fibers
was performed with scanning electron microscopy
(SEM) using a FESEM/FIB/EDS Workstation Auriga
produced by Carl Zeiss Germany, with an accelera-
tion voltage of 5 kV, using the SESI detector.
The chemical structure of CA and CA fibers was deter-
mined by FTIR measurements performed by using
a Jasco FTIR-4200 spectrophotometer, connected to

an ATR JASCO PRO 470-H module. All the samples
were measured directly on the diamond crystal sur-
face, in the range of 400–4000 cm–1, at a resolution
of 4 cm–1 and 50 scans for each spectrum.
Wettability testing of the obtained CA fibers mats was
made using the sessile drop method. Contact angle
of the polymeric nonwoven mats was determined
with distilled water by using an optical microscope
equipped with a camera for images acquisition on the
computer and the images were processed using the
software Image J, Drop Analysis - Drop Snake.
Mechanical properties (tensile strength) of the CA
electrospun nonwoven fibers mats were measured
by using a mechanical testing machine, model LFM
30 kN, Walter & Sai AG Switzerland.

RESULTS AND DISCUSIONS

The physical properties of the solvents (table 3) [24],
especially the volatility, have a major influence on the
formation and the morphology of fibers obtained by
electrospinning method. By using volatile solvents
such as acetone, the tip of the needle can be easily
blocked with the polymer because the solvent evap-
orates quickly. In these researches, the partial elimi-
nation of this problem was obtained by using a bina-
ry solvent system for dissolving CA with close
volatility, such as acetone (boiling point 56°C) and
chloroform (boiling point 61°C). This small difference
of solvents volatility did not lead to the obtaining of
uniform and beads-free CA fibers (the study is not
presented here).
Partial solving of this problem was accomplished by
using a binary solvent system. This binary mixture
contains two solvents in different ratios that show a

higher difference of volatility. Therefore, the binary
DMF/Acetone system in various ratios can be used to
dissolve CA and to obtain fibers through electrospin-
ning. In this research, we went further in order to
obtain continuous and uniform CA fibers and we used
a ternary solvent system such as DMF/Acetone/
Chloroform.

FTIR characterization

The FTIR spectrometry (figure 1) was used to study
the influence of the solvent type on the chemical
structure of cellulose acetate (CA). The recorded
spectra look similar and present the characteristic
bands of cellulose acetate [25–27]: the bands from
the 2800–3000 cm–1 region assigned to the stretch-
ing vibrations of C–H (CH2 groups [28], 1735 cm–1
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Solution CA (% wt.) D/A (v/v)

ACAD100 12 1/0

ACAD75 12 3/1

ACAD50 12 1/1

ACAD25 12 1/3

ACAD0 12 0/1

Table 1

Solvent
Molecular

weight
[g/mol]

Boiling
point
[°C]

Electrical
conductivity at 25°C

[S·m–1]

Latent
heat

[kJ·mol–1]

Surf. tension
at 20°C

[mN·m–1]

Abs. viscosity
at 25°C
[mPa·s]

Acetone 58 56 5.0 ∙10–7 29.6 23.30 0.33

Chloroform 119 61 < 1.0 ∙10–8 29.4 27.16 0.57

DMF 73 153 6.0 ∙10–6 42.1 35.00 0.82

Table 3

Solution CA (% wt.) D/A/C (v/v/v)

DAC111 12 1/1/1

DAC112 12 1/1/2

DAC121 12 1/2/1

DAC211 12 2/1/1

Table 2



(C=O stretching of acetyl or carboxylic acid), 1435
cm–1 (CH2 or OH in plane bending), 1370 cm–1 (CH
deformation from CH3), 1220 cm–1 (C–O stretching
of acetyl group), 1163 cm–1 (C–O–C anti-symmetric
bridge stretching), 1033 cm–1 due to C–O–C (ether
linkage) of the glycosidic unit, 903 cm–1 (β glycosidic
linkages between the sugar units)). The presence of
a wide band in the region 3100–3500 cm–1 (stretch-
ing vibrations of OH) and the presence of a band at
1647 cm–1 (due to H–O–H bending) indicate the
presence of water adsorbed on the fibers surface [27,
28]. A variation of the intensity of OH stretching band
can be observed, which can be attributed rather to
the water adsorption on the surface of CA fibers than
to chemical modification induced by solvents [26].
The different water adsorption degrees could also
indicate some modifications on the crystalline struc-
ture of the CA fibers induced by solvents (higher crys-
tallinity degree, lower water adsorption) [26].

Morphological characterization

Figure 2 shows the SEM images of the electrospun
CA fibers prepared from binary solvent system
DMF/Acetone at different v/v ratios: 1/0 (figure  2, a),
3/1 (figure 2, b), 1/1 (figure 2, c), 1/3 (figure 2, d), 0/1
(figure 2, e). By using DMF as single solvent (figure
2, a) and by adding acetone in a ratio of 3/1 v/v, only
beads with micron size were obtained (figure 2, b).
By increasing the concentration of acetone to 1/1 v/v,
very thin fibers with a diameter of about 74 nm start
to appear on big beads with diameters around 2000
�m (figure  2, c). By using a binary solvent system of
DMF/acetone with a ratio of 1/3 v/v, fibers with an
average diameter of about 298 nm with discrete
beads were obtained (figure 2, d). By using acetone
as single solvent, fibers without beads with an aver-
age diameter of 3750 nm were obtained (figure 2, e).
The physical properties of solvents have a major
influence on the electrospun products. Because DMF
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Fig. 1. FTIR spectra of CA crystals and of the obtained CA fibers from D/A binary solvent system (a)
and D/A/C ternary solvent system (b)

a b

Fig. 2. SEM images of electrospun CA fibers obtained from D/A binary solvent system at different v/v ratios:
1/0 (a), 3/1(b), 1/1 (c), 1/3 (d) (20 kx magnification), and 0/1 (e) (5 kx magnification)

a b c

d e



has a higher boiling point and a higher surface ten-
sion, only beads were obtained in comparison to ace-
tone that presents a lower value of these physical
parameters. For this reason, when we used acetone
as solvent, we obtained fibers. Because of the high
boiling point of DMF, during the electrospinning pro-
cess the ejected charging jet of the solution do not
have enough time to dry, and for this reason only
droplets were obtained. When using acetone as
solvent for obtaining CA fibers, some problems
appeared because the needle tip was easily blocked
with polymer due to the fast solvent evaporation. By
using a binary solvent system of DMF/acetone in a
ratio of 1/3 v/v these problems were partially solved,
the overall volatility of the solvent system was
reduced, and as a consequence fibers with discrete
beads were obtained.
Figure 3 illustrates the SEM images for electrospun
CA fibers prepared from ternary solvent system
DMF/Acetone/Chloroform at different v/v/v ratios:
1/1/1 (figure 3, a), 1/1/2 (figure 3, b), 1/2/1 (figure 3, c)
and 2/1/1 (figure 3, d). Chloroform physical proper-
ties (table 3) exhibit values that are intermediate
between DMF and acetone, and by adding this in the
ternary solvent system we tried to control the overall
properties of the final solution. 
By using a mixture of solvents in equal parts (D/A/C
solvent system with the volumetric ratio 1/1/1 – figure
3, a), fibers with 198 nm average diameter and with
droplets were obtained. By increasing the amount of
chloroform in the solvent system (D/A/C solvent
system with the volumetric ratio 1/1/2 – figure 3, b),
fibers with higher average diameter of about 235 nm
were obtained, and the droplets diameter increased
as well. When using a ternary solvent system with a
higher concentration of acetone (D/A/C solvent sys-
tem with the volumetric ratio 1/2/1 – figure 3, c), fibers

with smooth surface, uniform diameters
and beads-free were obtained, but the
fibers have higher diameters of about 440
nm. By increasing the amount of DMF
(D/A/C ratio 2/1/1 – figure 3, d), beads
with discrete fibers with average diame-
ters of about 58 nm were obtained.

Wettability testing of the fibers

To analyse the wettability of the different
nonwoven electrospun CA fibers using
D/A solvent system, water contact angles
were measured (figure 4). A tendency of
the obtained nonwoven CA fibers is the
decreasing of the contact angle with the
increasing of the amount of acetone in
the solvent system. The decrease of the
contact angle starts from 130.9° for the
CA fibers prepared with D/A solvent sys-
tem 1/0 to 126.5° for the CA fibers pre-
pared with D/A solvent system 1/1, until
124.5° for the CA fibers prepared with
D/A solvent system 0/1. For electrospun
CA samples obtained from the D/A sol-
vent system 3/1 and 1/0 it was observed

that after 20 seconds the contact angle decreased to
the value of 55°, respectively 53°. So, the nonwoven
fiber mats exhibit an intermediate hydrophilic
behaviour. This behaviour appeared most probably
due to the morphology of the electrospun CA fibers
and the presence of the droplets which results in
lower contact angles.
In the case of electrospun nonwoven CA fibers pre-
pared from DMF/Acetone/Chloroform ternary solvent
system, the contact angle (table 4) did not present a
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Fig. 3. SEM images of electrospun CA fibers obtained from D/A/C
ternary solvent system at different v/v/v ratios: 1/1/1 (a), 1/1/2(b),

1/2/1 (c), and 2/1/1 (d) (20 kx magnification)

a b 

c d

Fig. 4. Contact angle for the electrospun nonwoven CA
prepared from DMF/acetone binary solvent system

Sample Contact angle (degree)

DAC111 128.5
DAC112 129.4
DAC121 131.2
DAC211 130.0

Table 4



considerable variation, which remained constant at
about 128°–131°. By adding chloroform in the solvent
system we noticed a small influence to the hydropho-
bicity by increasing the contact angle of the sample
prepared with the highest amount of acetone.

Mechanical characterisation

In order to perform the tensile strength measure-
ment, the CA fibers were electrospun for 6 hours on
a textile substrate (gauze fabric). Tensile strength
was performed only for the samples prepared with
ternary solvent system D/A/C 1/1/2 (figure  5, a) and
1/2/1 (figure 5, b), because these samples could be
prepared and handled for test with minimal damage
on the structure of the mats. The rest of the samples
prepared using the solvent systems D/A/C ratio 1/1/1
and 2/1/1 were quite weak and were damaged very
easily when handled.
Tensile strength tests were carried out with a drawing
speed of 50 mm/minute on rectangular samples with
the size of 100 mm × 20 mm. For each type of mate-
rial five tests were carried out and then an average
value of the obtained parameters was calculated.
In the case of the samples obtained using the solvent
system D/A/C 1/1/2, the tensile strength was 0.44
MPa and it increased until 2.77 MPa for the samples
prepared using the solvent system D/A/C 1/2/1. This
increase appears due to the smooth and uniform
diameter fibers obtained and the absence of the
beads in the mats. The presence of beads in the

fibers mats acts as defects and leads to a lower num-
ber of fibers and lower interactions between them
and therefore lower values of the tensile strength are
obtained.

CONCLUSIONS

In the research which was carried out, the cellulose
acetate fibers were obtained by electrospinning using
polymer solutions prepared from simple, binary and
ternary solvents systems containing the following sol-
vents: N,N-dimethylformamide, acetone and chloro-
form.
When using the DMF/Acetone binary solvent system,
fibers with discrete beads were obtained by electro-
spinning. When using the ternary solvent system
DMF/Acetone/Chloroform for preparing the electro-
spinning cellulose acetate solution, a uniform mor-
phology of the fibers was obtained, these fiber mats
having a tensile strength up to 2.77 MPa.
During these experiments, the morphology of elec-
trospun cellulose acetate fibers was controlled by
modifying the physical parameters of the solvent sys-
tems (binary or ternary), thus continuous, uniform
and smooth fibers were obtained by using a cellulose
acetate solution prepared with the solvent system
DMF/Acetone/Chloroform in a volumetric ratio of 1/2/1.
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Fig. 5. Tensile strength curves of the CA fibers prepared using D/A/C ternary solvent system 1/1/2 (a) and 1/2/1 (b)

a b
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