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TOM TAT

CHE TAO SQI POLY(ETHYLENE OXIDE), SQI (ETHYLENE OXIDE)
KET HGP NANOCELLULOSE BANG KY THUAT ELECTROSPINNING

Véi si tang trwong nhanh chong cia nhan thirc vé méi trieong va nhu cau cao vé viéc thay thé cac vt
liu khong tai tgo, nghién cizu vé phat trién cac vat lidu bén viing va than thién véi méi truong da va
dang thu hat sy quan tdm cua cac nha khoa hoc. Trong do, nanocellulose va céc vdt ligu composite
duoe gia cwong bang nanocellulose di thu hit si quan tdm do cdc déc tinh déc ddo nhiw kha nang tdi
tao, kha nang phdn hiy sinh hoc, tinh twong thich sinh hoc, khong déc hai va than thién véi méi truong.
Trong nghién cizu ndy, tinh thé nanocellulose (CNC) dwrgc phan ldp tir gidy van phong di qua sir dung
va dwoc pha trgn Véi poly (ethylene oxide) (PEO) dé ché tao sei nanocomposite bang kj thudt
electrospinning. Bén canh ds, soi PEO ciing duoc ché tqo thanh cong va la co sé dé so sanh, danh gid
soi nanocomposite. Anh hweng cua cdc diéu kién nhw thanh phan dung dich, dién &p va khoang cach
gidta dau phun va bg thu trén hinh thai cua sei dién cuc da dwoc lan luot khao sat. Két qua thuc
nghiém cho thay sei PEO thu dwoc ¢6 dwong kinh trung binh 14 151 + 25 nm va sgi CNC / PEO c6
dwong kinh trung binh 1 142 + 30 nm.

Tar khoa: ky thugt electrospinning, nanocellulose, poly(ethylene oxide), sei nano.

1. INTRODUCTION [2]. N. D. Wanasekara et al. successfully
Rising environmental awareness all over the fabricated CNC/PS fibers and CNC/PVA fibers,
world has resulted in an interest in with an average diameter of about 3 pm and 0.3
environmentally friendly materials. um, respectively [2]. It was shown that CNC was
Biodegradable polymers have been known as locally oriented in the cross-section and a few
promising materials. Among them, cellulose CNC oriented along the fiber axis.

nanocrystal (CNC) and nanocellulose-based CNC/PEO composites have been studied in
composites have attracted enormous interest several fields as solid-state electrolyte [3],
owing to the unique features of CNC such as thermal energy storage [4], biomedical
high mechanical properties, renewability, low applications [5]. Chengjun et al. have found that
weight, thermal stability, nanoscale dimension increased amounts reduced the diameter of
of CNC, and its capacity to enhance the ionic PEO/CNC fibers. The smallest diameter was 149
conductivity of the polymer. + 49 nm [6]. It was found that CNC effectively

CNC has been utilized to reinforce polymer
matrix by solution casting [1] and electrospinning
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improved the mechanical properties of the
nanofibrous mats.

CNC has been known to have different forms
and properties depending upon the source
material and the extraction method [1]. In this
study, CNC was isolated from used office
papers by means of acid hydrolysis. For
CNC/PEO fiber fabrication process, CNC was
added to PEO aqueous solution to produce
CNC/PEO fibers by electrospinning. In this
process, several parameters were investigated,
namely PEO concentration, CNC:PEO ratio,
the applied voltage, and the distance between
the tip and the collector on the morphology of
electrospun CNC/PEO fibers. Heretofore PEO
fiber formation process was observed for
comparison.

2. MATERIALS AND METHODS

2.1. Materials

Used office papers containing inks were
collected in Can Tho City, Vietnam, for CNC
production. Sodium hydroxide (96%), sodium
hypochlorite (8.4%), sulfuric acid (99.9%), and
acetic acid (99.95%), and poly(ethylene oxide)
(PEO) (87-89%) with an average molecular
weight of 400 kDa were purchased from
Xilong Scientific Co., Ltd., China. Chitosan
(75-85%) was provided by Sigma-Aldrich. All
chemicals were used without any further
purification.

2.2. Methods

2.2.1 Preparation of CNC from used office
papers

CNC was isolated from used office papers
utilizing alkali and bleaching treatments
followed by acid hydrolysis. This procedure
closely followed the preparation flow that has
been successfully conducted and reported in
[7,8]. Used office papers were cut into strips
using a shredder (Aurora, AS1219CE,
Singapore) and then cut into pieces of 0.5 x 0.5
cm. These small pieces were pulverized and
alkali-treated by using 2 wt% of NaOH
solution at 100 °C in 4 h under continuous
stirring with the speed of 700 rpm, then rinsed
with water until pH = 7. The dried obtained
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sample was bleached by using 2 wt% of
NaClO solution with the addition of acetic acid
solution at 70 °C in 1 h under continuous
stirring with the speed of 700 rpm. Then the
sample was rinsed with water until pH =7 and
dried.

After removing lignin, hemicellulose residuals,
and any other extracts, the obtained cellulose
was treated by using acid hydrolysis. 64 wt%
H,SO, was added dropwise into previously
extracted cellulose under continuous stirring
with the speed of 100 rpm and heating at 45 °C.
The reaction was terminated by adding 1 L of
distilled water and rinsed with water.

2.2.2. Crystallinity index and the average
crystalline dimension of CNC

In this study, CNC was isolated following the
previously reported preparation flow [7,8].
However, the source material was used office
papers which were different from the used
newspaper. The crystallinity index (Cr.l) and
the average crystallinine dimension (D) were
calculated from the XRD data obtained by the
D2 PHASER X-ray diffractometer (Bruker,
Germany). The Cr.l was determined by using
Segal’s method by the following equation.

|-
Cr.l(%) = Oozl—m x100 (1)

002

where |, and | are the intensity area of the
am

peak at 26 = 21.7° and the intensity area of the
amorphous scatter at 26 =11.8°, respectively.
The mean size of crystallite (D) was estimated
using the Debye-Scherer equation [9]

D= k—/l (2)
ﬁWCOSH

where k is Scherer constant (0.91), A is the
wavelength of the radiation (A=0.15406 nm),

ﬁw is the full width at the half maximum

(FWHM) of the XRD peak, and 2 @ is the
scattering angle of the peak at 21.7°.

2.2.3. Preparation of PEO fibers

In this study, PEO aqueous solution with
various concentrations (60, 70, 80, 90, 100,



110 mg/mL) was prepared by continuous
stirring at 90 °C in 1 h and stabilized in 24 h.
The solution was placed in a syringe of 1 mL
with a 0.4 mm stainless steel needle for
electrospinning. The needle was connected to a
high voltage power supply to generate positive
DC voltage from 8 — 18 kV. The flow rate of
the solution was fixed at 0.6 mL/h. A rotating
collector covered by a piece of aluminum foil
was placed under the capillary needle tip. The
distance between the tip and the collector was
investigated from 10 to 16cm.

2.2.4. Preparation of CNC/PEO fibers

CNC with a CNC/PEO ratio of 1:9; 2:8, and
3:7 was added to PEO aqueous solution. In this
study, besides factors of PEO concentration,
the CNC:PEO ratio, the applied voltage, and
the distance between the tip and the collector,
was investigated as well.

2.2.5. Characterization of fiber

The morphology of electrospun fibers was first
observed using an optical microscope (Nikon,
ECLIPSE LV100POL, Japan). The optimal
PEO and CNC/PEO fibers were then
confirmed by using a Scanning Electron
Microscope (SEM) (Jeol/JSM-6480LV Japan).
GNU Image Manipulation Program was
applied to determine the average diameter and
the distribution of electrospun fibers. The
Fourier transform infrared  spectrometer
(Perkin Elmer, UK) was utilized for analyzing
the CNC, PEO fibers, and CNC/PEO fibers.

3. RESULTS AND DISCUSSION

3.1. XRD analysis of CNC

Figure 1 shows the XRD diffraction pattern to
calculate the crystallinity index and the
average crystalline dimension of the CNC
product. Diffraction peaks at 26 = 11.8, 20, and
21.7° were close to the typical peaks of
cellulose crystal structures as previously
reported elsewhere [7, 10]. Using Equations 1
and 2, the Crystallinity index (Cr.l) and
average crystalline dimension (D) of CNC
were 78% and 5.65 nm, respectively.
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Figure 1. XRD patterns of the extracted CNC
3.2. Observation of PEO fibers morphology
Within the experiments for the study of PEO
concentration, the applied voltage and distance
between the tip and the collector were 12 kV
and 12 cm, respectively. The morphology of
electrospun PEO was significantly affected by
PEO concentration captured by an optical
microscope (Fig. 2). The increase in PEO
concentration promoted the viscosity of the
solution, leading to enhancement in the
entanglement force between polymer chains of
PEO [11].
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Figure 2. Morphology of electrospun PEO
obtained under various PEO concentration
(a) 60; (b) 70; (c) 80; (d) 90; (e) 100 and (f)
110 mg/mL
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Figure 3. Morphology of electrospun PEO
obtained under various applied voltage
(a) 8; (b) 10; (c) 12; (d) 14; (e) 16
and (f) 18 kv



Therefore, as PEO concentration was lower
than 90 mg/mL, PEO the bead-in-string
morphology was obtained instead of PEO
fibers. When PEO concentration was from

90 to 110 mg/mL, PEO fibers were detected.
The continuously straightest PEO fibers were
formed as PEO concentration was 100 mg/mL.
Therefore, the PEO concentration and the
distance between the tip and the collector were
100 mg/mL and 12 cm, respectively, to study
the applied voltage. When the electrical field
with low voltage was used, the produced fibers
were not well oriented, as shown in Fig. 3a and
Fig. 3b. The stronger electrical force induced
by higher voltage caused the repulsive force
between charges leading to fiber formation
(Fig. 3c). However, as the applied voltage was
too high, the fiber diameter increased (Fig. 3d,
e). While the fixed flow rate controlled rate
that solution spread out of the needle was at
0.6 mL/h, there would not be enough time for
the electrospun jet to decrease its diameter via
solvent evaporation in case of high applied
voltage [12]. As the applied voltage increased
to 18kV, more tangled fibers were obtained.
The suitable applied voltage was 12 kV.
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Figure 4. Morphology of electrospun PEO
obtained under various distance between the
tip and the collector (a) 10; (b) 12; (c) 14; (d) 16 cm.
It was shown that as the distance between the
tip and the collector increased, the fiber
diameter  decreased  (Fig. 4a, 4b).
Simultaneously, the fiber disorder was formed
(Figure 4c, 4d). Therefore, the optimal distance

was 10cm.

3.3. Observation of CNC/PEO fibers morphology
The morphology of electrospun CNC/PEO was
affected by PEO concentration as the CNC:PEO
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ratio, the applied voltage, and the distance
between the tip and the collector were 2:8; 14
kV and 15c¢m (Fig. 5). It was found that at lower
PEO concentration (60 mg/mL), the bead-in-
string morphology existed. As the PEO
concentration increased from 70 to 90 mg/mL,
the CNC/PEOQ fibers were improved. This could
be explained by the increase of the solution
viscosity leading to the decrease in the
evaporation of the solvent. The stability in the
solvent evaporation speed led to an increase in
the fiber formation. Therefore, the diameter of
fibers was increased. However, at higher PEO
concentrations (100 and 110 mg/mL), as the
viscosity was too high, the polymer chains stuck
inside the tip, restraining the Taylor cone's
stability [13]. As a result, the optimal PEO
concentration in CNC/PEO mixture was 90
mg/mL.

Different electrospun CNC/PEO morphology
was obtained under various CNC:PEO ratios as
PEO concentration, the applied voltage, and
the distance between the tip and the collector
were 90 mg/mL, 14 kV, and 15cm (Fig. 6).
Beads within single fibers were rarely visible
in the electrospun CNC/PEO (1/9). As the
CNC content increased, the bead-in-string was
detected instead of straight fibers in the case of
CNC:PEO (2:8 and 3:7). This could be
explained by the decrease in the viscosity of
the solution as CNC was blended in the
mixture. It was reported that the viscosity of
PEO/CNC suspensions decreased significantly
after CNC was added to PEO solution because
CNC disrupted the PEO chain — chain
interactions and entanglements [6]. As a
consequence, the entanglement force was
reduced and decelerated the fiber formation.
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Figure 5. Morphology of electrospun
CNC/PEO obtained under various PEO
concentration (a) 60; (b) 70; (c) 80; (d) 90;

(e) 100 and (f) 110 mg/mL
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Figure 6. Morphology of electrospun
CNC/PEO obtained under various
CNC:PEO ratio (a) 1:9; (b) 2:8; (c) 3:7
The morphology of electrospun CNC/PEO was
also affected by the applied voltage as PEO
concentration, the CNC:PEO ratio, and the
distance between the tip and the collector were
90 mg/mL, 1:9 and 15cm (Fig. 7). At low
voltage (10 kV), the large beads were obtained
(Fig. 7a). The stronger electrical force induced
by higher voltage caused the repulsive force
between charges leading to fiber formation
(Fig. 7b). However, as the applied voltage was
too high, the fast flow rate enhanced the
entanglement of the fibers. Therefore, the

suitable applied voltage was 12 kV.

As the PEO concentration, the CNC:PEO ratio,
and the applied voltage between the tip and the
collector were fixed at 90 mg/mL; 1:9 and 12
kV, the entangle fibers were formed in case of
the shortest distance (Fig.). As the distance was
12 cm, the uniform straight fibers were
obtained. However, as the distance kept
increasing, the bead-in-string morphology was
detected. Therefore, the optimal distance in
this study was 12 cm.

Figure 7. Morphology of electrospun
CNC/PEO obtained under various applied
voltage (a) 10; (b) 12; (c) 14; (d) 16 kV

3.4. FTIR spectroscopy analysis

The FTIR spectra of the extracted NCC, PEO
fibers, and CNC/PEO fibers are shown in
Figure 9.

The peaks in the 3333-3500 cm™ and 1640 cm-
! regions corresponded to the presence of O-H
stretching vibration and O-H bending of the
absorbed water in both CNC and PEO fibers.
The overlapped CH stretching in PEO and C-

287

H stretching in CNC led to a significant
increase in the absorption bands of CNC/PEO
at 2891 cm*. Similarly, the gain at 1101 cm™
in CNC/PEO was caused by the overlapped
absorption of C-OH deformation in CNC and
C-O-C stretching vibration in PEO. The
absorption intensity at 1468 cm™ in CNC/PEO
increased due to the CH, bending presented in
both CNC and PEO [13].

3.5. Morphology and diameter of the
optimum PEO and CNC/PEO fibers

Figure 10 shows the SEM images of the
optimum PEO and CNC/PEO fibers. The
uniform nanofibers were obtained for both the
optimum PEO and CNC/PEO fibers. The
average diameter of the optimum PEO fibers
was about 151 + 25 nm. As CNC was blended
in PEO mixture, the average diameter of the
optimum CNC/PEO fibers slightly reduced to
142 = 30 nm, which was smaller than earlier
reported [6]. The reduction in the average
diameter might result from the decrease in the
viscosity of the mixture due to CNC content.
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Figure 8. Morphology of electrospun

CNC/PEO obtained under various distance
between the tip and the collector (a) 10;

(b) 12; (c) 14; (d) 16 cm
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Figure 9. FTIR spectra of CNC, PEO, CNC/PEO
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Figure 10. SEM images and diameter of (a)
PEO fibers and (b, d) CNC/PEO fibers

4. CONCLUSIONS
In this study, CNC with the crystallinity index of
78% and the average crystalline dimension of 5.65
nm was extracted from used office paper. The
uniform PEO and CNC/PEO fibers were
successfully produced by using electrospinning.
The almost homogenous electrospun fibers from
PEO solution and CNC/PEO suspension were
successfully fabricated. Suitable electrospinning
parameters for 100 mg/mL PEO solution included
a 12 kV voltage with a needle tip to the collector of
10 cm. For CNC/PEO suspension with the ratio of
1:9, the suitable voltage and distance between the
tip and the collector were 12 kV and 12 cm,
respectively. With the addition of CNC in PEO
solutions, the fiber diameter was decreased from
151 £ 25 nm to 142 + 30 nm.
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