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Microcrystalline cellulose (MCC)/nano-SiO, composite fibers were processed from solutions in 1-allyl-
3-methylimidazolium chloride (AMIMCI) by the method of dry-jet wet spinning. The oscillatory shear
measurements demonstrated that the gel network formed above 10 wt% nano-SiO, and the complex
viscosity increased with increasing nano-SiO,. Remarkably, the shear viscosity of the nanofluids was even
lower than solutions without nano-SiO, under high shear rates. Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) images revealed that well-dispersed particles exhibit strong

é(?l/l‘:rl(:) rsdg: interfacial interactions with cellulose matrix. Measurements on wide-angle X-ray diffraction (WAXD)
Jonic liquid indicated that the regenerated cellulose and nanocomposite fibers were the typical cellulose Il crystalline
Nano-Si0, form, which was different from the native cellulose with the polymorph of Type I. The tensile strength of
Bionanocomposite the nanocomposite fibers was larger than that of pure cellulose fiber and showed a tendency to increase
Rheology and then decrease with increasing nano-SiO,. Furthermore, the nanocomposite fibers exhibited improved

thermal stability.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Cellulose, as the most plentiful and renewable resource in
nature, is amongst the most widely used natural fibers (Chen et al.,
2006; Hirano, Usutani, Yoshikawa, & Midorikawa, 1998; Kadokawa,
Murakami, Takegawa, & Kaneko, 2009; Klemm, Heublein, Fink, &
Bohn, 2005; Kosan, Michels, & Meister, 2008). However, cellulose
is difficult to process in solution or as a melt, because of its large
proportion of intra- and intermolecular hydrogen bonds, which
strictly limit its processing and applications (Cai & Zhang, 2006;
Ruan, Zhang, Zhou, Jin, & Chen, 2004). Therefore, many organic
and inorganic solvent systems such as N-methyl morpholine
N-oxide (NMMO) (Fink, Weigel, Purz, & Ganster, 2001), lithium
chloride/1,3-dimethyl-2-imidazolidinone (LiCl/DMI) (Takaragi,
Minoda, Miyamoto, Liu, & Zhang, 1999), lithium chloride/N, N-
dimethylacetamide (LiCl/DMAc) (McCormick and Callais, 1987;
McCormick, Callais, & Hutchinson, 1985), and phosphoric acid
(Northolt et al.,, 2001) have been investigated for regenerated
cellulose fiber production. Nevertheless, most of the systems still
seem to be unsuccessful from an industrial viewpoint because of
their toxicity and difficult solvent recovery. Recently, ionic liquids
(ILs), which are considered as desirable green solvents, have
been reported to be effective and promising cellulose solvents
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(Rinaldi, 2011; Song et al., 2013; Swatloski, Spear, Holbrey, &
Rogers, 2002; Zhang, Wu, Zhang, & He, 2005; Zhu et al., 2006).
Nowadays, ILs used for manufacturing-regenerated cellulose fibers
are arousing considerable commercial interest because of their
superior dissolving capacity, environmentally friendly properties,
easy recycling and good recoverability (Rahatekar et al., 2009; Xu
et al., 2008; Zhang et al., 2007).

Polymer nanocomposites with nanoparticles, such as organic
and inorganic nanoparticals, have attracted much attention owing
to their outstanding mechanical, optical, electrical (Kim, Abdala, &
Macosko, 2010; Sahoo, Rana, Cho, Li, & Chan, 2010; Zhang et al.,
2007), and flame retardancy properties (Dong et al., 2012; Kiliaris
and Papaspyrides, 2010; Zhang, Yang, Maurer, & F, 2011; Zou, Wu,
& Shen, 2008). Of these polymer nanocomposites, cellulose com-
bined with natural polymers led to the development of a new class
of biodegradable and environmental friendly bionanocomposites
(Jia, Li, Ma, Sun, & Zhu, 2012; Siqueira, Bras, & Dufresne, 2010;
Valodkar and Thakore, 2011). This new family of nanocomposites
is expected to have remarkable improvement of material proper-
ties when compared with the matrix polymers, and it will capture
new market in transportation, medical and packaging applica-
tions (Celis, Adelino, Hermosin, & Cornejo, 2012; Darder, Aranda,
& Ruiz-Hitzky, 2007). However, the main challenges still exist for
developing high-performance cellulose nanocomposites is how to
improve the dispersion of nanoparticles in the cellulose matrix or
solutions, which is of great use for modifying the physical prop-
erties of cellulose (Maniruzzaman, Jang, & Kim, 2012; Park, Liang,
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Mohanty, Misra, & Drzal, 2004). Interestingly, ILs has been exploited
as key components of dispersion medium in some novel systems,
such as surfactant solutions, block copolymer micelle solutions, and
emulsions (Anderson, Pino, Hagberg, Sheares, & Armstrong, 2003;
Greaves and Drummond, 2008; He, Li, Simone, & Lodge, 2006).
Specifically, because ILs can exhibit strong interactions with some
nanopatarticles, a number of novel systems with ILs have recently
been reported with respect to the dispersion of solid nanoparticles
(Dupont and Scholten, 2010; Fukushima et al., 2006; Wang, Chu,
& Li, 2008; Wu et al., 2009). Of these solid nanoparticles, nano-
SiO, is widely used with ILs as nanohybrid solid-state electrolytes
(Shimano, Zhou, & Honma, 2007), ionogels (Bideau, Viau, & Vioux,
2011; Moganty et al.,2012), and other advaced soft materials (Ueno
and Watanabe, 2011; Wang, Zakeeruddin, Comte, Exnar, & Gratzel,
2003). In addition, nano-SiO, can easily provide functionalities by
using ILs (Trewyn, Whitman, & Lin, 2004). Therefore, the use of
ILs can not only as a solvent but also as a dispersion medium for
preparing of cellulose nanocomposites.

In our previous work, the phase transitions and rheo-
logical properties of cellulose/AMIMCI and cellulose/1-ethyl-
3-methylimidazolium acetate (EMIMACc) solutions under both
oscillatory and steady shear modes were further studied (Song,
Zhang, Niu, & Wang, 2010; Song, Niu, Wang, & Zhang, 2011). For
cellulose/nano-SiO, /AMIMCI solutions, however, situations might
be quite different due to nanoparticles drastically alter the vis-
coelastic properties of the system (Rahatekar et al., 2009; Ueno,
Hata, Katakabe, Kondoh, & Watanabe, 2008). In the present work,
we reported the rheology and a facile and economic method for
preparing bionanocomposite fibers based on cellulose and nano-
SiO, with IL, as well as a detailed study of structure and properties
of the resulting bionanocomposites fibers. It should be noted that IL
appears to play a dual role as a solvent of cellulose and a dispersion
medium of nanoparticles.

2. Materials and methods
2.1. Materials

The ionic liquid of 1-allyl-3-methylimidazolium chloride
(AMIMCI) was synthesized according to the procedure described
in the literature. Purification of AMIMCI was carried out on the
basis of our previous work (Song et al., 2010). The water content of
AMIMCI measured by the Karl Fischer titration was 0.12 wt%. Micro-
crystalline cellulose (MCC), Vivapur 101, used in this study was
purchased from the Sen-Jun Chemical Agents Accessories Co., Ltd.,
Shanghai, China. The viscosity-average degree of polymerization
(DP) of MCC in cupriethylenediamin hydroxide solution is about
200 as measured by using Ubbelodh viscometer. The nano-SiO,
used in this study, NYSi80, was purchased from BOYU GAOKE New
Material Co., Ltd., Beijing, China. The primary particles of the NYSi80
are 80 nm in diameter and have hydrophilic silanol (Si—OH) groups
on their surface. The silica particles were dried for 24 hin a vacuum
oven at 60 °C before use.

2.2. Composites preparation

Cellulose/nano-SiO,/AMIMCI solutions were prepared as fol-
lows: Six batches of 5g MCC were added into 89.8, 89.7, 89.6,
89.5, and 89.4 g AMIMCl in six sealed reaction vessels, respectively,
and the mixtures were stirred at 90 °C for 4 h to obtain a homoge-
neous solution. Meanwhile, six batches 0f 0.2,0.3,0.4,0.5,and 0.6 g
nano-SiO, were dispersed in 5g AMIMCI using mortar and pestle
for 1h to obtain a homogenous paste mixture, respectively, then,
the obtained nano-SiO,/AMIMCI paste mixtures were correspond-
ingly added into the above six sealed reaction vessels and stirred

for another 1 h at 90 °C until solutions were optically homogenous.
Finally, 5wt% MCC/AMIMCI solutions containing 0.2, 0.3, 0.4, 0.5,
and 0.6 wt% were obtained with a total weight of 100 g, respectively.
The method of preparing 7 and 9 wt% cellulose/nano-SiO,/AMIMCI
solutions samples were the same as above. Correspondingly, these
solutions were used to prepare regenerated MCC/nano-SiO, (4, 6, 8,
10, and 12 wt%) composite fibers in the following section. The water
content in each solution measured by the Karl Fischer titration was
about 0.15 wt%. Before further measurements, the solutions were
sealed and stored in desiccators containing P,Os.
Cellulose/nano-SiO, composite fibers were processed using dry-
jet wet spinning with 3 cm air-gap and using deionized water as
coagulation bath. For all samples, a single-hole spinneret of 200 um
was used. The fiber was first soaked in deionized water overnight
and then washed with deionized water at least five times to remove
AMIMCIL. After, the fibers had been dried in vacuum at 80 °C for 48 h.

2.3. Rheological measurements

Rheological properties of the MCC/Nano-SiO, /AMIMCI solutions
under both oscillatory and steady shear modes were measured by
using a TA AR2000ex stress-controlled rheometer with 25 mm and
40 mm parallel-plates geometry. The chosen gap was about 600 p.m
for all the measurements. Steady shear measurements and dynamic
frequency sweep measurements were carried out within the shear
rate range of 0.01-100s~! and frequency range of 0.1-100rad/s,
respectively. Before the oscillatory shear measurements, a strain
sweep from 0.1 to 100% with a fixed frequency of 6.28 rad/s was
performed for each solution to determine the linear viscoelastic
regime. The selected strain of 10-15% during the frequency sweeps
fell well into the linear viscoelastic regime. The experimental tem-
perature was mainly setat 30 °C. All measurements were conducted
under a nitrogen atmosphere. In our experiments, the samples of
5wt% and 7 wt% cellulose/nano-SiO,/AMIMCI solutions were per-
formed using 40 mm parallel plate geometry, while the samples
of 9wt% cellulose/nano-SiO,/AMIMCI solutions were performed
using 25 mm parallel plate geometry. To ensure data accuracy and
repeatability, three measurements were carried out for each sam-
ple.

2.4. Scanning electron microscopy (SEM)

The observation of composite fiber samples was taken on a JEOL
SEM 6700 microscope operating at 5kV. The fibers were frozen
in liquid nitrogen, immediately fractured, and vacuum-dried. The
fracture surface of the fibers was coated with platinum layer (the
thick is about 20 nm) before the observation.

2.5. Transmission electron microscopy (TEM)

The ultrathin slices with a thickness of approximately 70-90 nm
were obtained from composite fiber samples imbedded into an
epoxy resin by ultra-microtome (Leica EM UC6 & FC6) under cryo-
genic conditions, and then it was placed onto a carbon-coated
copper grid. The dispersion state of Nano-SiO, within cellulose was
investigated by using a JEOL JEM-2200 FS at an accelerating voltage
of 200 kV.

2.6. Wide-angle X-ray diffraction (WAXD)

WAXD profiles of MCC and MCC/nano-SiO, composite fibers
were obtained by using an X-ray diffractometer (D/MAX-2500,
Rigaku Denki, Japan) with Cu Ka radiation (A =0.154 nm) at 40 kV
and 100 mA. The samples were scanned continuously from 26 =5°
to 40° at a rate of 1°/min and the WAXD profiles were recorded at
an interval of 0.02°.
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Fig.1. Changes ofstorage (G') and loss (G”) moduli as a function of angular frequency
for 7% MCC/AMIMCI solution with different content of nano-SiO, at 30 °C. The data
are shifted along the vertical axis by multiplying 10" with corresponding n values
of -2, -1, 0, 1, and 2, respectively, to prevent data overlap.

2.7. Mechanical performance

The tensile testing of the single regenerated MCC/nano-SiO,
composite fibers (diameter 15-20 wm with length of 50 mm) was
measured by using a universal testing machine (Instron 1122,
UK) at a crosshead speed of 5 mm/min; a gauge length of 30 mm
was used. Fiber ends were glued onto a paper frame according to
the preparation procedure described in ASTM D3822-07 Standard
(Andersons, Porike, & Sparnins, 2009; Mukhopadhyay, Fangueiro,
Arpac, & Sentiirk, 2008). Mechanical tests were performed at room
temperature. To ensure data accuracy and repeatability, at least five
measurements were carried out for each composite fiber.

2.8. Thermogravimetric (TGA)

The decomposition behaviors of the fibers were measured on
the Perkin-Elmer Pyris 6 type thermogravimetric analyzer (TGA) in
the temperature range of 50-500 °C under nitrogen atmosphere at
the heating rate of 20 °C/min. The fibers were rolled into small balls
(between 1.5 mg and 2 mg) by hand (wearing latex gloves to avoid
moisture transfer), and then placed on the sample pan. To ensure
data accuracy and repeatability, three measurements were carried
out for each composite fiber.

3. Results and discussion

3.1. Rheological properties of cellulose/IL solutions with different
content of nano-Si0,

In general, small amounts of nanoparticles drastically alter the
viscoelastic properties of the material (Du et al., 2004; Rahatekar
et al.,, 2009; Wang, Wang, Lou, & Hao, 2010). In our current study,
both the oscillatory and steady shear measurements were first
performed for the MCC/nano-SiO,/AMIMCI solutions system. The
changes of storage (G') and loss (G”) moduli as a function of angu-
lar frequency (w) for 7wt% MCC/AMIMCI solutions with different
content of nano-SiO, at 30°C are shown in Fig. 1. The plots are
shifted along the vertical axis by multiplying 10" with correspond-
ing n values of -2, —1, 0, 1 and 2, respectively, to prevent data
overlap. The nano-SiO, content (with respect to the weight of the
cellulose) ranges from 4 to 12 wt% as indicated. For the solutions
with nano-SiO, content below 6 wt%, G’ scales approximately with
o by G-w? and G’-w at low frequencies; moreover, G’ is always
smaller than G” and no crossover is found within the detected
frequency range, which indicates that these solutions exhibit a
liquid-like behavior. The terminal cross-over point is related with
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Fig. 2. Changes of complex viscosity as a function of angular frequency for the 7%
MCC/AMIMCI solutions with different content of nano-SiO, at 30°C.

the entanglement degree and the longest relaxation time (74), time
of cellulose chains diffusing out of the original tube. As the nano-
SiO, content increases from 6 to 10 wt%, a crossover of G’ and G”
appears, and the frequency of the cross-over point, wx, moves evi-
dently to lower values with increasing nano-SiO, concentration,
indicating the longest relaxation time (t4o1/wx) increases with the
increase of nano-SiO, content. In addition, G’ and G” of the solution
(10wt%) shows a deviation from the terminal slope of 2 and 1 at
low frequencies, respectively. For the solution of nano-SiO; con-
tent 12 wt%, G” is less than G’ over the whole frequency range, and
the values of G” and G’ are nearly independent of frequency, which
indicates a typical gel-like behavior (Roy, Budtova, & Navard, 2003;
Weng, Zhang, Ruan, Shi, & Xu, 2004; Ruan, Lue, & Zhang, 2008). This
gel-like behavior is attributed to the formation of network structure
caused by strong interactions among cellulose chains, nano-SiO,
and ionic liquids (Chang, Hung, Chang, Jiang, & Lin, 2011).

Fig. 2 shows the changes of complex viscosity, |n*|, as a func-
tion of angular frequency for the 7 wt% MCC/AMIMCI solutions with
different nano-SiO, at 30°C. When the cellulose concentration is
below 10 wt%, |n*| values show proportional increase with increas-
ing nano-SiO, content. At the low nano-SiO, content (4 and 8 wt%),
the solutions basically show the Newtonian plateau region in the
low frequency range and shear-thinning behavior is observed in
the high frequency range. Whereas for the high nano-SiO, content
solutions (10 wt%), another shear-thinning behavior is observed in
the low frequency range and the width of Newtonian plateau region
decreases. Whereas the Newtonian plateau region disappears and
[n*| shows almost linear decrease with increasing frequency when
the nano-SiO, content exceeds 10 wt%, which suggests an existence
of gelating network. This can be also attributed to the fact that the
physical junctions in the solutions are strengthened with increasing
nano-SiO; content.

Fig. 3 shows the changes of viscosity as a function of shear
rate for the 7wt% MCC/AMIMCI solutions with different nano-
SiO, content at 30°C. It can be seen that for the solution with the
low nano-SiO, content, i.e. 6 wt%, a Newtonian plateau appears
at the low shear rates and one shear-thinning region appears at
the high shear rates, which is similar to that of conventional poly-
meric fluids. With increasing nano-SiO, content (10-12 wt%), the
shear thinning property in a wide shear rate range shows a dis-
tinctly non-Newtonian behavior, indicating the transient network
is formed through interactions among cellulose chains, nano-SiO,
and ionic liquids. Moreover, it also exhibits slight shear thicken-
ing at low shear rates while shear thinning above a critical shear
rate, being highly viscous but also elastic due to the existence of
a stably transient network. Such shear-thinning behavior derived
from the shear-induced disruption of interparticle physical bonds
that can be observed in many of the typical dispersions of colloidal
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Fig. 3. Steady shear flow curves for the 7% MCC/AMIMCI solutions with different
content of nano-SiO, at 30°C.

particles. Furthermore, the shear viscosity of these solutions with
nano-SioO; (6-12 wt%) is lower than the viscosity of MCC/AMIMCI
solution without nano-SiO, at much higher shear rate.

3.2. Structural and morphology of cellulose nanocomposite fibers

Regenerated cellulose and cellulose/nano-SiO, composite fibers
with nano-SiO, content of 4, 6, 8, 10, and 12 wt% were fabricated by
dry-jet wet-spinning. Both the cellulose and cellulose/nano-SiO,
composite fibers with a smooth surface of side surface sections
were seen in Fig. 4a and b, indicating the dry-jet wet-spinning
process allowed the facile fabrication of cellulose nanocomposite
fibers.

Fig. 5a-d shows SEM images of the cross sections for cellu-
lose and cellulose/nano-SiO, composite fibers containing 8 wt%
nano-SiO;. In Fig. 5a and b, the cross sections surface of cellulose
fiber is generally flat and featureless. The similar morphology was
observed for cellulose fiber from NaOH/thiourea aqueous solution.
This suggests that the behavior cellulose fiber is brittle and the
crack propagates in a planar manner. However, for cellulose/nano-
Si0, composite fiber (Fig. 5¢ and d), the cross section surface was
extremely rough. This is clearly distinctive, compared to the flat
fracture surface of cellulose fiber as shown in Fig. 5a, indicating
the addition of nano-SiO, will improve the mechanical proper-
ties of cellulose, such as tensile strength and toughness. In Fig. 5d,
in higher magnification, the embedded filler particles also exhibit
good interfacial bonding with cellulose (as shown by black arrow).
Moreover, the void like feature created by distortional pullout silica
particles is also observed (as shown by white arrow), suggest-
ing strong interface adherence between cellulose and nano-SiO,.
Therefore, it can be deduced that the mechanical properties of the

LEI 50kv  X1200 10pm WD 7.8mm

composites will profit from the strong interface adherence. We also
used TEM to observe the dispersion of nano-SiO, within the cellu-
lose matrix (Fig. 5e). The TEM observation shows that the nano-SiO,
was well-dispersed and the size was about 80 nm in diameter.

It is known that cellulose I and II are the most studied forms of
cellulose, and cellulose II has higher chemical reactivity than cel-
lulose I and can be made into excellent cellulosic materials, so it
is regarded as one of the most useful biomaterials and has broad
applications in chemical industry. Moreover, the crystal structure
and crystallinity of cellulose also depends on the additives, leading
to the change in mechanical properties and thermal stability (Han,
Yan, Chen, Li, & Bangal, 2011; Wang et al., 2010). The structures
of cellulose nanocomposite fiber were further examined by using
WAXD technique. Fig. 6 shows WAXD patterns of original cellulose
powder, regenerated cellulose fiber, and cellulose nanocomposite
fiber containing 8 wt% nano-SiO,. It can be seen that the original
cellulose powder exhibits three obvious crystalline peaks at 14.9°,
16.2° and 22.5°, which are characteristics of the cellulose I fam-
ily. The diffraction pattern of regenerated cellulose fiber shows
a broad profile containing two weak crystalline peaks appearing
at 20.0° and 21.6°, corresponding to the (110) and (2 00) planes,
respectively, as also observed for viscose rayon, cuprammonium
rayon and the celluloses regenerated by rapid coagulation from
NaOH/Urea aqueous solution, which are attributed to the typical
cellulose II crystalline form (Ruan et al., 2004). For regenerated
cellulose fiber, two crystalline peaks appearing at 20.0° and 21.6°
are also observed but the peak appearing at 20.0° becomes blunt
and weak. Clearly, the nano-SiO, particles do not display any crys-
talline peaks, which is consistent with the silica nanoparticles being
noncrystalline at that size scale.

3.3. Properties of cellulose nanocomposite fibers

It is well-known that one of the primary reasons for adding
inorganic fillers to polymers is to improve their mechanical
performance. Therefore, the mechanical properties of polymer
nanocomposites are most concerned. Furthermore, tensile testing
is the most widely used method to evaluate the mechanical
properties of the resultant nanocomposites. The tensile strength
of a material is the maximum amount of tensile stress that it can
take before failure, for example breaking. For cellulose fibers, the
tensile strength is the stress coordinate on the stress-strain curve
at the point of rupture. The stress—strain curves are shown in Fig. 7.
It can be seen that when the nano-SiO, content is less than 8 wt%,
the tensile strength increases with increasing nano-SiO, content.
At 8 wt% nano-SiO,, fiber tensile strength increased by about 21%.
However, when the nano-SiO; exceeds 8 wt%, the tensile strength
decreases. On the other hand, with the addition of nano-SiO, from
0 to 6 wt%, the elongation at break of the fibers increases, while

LEI 50kV  X1200 10pm WD 7.8mm

Fig. 4. SEM images of side surface sections of cellulose (a) and cellulose/nano-SiO; (b) fibers. The nano-SiO, content is 8 wt%.
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image of the nanocomposite fiber (e). The nano-SiO; content is 8 wt%.

it decreases when the nano-SiO, exceeds 6 wt%. The similar phe-
nomenon has been observed on PP/SiO, and PA6/SiO, composites,
which due to the increased tendency of SiO, nanoparticles to form
agglomerates at higher concentrations (Zou et al., 2008). Note
that all the nanoreinforced fibers have larger tensile strength than
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Fig. 6. WAXD patterns of original cellulose powder, regenerated cellulose fiber, and
cellulose nanocomposite fibers containing 8 wt% nano-SiO,.

pure cellulose fiber, which due to the strong interaction between
cellulose and nano-SiO, (Portugal, Dias, Duarte, & Evtuguin, 2010).

TGA is the most popular method for characterizing the ther-
mal stability of polymers and polymer composites. Fig. 8 shows the
effect of nano-SiO; on thermal stability of cellulose fibers. The tem-
perature of maximum weight loss rate (Tmax) obtained from DTG
curve is taken as the characteristic temperature of the degradation
process. Apparently, the nanocomposites exhibit higher thermal

80
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Fig. 7. Stress-strain curves of regenerated MCC/nano-SiO, composite fibers with
different content of nano-SiO;.
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Fig. 8. Thermal gravimetric (TG) (a) and differential thermal gravimetric (DTG) (b) curves for different cellulose nanocomposite fibers.

stability and the Tynqx increases with increasing nano-SiO, content.
For the nanocomposite fiber containing 8 wt% nano-SiO,, the Tiax
is 345.4°C, which is 22.1 °C higher than in the case of the pure cel-
lulose fiber (323.3°C). It can also be seen from TG curve that the
residues increased by almost the same amount as the amount of
nano-SiO; incorporated into the cellulose. This means that the loss
of nano-Si0,, in coagulation bath is very little during spinning.

4. Conclusions

In this paper, bionanocomposite fibers based on cellulose and
nano-SiO, were prepared by the method of dry-jet wet spin-
ning using an ionic liquid, AMIMCI as a good solvent for cellulose
and well dispersant for nanoparticles. From the oscillatory shear
measurements it was found that the storage moduli (G') and
viscosity of the solution became larger with the increase of nano-
SiO, content, and the gelating network was found to occur above
10 wt% nano-SiO,. Remarkably, the shear viscosity of the solutions
with nano-SiO, was even lower than that of cellulose/IL solutions
under high shear rates. Well-dispersed particles were observed
in cellulose nanocomposite fibers. Furthermore, the cross section
surface of cellulose fiber was flat, whereas the composite fiber
was extremely rough. The regenerated cellulose and nanocom-
posite fibers were the typical cellulose II crystalline form, which
was totally different from the native cellulose with the dominated
polymorph of Type 1. The tensile strength of the nanocomposite
fibers was larger than that of pure cellulose fiber and showed
a tendency to increase and then decrease with increasing nano-
SiO, content and has maximum values at 8 wt% nano-SiO, content.
The nanocomposites exhibited higher thermal stability and the
Tmax increased with increasing nano-SiO, content. In addition, the
residues increased by almost the same amount as the amount of
nano-SiO, incorporated into the cellulose, which means that the
loss of nano-SiO; in coagulation bath is very little during spinning.
Therefore, this work provides a potential application in the field of
bionacomposite fiber manufacturing.
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