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Microcrystalline cellulose extracted from sisal fibers (SFMCC) and octa-aminopropyl
polyhedral oligomeric silsesquioxane (POSS-NH2) were used to fabricate POSS/SFMCC
hybrids through a simple cross-linking process with epichlorohydrin as the cross-
linking agent. The chemical structure and morphology of hybrids are characterized
with FTIR spectra, X-ray diffraction, and SEM. The results present that POSS-NH2

has been grafted onto the surface of SFMCC. The thermal property of hybrids has
been improved with a 19◦C higher maximum thermal decomposition temperature than
SFMCC, as measured by TGA and DSC. The residual mass of hybrids and SFMCC were
15.6 wt% and 4.4wt% at 700◦C, respectively.
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POSS/MCC Hybrids 87

INTRODUCTION

Cellulose, the most abundant polymer on earth, is regarded as an almost
inexhaustible source of raw materials. Cellulose solid particles including
microcrystalline cellulose (MCC), cellulose microcrystals or nanowhiskers
(nanocrystals), and cellulose microfibrils or nanofibrils can be extracted from
wood pulp, plant fibers, sea animals, and certain bacteria.[1–4] Due to their
advantages, such as renewability, low cost, high specific stiffness and strength,
low density, unique chemical and reactive surface properties, biodegradabil-
ity, and biocompatibility, they have been used recently for the reinforcement of
cellulose-based polymer composites, which have shown potential applications
in fields such as biomedical and tissue engineering, enzyme immobilization,
and so on. [5–14]

MCC is basically crystalline cellulose derived from high-quality wood pulp
and plant short fibers such as sisal fiber by acidic and alkaline treatment,
and it is expected to disintegrate into cellulose whiskers after complete
hydrolysis. Compared to conventional cellulose fibers, MCC, tens of microns
in diameter and hundreds of microns in length, has high cellulose content,
good crystallinity, and thermostability, where the lignin, hemicellulose, and
amorphous regions are removed by alkaline treatment and acid hydrolysis.
Therefore, MCC is a promising cellulosic reinforcing agent for polymer
matrix. For example, Spoljaric et al.[11] and Ashori et al.[12] prepared an
MCC-polypropylene (PP) composite, and the mechanical properties of the
composites were significantly enhanced as compared to pure PP. Xiao et al.[14]

fabricated bio-based high-performance green composites from poly(lactic acid)
(PLA) and MCC fibers grafted with L-lactic acid oligomers (g-MCC). The
g-MC/PLA composites exhibit better mechanical properties than pure PLA,
with a high tensile strength of 70 MPa, and a higher elongation at breakage.
Similarly, Mathew et al.[13] also fabricated biodegradable composites using
MCC as the reinforcement and PLA as a matrix.

However, MCC, including plant short fibers and other cellulose solid
particles, have poor compatibility with hydrophobic matrices and thermosta-
bility because of their natural instincts. These disadvantages result in poor
adhesion to hydrophobic matrices, which can affect the mechanical properties
and thermostability of the composites obtained. As a result, many attempts
have been made to modify their surface to improve their compatibility with
polymer matrix and thermostability by chemical cross-linking or grafting re-
action.[11,14–21] For example, isocyanate, N-acylureas, PEG, poly(styrene), and
poly(t-tutyl acrylate) were used to modify the surface of cellulose microcrystals
(or nanocrystals, nanofibrils) in order to improve the compatibility with the
polymer matrix or the dispersion in organic solvent.[15–19] MCC was often
treated with silicone oil, stearic acid, or alkyltitanate coupling agent to
promote matrix-filler dispersion and compatibility.[11] For example, MCC
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88 H. Liu et al.

grafted by L-lactic acid oligomer (g-MCC) had an improved compatibility
with PLA, which also provided g-MCC/PLA composites with excellent trans-
parence, as well as enhanced thermal and mechanical properties.[14] Cunha
et al.[20] reported a heterogeneous chemical modification of cellulose fibers
with (3-isocyanatopropyl) triethoxysilane, followed by the acid hydrolysis (and
condensation) of the appended siloxane moieties, in the presence of either
tetraethoxysilane or 1H,1H,2H,2H-perfluorodecyltriethoxysilane. These mod-
ifications produced an inorganic “coating” around the fibers and displayed a
very pronounced hydrophobic and lipophobic character. In addition, montmo-
rillonite nanoparticles and polyelectrolytes were adopted to modify the surface
of lignocellulosic fibers by a layer-by-layer (LbL) assembly process in order to
improve the thermostability.[21] Sequeira et al.[22] synthesized cellulose/silica
hybrids (CSHs) by a sol-gel method using eucalyptus-bleached Kraft pulp
as the cellulose source and tetraethyl orthosilicate (TEOS) as the silica
precursor with heteropoly acids (HPAs) as catalysts. They pointed out that
the hybrid materials showed considerably higher hydrophobicity (about four
times) and thermal stability when compared to the starting fibrous material
(bleached Kraft pulp). Barud et al.[23] fabricated bacterial cellulose (BC)/silica
hybrids from BC membranes and tetraethoxysilane (TEOS) under neutral
Ph conditions at rt. The thermal decomposition temperature of the BC/silica
hybrids was improved compared to the pure BC.

In our previous work, sisal fibers as reinforcements were used to improve
the mechanical properties, especially the tribological performance of polymer
composites.[24,25] In order to improve the compatibility of sisal fiber with poly-
mer matrix, the sisal fibers were often treated with silane coupling agent or
potassium permanganate.[24–27] However, the thermostability of the compos-
ites was decreased because of the natural instincts of sisal fiber, especially due
to the poor heat resistance of lignin and hemicellulose existing in sisal fibers.
Thus, the problem to be solved for sisal fiber is how to improve the compatibil-
ity with the polymer matrix and especially the thermostability. Two schemes
can be considered. On one hand, microcrystalline cellulose extracted from sisal
fibers (SFMCC) can replace short sisal fibers as reinforcements to avoid the
effect of lignin and hemicellulose components. On the other hand, depending
on the reactive hydroxyl groups on their surface, SFMCC can be modified by a
chemical agent, which can improve both the compatibility and thermostability
of SFMCC.

Polyhedral oligomeric silsesquioxane (POSS) has a nanometer-sized con-
fine structure with a cubic silica core and can be further functionalized with
a variety of organic compounds. POSSs, as typical molecular nanobuilding
blocks, can be effectively used to incorporate into and reinforce the polymer
organic matrix by copolymerization, grafting, or even blending through tra-
ditional processing methods. The resulting nanocomposite showed improved
mechanical properties and higher thermal stability, which is determined by
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POSS/MCC Hybrids 89

POSS/POSS and POSS/polymer interactions.[28,29] For example, Wang et al.[30]

studied the thermal degradation behaviors of epoxy resin/octavinyl polyhedral
oligomeric silsesquioxane (OVPOSS) hybrids and found that the incorporation
of OVPOSS into epoxy resins obviously decreased the peak heat release rate
and total heat release of the hybrids. The addition of OVPOSS retarded the
oxidation of char residue and enhanced the flame resistance of epoxy resins.
Xu et al.[31] prepared a series of poly (4-acetoxystyrene) (PAS)/OVPOSS blends
and polystyrene (PS)/OVPOSS blends by the solution-blending method. The
results showed that OVPOSS can effectively improve the thermal stability of
the PAS/POSS blends at low POSS content. The glass-transition temperature
(Tg) of the PAS/POSS blends increases at a relatively low POSS content and
then decreases at a relatively high POSS content. Xie et al.[32] reported that
POSSs were grafted onto cellulose fabrics by a chemical cross-linking reaction.
They thought that POSS had also attracted considerable attention for heat-
resistant paint and coatings due to the fact that thermal degradation of POSS
leaves behind a “self-healing” SiO2 layer.

In this article, SFMCC was fabricated and used to replace sisal short
plants as reinforcements in our future work. Subsequently, octa-amino-
propylsisesquioxane (POSS-NH2) nanoparticles were grafted on the surface
of SFMCC by cross-linking graft reaction. Epichlorohydrin as a cross-linking
agent was used in the graft reaction. The chemical and surface morpho-
logical structures of the organic/inorganic hybrids were characterized. The
POSS/SFMCC hybrids had better thermostability than pure SFMCC, which
could be used as reinforcements with good heat resistance and mechanical
properties for fabrication of polymer composites. This work could also offer
a method for the modification of MCC, including other cellulose solid particles.

RESULTS AND DISCUSSION

Morphology and Structure of SFMCC and POSS-NH2

Nanoparticles
According to Morán,[3] SFMCC can be extracted from sisal fibers by means

of chemical procedures such as alkaline extraction, bleaching, and acid hydrol-
ysis. The components of SFMCC can be concluded from the FTIR spectrum.
From Figure 1, we can see that our SFMCC gave two main absorbance re-
gions. The first one is at low wavelengths in the range 700–1800 cm−1, and
the second one is at higher wavelengths corresponding to the range of approx-
imately 2700–3500 cm−1. The bands at 3360 cm−1 and 2900 cm−1 correspond
respectively to the stretching vibrations of O H and H C H. The character-
istic peaks of C O C in the cellulose glycopyranose ring were observed at
1170–1020 cm−1. The band at 1726 cm−1 in the spectrum could be due to the
presence of small amounts hemicellulose, which contains C=O linkage with
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90 H. Liu et al.

Figure 1: FTIR spectrum of microcrystalline cellulose extracted from sisal fibers (SFMCC).

the absorbance at 1765–1715 cm−1. Another possibility is that the carboxyl or
aldehyde absorption (1728 cm−1) could arise from the opened terminal glycopy-
ranose rings or oxidation of the C OH groups, and the 1726 cm−1 band corre-
sponds to carbonyl groups. Thus, the presence of the band at 1726 cm−1 could
be attributed to oxidation. When analyzing the spectra, it is evident that there
was no remaining lignin in the obtained celluloses. This can be concluded from
the absence of the absorption bands related to aromatic ring skeletal vibra-
tions (1500–1600 cm−1).[3] Thus, the lignin and the majority of hemicelluloses
had been removed from SFMCC, and the pure cellulose was obtained. Mean-
while, Figure 2a shows that SFMCC obtained was a white powder completely
different from the short sisal fiber. The high-resolution morphology was fur-
ther characterized by SEM, and the images with different magnifications are
shown in Figures 2b and 2c. They clearly show that SFMCC had diameters of
10–20 μm and lengths of 50–150 μm and its surface was very neat.

Figure 3a is the AFM height image of the synthesized POSS-NH2 nanopar-
ticles, and Figure 3b is the height profile along the white line shown in

Figure 2: Photo (a) and SEM images (b, c) of SFMCC with different magnification.
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POSS/MCC Hybrids 91

Figure 3: (a) AFM height image of the synthesized POSS-NH2 nanoparticles and (b) height
profile along the white line shown in (a).

Figure 3a. From Figure 3, we can conclude that POSS-NH2 nanoparticles with
diameters of several to 10 nanometers are well dispersed in CH3OH solution.
So, it is obvious that the size of POSS-NH2 nanoparticles is far smaller than
that of SFMCC.

Figure 4 is the FTIR spectrum of POSS-NH2 nanoparticles. The wide and
intensive band at 3360 cm−1 is attributed to the characteristic absorption of
NH2 groups. The strong bands at 2930 and 2870 cm−1 correspond to the C H
stretching of the CH2 groups in the organic corner groups of the cage structure.
The absorption band at 1130 cm−1 is the characteristic vibration of the Si-O-Si
bond. The absorption bands at 1030 cm−1 are attributed to the characteristic
vibrations of the silsesquioxane cage Si-O-Si framework. The band at 769 cm−1

is the bending vibration of the Si-C bond in Si-CH2.[34] Therefore, the FTIR

Figure 4: FTIR spectrum of POSS-NH2 nanoparticles.
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92 H. Liu et al.

Figure 5: Two representative SEM/EDX analysis results of SFMCC and POSS/SFMCC hybrids:
(a) and (b) are respectively the SEM images of SFMCC and POSS/SFMCC hybrids; (c) and
(d) are the corresponding EDX mapping images.

spectrum of the product provided good assignment to the cage structure of
POSS-NH2.

Structure and Morphology of POSS/SFMCC Hybrids
In order to analyze the structure of POSS/SFMCC hybrids, FESEM

equipped with an EDX elemental composition analyzer was used to charac-
terize their surface structure and morphology. Figure 5 shows two represen-
tative SEM/EDX results of SFMCC and POSS/SFMCC hybrids. Figure 5a and
5b present respectively SEM images of SFMCC and POSS/SFMCC hybrids,
while Figures 5c and 5d are the corresponding EDX mapping images. From
Figures 5a and 5b, we can see that the surface of SFMCC is a little rough but
regular, and the surface of POSS/SFMCC hybrids becomes irregular, probably
because of the treatment of NaOH during the epoxidation of SFMCC. In the
EDX mapping image of the silicon element of POSS/SFMCC hybrids (see Fig.
5d), the intensive bright spots representing silicon element display the same
shape as shown in Figure 5b. It can be concluded that POSS-NH2 nanoparti-
cles had been grafted and homogeneously dispersed on the surface of SFMCC
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POSS/MCC Hybrids 93

Figure 6: SEM images of SFMCC (a) and POSS/SFMCC hybrids (b).

matrix. Contrarily, there are not bright spots in the EDX mapping of the sili-
con element of SFMCC shown in Figure 5c, which showed that there was not
a silicon element in SFMCC.

Figures 6a and 6b are respectively the SEM images of SFMCC and
POSS/SFMCC hybrids in higher magnification. It can be seen that the surface
of SFMCC is clean and regular. However, there are large numbers of white
nanoparticles dispersed on the surface of POSS/SFMCC hybrids as shown in
Figure 6b. These white nanoparticles are about tens of nanometers in diame-
ter larger than the size of POSS-NH2 nanoparticles, which may result from the
aggregation of POSS-NH2 nanoparticles during the grafting reaction. Thus, we
can conclude that the POSS-NH2 nanoparticles have been successfully grafted
on the surface of SFMCC.
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94 H. Liu et al.

Figure 7: XRD patterns of SFMCC and POSS/SFMCC hybrids.

The XRD data illustrate the influence of POSS-NH2 nanoparticles on
the intensity and shape of the patterns. POSS-NH2 has typical nano-SiO2

crystals. X-ray patterns of POSS-NH2 feature main peaks at 7.06◦ and
21.32◦ associated with the nano-SiO2 crystal structure. XRD patterns of
SFMCC and POSS/SFMCC hybrids are shown in Figure 7. The main peaks
of POSS/SFMCC hybrids at 14.89◦, 16.27◦, and 22.58◦ are associated with
cellulose structure. Many researchers reported that POSS could crystallize
when they were copolymerized with polymers.[36] So, in the XRD patterns of
POSS/SFMCC hybrids, there is a weak diffraction peak at 21.51◦, which is
associated with the main peak of POSS-NH2 at 21.32◦. However, the peak
of POSS-NH2 at 7.06◦ was not observed, which can be explained by the fact
that the peak at 7.06◦ associated with the nano-SiO2 structure may be over-
lapped.[32] Meanwhile, it can be noticed that SFMCC is presented in the form
of cellulose I, rather than cellulose II, which arises from the fact that there is
no doublet in the intensity of the main peak.[37] The crystallinity index (Ic) can
be determined by using the following equation:[38]

Ic =
(
I(002) − I(am)

)

I(002)
× 100

where I(002) is the counter reading at peak intensity at a 2θ angle close to 22◦,
representing crystalline material, and I(am) is the counter reading at peak in-
tensity at a 2θ angle close to 16◦, representing amorphous material in cellu-
losic fibers. The results show that the crystallinity is similar for SFMCC and
POSS/SFMCC (Crystallinity Index Ic = 71 ± 1). It can be concluded that the
addition of POSS-NH2 nanoparticles has no influence on the crystallinity of
POSS/SFMCC hybrids. One possible reason is that the grafting reaction on
the surface of SFMCC did not damage the crystal structure of SFMCC, and
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POSS/MCC Hybrids 95

Figure 8: TGA (upper) and DTG (lower) curves of POSS, SFMCC, and POSS/SFMCC hybrids.

another possible reason is that the weight of POSS-NH2 nanoparticles graft-
ing onto the surface of SFMCC is not high enough to overlap the XRD patterns
of SFMCC.

Thermal Properties of POSS/SFMCC Hybrids
The thermal properties of POSS/SFMCC hybrids are different from that

of SFMCC. Thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC) are usually used to study the thermal characteristics of
materials. Figure 8 shows the TGA (upper) and DTA (Differential Thermal
Analysis) (down) curves of POSS, SFMCC, and POSS/SFMCC hybrids, and
characteristic parameters from TGA data are presented in Table 1. DSC plots
of SFMCC and POSS/SFMCC hybrids are shown in Figure 9.

From Figure 8 and Table 1, we can see that POSS/SFMCC hybrids had
a sharp weight loss starting at 342◦C, which was higher than SFMCC start-
ing at 326◦C, and stopped pyrolyzing at 384◦C, which was also higher than
SFMCC, stopping at 361◦C. The maximum thermal decomposition tempera-
ture for POSS/SFMCC hybrids was 367◦C, compared to 348◦C of SFMCC. The
residual mass of POSS/SFMCC hybrids and SFMCC are 15.6 wt% and 4.4wt%

Table 1: Characteristic parameters from TGA data of POSS, SFMCC, and
POSS/SFMCC hybrids

TOnset/◦C TEnd/◦C Tinflection/◦C
Residual
mass (%)

SFMCC 326 361 348 4.4
POSS/SFMCC 342 384 367 15.6
POSS 398 522 449 56.5
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96 H. Liu et al.

at 700◦C, respectively. Clearly, compared to SFMCC, POSS/SFMCC hybrids
had higher decomposition temperature and more residual mass. We can con-
clude that the thermal properties of SFMCC were improved upon POSS graft-
ing onto its surface. It can be explained by the fact that the Si C and Si O
bond energy in molecular POSS are higher than the C C bond energy, and
POSS nanoparticles that accumulated on the surface of SFMCC by a chemical
grafting reaction can form an inorganic protective layer to decrease SFMCC
decomposition. On the other hand, POSS nanoparticles bonded to SFMCC can
restrict the macromolecular segment movement of SFMCC at high tempera-
ture, which can increase the heat resistance of SFMCC. This can further be ev-
idenced by the SEM images of SFMCC and POSS/SFMCC after being charred
in N2 at 700◦C, which are shown in Figure 10. From Figure 10, it is clear
that after being charred, the diameter of SFMCC obviously shrunk and helical
structures appeared on the surface. However, the appearance of POSS/SFMCC
hybrids before and after being charred has no obvious difference. It further
proved that POSS nanoparticles in hybrids can protect SFMCC during heat-
ing and prevent them from decomposition. In short, the thermal properties of
SFMCC can be improved by introducing POSS nanoparticles onto its surface.

In addition, further analysis of the DTA data of POSS, SFMCC, and
POSS/SFMCC hybrids showed that the weight ratio of POSS in hybrids is
calculated at about 22%. Then, the weight of POSS is about 28% of SFMCC
in hybrids. According to the reaction formula of ep-SFMCC and POSS-NH2,
the theoretical graft weight of POSS is 114% of ep-SFMCC calculated from
the epoxy value, 0.14 mol/100 g, of the obtained ep-SFMCC. So it can be said
that the grafting efficiency of POSS on the surface ep-SFMCC is about 25%,
where the grafting efficiency is defined as the ratio of weight of POSS actually
involved in the graft reaction and the theoretical graft weight of POSS. One

Figure 9: DSC plots of SFMCC (solid) and POSS/SFMCC hybrids (dashed).
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POSS/MCC Hybrids 97

possible reason is the accessibility of solid phase reaction between POSS-NH2

nanoparticles, and ep-SFMCC, and the other reason is a steric effect because
of the much larger molecular size of POSS-NH2 than the epoxy group.

The DSC plots for SFMCC and POSS/SFMCC hybrids contain first en-
dothermic peaks at 62.7◦C and 64.7◦C, respectively. These endothermic peaks
are probably associated with the removal of water from the SFMCC and
POSS/SFMCC hybrids. For SFMCC, the second endothermic peak at 346.1◦C
is close to the maximum thermal decomposition temperature of SFMCC. The
endothermic change is associated with SFMCC decomposition during heating,
and there was no enthalpy change before decomposition of SFMCC because of
the higher melting temperature than decomposition temperature of SFMCC.
For POSS/SFMCC hybrids, the second endothermic peak at 371.1◦C is also
close to the maximum thermal decomposition temperature of POSS/SFMCC
hybrids. The endothermic change may be associated with the decomposition
of POSS/SFMCC hybrids during heating. Moreover, the endothermic peaks be-
come small. It indicates that the decomposition might take place in the organic
phase. This phenomenon also showed that POSS nanoparticles in the hybrids
could protect SFMCC and prevent them from decomposition during heating.

Figure 10: SEM images of SFMCC and POSS/SFMCC hybrids after being charred in N2 at
700◦C.
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98 H. Liu et al.

Thus, the thermal properties of SFMCC were improved by introducing POSS
nanoparticles onto its surface.

Scheme 1: The illustration of reaction process of POSS-NH2 and SFMCC.

CONCLUSIONS

POSS/SFMCC hybrids were successfully fabricated through a simple cross-
linking graft reaction where epichlorohydrin was used as the cross-linking
reagent. The chemical structure and morphology of POSS-NH2 nanoparti-
cles, SFMCC, and POSS/SFMCC hybrids were characterized by FTIR spectra,
X-ray diffraction, AFM, and SEM. The results showed that SFMCC, with diam-
eters of 10–20 μm and lengths of 50–150 μm, was pure cellulose without lignin
and hemicelluloses. The obtained POSS-NH2 nanoparticles had diameters of
several to 10 nanometers. POSS-NH2 nanoparticles could be grafted onto the
surface of SFMCC, forming novel macromolecular structures coated by POSS
nano-silica particles. POSS particles are dispersed at nanometer scale in the
cellulose host matrix, bonding to the cellulose through covalent bonds. The
results of TGA and DSC demonstrated that POSS/SFMCC hybrids had higher
decomposition temperature, more residual mass, and less endothermic change,
which proved that POSS nanoparticles in the hybrids could protect SFMCC
under heating conditions and prevented them from decomposition, and that
the thermal properties of SFMCC were improved by grafting POSS onto its
surface.
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EXPERIMENTAL

Materials
Sisal fibers were supplied by Guangxi Sisal Company. Epichlorohydrin

(EPC, 99.5%), γ-aminopropyltriethyoxysilane (KH550, 99%), tetrahydrofuran,
hydrochloric acid, acetone, and sulfuricacid were purchased from Aladdin
Chemistry Co. Ltd. (Shanghai, China) and used directly.

Synthesis of Octa-Aminopropyl Polyhedral Oligomeric
Silsesquioxane (POSS-NH2) Nanoparticles
The process for the synthesis of octa-aminopropyl polyhedral oligomeric

silsesquioxane (POSS-NH2) followed a modified method of Feher and
Zhang.[33,34] KH550 (20.13 g) was added in a three-necked round-bottomed
flask with continuous stirring. Then, a mixture of 59.5 g of tetrahydrofuran
and 14.21 g of distilled water was added dropwise. Subsequently, the tem-
perature was raised up to 60◦C and several drops of hydrochloric acid were
added. After 72 h, a white precipitate was obtained by adding equal volume
of tetrahydrofuran into the reaction solution. The precipitate product was
filtered off, washed with tetrahydrofuran, and dried at 40◦C in a vacuum oven
for 24 h.

Extraction of Microcrystalline Cellulose From Sisal Fibers
As-received sisal fibers were preconditioned before cellulose extraction

took place; the fibers were washed with distilled water several times and dried
in an oven at 80◦C for 24 h. Then, they were chopped to an approximate length
of 4 mm. The extraction of microcrystalline cellulose from sisal fibers was per-
formed according to the method by Morán.[3] Finally, SFMCC as a white pow-
der was obtained.

Fabrication of POSS/SFMCC Hybrids
The surface of SFMCC was decorated with epoxy functional groups via

reaction with epichlorohydrin (4 mL/g cellulose) in 1 M sodium hydroxide
(100 mL/g cellulose) according to the method by Dong and Roman.[35] After
2 h of reaction at 60◦C, the reaction mixture was centrifuged and washed with
distilled water multiple times until epichlorohydrin was washed off completely.
The content of epichlorohydrin in the washing solution was determined using
sodium thiosulfate and phenothalin as indicator. Finally, the product, marked
as ep-SFMCC, was obtained after being dried in a vacuum oven at 60◦C. The
epoxy value of the final product is measured as 0.14 mol/100 g by the conduc-
tometric titration method.
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ep-SFMCC (0.2 g) and distilled water (60 mL) were mixed and added in
a three-neck flask equipped with reflux condenser with continuous stirring.
After the temperature was raised to 80◦C, 40 mL of distilled water containing
0.630 g of POSS-NH2 was added into the flask dropwise in 30 min through
a dropping funnel. Then, 1 mL of 95% ethanol was added, and the reaction
was kept at 100◦C for 1.5 h. Finally, the product was washed with distilled
water until the redundant POSS-NH2 was washed off completely, and dried in
a vacuum oven at 60◦C for 12 h. The whole crosslinking reaction of POSS-NH2

and SFMCC was illustrated in Scheme 1.

Characterization
The AFM image was obtained with NT-MDT SPM (Russia) at rt, in tap-

ping mode. The sample was obtained by dropping the dispersion of POSS-
NH2 nanoparticles in CH3OH onto a mica sheet and dried in a vacuum
at 40◦C for 12 h. The FT-IR spectra were recorded as KBr pellets on a
NICOLETNEXUS 470 infrared spectrometer (America) in the transmission
mode from 400 to 4000 cm−1 with a 2 cm−1 resolution. For SEM analysis,
the dried samples were sputtered with gold and then examined with an S-
4800 FE-SEM machine (Hitachi High-Technologies Corporation, Japan), oper-
ated at 10 kv. Elemental mapping of the samples was identified by energy-
dispersive X-ray analysis (EDXA, Model: Oxford Instruments), which was
coupled by SEM. The XRD was measured with a PANalytical B.V.X/Pert
PRO X-Ray diffractometor, which used a Cu-K target at 40 kV, 300 mA,
λ = 1.542 Å. Samples were scanned in 2θ ranges varying from 5◦ to 40◦

(1◦/min). TGA of SFMCC and POSS/SFMCC hybrids was assessed on a Net-
zsch STA-449 instrument with a heating rate of 10◦C/min in an N2 flow.
DSC was measured with a Netzsch DSC-204 instrument using indium stan-
dards for calibration with a heating rate of 5◦C/min from 20◦C to 400◦C. N2

(20 mL/min) was employed as the purge gas for the sample and reference
cells.
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