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Two series of nanocomposite films were prepared from waterborne poly(ester-urethane) and chitin whisker with and without
ultrasound treatment coded as CW/WPU and CHW/WPU, respectively. The effects of ultra-sonification method and chitin whisker
content on the chemical compositions, crystallization behavior and miscibility were studied by attenuated total reflection Fourier
transform infrared (ATR-FTIR), wide-angle X-ray diffraction (WXRD), dynamic mechanical analysis (DMA) and scanning electron
microscopy (SEM). Thermal stability and mechanical properties of the films were measured by thermogravimetric analysis (TGA)
and tensile test, respectively. The results revealed that both nanocomposite films exhibited a certain degree of miscibility when chitin
whisker content was lower than 30 wt%, resulting in higher thermal stability and tensile strength than the pure waterborne poly(ester-
urethane) film. Interestingly, the composite films CW/WPU with ultrasound treatment possessed better miscibility, storage modulus,
thermal stability and tensile strength than those without ultrasound treatment over the entire composition range studied here. The
difference can be attributed to the relatively higher dispersion level of whisker within poly(ester-urethane) matrix resulting in relatively
stronger entanglement and interaction between both components. The ultrasound treatment can effectively improve the miscibility
and mechanical properties of the casting nanocomposite films with nano-meter size chitin whisker added. This indicated that the
structure, miscibility and mechanical properties of the nanocomposite films depended significantly on the preparation method.

Keywords: Nanocomposite, waterborne polyurethane, chitin whisker, ultra-sonification

1 Introduction

Nanocomposites are relatively a new class of composites
with at least one phase having a dimension in the vicin-
ity of 1–1000 nm. They occupy some unique outstand-
ing properties compared with the conventional microcom-
posite counterparts. The development and application of
nanocomposites has attracted both academic and indus-
trial interest in the last decades. It is especially important
that nanocomposite material provides a novel way for mod-
ification and exploitation of natural polymers (1–3). Much
effort has been devoted to the use of nano-meter size fillers
from cellulose, starch and chitin as reinforcing agents in
polymeric matrix. The advantages of natural nanofillers are
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search Center of Nano-Geomaterials of Ministry of Educa-
tion, China University of Geosciences, Wuhan 430074, P. R.
China. Tel: 0086-15623351996; E-mail: mingzeng@cug.edu.cn or
zengming318@163.com

their low density, availability, biocompatibility, biodegrad-
ability and resulting lower cost relative to synthetic
nanofillers.

Chitin, a (1→4)-linked polysaccharide composed of 2-
acetamido-2-deoxy-β-D-glucopyranose residues, is widely
distributed in nature (4,5). Materials made of chitin or
modified chitin have the attractive advantages of being
non-toxic, biodegradable, antibacterial and biocompatibil-
ity, which possess potentials for industrial, agricultural and
medical applications (6,7). Chitin whiskers (CW) have been
prepared from crab shells, squid pens, shrimp shells and
tubes of riftia pachypitila tubeworms, and used as a new
kind of nanofillers to reinforce synthetic polymeric ma-
trix and natural ones (8–15). Chitin whiskers and chemical
modified whiskers have been reported as the reinforcing
elements in matrixes such as styrene and butyl acrylate
copolymers, poly(caprolactone), chitosan, starch and nat-
ural rubber (9–17). However, chitin whisker has a low level
of dispersion within the matrixes, so the development of
chitin whisker based nanocomposites is restricted due to
the present processing technique.
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868 Zeng et al.

Waterborne polyurethanes with good flexibility, as a
non-toxic, nonflammable and environment-friendly mate-
rial, allow a broad range of application areas. These prod-
ucts present many features related to conventional solvent-
borne polyurethanes with the advantages of presenting low
viscosity at high molecular weight and good applicabil-
ity (18–20). Waterborne poly(ester-urethane)s (WPU) with
polyester as soft domain are a versatile class of man-made
polymer products in the medical, automotive and industrial
fields, and have been found to be susceptible to biodegrada-
tion by microorganisms (21,22). It is worth noting that the
WPU based nanocomposites combines the elastic behavior
of WPU with the strength and stiffness of the reinforcing
phase (23,24).

In recent work, we studied the influence factors of
casting method such as casting substrate, crosslinker and
temperature for the natural polymer based composites
(6,7,19,20,25). It is noted that the processing technique
plays a major role in the mechanical properties of result-
ing composite films. Therefore, more research should fo-
cus on the effect of preparation method on the resultant
morphology and mechanical properties. Ultra-sonification
as a green preparation method is applied in the fields of
chemistry and material science. However, the effects of
ultra-sonification treatment on the structure, morphology
and mechanical properties of nanocomposites have been
scarcely reported. In this study, ultra-sonification method
is expected to favor a high level of whisker dispersion within
the polymer matrix, leading to satisfied interfacial interac-
tion between chitin whiskers and polymeric matrix. A ba-
sic understanding of the behavior for casting films with or
without ultra-sonification may be essential for a successful
research and development of new material. We attempted to
prepare and characterize novel nanocomposite films using
waterborne poly(ester-urethane) as the semicrystalline ma-
trix and chitin whisker as the reinforcing phase. The effects
of ultra-sonification method and chitin whisker content on
the chemical compositions, crystallization behavior, misci-
bility and mechanical properties of nanocomposites were
investigated.

2 Experimental

2.1 Synthesis of WPU

Anionic WPU was prepared through a two-stage polymer-
ization process. The WPU dispersion was prepared through
our modified action process with NCO/OH=1.6. Com-
mercial 2,4-toluene diisocyanate (TDI; Shanghai Chemical
Co., China) was vacuum-dried at 80◦C for 2 h, and used as
hard segment. Poly(ethylene glycol adipate) (PEG; Mn =
1982; Tiangou Polyurethane Factory, Jiangsu, China) was
vacuum-dried at 120◦C for 5 h, and used as soft segment.
Dimethylol propionic acid (DMPA, Chengdu Polyurethane
Co., China) was also vacuum-dried at 110◦C for 2 h, and

used as chain extender and anionic center. Triethylamine
(TEA; Jiangbei Chemical Co., China) and ketone as neu-
tralized reagent and solvent, respectively, were immersed
in 3-Å molecular sieves for more than a week to dehydrate
before use.

The dry PEG was introduced in a three-necked flask,
and heated to 80◦C with mechanical stirring, and then TDI
in one portion was added with stirring to be continued at
80◦C for 1 h. Then, an equivalent amount of dried DMPA
was added in one portion to the mixture. The reaction was
carried out for 2–3 h until the NCO-group content reached
a given value, as determined by dibutylamine back titra-
tion (18). Ketone was added to reduce the viscosity of the
prepolymer. Finally, the product was cooled to 45◦C, and
neutralized with TEA. The WPU was formed by dispersing
in deionized water for a period of 30 min to get the solid
content of the WPU to be 20 wt%.

2.2 Preparation of CW

Chitin was supported by Zhejiang Jinke Sea Biochemical
Co. (China), and its viscosity average molecular weight
(Mη) and degree of acetylation are 1.31 × 106 and
92.5%, respectively. It was used without further treatment.
The CW was prepared based on the methods reported
(8–10,13,16,17]. The ultrasound generator (JY88—II type
bio-cell disrupter) was manufactured by Shanghai Xin Zhi
Biology Research Institute, and Ningbo Xin Zhi Science
and Equipment Institute, China.

The CW suspension was prepared by hydrolyzing the
chitin sample with 3N HCl at the boiling point under stir-
ring for 1.5 h. The ratio of 3N HCl to chitin was 30 ml/g.
After acid hydrolysis, the suspensions were diluted with
distilled water followed by centrifugation (5000 tr/min for
5 min) and decanting the supernatant, then the residue was
treated two times according to the above process. Next, the
suspension were transferred to a dialysis bag and dialyzed
in the running water for 6 h, and then in the distilled water
for 24 h until the pH=4 was reached. The dispersion of
whisker (3.3 wt%) was completed by three successive 2-min
ultrasonic treatments under the ultrasound power of 500 W
for every 40 ml aliquot. The obtaining whisker was subse-
quently filtered to remove residual aggregates, and then the
CW suspension was obtained. Finally, the CW suspension
was refrigerated prior to further use after adding sodium
azide to prevent bacterial growth.

2.3 Fabrication of Nanocomposite Films

Desired quantities of the suspensions of CW and WPU
mentioned above were mixed together, and then stirred at
room temperature for 3 h to obtain a mixture suspension.
The different weight ratio of CW in solid content of the
mixture dispersion (i.e., 5, 10, 20, and 30 wt%) with and
without ultrasound treatment were coded as 5%CW/WPU,
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10%CW/WPU, 20%CW/WPU, and 30%CW/WPU, and
5%CHW/WPU, 10%CHW/WPU, 20%CHW/WPU, and
30%CHW/WPU, respectively. There are many influence
factors of ultrasound treatment affecting the ultimate me-
chanical properties of nanocomposite films. The ultra-
sound treatment conditions were optimized in terms of
ultrasound power, treatment time and treating quantity.
The CW/WPU series mixtures were treated by two succes-
sive half-minute ultrasonic treatments under the ultrasound
power of 500 W for every 40 ml aliquot. Then all mixtures
were cast on a glass plate mold and dried at 50◦C for 24 h
to obtain casting films. Pure film of WPU and dried CW
powder were coded as WPU and CW, respectively.

2.4 Characterization

Attenuated total reflection Fourier transform infrared
(ATR-FTIR) spectroscopy was carried out on a Thermo
Nicolet 670 spectrometer. Spectra in the optical range of
4000–500 cm−1 were collected over 64 scans with a reso-
lution of 4 cm−1. The measurements were made at room
temperature, on a diamond using a variable-angle ATR
unit at a nominal incident angle of 45◦. Optical alignment
of the unit was set to achieve maximum throughput of the
infrared beam to the detector. Samples were taken at ran-
dom from the flat films.

Wide-angle X-ray diffraction (WAXD) were recorded on
an X-ray diffraction (D/MAX3B, Rigaku Denki, Japan),
by using Cu Kα radiation (λ =15.405) at 40 kV and 30 mA
with a scan rate of 4◦/min. The diffraction angle ranged
from 10 to 50◦.

Dynamic mechanical analysis (DMA) was carried out
with a dynamic mechanical thermal analyzer (DMTA-V,
Rheometric Scientific Co., USA) at 1 Hz and a heating rate
of 5◦C/min in the temperature range from 0 to 120◦C. The
specimens with a typical size of 10 mm × 10 mm (length
width) were used here.

The images of chitin whisker were observed by environ-
mental scanning electron microscopy (ESEM, JSM-35CF,
NEC, Japan). Scanning electron microscopy (SEM) im-
ages of the films were taken with a microscope (X-650,
Hitachi, Japan). The films were frozen in liquid nitrogen
and snapped immediately, and then vacuum-dried. The sur-
face and cross section of the films were sputtered with gold,
and then observed and photographed.

Thermogravimetric analysis’s (TGA) of the specimens
with 1 mm length and 1 mm width were carried out with a
thermobalance (STA409, Netzsch, Germany) under air at-
mosphere from 25 to 600◦C, at a heating rate of 10◦C/min.

Tensile strength and elongation at break of the films were
measured on a versatile tester (CMT-6503, Shenzhen SANS
Test Machine Co. Ltd., China) according to the ISO6239-
1986 standard with a tensile rate of 5 mm/min. The size
of the films was 70 mm length, 10 mm width, with 50 mm
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Fig. 1. Fourier transform infrared spectrum of chitin whisker
obtained from the evaporation of the chitin whisker suspension.

distance between two clamps. Five parallel measurements
were carried out for every sample.

3 Results and Discussion

3.1 Structure and Morphology of Chitin Whisker

A Fourier transform infrared spectrum (Fig. 1) of chitin
whisker was obtained from the evaporation of chitin
whisker suspension in order to display the absence of resid-
ual proteins on the fragments. In the carbonyl region, the
spectrum represents three strong absorption peaks at 1658,
1622 and 1557 cm−1 corresponding to characteristic peaks
of chitin whisker obtained from crab shells (10,16). The
absence of the peak at 1540 cm−1 corresponding to the
proteins proves that the successive treatments were strong
to eliminate all the proteins and obtain the pure chitin
whiskers.

Figure 2 shows environmental scanning electron mi-
croscopy imagines with different scales of chitin whisker
obtained from the evaporation of whisker suspension on
the surface of mica. Such a suspension exhibited a colloidal
behavior due to the presence of the positive charges (NH3+)
on the chitin whisker surface, which resulted from the pro-
tonation of the amide group of chitin in acidic conditions.
The suspension contained chitin fragments consisting of
both individual microcrystals and aggregated microcrys-
tals. The microcrystals seem to be entangled based on the
images, but individual chitin whiskers are not very diffi-
cult to observe. These fragments have a broad distribution
in length (L) ranging from 100 to 650 nm and diameter
ranging from 10 to 70 nm. There is no major morpholog-
ical change associated with the reported values for chitin
whiskers obtained from crab shells (10,16).
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870 Zeng et al.

Fig. 2. Environmental scanning electron microscopy images of chitin whisker obtained from the evaporation of chitin whisker
suspension on the surface of mica (left: high magnification; right: low magnification).

3.2 Crystallization Behavior and Miscibility
of Nanocomposites

Polyurethanes are capable of forming several kinds of hy-
drogen bonds that have been the subjects of numerous in-
vestigations using infrared spectroscopy (25–27). Almost
all of the infrared research on WPU has been focused on
two principal vibration regions: the NH stretching vibra-
tion and the C=O stretching vibration. The NH group in
the urethane linkage is the donated proton, while the accep-
tor groups may include urethane C=O as well as C=O of
the ester linkage when polyester is present. Changes in the
frequency and intensity of CO and NH absorption bands
are correlated to structural alteration. In this investigation,
the presence of functional NCO groups of WPU is expected
to allow favorable interactions with hydroxyl and acetamide
groups of chitin.

Figure 3 shows the infrared spectra (4000–500 cm−1) of
the films WPU and CW/WPU. The intensities of hydrogen-
bonded –NH and hydroxyl group centered at 3358 and
3485 cm−1, respectively, increased as the introduction of
chitin whisker for the films CW/WPU with the ultra-
sound treatment. Meanwhile, a shoulder peak centered
around 3440 cm−1 for the films CW/WPU became obvi-
ously strong, implying that original inter- and intra- molec-
ular hydrogen bonds in the WPU networks were destroyed
resulting from the dispersion of chitin whisker within WPU
matrix. Furthermore, the band at 2980–2850 cm−1 of films
CW/WPU assigned to the stretching of methylene groups
of the polyester soft segment became weaker than that of
pure film WPU (28–30). The intensity of the peaks de-
creased with an increase of CW, and the extent of decrease

is related to the blending ratio, also implying that abundant
hydroxyl and acetamide groups in chitin whisker facilitate
the formation of hydrogen bonding with NCO group in the
hard segment of WPU. Moreover, the band at 1640 cm−1

was attributed to the hydrogen-bonded C=O formed from
the polyester soft segment. The intensities of the peaks were
lower for the films CW/WPU than that of the film WPU,
which suggest that there exists intermolecular interaction
between WPU and CW. In addition, as the content of chitin
whisker was increased from 5 to 30 wt%, the chitin whisker
characteristic peaks for the films CW/WPU appeared
apparently.

Figure 4 shows the infrared spectra (4000–500 cm−1) of
the films WPU and CHW/WPU without the ultrasound
treatments. The similar tendency is observed from the CO
and NH regions from Figure 4, which suggest that interfa-
cial interaction occurred between both components. There-
fore, it confirmed that there are intermolecular interactions
between WPU and CW for the nanocomposite films with
or without ultrasound treatment.

WAXD measurements were carried out to evaluate the
crystalline state of the films. Figures 5 and 6 illustrate
WAXD patterns of WPU, CW, and 10 wt% chitin whisker
reinforcing WPU without and with ultra-sonification treat-
ments. Two major scattering peaks centered at 12◦ and 19◦
for CW powder, suggesting the relatively low DD value
of original chitin whisker according to the conclusion ob-
tained by Cho. et al. (16). For polyurethanes containing
crystalline soft segments with amorphous hard segments,
the X-ray scattering peak comes mainly from the crystalline
soft segments. However, a broad reflection centered at 21◦
for WPU film indicating the amorphous nature, resulting
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Fig. 3. FTIR spectra of WPU and CW/WPU nanocomposite
films with ultrasonic treatment.

from the relatively low reaction temperature and cure tem-
perature of the preparation [21]. In Figure 5, the WAXD
pattern of film 10%CHW/WPU exhibits the presence of
four major peaks at 2θ = 19, 21, 22 and 24◦. These four
peaks in the wide-angle region show the sharp shape and
low intensity, which correspond to the order arrangement
of polyester soft segment, indicating the weak intermolec-
ular interactions between WPU and CW resulting in the
crystalline domain formation. In Figure 6, the diffraction
peak for the film 10%CW/WPU became slightly higher and
narrower than the pure WPU film. Moreover, the amor-
phous peak centered at 2θ angles of 19◦ similar with CW
main scattering peak, resulting from chitin whisker network
formed within WPU matrix. The suppression of WPU crys-
tallization found in the CW/WPU nanocomposite might

Fig. 4. FTIR spectra of WPU and CHW/WPU nanocomposite
films without ultrasonic treatment.

be due to at least two factors. One is the formation of the
intermolecular hydrogen bond between CW and polyester
based WPU. Another is the rigid environment that arises
from inflexible polysaccharide molecules network forma-
tion of nano-meter size chitin whisker.

The storage modulus E’ and mechanical loss factor
(tan δ) as functions of temperature for the films are shown
in Figures 7 and 8, respectively. The storage moduli of CW
could not be obtained because it is too brittle to form the
film. In Figure 7, the E’ value of the film 10%CHW/WPU
was lower than that of the WPU film when the temperature
increased to 50◦C. On the contrary, the film CW/WPU
shows higher storage moduli than that of the pure WPU
film in the same temperature range. The E’ values of
the film WPU decreased dramatically with an increase of
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Fig. 5. WAXD spectra of WPU, CW and 10%CHW/WPU.

Fig. 6. WAXD spectra of WPU, CW and 10%CW/WPU.
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Fig. 7. Storage modulus as a function of temperature for the films
WPU, 10%CHW/WPU, and 10%CW/WPU.
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Fig. 8. Tan δ as a function of temperature for the films WPU,
10%CHW/WPU, and 10%CW/WPU.

temperature from 50 to 70◦C, accompanying the transi-
tion from plastic state to rubbery state. However, the films
CHW/WPU and CW/WPU had relatively higher storage
modulus even when the temperature was above 100◦C. The
improvement of modulus for the film with nano-meter size
chitin whisker added was attributed to the formation of
a rigid chitin whisker network within the WPU matrix.
Moreover, the film CW/WPU had a higher moduli than
that of CHW/WPU film even when the temperature above
100◦C, resulting from more effective reinforcement for the
film CW/WPU than that of the CHW/WPU film without
the ultrasound treatment.

The temperature dependence of tan δ from DMA is given
in Figure 8. Usually, the α-relaxation, tan δ peak, reflects
the glass transition, and may be analyzed to provide in-
formation about the motion of molecules (31). If the two
starting materials had phase separation and prevented in-
teraction, there are two Tg peaks corresponding to two
components for the blends. There is only one peak of Tg
corresponding to WPU in the DMA thermogram for the
nanocomposite films, indicating a certain degree of misci-
bility between CW and WPU. Furthermore, the height and
width of the α-relaxation peak can be used to analyze the
trend of molecular motion of cross-linking polymers (31).
The height of the tan δ peaks for the films CHW/WPU and
CW/WPU decreased compared with that of the pure film
WPU. Because tan δ is the ratio of viscous to elastic moduli,
it can be surmised that the decreasing height is associated
with a lower segmental mobility and thus is indicative of
a higher degree of crosslinking density with chitin whisker
added.

In addition, the lower magnitude of tan δ peak of the
CW/WPU film suggesting that the stronger intermolecu-
lar interaction occurred between WPU and CW using the
ultrasound treatment.
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Fig. 9. Cross sections of the films 10%CHW/WPU (a)
and 30%CHW/WPU (b); and free surfaces of the films
10%CHW/WPU (c) and 30%CHW/WPU (d).

SEM observation can give information of the morpho-
logical change and miscibility (32). Figures 9 and 10 show
the SEM photographs of the cross-sections (top) and free
surfaces (bottom) of the films CHW/WPU and CW/WPU,
respectively. The cross-section and surface morphologies
of CW/WPU films are completely different from that of
CHW/WPU films. In Figure 9, the CHW/WPU films dis-
play rather rough surfaces, indicating the heterogeneous
nature of the reaction mixture leads to a two-phase mor-

phology. Meanwhile, the films also display a rather rough
cross-sections, the reaction mixture gives rise to a bimodal
distribution of chitin whisker in WPU matrix because of
chitin whisker with the poor dispersion within WPU ma-
trix. However, different morphology was observed in the
SEM photographs of the films CW/WPU in Figure 10. No
clear two-phase morphologies appeared in the free surfaces
and cross-sections for the CW/WPU films when the chitin
whisker content increased from 5 to 10 wt%, compared with
the micro-domain structure of CHW/WPU films, indicat-
ing a strong interaction between CW and WPU. When the
chitin whisker content was increased from 20 to 30 wt% in
the CW/WPU films, the cross-section morphologies seem
to form the rigid chitin network in the WPU matrix and be-
come more dense structure, suggesting the effectiveness of
the intermolecular penetration. In view of the SEM analy-
sis of CW/WPU films with ultrasound treatment, the rela-
tively strong intermolecular interaction between WPU and
CW occurred to interrupt the crystal domain of WPU and
form compact chitin network with higher dispersion level,
resulting in a good miscibility between both components.

3.3 Thermal and Mechanical Properties
of Nanocomposites

Thermal degradation patterns of the films are shown in
Figures 11 and 12. A small weight loss at 25–200◦C was
assigned to the release of moisture and TEA from the sam-
ples. The weight losses at 300–500◦C were believed to be
caused by oxidation and degradation. Almost complete
decomposition was observed at 600◦C. Generally, the ther-
mal degradation of the blend films in dynamic conditions
and in the presence of oxygen shows three decomposi-
tion stages (33). The degradation onset temperature of the
nanocomposite films is around 250◦C (start for the first

Fig. 10. Cross sections of the films 5%CW/WPU (a), 10%CW/WPU (b), 20%CW/WPU (c) and 30%CW/WPU (d); and free surfaces
of the films 5%CW/WPU (e), 10%CW/WPU (f), 20%CW/WPU (g) and 30%CW/WPU (h).
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Table 1. Thermogravimetric analyses data of the samples: temperatures (◦C) according to the weight loss (%)

Weight loss/% WPU CW 5% CW/WPU 5% CHW/WPU 10% CW/WPU 20% CHW/WPU 30% CW/WPU

5 245 208 256 252 257 256 264
10 273 249 284 280 286 277 293
20 325 286 330 321 329 322 333
30 355 304 359 351 358 353 353
50 388 324 392 390 391 385 380
80 430 479 442 429 434 429 503

stage), and an increasing decomposition rate is observed
between 250 and 380◦C (the second stage) when the weight
losses reached about 50 wt%. The third stage of decomposi-
tion for temperatures are higher than 400◦C corresponding
to the advanced fragmentation of the chain formed in the
first and second stages of decomposition, as well as to the
secondary reactions of dehydrogenation and gasification
processes. Data related to the temperature corresponding
to the weight losses of the initial weights are summarized in
Table 1. Chitin whiskers exhibited two degradation peaks
at about 260 and 350◦C. The CW/WPU and CHW/WPU
films exhibited much higher thermal stability than that
of the pure WPU film and chitin whisker. The hydrogen-
bonded chitin whisker network induced a thermal stabi-
lization of the composite up to 250◦C, which is higher than
the temperature of 200◦C at which chitin whisker starts to
decompose, indicating the reinforcing effect of nano-meter
size chitin whiskers in the WPU matrix. These findings
supported the conclusions obtained by DMA and SEM. In
addition, there is no clear increase of the thermal stability
for the nanocomposite films CW/WPU and CHW/WPU
when the chitin whisker content was increased from 5 wt%
to 10 wt% and from 5 wt% to 20 wt%, respectively. How-
ever, it is interesting that when the chitin whisker content
increased to 30 wt% for the CW/WPU film, there existed a
distinct increase compared with other films. Both whisker-
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Fig. 11. Thermogravimetric analyses of WPU, CW, 5%CW/
WPU, 10%CW/WPU and 30%CW/WPU.

matrix interaction and chitin whisker network are respon-
sible reasons for the higher thermal stability with increase
of chitin whisker content.

Furthermore, both 5%CW/WPU and 5%CHW/WPU
films showed an almost identical two-step weight loss be-
havior, with the main difference being observed when the
temperature is higher than 300◦C. The film 5%CW/WPU
appeared as having the higher thermal stability among
the wide temperature range, compared with the film
5%CHW/WPU without the ultrasound treatment. The
results suggesting that more effective reinforcement and
stronger interactions between WPU and CW occurred with
the ultrasound treatment.

The CW content WCW (wt%) dependence of the tensile
strength and elongation at break for the films CW/WPU
and CHW/WPU are shown in Figures 13 and 14, respec-
tively. The σb values for the CHW/WPU films increased
from 2.55 to 6.83 MPa with an increase of CW content
from 5 to 30 wt%. Similarly, the tensile strength of the
CW/WPU films increased with increasing CW content
from 3.35 to 12.2 MPa. Therefore, the tensile strength of the
nanocomposite films is significantly higher than that of the
pure WPU film. The improvement in the tensile strength
could be resulted from an enhancement in interpenetra-
tion and the interaction between WPU and CW molecules.
On the contrary, the elongation at break values for the
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Fig. 12. Thermogravimetric analyses of WPU, CW, 5%CHW/
WPU and 20%CHW/WPU.
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Fig. 13. CW content (Wcw) dependence of the tensile strength (σb)
for the films CW/WPU and CHW/WPU.

nanocomposite films decreased with an increase of chitin
whisker content accordingly shown in Figure 14. How-
ever, all nanocomposite films contain the relatively high
strain values (>100%) even when the chitin whisker content
reached at 30 wt%, resulting from the relatively high density
with chitin whisker added in WPU matrix. It is worth not-
ing that the presence of chitin network in the WPU matrix
results in a significant increase of strength, without much
lowering the elongation at break. In addition, compared
with the films CHW/WPU, the films CW/WPU possessed
better tensile strength and similar elongation at break val-
ues. This result implies that the film CW/WPU contain-
ing CW content have both more complete chitin whisker
cross-linking networks than that of the CHW/WPU films
without ultrasound treatment, and stronger interaction be-
tween CW and WPU than others.
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Fig. 14. CW content (Wcw) dependence of elongation at break
(εb) for the films CW/WPU and CHW/WPU.

4 Conclusions

Two series of nanocomposite films, CW/WPU and
CHW/WPU, were successfully prepared from waterborne
poly(ester-urethane) and chitin whisker with and without
ultrasound treatment, respectively. The results revealed that
both nanocomposite films had higher thermal stability and
tensile strength than the pure WPU film when CW content
was lower than 30 wt%, suggesting a certain degree of mis-
cibility and nano-meter size whisker reinforcing effect. It
was worth noting that the CW/WPU films exhibited better
miscibility, storage modulus, thermal stability and tensile
strength than those of the CHW/WPU films over the en-
tire composition range studied here. This difference can be
attributed to a higher level of whisker dispersion within
WPU matrix resulting in stronger entanglement and in-
teraction between WPU and CW in the CW/WPU films
with ultrasound treatment. Therefore, the structure, mis-
cibility and mechanical properties of the nanocomposite
films depended significantly on the preparation method,
and using the ultrasound treatment can effectively improve
the miscibility and mechanical properties of the casting
nanocomposite films with nano-meter size chitin whisker
added.
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