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Poly(vinyl alcohol) (PVA)/hydrotalcite (HT) composite nanofibres were prepared
by electrospinning. First HT was pretreated by sodium dodecyl benzene
sulphonate (SDBS) in order to improve its dispersability and stability in PVA. The

morphological structure and mechanical properties of the nanofibres were investigated
by scanning electron microscopy, transmission electron microscopy, X-ray diffraction
analysis, Fourier transform infrared spectroscopy and appropriate mechanical tests. It
is believed that because of good compatibility in weak acidic condition, PVA/HT
solution could be made into nanofibres with uniform fibre diameter. The structural study
showed that some of the molecular chains of PVA are inserted into HT layers, allowing
HT with wider layer spacing for more PVA chains to be situated between the layers,
which led to better combination of PVA and HT. Also with the treated-HT
joined in, the intensity and position of crystalline absorption of PVA at 1140 cm-1

showed no noticeable change, indicating HT did not undermine the crystallization of
PVA. In addition, the mechanical tests results showed that adding HT can improve ten-
sile strength of the PVA matrix.

INTRODUCTION

A nanocomposite is a multiphase
solid material where one of the
phases has one, two or three
dimensions of less than 100 nm, or
structure having nanoscale repeat
distances between the different
phases that make up the material
[1]. At present, polymer/clay
nanocomposite is one of the most
important classes of synthetic 
engineering materials. It can be
transformed into a kind of new
materials possessing advantages of
both organic materials, such as

light weight, flexibility, and good
mouldability, and inorganic 
materials, such as high strength,
heat stability and chemical resist-
ance [2]. PVA is a hydrophilic,
semi-crystalline polymer that has
received much attention because of
its excellent biocompatibility, non-
toxicity, good water permeability
and splendid electrospinnability.
These properties have led to the
use of PVA in a wide range of
applications in medical, cosmetic,
food, pharmaceutical and packaging
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industries [3,4]. Inorganic materials can effectively
improve the thermal stability and mechanical 
properties of PVA, thus broadening the scope of
applications of PVA [5-7]. 

HT (hydrotalcite, MgAl-LDH) compound is a
kind of clay, with layered double hydroxides (LDHs)
of magnesium/aluminium as based layers and 
carbonate ions situated in the interlamellar space 
[8-11]. Figure 1 shows the crystal structure of 
hydrotalcite. Li et al. [12] found that adding an
amount of HT in poly(vinyl chloride) can improve the
tensile and impact strengths of the polymer.
Compared to magnesium hydroxide and alumina 
trihydrate, HT can generate water by both loss of
interlayer water and decomposition of the hydroxyl
groups in the brucite-like layer. For the evaporation
of that water which requires heating, HT is itself a
heat-resistant material [13-16]. Our previous study
also shows that HT can improve the thermal stability
of PVA matrix [17]. HT platelets are positively
charged, in contrast to the negative charge found in
montmorillonite, so its interlayer space is occupied
by anions. The HT structure allows the exchange of
interlamellar inorganic anions with organic ones [9].
Both PVA and HT have a large number of hydroxyl
groups in their structure, and the adjacent hydroxyl
groups can form hydrogen bonds so as to enhance
their compatibility. Also the high aspect ratio and
available surface area of HT layers can enhance the
thermal stability, flame retardancy and mechanical
property of PVA matrix. Li et al. [12] prepared
poly(vinyl alcohol)/layered double hydroxide
nanocomposite using exfoliation-adsorption tech-

Figure 1. Crystal structure of hydrotalcite.

nique, but no further application study was reported. 
Electrospinning is a fabrication process in which

an electric field is used to control the deposition of
polymer fibres onto a target substrate. This 
electrostatic processing strategy can be used to 
fabricate fibrous polymer mats composed of fibre
diameters ranging from several microns down to 
100 nm or less [18-22]. Some research works have
been performed on polymer/clays nanofibre mats by 
electrospinning technique. Zhao et al. [23] prepared
polylactide (PLA)/layered double hydroxides 
composite fibres by electrospinning method. Lee et
al. [24] also did some research on electrospinning of
poly(vinyl alcohol)/montmorillonite composite.
There are no reports available yet on compatibility of
PVA/HT, their composite nanofibres made by 
electrospinning technique, and the fibre structure and
properties.

In this work, HT was surface modified and its
compatibility with PVA was systematically studied.
The PVA/HT nanofibres were fabricated by using
electrospinning technique for the first time, and the
structure and properties of the nanofibres mats were
investigated using scanning electron microscopy
(SEM), X-ray diffraction (XRD), Fourier transform
infrared (FTIR) and mechanical measurements.

EXPERIMENTAL

Materials
PVA (degree of polymerization 2400 and degree of
hydrolysis 97.5~99.5 mol%) was purchased from
Shanghai Chemical Regents Co., China. HT with a
formula of Mg4Al2(OH)12CO3.12H2O was supplied
by Dalian Fumeida New Materials Co., China.
Sodium dodecyl benzene sulphonate (SDBS) was
purchased from Shanghai Regents Plant, China.

Preparation of Surface Modified HT
The HT was added and stirred in SDBS aqueous 
solution (10% by weight of total solution) and 
ultra-sonicated for 1 h at 30°C, with molar ratio of
HT/SDBS: 1/2. Then, treated HT (t-HT) was separat-
ed by filtration, washed with de-ionized water and
dried in vacuum for 24 h at 60°C. For comparison, 
untreated HT (ut-HT) was also used.

Poly(vinyl alcohol)/Hydrotalcite Composite Nanofibre ... Zhuo Q et al.

Iranian Polymer Journal / Volume 20 Number 5 (2011)358

 



Preparation of PVA/t-HT Solution
PVA (7% based on total solution weight) and 
different amounts of t-HT powder (1, 2, 3, 5 and 8%
based on PVA weight) were added to water and 
vigorously stirred for 1 h at 40°C. Then, the solution
was heated and gently stirred for 6 h at 90°C. The
solution pH was adjusted by ammonia or diluted
hydrochloric acid at room temperature. 

Electrospinning
The PVA/HT composite nanofibres were prepared by
electrospinning the PVA/t-HT solution at 25°C and
the humidity of about 65%. The electrospinning setup
used in this study consisted of a syringe, a plastic tip,
an aluminium collecting plate and a high voltage 
supply. The solution was electrospun at a positive
voltage of 15 kV, the distance between the capillary
and the substrate electrode was 20 cm, and the feed
rate of the solution was 1 mL/h.

Measurement and Characterization
X-Ray diffractions of the samples were measured by
X'Pert-Pro MPD diffractometer (XRD, PANalytical,
Holland). The morphology of the electrospun 
nanofibre was observed using a Hitachi scanning
electron microscope (S-4700, Japan) after gold
coating stage of the samples. The morphology of the
single nanofibre was obtained by transmission 
electron microscopy of samples deposited on carbon
coated copper grids (TEM FEI TecnaiG 200, 
USA). The size of nanoparticles was determined by
analyzing the TEM images using Photoshop 
analysis programme and the measurement error was
within 5%. FTIR Spectra were measured for the 
samples in the form of a KBr disk using a MagNa-
IR550 FTIR Spectrometer (FTIR, Nicolet, USA). 
The tensile test was carried out using a WDT-20
Tensile Strength Universal Instrument (Zhongshi
Testing Machine Co., China) at room temperature.
The size of the sample was 50 mm in length, 10 mm
in width, with the instrument gauge length of 50 mm
and the testing speed of 10 mm/min. Each sample was
tested five times and its corresponding average value
was recorded. The tensile strength was calculated by
dividing the load at fracture to geometrical area of the
sample's cross-section. The Young's modulus was 
calculated from the slope of a line tangent to the 

corresponding curve. The measurement error was
within ±5%.

RESULTS AND DISCUSSION

Treatment of HT
Generally, polymer/clay nanocomposite can often
encounter compatibility problems which have a direct
impact on the electrospinnability and fibre properties. 

Figure 2. Images of PVA/HT composite solutions: (a)
PVA/HT = 100/0, (b) PVA/ut-HT = 95/5 and (c) PVA/t-HT =
95/5 (%, all by weights). 
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There are two reasons for inefficient compatibility:
the surfaces of the two materials having no chemical
groups to engage in direct bond formation and the
inorganic nanoparticles with large interfacial tension
which tend to agglomerate, leading to poor dispersion
in polymer matrix. Therefore, the surfaces of 
inorganic particles usually need to be modified or
pretreated in order to promote the compatibility
[2,5,14]. Although for PVA/HT system, both compo-
nents have a number of hydroxyl groups in their
structure, and the adjacent hydroxyl groups can form
hydrogen bonds so to enhance their compatibility, the
dispersion of HT in PVA is still problematic. As a

result, in order to prevent HT from agglomeration,
the particles have been treated by a surfactant such as
SDBS in this work. Figure 2 shows the images of
PVA/HT blend solution. PVA solution without HT is
transparent and uniform as shown in Figure 2a, and
the PVA solution having ut-HT as shown in Figure 2b
is phase separated, with the precipitate is suggested to
be HT. The solution having t-HT as shown in Figure
2c is uniform with no precipitation, an indication of
improved distribution of treated HT particles and its
subsequent compatibility with PVA. 

Figure 3 shows SEM images of PVA/HT nano-
fibres with different amounts of ut-HT and t-HT. As
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Figure 3. SEM Images of PVA/HT nanofibres. PVA/ut-HT: (a) 99/1, (b) 98/2 and (c) 95/5. PVA/t-HT: (d) 99/1, 
(e) 98/2 and (f) 95/5 (%, all by weights).



shown in Figure 3, when HT content is low in a 
system of either PVA/ut-HT or PVA/t-HT fibre, the
diameter of the fibre is uniform with differences of the
maximum and minimum fibre diameter in Figures 3a
and 3d being about 58 nm and 52 nm, respectively.
However, when HT increases to 5% (by weight),
obviously the diameter of PVA/t-HT fibre is much
more uniform than that of PVA/ut-HT fibre, and the
differences of the maximum and minimum fibre
diameter in Figures 3c and 3f are about 150 nm and
85 nm, suggesting better compatibility of t-HT with
PVA. Furthermore, as shown in Figures 3a, 3b and 3c,
it is observed that as the ut-HT content increases the
uniformity of PVA/ut-HT composite nanofibres 
obviously decreases. When there is 1% (by weight)
ut-HT in the solution, fibre diameter of the nanofibre
is quite uniform. However, when ut-HT increases to
5% (by weight) some fibres are not only uniform but
broken, which indirectly shows poor compatibility
between PVA and ut-HT. As it may be observed in
Figures 3d, 3e and 3f, with the increased t-HT content
in PVA, the diameter of PVA/t-HT composite fibre
shows no obvious change and no indications of
droplets on composite fibre.

Also TEM can give further information for nano-
fibres morphology study. As shown in Figure 4, it is
observed that with 2% (by weight) ut-HT present in
solution, the diameter of PVA/HT nanofibre is quite
irregular, and in contrast with 2% (by weight) t-HT
present in the solution, the diameter of nanofibres

does not show any changes. It is also shown that PVA
with t-HT has better compatibility compared to that of
PVA with ut-HT.

pH Value of Solution 
The aqueous solution of PVA is a weak acid, 
whereas the aqueous solution of t-HT is strongly 
alkaline, so it is necessary to select a suitable pH for
electrospinning [19]. Figure 5 shows the nanofibres
made from PVA and t-HT composite solution at 
different pH media. The diameter of PVA/t-HT
nanofibre in weak acidic condition (Figure 5b) is
more uniform than that in alkaline condition (Figure
5a), and much more uniform in strong acidic condi-
tion (Figure 5c). As it is known, PVA has better
spinnability in weak acidic condition, and because the
spinning solution in the current work is mainly based
on PVA, a weak acidic condition is favourable for
electrospinning of PVA/t-HT composite solution,
resulting in better uniformity. At different pH values
the diameter distribution ranges of the composite
nanofibres are also shown in Figure 5. In weak acid
condition, the diameter of PVA/t-HT composite fibre
displays the most uniform distribution.

X-Ray Diffraction
As shown in Figure 6a, the sharp peaks at 2° values of
11.7°, 23.4° and 34.5° correspond to (003), (006) and
(009) crystal planes for t-HT, respectively [25]. In
Figure 6b, the sharp peak at composite mats near
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Figure 4. TEM Images of PVA/HT nanofibres: (a) PVA/ut-HT: 98/2 and (b) PVA/t-HT: 98/2 (%, all by weights).



19.4° is the reflection of the PVA [12]. Plane spacing
of (003) crystal of t-HT can reflect the size of the 
middle layer spacing of t-HT crystals [9,23].

According to Bragg's equation 2dsinθ = nλ (d as the
interlayer spacing, θ the incident angle, λ the 
wavelength of the incident X-rays, n the diffraction
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Figure 5. SEM Images and diameter distribution of PVA/t-HT nanofibres spun at different pH values: (a) 9.0, (b) 6.0 and 
(c) 3.0, PVA/t-HT: 98/2 (% by weight).

(a)
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Figure 6. XRD Patterns comparison of PVA/t-HT fibre with
PVA fibre and t-HT particles: PVA/t-HT: (a) 0/100, (b) 2/98
and (c) 100/0 (%, all by weights).

series), the layer spacing of t-HT is calculated as 
7.41 nm (Figure 6a), and after t-HT being added to
the PVA the layer spacing becomes 7.90 nm (Figure
6b), which suggests that some of the molecular chains
of PVA inserted into the t-HT layers allow it to
increase the layer spacing, and more PVA chains can
lay between the layers further, leading to better com-
bination of PVA and t-HT.

FTIR Spectra
FTIR Spectra can give further information for 
nanofibres microstructure study. Figure 7 shows
spectra of PVA, PVA/t-HT (t-HT content: 1, 2 and 5%
by weights based on PVA weight) nanofibres and 
t-HT particles. As shown in Figure 7e, pure t-HT
spectrum is mainly composed of broad hydroxyl and
CO3

-2 at 3450 cm-1 and 1370 cm-1, respectively. For
pure PVA as shown in Figure 7a, spectral bands at
2940 cm-1 and 854 cm-1 are due to stretching 
vibrations of C-H group. Very intensive and broad
hydroxyl band occurs at 3000-3600 cm-1 and the
accompanying C-O stretching exists at 1000-
1260 cm-1 [26]. Low-intensive carbonyl band, 
resulting from residual acetate groups, is detected at
1732 cm-1. All these bands are also present in PVA
composites with t-HT as shown in Figures 7b, 7c and
7e. With higher t-HT content, the hydroxyl absorption
peaks of the nanofibres gradually shift to lower

Figure 7. FTIR Spectra comparison of PVA/t-HT fibre with
PVA fibre and t-HT particles: PVA/t-HT: (a) 100/0, (b) 99/1,
(c) 98/2, (d) 95/5 and (e) 0/100 (%, all by weights).

wavenumber. The peak of pure PVA is at 3440 cm-1,
while the peak even shifts to about 3380 cm-1 when 
t-HT in the composite is 5% (by weight). This may
lead us to consider some intermolecular interactions
between the PVA and t-HT, mainly due to hydrogen
bonding between the hydroxyl groups between PVA
and t-HT. In Figures 7b, 7c and 7d, spectral bands at 
1370 cm-1 do not have a sharp peak as in pure t-HT
in Figure 7e, which is because CO3

-2 in t-HT
dissolves in water and decomposes into CO2 when 
preparing the PVA/t-HT solution. The peak at 
1140 cm-1 can be assigned to the crystalline 
absorption of PVA [27]. As shown in Figures 7b, 7c
and 7d, with t-HT added, the intensity and position of
crystalline absorption of PVA at 1140 cm-1, show no
noticeable change; indicating that t-HT does not
undermine the crystallization of PVA. 

Mechanical Properties
Influence of t-HT content on tensile strength and
Young's modulus of PVA/t-HT nanofibre mats are
shown in Figure 8. It can be seen that with the
increase in t-HT content from 0 to 3% (by weight) the
tensile strength increases from 4.8 to 5.5 MPa, and
Young's modulus increases from 0.32 to 0.36 GPa.
There are two reasons for this increasing: on the one
hand, the higher stiffness of HT particles can absorb
some energy when the PVA/t-HT composites are 
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Figure 8. Effect of t-HT on tensile strength and Young's
modulus of PVA/t-HT composite nanofibres.

drawn by extra force, and on the other hand, the 
intermolecular interaction between PVA and t-HT is
stronger than the intermolecular hydrogen bonding
between PVA molecules themselves. Nevertheless,
when t-HT content is over 3% (by weight) both 
tensile strength and Young's modulus are decreased,
which is likely that with increased t-HT content, t-HT
molecules tend to agglomerate and the reinforcement
effect of nanoparticles is reduced, leading to lower
strength and modulus of the composite nanofibres. 

CONCLUSION

HT treated by SDBS improves the distribution of HT
particles in PVA and its compatibility with PVA.
Compared with PVA/ut-HT, the diameter of PVA/
t-HT composite fibre is obviously uniform, suggest-
ing better compatibility of t-HT with PVA. In weak
acid condition, the diameter of PVA/HT composite
fibre has more uniform distribution than in alkaline
and strong acidic condition. X-Ray diffraction 
suggests that some of the molecular chains of PVA
inserting into the t-HT layers allow t-HT to increase
the layer spacing, and more PVA chains lay between
the layers further, leading to better combination of
PVA and HT. With the addition of t-HT, the intensity
and position of crystalline absorption of PVA at 
1140 cm-1 make no noticeable change, indicating that
HT does not undermine the crystallization of PVA. In
addition, adding HT can improve tensile strength of
the PVA/HT fibre.
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