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Sodium alginate (SA) is a salt of alginic acid, an anionic
polysaccharide with linear structure obtained from natural
source. Regarding on chemical structure SA is a copolymer
based on (1-4) linked β-D-Mannuronate (M) and α-L-
Guluronate (G) units [1-3]. The properties (swelling
capacity, gel production, thickening effect) of SA are
strongly influenced by the M and G content blocks [4].

This polymer type can be included in non-toxic,
biodegradable and biocompatible polymer class, with a
high swelling capacity and various applications like
biomedical applications (tissue engineering,
pharmaceutical field: guest for drug/proteins en-
capsulation, binder for medical tablets, extracellular matrix
for biological studies), food industry (food thickening agent,
packaging film) and agriculture [5-11].

From processability point of view SA can be processed
in different ways yielding films, capsules and porous
scaffolds with various applications [12, 13].

In comparison with classical polymers, neat SA exhibits
some disadvantages with major impact on limiting the
final applications. Low thermal stability, poor mechanical
properties, strong hydrophilic character and loss of
structural integrity are the main disadvantages of this
polymer type [14, 15].

Some original strategies developed in order to overcome
SA drawbacks were summarized in figure 1.

A method often used for designing attractive SA based
systems involves combination of this polymer type with
other polymers like chitosan, karragenan, polyvinyl alcohol
and gelatin.

The dispersion of some micro- and nanostructured
agents like layered silicates (montmorillonite (MMT),
halloysite (HNT) and layered double hydroxide (LDH)),
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carbon nanotubes (CNT), graphene oxide (GO) and
hydroxyapatite within SA was found to be another suitable
method for obtaining hybrid materials with enhanced
properties and special targeted applications (drug delivery
field, smart hybrid scaffold, wastewater purification [16-
22]. This type of hybrid materials combines the properties
of polymer matrix with those of micro- or nanostructured
agents [23].

Hybrid materials based on alginate and graphene oxide
or CNT are used to remove different types of ionic dyes or
metals from wastewaters [22]. Important progresses had
been made in drug delivery field by dispersing clay minerals
in alginate matrix. In some cases the clay addition within
polymer matrix drastically modified the drug release profile
[24, 25].

The synthesis of high performance hybrid materials
based on sodium alginate and various micro- and
nanostructured agents is influenced by some factors such
as micro- or nanostructured agent type, compatibility of
the two components, dispersion stability, surface
chemistry of micro- or nanostructured agent, interactions
which occurred between polymer and micro/
nanostructured agent. For instance the interaction between
clay mineral and alginate takes place by intermolecular
hydrogen bonds and by electrostatic interactions [26].

Porous clay heterostructures are new synthetic inorganic
nanostructured materials characterized by high thermal
stability, high surface area and porosity. This type of material
is used in wide applications like heterogeneous catalysts,
molecular sieve and decontamination agent [27, 28].

The development of hybrid materials based on polymer
matrix and porous clay heterostructures can be considered
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Fig.1. Strategies for improving the SA
properties
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a new and challenging research direction. In the literature
only a few articles focused on the synthesis of hybrid
materials based on polypropylene and porous clay
heterostructures were reported [29].

The present study described the synthesis of new hybrid
films based on  Sodium Alginate and Porous Clay
Heterostructures (PCH). The influence of PCH introduction
within Sodium Alginate was highlighted by FTIR
Spectroscopy, Thermogravimetrical analysis (TGA) and
Dynamic mechanical analysis (DMA).

Experimental part
Materials and methods

A natural montmorillonite (Nanofil 116 (MMT-Na)) with
a cationic exchange capacity (CEC) of 116 mEq/100 g clay
was supplied from Southern Clay Products.

Alginic acid sodium salt (SA) from brown algae with
medium viscosity, Hexadecyltrimethylammonium bromide
(HDTMA), tetraethyl orthosilicate (TEOS) and dodecyl-
amine (DDA) were supplied from Sigma-Aldrich and used
as received.

The chemical structures of the raw materials are shown
in figure 2.

Synthesis of hybrid films
The synthesis of hybrid films was done using the strategy

schematically described in  figure 3.
In the first step different SA solutions (1, 2 and 3 wt. %)

were prepared by dissolving polymer in demineralized
water, at room temperature under mechanical stirring. The
dissolution time was dependent on SA concentration.

In the second step different PCH concentrations (1, 3, 7
and 10 wt. %) were dispersed within SA solutions by
sonication for 15 minutes.

In the final step each suspension was poured into
polystyrene Petri dishes and left at room temperature for 5
days for solvent evaporation.

Characterization techniques
FTIR spectra were recorded on a Bruker VERTEX 70

spectrometer using 32 scans with a 4 cm-1 resolution. The
samples were analyzed from KBr pellets.

Dynamic mechanical analysis (DMA) tests were run on
a TRITEC 2000 B using 2°C/min heating rate at 1 Hz
frequency in the -60-120°C temperature range.

Thermogravimetric analysis (TGA) was performed on a
Q 500 TA Instrument. The samples were heated from 20 to
920 0C at a scanning rate of 10 0C/min under a constant
nitrogen flow rate.

Results and discussions
FTIR characterization

FTIR spectra were recorded in order to point out the
presence of PCH within SA films and to highlight possible
interactions which occurred between clay (PCH) and
polymer matrix (SA).

In the first step FTIR spectra of the components involved
in hybrid materials were registered. Figure 4 shows FTIR
spectra of PCH and SA films synthesized by using different
SA solution concentrations (1 wt. %, 2 wt. %, 3 wt. %).

The characteristic bands of PCH at 3738 cm-1 (OH
stretching vibrations (νSi-OH)), 3441 cm-1 (OH stretching
vibrations of water molecules adsorbed on PCH) and 1086
cm-1 (vibrations of three dimensional silica network [30,
31]) are observed.

For all SA films the following FTIR peaks were identified
and assigned: 3322/3325/3331cm-1 (OH-stretching
vibrations), 2932 and 2855 cm-1 (C-H symmetric and
asymmetric vibrations), 1600 and 1413 cm-1 (COO-

symmetric and asymmetric stretching vibrations). The
peaks at 1086 and 1036 cm-1 were assigned to C-O-C

Fig.2. Chemical structures of raw materials

Synthesis of porous clay heterostructure (PCH)
The porous clay heterostructure (PCH) was synthesized

using a method described in our previous paper [30]. PCH
synthesis was performed in two steps which include MMT-
Na organophilization with HDTMA by a cationic exchange
reaction and mesoporous silica generation between
modified silicate layers. PCH synthesis was done using of
1:20:120 molar ratio between MMT-HDTMA:DDA:TEOS.

5 g of modified montmorillonite with HDTMA (MMT-
HDTMA) hydrated with 5 mL of demineralized water and
DDA co-surfactant were stirred for 10 min at room
temperature. In the next step TEOS was slowly added and
the reaction mixture was maintained at room temperature
under stirring for 5 h and additional 19 h without stirring.
The obtained product was centrifuged, washed with
ethanol, air-dried and finally subject to thermal treatment
at 650oC, with a heating rate of 1oC/min to remove the
organic fractions.

Fig. 3. Synthesis steps of hybrid films
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stretching vibration. Similar FTIR spectra of SA were
reported in the literature [32].

The FTIR spectra of hybrid films are shown in figures 5,
6 and 7.

As one may observe from figure 5 the presence of PCH
in SA films was proved by the increase of the intensity of
the peak at about 1088 cm-1 which was found to be

dependent on PCH concentration. Thus the highest peak
increase was registered for SA film with a PCH 10 wt. %
content. The same change was highlighted for the other
hybrid films based on SA 2 wt. % and 3 wt. %.

In addition the peak assigned to OH stretching vibration
was shifted to higher values for all hybrid films in
comparison with neat SA films. The formation of some

Fig. 4. FTIR spectra of
1-PCH and SA films

synthesized by using
different concentrations
of SA solution: 2-1 wt. %,

3-2 wt. %, 4-3 wt. %

Fig. 6. FTIR spectra of
hybrid films based on

SA 2 wt. % and: 1- PCH-1
wt. % 2-PCH-3 wt. %,

3-PCH-7 wt. %,
4-PCH-10 wt. %

Fig. 5. FTIR spectra of
hybrid films based on

SA 1 wt. % and: 1-PCH-1
wt. %, 2-PCH-wt. 3%,

 3-PCH-7 wt. %,
 4-PCH-10. %
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hydrogen bonding between SA and PCH could explain this
peak shift.

Thermogravimetrical analysis
Thermal stability of the neat SA and hybrid films was

studied by thermogravimetric analysis (TGA).
In figures 8, 9 and 10 the thermal degradation profiles of

SA and hybrid films are shown. The TGA results were
summarized in Table 1.

All neat SA films and hybrid materials have shown an
initial weight loss assigned to the loss of absorbed water
and a second stage corresponding to SA/hybrid
decomposition which started at about 205oC.

In comparison with neat SA 1 wt. % film the hybrid
materials which contain 1 wt. % PCH showed a slight
increase of thermal stability. Thus Tonset 15 % increased with
2-6oC  and Tonset 40 % with 2-12oC.

 This improvement of thermal stability was assigned to
barrier effect introduced by PCH presence. The polymer
interpolated between PCH layers exhibits an improved
thermal stability compared with neat polymer.

 A similar thermal behaviour was reported for SA
interpolated between organophilized  montmorillonite
layers [33].

This variation of thermal stability was found to be
dependent on SA concentrations and also PCH loadings.

In case of hybrid films based on higher SA concentration
(2, 3 wt. %), a low decrease of Tonset 15 % was recorded.

Fig. 7. FTIR spectra of
hybrid films based on

SA 3 wt. % and: 1- PCH-1
wt. % 2-PCH-3 wt. %,

3-PCH-7 wt. %,
4-PCH-10 wt. %

Fig. 8. TGA curves of 1- SA 1 wt. %, 2- SA 1 wt. %- PCH 1 wt. %, 3- SA
1 wt. %- PCH 7 wt. %, 4- SA 1 wt. %- PCH 10 wt. %

Fig. 9. TGA curves of 1- SA 2 wt. %, 2- SA 2 wt. %- PCH 1 wt. %, 3- SA
2 wt. %- PCH 7 wt. %, 4- SA 2 wt. %- PCH 10 wt. %

A similar variation of thermal stability was highlighted
by other authors for different hybrid materials based on SA
and various nanostructured agents (graphene oxide (GO),
Na-montmorillonite, organophilized montmorillonite) [6,
7,  32, 33].

Dynamic mechanical analysis (DMA)
This method was useful to study the influence of hybrid

composition in terms of glass transition temperature (Tg)
and storage modulus (E’).

Tg values of neat SA and hybrid films were determined
from Tan δ against temperature curves. Figure 11 shows

Fig.10. TGA curves of 1-SA 3 wt. %, 2- SA 3 wt. %- PCH 1 wt. %, 3- SA
3 wt. %- PCH 7 wt. %, 4- SA 3 wt. %- PCH 10 wt. %
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an example of Tan δ-temperature dependence curve for
hybrid materials based on SA 3 % and different PCH
concentrations (1, 3, 7 and 10 wt. %).

DMA results highlighted a small decrease of Tg with 5-6
oC for hybrid films which contain higher PCH loadings (7
wt. % and 10 wt. %) and a slight increase (2 oC) of Tg for
hybrid materials with a relatively low PCH content (1 wt.
%, 3 wt. %).

The polymer solution viscosity could be a factor which
influences the PCH dispersion within SA. Therefore Tg values
were also determined for hybrid materials based on SA 1
wt.% and 2 %.

Table 1
THERMAL PROPERTIES OF NEAT SA FILMS AND SA-PCH HYBRID

FILMS

Fig.11. The dependence of Tan δ against temperature for: 1- SA 3
wt. % and hybrid films based on SA 3 wt. % and various PCH

concentrations: 2-PCH 1 wt. %, 3-PCH 3 wt.%, 4-PCH 7 wt. %, 5-PCH
10 wt. %

Fig.12. The dependence of Tan δ  against temperature for: 1- SA 2
wt. % and hybrid films based on SA 2 wt. % and various PCH
concentrations: 2-PCH 1 wt. %, 3-PCH 3 wt.%, 4-PCH 10 wt. %

Fig.13. The dependence of Storage Modulus against temperature
for 1- SA 1 wt. % and hybrid films based on SA 1 wt. % and various

PCH concentrations: 2-PCH 1 wt. %, 3-PCH 3 wt.%, 4-PCH 7 wt. %, 5-
PCH 10 wt. %

Fig.14. The dependence of Storage Modulus against temperature
for 1- SA 3 wt. % and hybrid films based on SA 3 wt. % and various

PCH concentrations: 2-PCH 1 wt. %, 3-PCH 3 wt.%, 4-PCH 7 wt. %, 5-
PCH 10 wt. %

As one may notice from figure 12 the hybrid materials
based on SA 2 wt. % exhibit a slight increase of Tg value
with about 3-5 oC even at high PCH concentrations in
comparison with neat SA film.

 Similar results were obtained for hybrid materials based
on SA with the lowest concentration (1 wt. %).

The influence of PCH on storage modulus of SA films
was highlighted from Storage Modulus against temperature
curves (figs. 13-15).

The presence of PCH within SA 1 wt. % based films
favoured an increase of storage modulus even for high PCH
concentration (7 wt. %) which may be attributed to PCH
acting in this case as a reinforcing agent. The low
concentration of SA solution allowed a good dispersion of
PCH and therefore the agglomeration tendency was
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Fig.15. The dependence of Modulus against temperature for 1- SA 2
wt. % and hybrid films based on SA 2 wt. % and various PCH

concentrations: 2-PCH 1 wt. %, 3- PCH 10 wt. %

minimized. At higher PCH concentrations (10 wt. %) a
decrease of storage modulus was recorded probably due
to the PCH agglomeration which diminished its reinforcing
effect.

The DMA results highlighted also a significant influence
of SA solution concentration on dynamic mechanical
properties (especially for storage modulus). The increase
of SA solution concentration ensures higher viscosity which
hinders PCH dispersion. In case of hybrid materials based
on SA 3 wt. % the PCH loses the effect of reinforcing agent
(fig. 14).

In this case a decrease of storage modulus was
recorded. The high viscosity of SA solution does not favor
uniform dispersion of PCH and an agglomeration tendency
occurred. We concluded that in this case PCH acts as a
plasticizing agent.

Also for hybrid films based on SA 2 wt. % an increase of
storage modulus was recorded only for lower PCH
concentrations (1 wt. %).

Conclusions
New hybrid materials based on SA and PCH were

successfully prepared by solvent casting method.
SA solution concentration and PCH loading were found

to be two main factors which influence the hybrid films
properties (thermal stability, glass transition temperature,
storage modulus).

FTIR results highlighted the presence of some
interactions (hydrogen bonding formation) between SA and
PCH which proved that PCH exhibits a reactive surface.

The incorporation of low concentration (1 wt.%) of PCH
within SA exhibits a beneficial effect on thermal stability.
This improvement of thermal stability was assigned to
barrier effect introduced by PCH presence.

DMA results indicated that the PCH introduction favoured
an increase of storage modulus of SA films, especially for
low concentration of SA solution (1 wt. %).

The introduction of higher PCH concentrations (10 wt.
%) caused a decrease of storage modulus probably due to
the PCH agglomeration which diminishes its reinforcing
effect.
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