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The structure and properties of the bio-hybrids based on starch and PVOH obtained with MMT conditioned before melt processing
into a good plasticizer depends on the conditioning sequence characteristics. A small influence on the silicate morphology can be a
sign that the silicate was only hydrated by water and it is not yet dispersed into water. The stirring of multilayered silicate into a good
starch and polyvinyl alcohol plasticizer in a special mechanical sequence is a good method to increase the silicate exfoliation.

INTRODUCTION∗
Bio-nano-composites are an emerging group of
nano-structurated hybrid materials that outcame by
combination of natural and synthetic polymers
with inorganic solids. Bio-nano-composites show,
at least, one dimension at nanometric scale.1-6 The
bio-hybrides exhibit improved structural and
functional properties of great interest for many and
distinctive applications.7-10
The usage of the starch for polymeric packages
manufacture replies to a sharp demand of the
contemporary society for regenerative and/or
alternative resources. Because of the water solubility
of the PVOH and of the starch biodegradability,
green packages based on these two polymers can be
obtained.11
The performing of the bio-hybrids considering
starch,
polyvinyl
alcohol
(PVOH),
and
multilayered silicates through melt processing
techniques is not an easy task. The obtaining, in
this way, of these bio-hybrids is conditioned by
many parameters. For instance, it was observed
that the homogeneity of the blends, besides the
∗
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characteristics of the melt processing equipment,
depends on blending ratio, nature of the individual
component treatments, melt processing sequence
and conditions, nature of the used melt processing
additives.11-15
The degree of intercalation of these bio-hybrids is
increased if treatment with ammonium ions silicate as
Nanocor I 28 is used.11-15 If untreated silicate like Na
Montmorilonite (NaMMT) is utilized it is possible to
obtain exfoliated – intercalated nanocomposites.14
These bio-hybrids may have a non-homogenous
thermal behavior, if the silicate was no treated.12 In
this case the melt takes place in extremely wide
temperature range from 143 °C to 235 °C, in a broad
melting endotherm that contains many shoulders.11-15
The starch melt processing needs, firstly, to
destroy the polymer crystallinity, a process known
as pre-jellifying, destructuring, melting etc.12 The
effect of clay – water interactions on swelling in
montmorillonite clay was studied in.16-25 In23 it was
found that the uptake of water by sodium
montmorillonite appears to be controlled by the
competitive hydrogen bonding between water
molecules and silica tetrahedral. As a consequence
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of the hydration, diffusion and osmosis multilayered
silicate delamination can take place (Fig. 1).

Fig. 1 – The possibility of MMT delamination based on the
interaction with water.

The water can be a good plasticizer for the
PVOH – starch polymeric system.13,26-28 Considering
the plasticizing formula and the conditioning of
multilayered silicate into water in a sequence that
antecedes the obtaining of bio-hybrids based on
starch, PVOH, and multilayered silicate (MMT), the
possibilities to increase the multilayered silicate
exfoliation and the resulted lamellae dispersability
into the polymeric matrix were studied.
The influence of the characteristics of the
conditioning sequence of multilayered silicate into
water on the multilayered silicate exfoliation is
presented. The conditioning sequence antecedes
the obtaining of the bio-hybrids based on starch
through melt processing procedure.
EXPERIMENTAL
Bio-hybrids based on starch, polyvinyl alcohol (PVOH),
and multilayered silicates were obtained by melt compounding
the two polymers with reinforcing agent and proper processing
additives.
The following materials were used: Polyvinyl alcohol with
hydrolyze degree of 99 moles %, 0.5 – 1.8 % residual polyvinyl
acetate, 27 – 33 cP viscosity, 1674 J / kg·K specific heat,
vitreous transition at 82 °C, melt temperature of 255 °C, and
crystalline content by 30.6%; Native starch from maize with
13.1% humidity, 2.2 % acidity, 4.9 pH, 70 °C vitreous transition,
263 °C melt temperature, 32% crystalline content; Multilayered
silicate treated with trimethyldodecadecylammonium silicate
(Nanocor I 28) and untreated silicate (NaMMT); ordinary melt
processing additives.
The conditioning of the multilayered silicate was done, in
water, before melt processing, without mechanical stirring in
procedure A and with mechanical stirring in procedure B. In
both situations it were used the same compounding formula
and the same plasticizers quantity.
In procedure A the following three bio-hybrids (a, b, c) were
obtained: Bio-hybrids a – do not contain water and were
plasticized with glycerol; Bio-hybrids b – were plasticized with a
blend of 50 % glycerol and 50 % water. Before melt processing,

all the blend components were manually mixed in solid state.;
Bio-hybrids c – were plasticized with a blend of 50 % glycerol
and 50 % water. The bio-hybrids components were not manually
mixed in solid state.
In procedure B the multilayered silicate was conditioned
with water, under stirring 8h, 16 h, 24 h, 76 h, 288 h and then
was incorporated, by melt processing techniques, into the
polymeric matrix using the same formulation and the same
plasticizers quantity as in A procedure.
The characterization of the compounds was made by DSC
and XRD. The recordings of the DSC thermogrames were
carried out on a Du Pont 990 DSC analyzer by heating from
30 to 220 °C with 10 °C/min. The XRD diffractogrames were
recorded on a DRON 2, 0 X-ray diffractometer at room
temperature. The variation of the radial diffraction intensity
dependence on the diffraction angle (2 teta) was recorded. The
working conditions were: step size by 0.03° (2 teta), scanning
rate = 8s/step, filter with λ=1.7921 Å, and diffraction range 215° (2 teta). The interbasal spacing was calculated based on
the Bragg Law (nλ=2dsinθ, where n in an integer; λ is the
wavelength of X-ray; d is the spacing between the planes in
the atomic lattice; and θ is the angle between the incident ray
and the scattering planes).

RESULTS
The obtained results depends on the nature of
the silicate treatment.
In A procedure there are not significant
differences between the three obtained bio-hybrids
that have almost the same morphologies (Fig. 2) and
because of this, approximately the same thermal
behavior (Fig. 3). The chemically treated multilayerd
silicat Nanocor I 28 that was used for obtaining the
three bio-hybrids according to procedure A has three
diffraction maximums at 1.76; 4.2; 6.36° and a
highest intensity by 60 count/s.
In case of the bio-hybrids with 4 – 5 % silicate the
diffractions from 1.76° and 6.36 ° of Nanocor I 28
disappear and remain 2 diffraction peaks within the
interval 2° – 4.4°, by 100 counts intensity for the biohybrids that contain water and by 80 counts/s for
those that were plasticized only with glycerol.
The movement of the diffraction peaks of the
bio-hybrids towards small angle reveals certain
interactions between the silicate and the two
polymers that means that the obtained materials
have own morphologies, other than those of
individual polymers.
The morphology of the new compounds
obtained according to A procedure determines the
differences between the thermal behavior of the
two polymers and the three bio-hybrids. The melt
temperature of PVOH and starch is 258 °C and
263 °C (Fig. 3a). This temperature decreases till
210 – 215 °C in case of the bio-hybrids with 3 %
and 5 % treated silicate (Fig. 2b).

Polymeric bio-hybrids
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Fig. 2 – The XRD diffractogrames of the three bio-hybrides obtained in A procedure.

a)

b)

Fig. 3 – The DSC curves of PVOH, starch (a) and the three bio-hybrides obtained in A procedure (b).

If the blend of PVOH with starch and
multilayered silicate is not plasticized with water,
then the melting is done in a narrower interval with
a deep melting endotherm. If the mixture is
plasticized with water and the silicate was predispersed in advance into water, the melting is
produced at higher temperatures, in a wide
interval, less deep. This may demonstrate that at
the same composition, the usage of the water as
plasticizer and the MMT pre-dispersion in advance
seems to contribute to a better bio-hybrids
homogeneity. The dispersion of MMT in water
looks to improve the bio- hybrids homogeneity
Figs. 2 and 3 demonstrate that the multilayered
silicate exfoliation according to A procedure is still

not enough. The diffractions peaks of the three biohybrids is nevertheless too high and tight.
In29 it was demonstrated that the differences
between the FTIR spectra of the bio-hybrids that
contain treated and untreated silicate are very small
(Fig. 4). These spectra prove that the differences
between the two situations are not significant. For
this reson NaMMT multilayered silicate was used
for obtaining bio-hybrids according to B procedure.
The diffractogrames of the bio-hybrids obtained
according to B procedure are entirely changed as
those of the bio-hybrids resulted considering A
procedure (Fig. 5 and Table 1).
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Fig. 4 – The FTIR spectra of the bio-hybrids with untreated and treated silicate.

Fig. 5 – The XRD diffractogrames of the bio-hybrids obtained according to B procedure.
Table 1
The characteristics of the diffractogrames of the bio-hybrids obtained according B procedure
Pre-treatment, h
NaMMT
0
8
16
24
72
288

2Ө

o

3.01 / 6.93
4.70 / - / 9.44
4.72 / - / 9.47
4.77 / - / 9.58
4.68 / - / 9.37
4.65 / - / 9.32
4.63 / - / 9.57

Peak intensity, counts/s

d, Ǻ

98.14 / 100.47
154.95 / - / 67.78
229.27 / - / 67.34
160.18 /- / 65.45
147.83 / - /54.99
110.93 / - / 51.72
53.64 / - / 28.10

12.77 / 29.35
18.8 / - / 9.37
18.7 / - / 9.34
18.52 / - / 9.23
18.9 / - / 9.44
19 / - / 9.49
19.08 /- / 9.24

Polymeric bio-hybrids

The shape of the diffractograms of the new biohybrids is different from that of NaMMT. The biohybrids diffraction peaks are shifted towards small
angles (3.01o and 6.93 o in the case of silicate and ~
4.6 o and ~ 9.57 o for bio-hybrids) and have smaller
intensities much more the silicate conditioning
time is longer. The NaMMT peak of 3.01 o does not
appear. The new materials have a new diffraction
peak at around 9.44 o by 154. 95 counts/s. If the
NaMMT peak of 6.93 o diffraction has an intensity
of 98.14 counts/s, the peak of the new materials is
shifted to around 4.7 o and has a diminished
intensity by 28. 10 counts/s if NaMMT was
treated 288 hours. The intensity of this peak can
decrease down to 53. 64 counts/s if the silicate has
been treated for 288 hours; that means a decrease
in the intensity of this peak by almost 65% due to
the used conditioning procedure.
The montmorillonite delamination and the
uniform dispersion of the resulted lamelaes into the
polymeric matrix is the main requirement that
ensures the obtaining of byo-hibrids by
nanocomposite type. Taking into consideration
these two aspects it can be estimated that after A
procedure the silicate is not entirely exfoliated. It is
possible that the small influence upon the structure
and properties of the new bio-hybrids that contain
MMT pre-dispersed into water can show that the
MMT was only hydrated by water and it was not
dispersed into water.
According to the XRD measurement, because
the diffraction peak has still a very small intensity,
it seems that in procedure B the silicate is
almost, but not entirely, exfoliated. It is possible
that a longer treatment according to procedure
B or a new procedure in more accelerated
delamination conditions should determine the
silicate delamination.
It may be possible that the finding of better
delamination conditions of the MMT into water in
a procedure that anteceds the bio-hybrids obtaing
step, can ensure the obtaining of bio-hybrids by
exfoliated nanocomposite type, based on starch
and multilayered silicate.
However, the stirring of multilayered silicate
into a good starch and polyvinyl alcohol plasticizer
in a special mechanical sequence can be a good
method to increase the silicate exfoliation.
These results impose new experiments for a
better control of the MMT dispersion into water.
These new experiments can be more eloquent in
realizing bio-hybrids with nanostructurated morphologies based on starch.
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CONCLUSIONS
The influence upon the structure and properties
of the bio-hybrids obtained with MMT dispersed
into water before melt processing depends on the
conditioning sequence characteristics. A small influence on the morphology can be a sign that the
silicate was only hydrated by water and it is not yet
dispersed into water. The stirring of multilayered
silicate into a good starch and polyvinyl alcohol
plasticizer in a special mechanical sequence is a
good method to increase the silicate exfoliation.
These results impose new experiments for a better
control of MMT dispersion into the selected starch
and PVOH plasticizer. These new experiments can
be more eloquent in obtaining bio-hybrids based
on starch with nanostructurated morphology.
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