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ARTICLE INFO ABSTRACT

Article history:

New organic inorganic layered double hydroxide (LDH) organoclays are assembled through coprecipitation
with lignosulfonate (LS) interleaved inorganic host structure sheets. The biopolymer is found to accommo-
date the interlayer space adopting a bilayer molecular arrangement resulting in a basal spacing of 2.54 nm.
However the crystallinity of the resulting bio-organoclay is weak, probably due to the difficulty of the inor-
ganic sheets to be built on amorphous polymer chain, the latter inducing low structural ordering. An
organoclay of composition Zn,Al/LS is subsequently used as filler in three bio-related polyesters, poly(lactic)
acid (PLA), poly(butylene) succinate (PBS) and poly(butylene adipate-co-terephthalate) (PBAT). Melt poly-
mer extrusion using 5 wt.% organoclay loading yields polyester nanocomposite with a nanocomposite struc-
ture largely intercalated for both PLA and PBS (Ad (expansion)>6 nm) while a non miscible structure is
obtained for PBAT. The incorporation of hydrophilic Zn,Al/LS platelets decreases the water/polymer contact
angle of about 10° for the LDH/LS PBAT composite only. A strong increase of the complex viscosity |n*| is ob-
served for both nanocomposites Zn,Al/LS PLA and PBS compared to the polyester itself. This is explained on
the basis of a chain extender behavior of the intercalated Zn,Al/LS platelets towards polymer chains as
evidenced on the Cole Cole representation showing an increase of the real viscosity in the low-w region. In
opposition a strong decrease in |n*| is observed for PBAT, underlining a plasticizing effect of the organoclay
filler. Comparatively, the thermal stability of PLA is slightly enhanced with an increase of Ty s value while
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PBS and PBAT bio-nanocomposites degrade at slightly lower temperature.
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1. Introduction

The ever-growing environmental concern framed into an ever-
stronger regulation is currently stimulating intense research all over
the world to replace fossil energy-based polymer. Indeed there is a lot
at stake facing this environmental concern, and the problem may be
partially solved by recycling or using alternative degradable materials.
Taking into account the requirement for a sustainable development
such alternative should also be of interest in terms of performance.
For instance biodegradable polymers are interesting not only in dispos-
able packaging but also for different applications such as bone substi-
tute, scaffold and drug carrier for controlled release.

To overcome such issues, biodegradable nanocomposite are more
and more considered as the “next generation” for the future (Domb et
al., 1997; Pandey et al., 2005; Tsuji and Horikawa, 2007), this with the
possible combination with environmental-friendly organoclay as filler.
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Indeed biopolymers or bio-degradable polymers candidate to replace
polyolefin suffer generally of poor physical properties and consequently
their applications are up to now limited while the incorporation of
organoclays may provide mechanical reinforcement, barrier effect as
well as fire retardancy properties, thus fulfilling the specific require-
ments for their potential use.

Organo-modified clays are extensively studied for their possibilities
to enhance polymer properties (Paul et al., 2003), and among them lay-
ered double hydroxide (LDH) materials present a certain advantage
(Leroux, 2006). Indeed different authors have pointed out the versatili-
ty of LDH materials for fabricating nanocomposites (Ding et al., 2006;
Evans and Duan, 2006), as the lamellar nature of LDHs permits host
guest chemistry and intercalation reactions, which invoke considerable
attention from material designers (Leroux et al., 2010). Layered Double
Hydroxide also called “anionic” clay in comparison to smectite-type
materials is formed from edge-sharing octahedral, and its structure is
described from the substitution divalent by trivalent cations in the
brucite Mg(OH),. The resulting cation composition M"; _ ,M",(OH),
with x being the relative substitution rate generally ranging as
0.20<x<0.33, endows a positive charge to the sheet counterbalanced


http://dx.doi.org/10.1016/j.clay.2012.10.011
mailto:Fabrice.Leroux@univ-bpclermont.fr
http://www.epnoe.eu
http://dx.doi.org/10.1016/j.clay.2012.10.011
http://www.sciencedirect.com/science/journal/01691317

M. Hennous et al. / Applied Clay Science 71 (2013) 42-48 43

by the presence of anion in the interlayer space. The surface covered by
hydroxyl groups and the great versatility in the cation and anion ex-
change with suitable organic molecule are highly suitable in flame
retardancy application (Evans and Duan, 2006) and the presence of hy-
droxyl groups renders the particles hydrophilic. Lateral dimensions
through the LDH plate ranging from 100 nm to 1-2 um, and a width
of 1 to 3 nm for the organo-modified hybrid platelets give rise to aspect
ratio between limits of 100 to 2000, which are potentially interesting for
the increase of turtuosity (permeation) and for the mechanical rein-
forcement (Utracki et al., 2007).

Poly(esters) are among the most promising materials for the produc-
tion of high-performance and environmental-friendly biodegradable
polymer and among them, polylactic acid (PLA), poly(butylene) succi-
nate (PBS) (Lim et al., 2011a,b), and polybutylene adipate terephthalate
(PBAT) (Chen et al, 2011; Mohanty and Nayak, 2010; Raquez et al.,
2011; Siegenthales et al,, 2012; Yang and Qiu, 2011) and the correspond-
ing mixings PLA/PBAT (Kumar et al., 2010; Li et al., 2011) PBS/PBAT
(Ibrahim et al., 2010) have recently received a lot of attention.

PLA and PBS are linear aliphatic hydrophobic thermoplastic polyes-
ters. PLA is produced from agricultural resources and by ring-opening
polymerization of lactides, and can be easily degraded through hydrolyt-
ic process (Grizzi et al., 1995) or by enzymatic way (Edlund and
Albertsson, 2001), and it suffers from heat distortion temperature, brit-
tleness, low elongation and gas barrier properties. PBS is synthesized
by polycondensation of 1,4-butanediol with succinic acid and presents
some drawbacks such as low hydrolysis resistance, softness, tensile,
gas-barrier properties and melt-viscosity not sufficient for processing
for a practical end-use application (Zhou et al,, 2010). PBAT, a biodegrad-
able aliphatic-aromatic polyester, named as Ecoflex® (Siegenthales et al.,
2012) combines biodegradability known from its aliphatic moieties with
mechanical properties from its aromatic moieties.

The dispersion of organo-modified LDH into biodegradable poly-
mer was scarcely reported, including poly(caprolactone) (PCL)
(Mangiacapra et al., 2007; Sorrentino et al., 2005), but recent gain
in interest is reported for PLA (Chiang et al., 2011; Ha and Xanthos,
2010; Katiyar et al., 2011; Mahboobeh et al.,, 2010; Wang et al.,
2010) and specifically for assessment of the suitability of the polymer
films for use as food contact materials (Schmidt et al., 2011) as well as
drug delivery system such as LDH framework dispersed into PLA to
vehicle ibuprofen (Dagnon et al., 2009) or alendronate (Chakraborti
et al., 2011). This is also available for PBS with functionalized filler
for ecological photoactive surface (Kafunkova et al., 2010). Compara-
tively some studies concern the dispersion of commercially-available
organically modified montmorillonite with a particular interest for
poly(butylenes succinate-co-adipate) (Dean et al, 2009; Ray and
Bousmina, 2006).

Having in mind that the filler in its entire composition should be
“green”, it implies that the organo modifying molecule should be
bio-eminent or at least environmentally benign, while LDH platelets
(of selected composition) are considered as biocompatible (Bugatti et
al,, 2011; Choy et al,, 2007; Costantino et al., 2008; Oh et al., 2009)
and as possible food contact materials (Schmidt et al., 2011). Moreover
it is well known that the inorganic LDH host structure presents the abil-
ity to accommodate cumbersome macromolecule, such as DNA (Choy et
al., 1999), alginate (Leroux et al., 2004) and other polysaccharides
(Darder et al., 2005). Lignosulfonate (LS), a water-soluble biopolymer
obtained from wood industry is here selected. However the fact that lig-
nosulfonate is known as efficient plasticizers in making concrete
(Collins et al., 2012), debundling of single-walled carbon nanotubes
(Liuetal., 2007), destructuring of inter- and intramolecular interactions
within bionanocomposites (Oliviero et al., 2011) as well as presenting a
strong hydrophilic character makes it at the first glance not really prom-
ising to organo-modify LDH platelets. In contrast the biodegradability
of PBAT bio-nanocomposite showed an increase in the rate of biode-
gradability using Na-montmorillonite due to its hydrophilic nature
(Mohanty and Nayak, 2010). Therefore it is here crucial to know

whether the dispersion of such appealing bio-concerned LDH
organoclay is efficient as filler for polymer.

LDH/LS assembly first characterized by a combination of tech-
niques (XRD, FTIR, and solid state '3C CPMAS NMR) is subsequently
dispersed through polymer melt extrusion into PLA, PBS and PBAT,
respectively. The polymer dispersion is scrutinized by low angle
XRD, and the microstructure is evaluated by rheology and addressed
as a function of the dispersion of the bio-hybrid LDH filler. A series
of biodegradable polymer nanocomposites, hereafter noted as PLA:
LDH/LS, PBS:LDH/LS and PBAT:LDH/LS, is successively characterized
by X-ray diffraction, and rheology to undecipher the attritive or
plastizicing role of the organoclay. Finally the thermal properties of
the bionanocomposite are also studied.

2. Experimental section
2.1. Materials

ZnCl,, CoCl, 6H,0, MgCl, 6H,0, Al(NO3)3-9H,0 (Acros, 99%), NaOH
(Acros, 97%) and water-soluble anionic polyelectrolyte lignosulfonate
sodium polymer (Aldrich, C;qH;205SNa, M, = 7000 g-mol~!, M,,=
52,000 g-mol !, CAS # 8061-51-6) were used as received. Poly(lactic
acid) (CAS#33135-50-1) (PLA, —(—CH(CHs3)-CO-0-),-) density of
1.25 g/cm?, glass transition temperature (Tg) of 60.7 °C and melting
point (T,,) of 165.1 °C was supplied by Natureworks (4042-D, USA).
PBS (CAS#25777-14-4) EnPol G-4560 (MI=1.5 g/10 min, Tm=
115 °C) was provided by Ire Chemicals Co. Korea. Statistical copolyester
PBAT (Ecoflex) was supplied by BASF Company.

2.2. Organo-modification of LDH

The cation LDH composition was Zn,Al, and the preparation of the
hydrotalcite-like hybrid materials was performed using the so-called
coprecipitation method. Experimentally, solution of lignosulfonate
(2-1072 M) was prepared, and 250 ml solution of the salts (Zn;
2-1072 M and Al; 1-102 M) was added dropwise to the previous
solution. During the addition, the reaction was kept under nitrogen
atmosphere in order to avoid contamination by carbonate and the
pH was kept constant at pH=9.5+0.1 with the addition of NaOH.
The slurry was aged in the mother liquid and separated by centrifuga-
tion. The resulting powders hereafter named as Zn,Al/LS was washed
several times with distilled water and finally dried at room tempera-
ture. Two other LDH compositions were synthesized in similar condi-
tion using Mg:Al (2:1) and Co:Al (2:1) and pH coprecipitation value
of 10+ 0.1 and 8 0.1, respectively.

2.3. Preparation of the biodegradable polymer nanocomposite

Prior to their preparation, the three polyesters were dried at 40 °C
for 48 h in air oven, while Zn,Al/LS organoclay was dried at 100 °C for
2 h. The three thermoplastic polyesters were melt-processed on a
standard micro-extruder equipment at 170 °C (5’), 120 °C (5’) and
140 °C (10’) in a twin screw extruder (rotation 100 rpm) for PLA,
PBS and PBAT, respectively. Organoclay loading was of 5 wt.%. For fur-
ther analyses, polymer films were prepared by hot pressing.

2.4. Characterization

Elemental analysis (S, Al and Zn) was performed at the Vernaison
Analysis Center of CNRS using inductive conduction plasma coupled
to atomic emission spectroscopy (ICP/AES). The chemical composi-
tions were reported from elemental analyses, Zn, Al, S at.%.

XRD analyses of the hybrid LDH and polymer nanocomposites
were performed on a Siemens D501 diffractometer using Cu Kg
source (30 mA, 35 kV); data were collected in a step scan mode be-
tween 2.0 and 70.0°(26) and with a step size of 0.03°(26) and a



44 M. Hennous et al. / Applied Clay Science 71 (2013) 42-48

counting time of 10 s/step. For the low-angle recording, measurements
were performed closing the slits from 1 to 0.3° in the 26-range 1 or 0.7
to 10° with a step size 0.005°, and step counting time of 20 s.

Rheological measurements were carried out on a rheometer
Rheometric Scientific equipped with a parallel plate geometry using
8 mm diameter plates and using a gap of 1 mm. The dynamic strain
sweep measurements were carried out to determine the linear visco-
elastic region, and a temperature of 170, 120 and 140 °C was applied
on PLA, PBS and PBAT and LDH nanocomposite derivatives, respectively.

Thermogravimetric analysis (TGA) was performed under air using
Setaram equipment. Heating slope was of 5 °C/min, from 15° to 1100 °C.

Static water contact angles were measured using a sessile drop at
three different points of each film sample using a optical contact
angle KSVs CAM 101 (Helsinki, Finland) at ambient temperature.
The volume of water droplets used was 10 pl.

3. Results and discussion
3.1. Organo-modified LDH

3.1.1. XRD results of hybrid LDHs

As-prepared Zn,Al/LS hybrid material presents a poor crystallinity,
however the few observed reflections are consistent with the formation
of a LDH phase as shown in Fig. 1(a). The reflections at 30° and 60° are
characteristic of LDH structure and associated to (101) and (110) dif-
fraction reflections respectively, in the rhombohedral symmetry
adopting the space group R-3 m as usually used to describe LDH struc-
ture. The reflection at low 26 values is associated to the basal spacing,
and the recording in the lower 26 domain permits to locate more pre-
cisely its value of 2.54 nm. The latter suggests the incorporation of the
biopolymer presumably in a double layer accommodation taking into
account the polymer dimension.

The width of the X-ray reflection rather large as well as the quasi
absence of harmonic reflection is interpreted by an ill-defined stack-
ing of the hybrid LDH material. The low crystallinity can be here
interpreted by the amorphous nature of the biopolymer (i.e. absence
of long range chain order) thus not assisting the coprecipitation from
a structural point of view, and therefore yielding to ill-defined hybrid
LDH assembly. This is reminiscent of other hybrid LDH structure in-
terleaved with other related biopolymer such as alginate (Leroux et
al., 2004) or carrageen (Darder et al., 2005).

XRD patterns for Mg,Al- and Co,Al/LS (Fig. 1(b and c)) present
similar features associated to the incorporation of lignosulfonate
within the interlayer domain but yielding to even more pronounced
ill-defined hybrid assemblies. The crystallinity is ranged as followed:
Co,Al/LS<Mg,Al/LS<Zn,Al/LS. Spectroscopic analyses (FTIR and solid
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Fig. 1. XRD of hybrid LDH phases: a) Zn,Al/LS, b) Mg,AIl/LS and c) Co,Al/LS.
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Fig. 2. TGA analysis for a) sodium lignosulfonate (Na-LS), b) Zn,Al/LS.

state NMR '3C CP MAS) confirm the presence of lignosulfonate in the
hybrid material (supporting information).

3.1.2. TG analysis

Lignosulfonate decomposes in several steps (Fig. 2(a)) with a final
end-product at 1100 °C identified as Na,SO,. The final weight loss of
80% suggests a hydration rate of 4.9 water molecule per formula weight
Ci10H12010SNa. If one surmises that such amount corresponds to
physi-sorbed water, its departure corresponding to 24.8 wt.% is
expected at temperature lower than 200 °C. This is in discrepancy
with the data, showing that the hydration rate of the biopolymer is
overestimated, probably due to the presence of lignine not sulfonated.

In the following it is interesting to note that non sulfonated poly-
mer should not be contributing to the organoclay formation, the
coprecipitation process acting as selective sieves which impede the
neutral polymer chain to interact with the inorganic sheets. The
organoclay Zn,Al/LS decomposes in several thermal events different-
ly from the biopolymer itself. TG analysis (Fig. 2(b)) in combination
with XRD phase identification results in the formation at high tem-
perature of ZnO and the spinel phase ZnAl,0,4. Evidently by-product
formation is dependent of the platelet chemical composition (Mg:
Al, and Co:Al). The final weight loss at 1100 °C of 60% suggests a hy-
dration rate of 1.7 water molecule per formula weight Zn,Al(OH)g,
thus yielding to a molecular weight of Mw =534.4 g-mol ' adopting
Zn,Al/LS as Zn,Al(OH)g(C19H1205S)1 00. 1.7 H0. This agrees well the
elemental analysis Zn: 24.5% (exp: 24.47%), Al: 4.98% (exp: 5.05%)
and S: 6.05% (exp: 6.00%).

3.2. LDH/LS: polyester composites
3.2.1. XRD analysis

All three polymers are semi-crystalline polyesters. Concerning PLA,
anill-defined reflection is observed at 26 = 16.5° (Fig. 3), corresponding

—_ b

3

&

2 ‘

'g 0 2 4 6 8 10

[]

z N

a

0 10 20 30 40 50 60 70

20

Fig. 3. X-Ray diffractograms of a) PLA and PLA-Zn,Al/LS.
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Fig. 4. X-Ray diffractograms of a) PBS and PBS-Zn,Al/LS.

to a spacing of 0.534 nm (Krikorian and Pochan, 2003), the other usual
spacings are not observed because of the presence of a large hump com-
ing from a large amorphous contribution within PLA. As shown in Fig. 4,
the XRD pattern of PBS is in agreement with the literature (Ray et al.,
2003). Indeed, X-ray pattern exhibits reflections at 26=19.7°, 22.1°,
and 22.8°, which are assigned to (020), (021) and (110) planes of
a-form PBS crystal, respectively. PBAT is a copolyester with a statistical
description poly(butylene adipate-co butylene terephthalate), the dif-
fraction pattern is in agreement with the literature (Kuwabara et al.,
2002) (Fig. 5).

Comparing the polyester Zn,Al/LS polymer nanocomposite, the
associated XRD exhibits the diffraction lines characteristic of the poly-
mer signature (Fig. 5), that is to mention with no modification neither
in line-width nor in position of the diffraction lines, thus indicating
that the structure (i.e. polymorphism) and the corresponding crystal-
lized domains of the polyesters are not perturbed by the presence of
hybrid LDH tactoids.

Concerning the layered structure of the organoclay, the diffraction
lines characteristic of the in-plane order are barely observed. This can
be explained by the low amount of diffracting platelets (5 wt.%) as
well as a cumulative effect of an initial ill-defined assembly and the del-
eterious effect of extrusion on the organoclay crystallinity. Nevertheless
an intercalated PLA nanocomposite structure is observed at low 26 =
1.0° (8.85 nm) (Fig. 3(b)), it corresponds to an increase of Ad=
6.29 nm from the initial Zn,Al/LS basal spacing. Such large increase in
the organoclay basal spacing has to be interpreted by PLA chains diffus-
ing between the organo-modified LDH platelets. Other PLA intercalated
structures are reported for LDH organo-modified by laurate, even if
agglomeration is also observed (Katiyar et al., 2011). Similarly a shoul-
der is observed in the low-6 values for PBS nanocomposite (Fig. 4(b)).
Its location at 26~ 1° suggests as well a PBS nanocomposite structure
strongly intercalated. Such large intercalated polymer nanocomposite
structure has been recently reported for other LDH filler dispersed
into polyurethane (Swanson et al., 2012). The possibility of polyester
chains to diffuse within the interlayer space of LDH framework agrees
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Fig. 5. X-ray diffractograms of a) PBAT and PBAT-Zn,Al/LS.
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Fig. 6. Complex viscosity [n*| vs. o for a) PLA and PLA-Zn,Al/LS. In the inset is a repre-
sentation of the corresponding tan 6 vs. .

well with LS accommodated as a double-layer rather than as a single
layer that would have impede any intercalation process within the
organoclay. For PBAT and Zn,Al/LS mixture, a small reflection is ob-
served located at the same position than that of Zn,AI/LS (26~3.5°).
This indicates in that case the presence of non-miscible structure be-
tween the polyester and the organoclay. This difference in dispersion
may be related to the difference in the polymer backbone, with aliphatic
linear chains apparently easier for them to diffuse in between LDH
sheets than a statistical copolymer bearing terephthalate function. It is
also interesting to mention that when Cloisite was dispersed into a
PLA/PBAT blend (Li et al., 2011), the nanoclay platelets were found to
locate at the interface improving the adhesion between polymers but
not dispersing in one of them.

3.2.2. Rheology

To further discriminate between the obtained polyester composite
structures, the subsequent effect on the polymer microstructure is
scrutinized by rheological analysis. The variation of the complex vis-
cosity |n*| vs. o is shown in Figs. 6 to 8. An increase is observed for
both PLA and PBS composites indicating that the molecular weight
of the polymer has increased. This is associated to a lowering of the
damping coefficient tan 6 (=G"/G’) in the low-w range, ®<0.5 rad/s
(inset of Figs. 6 and 7).

In the related terminal zone, such change is usually related to
some restricted segmental motions at the interface between filler
and polymer chain. Such flow restriction of the polyester chain is
caused usually by an increase in the chain dimension until it reaches
a transition from liquid (Newtonian polymer) to gel-like structure.
However the latter phenomenon is already observed on PLA and
PBS free of charge with the shear-thinning factor n visible at low o,
[n*| tends to ". The slope that is related to the power-law tendency
for |n*| is not modified with the incorporation of Zn,Al/platelets, thus
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Fig. 7. Complex viscosity |n*| vs. @ for a) PBS and PBS-Zn,Al/LS. In the inset is a repre-
sentation of the corresponding tan 6 vs. .
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showing that the decrease in relaxation is not due to a network for-
mation but rather to an extension of the polymer chains only. This
is evidenced by plotting the rheological data in Cole-Cole representa-
tion, n"-1)'(w) (Figs. 9, 10 and 11). A depressed semi-circle is observed
with a straight line, the former corresponds to the Newtonian behavior
while the latter to the presence of a gel-like polyester structure with no
apparent finite molecular weight. There is no change in the latter struc-
ture. However the semi-circle is strongly modified for the three polyes-
ter composites.

The convex downward semi-circle profile at the intercept m”
which tends to 0 and corresponds to the Newtonian zero-shear vis-
cosity 1o at ®=0, is shifted to a higher value for PLA and PBS
(Figs. 9 and 10) and to a lower value for PBAT (Fig. 11). From DSC
and FTIR spectral analyses, intermolecular interaction was surmised
for blends of PLA and lignin (Li et al., 2003), while it was found that
calcium lignosulfonate improves the crystalline properties of PBS
(Lin et al,, 2011). However these observations were performed on lig-
nin or LS content used as much as 20 wt.% to be compared to 2.5 wt.%
used here when loading with 5 wt.% of Zn,Al/LS organoclay.

Since the value of 1o is proportional to M,, according to a
power-law 1/o=K.M3?, it can be understood as a chain extension
for PLA and PBS composite and to a chain reduction for PBAT. Con-
trary to PLA and PBS, the latter behavior is explained by a plasticizing
effect of the organoclay for PBAT chains having as a consequence a re-
duction of 1/, a decrease in the complex viscosity and inversely an
increase of tan 6 at low o (Figs. 8 and 11). Even intercalated, laurate
organo-modified LDH was found to reduce the PLA molecular weight
(Katiyar et al., 2011).

This can be easily related to both intercalated PLA and PBS
nanocomposite structures with an interface between the organoclay
and aliphatic polyester chains strongly developed. One cannot discard
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Fig. 9. Cole Cole representation m” vs. 1)’ (®) for a) PLA and PLA-Zn,Al/LS. An enlarged
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180 30
160 - 2
140_- 20
120-
100-

80-

60 - 100 120 140 160 180

n" (Pa.s)

40 b

= TN

0 ] T T T T T T T T 1

0 20 40 60 80 100 120 140 160 180
n' (Pa.s)

Fig. 10. Cole Cole representation 1" vs. 1)’ (®) for a) PBS and PBS-Zn,Al/LS. An enlarged
domain is displayed in inset to visualize 1)'o.

some attritive reactions between -(CH,OH) LS functions and the
polyester carbonyl function. In contrast such phenomenon is not
available for PBAT, probably due to the presence of the cycle in the vi-
cinity of the carbonyl, but the change in the rheological behavior
shows that even a non miscible polymer structure can strongly affect
the polymer as previously demonstrated in the case of LDH polysty-
rene composites (Illaik et al., 2008). One should mention that the
use of larger loading (10 wt.%) is deleterious for all three polyesters
(not shown).

3.2.3. Thermogravimetric analysis of organoclay polyester composites

The three polyesters start to decompose at temperature higher
than 300 °C to reach a total combustion ending at 500 °C. A beneficial
effect of Zn,Al/LS on the weight loss curve with an onset of 8.55 °C
obtained at half weight loss, To 5 can be observed. Such value is slight-
ly decreased for PBS composite from 379.49 °C to 375.19 °C and much
larger shifted to low temperature for PBAT than for PBAT composite
from 363.91 °C to 388 °C.

3.2.4. Static water contact angle measurements

Water contact angle is measured by the well known sessile drop
technique. The water contact angle is in the same range for the
three polyesters (Fig. 12).

When Zn,Al/LS organoclay is dispersed, the water contact angle
remains identical for the intercalated polyester structure (PLA and
PBS derivatives) while it drops for the non miscible PBAT composite
of 10°. In the latter case, it underlines a greater surface hydrophilicity,
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Fig. 11. Cole Cole representation 1" vs. 1’ (®) for a) PBAT and PBAT-Zn,Al/LS. An en-
larged domain is displayed in inset to visualize 1'q.
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b) 67 + 3°

€) 69+4°

Fig. 12. Water contact angle for a) PLA, b) PLA-Zn,Al/LS, c) PBS, d) PBS-Zn,Al/LS, e) PBAT, and f) PBAT-Zn,Al/LS.

this probably due to stacked Zn,Al/LS hydrophilic assemblies segre-
gated at the polymer surface.

4. Conclusions

Zn,Al/LS is successfully synthesized by coprecipitation, giving rise
to an ill-defined hybrid assembly. Counter intuitively the resulting
hydrophilic organoclay is found to be of interest for polar polymer
such as polyester. For PLA and PBS and using 5 wt.% loading, the
measured rheological parameters increase in the whole domain of
frequency. It is here interpreted as the organoclay acting as a chain-
extender when its associated structure is intercalated by the polymer
chain. The study underlines the strong attritive phenomenon respon-
sible of such behavior and visible at low ®-region through an inter-
face largely developed between the organoclay and the polyester
chains. It is our belief that such bio-related organoclay will open
new route for the design of nanocomposite polymer integrating
eco- and bio-friendly requirements.
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