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Abstract

Phosphonium ionic liquid (IL) combined with 2-ethylhexanoate counter anion has been used as
interfacial agent of layered double hydroxide (LDH). First, the intercalation of hexanoate anion
between the LDH layers was confirmed by thermogravimetric analysis (TGA) and X-ray diffraction
(XRD). Then, this thermally stable organophilic LDH was introduced at different amount (1, 3 and
5 wt%) into pectin matrix leading to an increase of the thermal stability of the resulting
nanocomposites (+35-40°C). In addition, the good distribution of the modified LDH led to an
increase of the mechanical performances through the elastic moduli (+60 %) as well as a significant
increase of the water barrier properties of two orders of magnitude for the pectin containing 5 wt%
of LDH-IL.

Keywords: Pectins, Layered double hydroxides, lonic liquids

1. Introduction

In recent decades the interest in obtaining new composite materials with well adapted
functionalities to different technological applications is gaining more and more. Such composites,
compared with the single components show improvement in mechanical, thermal, permeation,
optical and chemical properties and resistance to solvents. In this context, the production of new
high added value materials from sustainable, renewable and abundant sources is not only strategic
from technological and economical viewpoints, but also from an environmental perspective. Such
bio-based materials are an important alternative in decreasing the production of materials from non-
renewable sources, solving problems caused by the emission of pollutants into the environment.
Pectin are typical examples of renewable biodegradable polymeric matrices that have attracted

research investments by scientific and productive sectors. They are amorphous and colloidal
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carbohydrates of high molecular weight occurring in ripe fruits, especially in apples, currants, etc.,
and used in fruit jellies, pharmaceuticals and cosmetics for their thickening and emulsifying
properties and ability to solidify to a gel, and are classified as safe (GRAS) by the Food and Drug
Administration. All these properties and applications have put pectin in the market of the
biopolymers with great potential and possibilities for future developments (Espitia, Du, Avena-
Bustillos, Ferreira Soares & McHugh, 2014). The use of bio-based polymers, like pectins, has been
strongly limited for their inferior mechanical and barrier properties as compared to synthetic
polymers. For these reasons they are often blended with other synthetic polymers or, in some cases,
chemically modified to extend their specific applications. Hybrid organic-inorganic systems and, in
particular, systems in which layered silicates are dispersed at a nanometric level in a polymeric
matrix, are more and more emerging technologies able to overcome several drawbacks of bio-based
polymers. Such nanohybrids show unusual properties, very different from their microscale
counterparts, such as improved mechanical and oxidation stability, decreased solvent uptake, self-
extinguishing behavior and, in many cases, better biodegradability. The application of
nanocomposites will help to expand the use of edible and biodegradable films (Gorrasi, 2015;
Lagaron & Rubio, 2011; Mangiacapra, Gorrasi, Sorrentino & Vittoria, 2006; Ray & Bousmina,
2005; Makaremi et al., 2017; Biddeci et al., 2016; Cavallaro, Lazzara & Milioto, 2013). Among the
lamellar solids Layered Double Hydroxides (LDHSs) are an interesting class of filler with flexible
chemistry options, good anion exchange capacity in the interlayer and good thermal stability (Rives,
2001). The possibility to modify these clays with a wide spectrum of organic molecules open new
and interesting opportunities to impart to polymeric materials novel functionalities and structural
performances. Recently, a new class of organic molecules has appeared as an alternative to the
ammonium salts commonly used as surfactant agents of layered silicates, especially
montmorillonite (MMT). In fact, ionic liquids (ILs) are organic salts having low melting
temperatures (< 100°C) and are known to possess an excellent thermal stability as well as a low
vapor pressure. For these reasons, thermostable ionic liquids such as imidazolium or phosphonium
salts have been used as surfactants of clays such as montmorillonite or LDH leading to
improvements in the final properties but also a better distribution of clay layers in the polymeric
materials. In fact, the use of organically modified montmorillonites or LDHs can significantly
increase the thermal, mechanical and water vapor barrier properties of polymer matrices. (Livi,
Duchet-Rumeau & Gérard, 2011; Livi, Duchet-Rumeau & Gérard, 2014 ; Livi, Duchet-Rumeau,
Pham & Geérard, 2010; Livi, Duchet-Rumeau, Pham & Gérard, 2011; Livi, Dufour, Gaumont &
Levillain, 2013; Livi, Sar, Bugatti, Espuche & Duchet-Rumeau, 2014). Different authors such as

Kredatusova et al, Soares et al and Ha et al have demonstrated that ILs can be used as interfacial
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agent of LDH. Recently, Soares et al have highlighting the intercalation of zwitterionic ionic liquid
into clay layers (Moreira, De Camargo, Marconcini & Mattoso, 2013; Vartiainen et al., 2010; Saha
et al., 2016; Kredatusova et al., 2016; Ha & Xanthos, 2010 e 2011; Soares, Ferreira & Livi, 2017).
More recently, Kredatusova et al have used three phosphonium ILs as surfactant agents of LDH and
they have highlighted that the use of ILs induced an exfoliation of the LDH sheets into
polycaprolactone matrix. Other authors such as Bugatti et al have showed that improvements in
water barrier properties of 30% are observed when the LDH were deposited on a PLA film
previously treated by plasma treatment.

In this paper we report the preparation and analysis of structural and physical and barrier properties
of novel composites based on natural pectins and LDH with phosphonium ionic liquid combined
with 2-ethylhexanoate counter anion at different loading (i.e. 1; 3; 5 wt%). The aim was to
investigate the role of interfacial agent of the ionic liquid on the morphologies as well as the final

properties of natural pectins for potential food packaging applications.

2. Experimental

2.2 Materials

A layered double hydroxide (aluminum magnesium hydroxy carbonate) denoted PURAL® MG 63
HT was chosen as pristine anionic clay and was provided by Sasol Performance Chemicals. The
ionic liquid denoted P2 is based on (trihexyl)tetradecylphosphonium cation associated with 2-
ethylhexanoate counter anion were kindly provided by Cytec Industries Inc (Canada). The ionic
liquid P2 and the designation of the ionic liquid used as well as the modified LDH (LDH-P2) are
summarized in Scheme 1. Pectins from apples were purchased from Sigma Aldrich in powder form.
The molecular weight is 30,000-100,000 and the degree of esterification about 70-75%, on a dry
basis, total impurities <10% water, CAS Number: 9000-69-5.

Scheme 1. Designation of phosphonium ionic liquid used for the surface treatment of LDH

lonic Liquid Chemical Structure Designation
Trihexyl(tetradecyl)phosphonium CeHia 0 LDH-P2
2-ethylhexanoate PO
CeH13/|\C14H29 8
CeH13
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2.3 LDH-lonic liquid preparation:

To remove the carbonate anions of the pristine LDH, a pre-treatment was required consisting to heat
during 24 hours at 500 °C in order to generate calcined LDH. Then, based on the anion exchange
capacity (AEC = 3.35 meq/g) of the layered double hydroxide used (Bugatti et al., 2013; Livi,
Bugatti, Estevez, Duchet-Rumeau & Giannelis, 2012; Kredatusova et al., 2016). LDH and 2 AEC of
phosphonium ionic liquid combined with 2-ethylhexanoate counter anion (P2) was firstly dispersed
in 200 mL of deionized water/THF mixture (150/50 mL). The suspension was stirred and mixed at
60°C during 24 hours. The precipitate obtained was filtered and washed various times with THF.
The residual solvent was removed by evaporation under vacuum and finally, the treated LDH was

dried during one night at 80°C.

2.4 Composite films preparation

1 g of pectin and filler at different loading (i.e. 1; 3; 5 wt%) were dissolved in 25 ml of distilled
water at T=70°C for 1 hour. Solution of composites were then milled at room temperature in a
Retsch (Germany) centrifugal ball mill (model S 100), using a cylindrical steel jar of 50 cm?® with 5
steel balls of 10 mm of diameter. The rotation speed used was 580 rpm and the milling time was 1
h. Due to the short milling time, we exclude any hydrolysis phenomenon that can causes decreasing
of Mw of the polymer matrix. The mixtures obtained were slowly evaporated in Petri dishes. Films
of pure pectin were obtained in the same described experimental conditions. All films, having the

same thickness (= 150 um), were dried in a vacuum oven at room temperature for 5 days.

2.5 Methods of investigation

Transmission electron microscopy (TEM) was carried out using a Philips CM 120 field emission
scanning electron microscope with an accelerating voltage of 80 kV. The samples were cut using an
ultramicrotome equipped with a diamond knife, to obtain 60-nm-thick ultrathin sections. Then, the
sections were set on copper grids.

X-ray diffraction (XRD) patterns were taken, in reflection, with an automatic Bruker diffractometer
equipped with a continuous scan attachment and a proportional counter, using nickel-filtered Cu Ko
radiation (Ko = 1.54050 A) and operating at 40 kV and 40 mA, step scan 0.05° of 20 and 3 s of

counting time.
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Thermogravimetric analyses (TGA) were carried out in air atmosphere with a Mettler TC-10
thermobalance from 30°C to 800 °C at a heating rate of 10 °C/min.

Fourier transform infrared (FT-IR) absorption spectra were recorded by a Perkin-Elmer
spectrometer, model Vertex 70 (average of 32 scans, at a resolution of 4 cm™). Composite films,
having the same thickness (= 150 um) were analyzed. The LDH-P2 filler was analysed in powder
form after preparing a KBr based tablet (~ 1 mg of LDH-P2 sample and ~ 100 mg of KBr)
Mechanical properties of the samples were evaluated, in tensile mode, at room temperature and
ambient humidity (about 50%) using a dynamometric apparatus INSTRON 4301. Experiments were
conducted at room temperature on pectin and composites’ films with the deformation rate of 2
mm/min. The specimens were 10 mm wide and = 250 pum thick. The initial length of the samples
was 10 mm. Elastic modulus was derived from the linear part of the stress-strain curves, giving to
the samples a deformation of 0.1%. Data were averaged on five samples.

Barrier properties of water vapor were evaluated using conventional Mc Bain spring balance
system, which consists of a glass water-jacketed chamber serviced by a high vacuum line for
sample degassing and vapor removal. Inside the chamber, samples were suspended to a helical
quartz spring supplied by Ruska Industries (Houston, TX) having a spring constant of 1.52 cm/mg.
The temperature was controlled to 30 £ 0.1 °C by a constant temperature water bath. Samples were
exposed to the water vapor at fixed pressures, P, giving different water activities a = P/Po, where Po
is the saturation water pressure at the experimental temperature. The spring position was recorded
as a function of time using a cathetometer. The spring position data were converted to mass uptake
data using the spring constant, and the process was followed to a constant value of sorption for at
least 24 h. Data averaged on three samples.

Surface energies of pectin and the resulting nanocomposites were determined with the sessile drop
method using a Contact Angle System OCA, Dataphysics®. From contact angle measurements with
water and diiodomethane as test liquids, the polar and dispersive components of surface energy
were determined using the Owens-Wendt theory (Owens & Wendt, 1969).

3. Results and discussion

3.1 Characterization of fillers

The thermal stability of P2 and LDH-P2 has been studied by thermogravimetric analysis
(TGA/DTG) and are shown in Figure 1 (A) and (B). In both cases, an excellent thermal stability (>
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300°C) is observed for the phosphonium IL (P2), the pristine LDH (LDH-COs3) and the treated-
LDH (LDH-P2). Indeed, a degradation temperature of around 350 ° C is observed for the ionic
liquid P2 while three degradation peaks are obtained for LDH-CO3z and LDH-P2 corresponding to
(i) the loss of physisorbed and intercalated water molecules between LDH sheets (220 °C) and (ii)
the removal of interlayer carbonate anion and dehydroxylation of OH groups between 250 °C and
500 °C characterized in this case by two degradation peaks at 310 °C and 440 °C for LDH-COs3, and
to the removal or decomposition of the physisorbed and intercalated phosphonium IL with two
degradation peaks at 320 °C and 396 °C for LDH-P2, respectively (Kanezaki, 1999). For LDH-P2,
we have attributed the first degradation peak to the presence of physisorbed ionic liquid having a
degradation temperature of about 340 °C whereas the second degradation peak at 396°C which is a
higher temperature than the intrinsic stability of P2 is assigned to the decomposition of the
interlayer anion. As can be seen in Figure 1 (A), the TGA curves showed a different profile between
250 °C and 500°C for LDH-CO3 and LDH-P2. In fact, the presence of IL on the surface as well as
between the clay layers is confirmed by the formation of a large degradation peak with two different
degradation temperatures i.e. 320°C and 396°C for LDH-P2 compared to LDH-CO3z where two
well-defined degradation peaks are observed at 310°C and 430°C (Figure 1 (B)). However, we can
also assume that a small part of the carbonate anions have been absorbed in addition to the ionic
liquids during the regeneration of the crystalline structure (Ha & Xanthos, 2010; Oyarzabal,
Mugica, Muller & Zubitur, 2016).
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Figure 1: TGA (A) and DTG (B) for LDH-P2, P2 and LDH-CO3;

Figure 2 (A) reports the XRD spectra of the pristine LDH and LDH-P2. Without surface treatment,
the pristine LDH and LDH-P2 showed one diffraction peak at 20 = 11.6 ° corresponding to an
interlayer distance of 7.62 A. In fact, no influence of the anion has been demonstrated. In summary,

only the thermogravimetric analyzes presenting a different profile in function of the intercalated
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anion confirmed the presence of the ionic liquid onto the clay surface. These assumptions have been

demonstrated by transmission electron microscopy (see part 3.2).
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Figure 2: (A) XRD of LDH-P2 and pristine LDH-COs3; (B) XRD of pectin and composites with LDH-P2 at
different loading

3.2 Characterization of composites

Figure 2 (B) reports the XRD of pectin and composites filled with LDH and IL. Pectin shows the
typical amorphous structure with one peak centered at 20=13° (Gorrasi, Bugatti & Vittoria, 2012).
This amorphous organization is retained in all the composites. The diffraction patterns of the
composites do not show any other peak. This suggests that in the used milling conditions, a good
intercalation and/or delamination of LDH layers was reached in all cases. In order to confirm the

XRD results, the morphology of pectin nanocomposites containing 1, 3 and 5 wt% of organically
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modified LDHSs, transmission electron microscopy (TEM) was performed and presented in Figure 3.
As can be seen on TEM micrographs with two and one micrometer scale, a homogeneous and good
distribution of the treated LDH (LDH-P2) was observed in the pectin matrix. However, to observe
the morphology of the resulting nanocomposites with more precision, enlargements were performed
with 500 nm scale. Thus, the combined presence of some individual clay layers and few tactoids
having sizes of less than 1 micron were obtained, especially for pectin containing 1 and 3 wt% of
LDH-P2. Indeed, the formation of larger aggregates is favored by a greater amount (5 wt%) of
LDH-P2 (Figure 3c). In summary, the introduction of LDH-P2 into pectin induced the formation of
an intercalated morphology. In addition, the presence of white dots around LDH was observed on
the TEM micrographs of the pectin containing 5 wt% of LDH-P2 (Figure 3c). This phenomenon
was also revealed on the nanocomposite containing 3 wt% of LDH-P2 but not presented on this
paper. According to the literature, these white dots clearly highlight the presence of physisorbed IL
on the clay surface of LDH (Livi, 2014). In a previous paper, we have demonstrated that the use of
only 2 wt% of phosphonium ILs led to a phase separated morphology characterized by the
formation of ionic clusters into PBAT matrix (Livi, 2014). Thus, the presence of physisorbed IL on

the LDH surface is clearly demonstrated by TGA results as well as TEM micrographs.

Figure 3: TEM micrograph of a) pectin + 1%LDH-P2, b) pectin + 3%LDH-P2, c) pectin + 5%LDH-P2
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Supporting information (S1) report the FTIR spectrum, in the range 500-600 cm™, of LDH-IL,
pectins and composites at different filler loading, evaluated on films having the same thickness (=
150 um) and on LDH-P2 powder mixed with KBr. It is evident that in this range pectins do not
show any peak, while for LDH the stretching at 553 cm™ is typical of Mg-OH. In the composites
such peak is located at 536 cm™. This shifting suggests preferential interactions between LDH
sheets and -OH groups of pectin polymer matrix, being the frequency of stretching higher.

In supporting information (S2) it is reported the thermogravimetric analysis in air flow evaluated on
pure pectin and all the nanocomposites films. Pectin shows a characteristic three-step thermal
degradation: the first one, at about 80 °C, is related to the water loss, the second, between 200°C
and 450°C, that covers about 50% of mass loss, is relative to primary and secondary
decarboxylation (Einhorn-Stoll & Kunzek, 2009). The third step between 450°C and 700°C
corresponds to the oxidation region. In the nanocomposites we observe that either the second or the
third step delayed. The presence of the nanohybrid allows the pectin to degrade at higher
temperatures. It can be observed a degradation temperature at 50% of weight loss for pure pectin at
251°C, and at 285°C for composite filled at 1 wt% of LDH-P2, at 288°C for composite filled at 3
wt% of LDH-P2 and at 290°C for composite filled at 5 wt% of LDH-P2. The third degradation step
appears much more delayed in the composites. The maximum delay can be observed for 3 wt% and
5 wt% of filler. Such improvement, already found for composite systems Pectin-organically
modified LDH (Gorrasi et al., 2012), has been attributed either to the LDH layers that create a more
tortuous path slowing down the diffusion of oxygen, or with a protecting effect of LDHSs that
increases the thermal stability of the polymer matrix. It is worth noting that composites with 3% and
5% of LDH-P2 show a similar residue around 25%. Such residue is much higher than expected, in
both cases. We can hypothesize that during the thermal scan, at high temperatures (i.e. >600°C),
crosslinking phenomena can occur between the macromolecular chains of pectins and the IL,
increasing the thermal resistance of the samples. Such interesting phenomenon needs further
investigation.

Figure 4 reports the mechanical properties for unfilled pectin and composites. It was possible to
evaluate only the elastic moduli, E (MPa), because all samples appeared brittle and break after 0.2%
of deformation. Pectin itself shows a high elastic modulus, which is quite unmodified in the
composites filled with 1 wt% and 3 wt% of LDH-P2. The composite filled with 5 wt% of LDH-P2
shows an increase of the modulus of about 60% compared to unfilled sample. Considering the XRD
results, in which in all composites the LDH appears exfoliated, it is assumed that the extent of the
improvement of the modulus does not depend only upon the degree of exfoliation, but from the
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interaction with the organic part of the filler. In this case we assume that the best interaction with
the whole nano-hybrid filler is achieved at 5 wt%.
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Figure 4: Elastic modulus (MPa) on pectin and composites filled with LDH-P2 at different loading

Barrier properties, sorption (S) and diffusion (D), were evaluated on all samples with the aim to
analyze how the inorganic component (LDH) and the ionic liquid can affect the permeability to
water vapour of pectin. Measuring the gain in weight as function of time, for the samples exposed
to the vapour at a fixed partial pressure, it was possible to obtain the equilibrium value of sorbed
water, Ceq(g soivent/100g poymer). If the transport is Fickian, that means a linear dependence of
sorption versus square root of time, from the linear part of the reduced sorption curves (C¢/Ceq VS
t2) it is possible to obtain the mean diffusion coefficient using Equation (1) (Koros, Burgess &
Chen, 2015):

¢ 4 (Dpt\1/2

==:(%) (1)
where C; is the penetrant concentration at the time t, Ceq the equilibrium value, d (cm) the thickness
of the sample and D (cm?/s) the average diffusion coefficient. The sorption parameter (S) can be
obtained from the equilibrium concentration (Ceq) Of the permeant as a function of the partial

pressure:

_ d(Ceq)
S=—0 )

11



278
279
280
281
282
283
284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

All considered samples showed a Fickian behavior during the sorption of water vapor at different
vapor activities. Using Equation (1) it was possible to derive the diffusion coefficient, D (cm?s), at
any vapor activity (a=P/Po), and the equilibrium concentration of solvent into the sample,
Ceq(Osolvent/100 Qgpoiymer). For polymer-solvent systems, the diffusion parameter is dependent on the
vapor concentration accordingly to the empirical Equation (3):
D = Do exp (7 Ceq) ©)

where Do (cm?/s) is the zero concentration diffusion coefficient (related to the microstructure of the
polymer and to the fractional free volume), y represents a coefficient, which depends on the
fractional free volume and on the effectiveness of the penetrant to plasticize the matrix (Koros,
Burgess & Chen, 2015). Figure 5 (A) reports the sorption isotherms as Ceq(9/100g) of sorbed water
as function of vapor activity, a=P/Po, for all the samples. The unfilled pectin shows a dual-sorption
behavior. This mode is related to the fact that the besides the normal dissolution process the
sorption of the polar solvent occurs on preferential sites, in which the molecules are adsorbed and/or
immobilized. It is assumed that these specific sites on the matrix have a finite capacity and at higher
activities the presence of water molecules determines the plasticization of the matrix, as can be
observed in the transition displayed by the isotherm, as an exponential increase in vapor sorbed
concentration. The sorption isotherms of the composites follow a typical Langmuir mode of
sorption. At low activity the solvent molecules are absorbed on specific sites; when all the sites are
occupied a constant value of concentration is approaching on increasing the vapor pressure. The
increasing in the sorption is proportional with the increasing of filler loading. This is an expected
result, in fact it has been reported that this behavior is strictly related to the hydrophilicity of the
inorganic lamellae, and determines a significant dependence of water sorption on the LDH content
(Gorrasi et al., 2012; Gorrasi & Bugatti, 2016). The sorption parameter, S (wt%/mmHg), was
evaluated in the range of activity 0-0.2, accordingly to Equation (2). Results are reported in Table 1.
It increased with filler loading, due to the high hydrophilicity of the filler incorporated into the
polymer matrix. Figure 5 (B) reports the diffusion coefficient, D (cm?/s), as function of Ceq(g/100g)

of sorbed water.
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For all samples it was extrapolated the thermodynamic diffusion coefficient, Do (cm?/s), using

Equation (3). Data are reported in Table 1.

Table 1. Sorption and Diffusion to water vapor

Sample S (Wt%/mmHg) Do (cm?/s) x 108

Pectin 21.5+1.2 2.38+£0.150
Pectin + 1% LDH-P2 36.2+0.7 0.270+0.0414
Pectin + 3% LDH-P2 60.1+2.3 0.183+0.0214
Pectin + 5% LDH-P2 80.2+4.2 0.0421+0.0325

The diffusion coefficients decrease with filler loading, in all the investigated composition range. It
is evident a decreasing of one order of magnitude for samples filled with 1wt% and 3 wt% of filler,
and two orders of magnitudes for the one filled with 5 wt%. As previously discussed, from the XRD
analysis it has been evidenced that the pectin matrix, either unfilled of in the composites, shows the
same amorphous structure, therefore the decrease of the values of Do can be attributed only to the
presence of the LDH-P2 filler. The well intercalated LDH-P2 component can be able to increase the
tortuosity of the pathway of this complex system and the IL fraction contributes to impart a good
interfacial interaction between the two phases. Thus, the decreasing of Do with filler loading is
related to both these effects. The extrapolated Do provides information related to the starting
structure of the samples (i.e. fractional free volume and tortuosity of the path) strictly correlated to
the morphological texture.

The contact angles and surface energy on the neat pectin and the resulting nanocomposites
determined by the sessile drop method are detailed in Table 2. The measurements carried out by the
sessile drop method clearly confirmed the previous results obtained for the sorption. In fact, the
addition of layered double hydroxide modified by the ionic liquid denoted P2 led to a decrease in
the water contact angle corresponding to an increase in the polar component with values included
between 9.3 and 18.2 mN/m instead of 3.5 mN/m for the pure pectin. Thus, an increase in the
hydrophilicity is observed which can be attributed to the presence of LDH and mainly to the
presence of water physisorbed and intercalated onto the surface of LDH and between the clay

layers.
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Table 2. Polar and dispersive components of the surface energy on the neat pectin and the resulting
nanocomposites, from contact angles with water and diiodomethane

Sample Owater (°) OcH2i2 (°)  Surface  Dispersive Polar
Energy Component Component
(mN/m) (mN/m) (mN/m)
Pectin 81,9+1 47.8 £2 35.2 31.7 35
Pectin + 1% LDH-P2  64.5 +3 37.7 £2 44.1 32.4 11.6
Pectin + 3% LDH-P2  58.2 6.8 449 £3.6 44.9 26.7 18.2
Pectin + 5% LDH-P2  65.0 +5.3 37.7 £3.7 42.5 33.2 9.3

4. Concluding remarks

In this study, new thermally stable organophilic layered double hydroxide (LDH) based on
phosphonium ionic liquid (IL) surfactant has been prepared and used as filler of pectin matrix.
Pectin nanocomposites with improved properties have been processed in order to investigate the
role of surfactant agent of the ionic liquid on the morphologies as well as the final properties of
natural pectins. The addition of different amounts of treated LDH denoted LDH-P2 led to
significant improvements in the thermal stability of the pectin nanocomposites characterized by an
increase of + 35- 40 ° C but also an improvement of about 60% of the mechanical performances
performed in static tensile mode. Moreover, the good dispersion of treated LDH in the pectin
matrix, which was investigated by transmission electron microscopy, induced significant
improvement in water vapor barrier properties, in terms of decreased diffusion of two orders of
magnitudes for the pectin containing 5 wt% of LDH-P2. These results open new perspectives in the

field of LDH-based polymer nanocomposites and potentially in food packaging applications.
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