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INTRODUCTION

In the transport application domain, especially in the automotive or aircraft industry, some alloys have been widely used to compose the based structure. This metallic surface will be exposed to the climatic conditions; that is the reason why it is necessary to protect metal substrate against any degradation and assure a life time of the pieces as long as possible. In fact, unprotected metal substrate could be exposed to the corrosion, choc process and thus leading to the dissolution and deformation of the substrate and may induce a tragic issue concerning the automotive or aircraft domain. In the transport application, the metal substrate is usually protected by coating systems. Such technology is usually described as a stack of three main layers, namely conversion coating, primer and top coat layers, respectively from the metal substrate to external. Each coating plays a specific role in the protection of the substrate. The first layer, the conversion coating, prevents the corrosion of the metal substrate and promotes a good adhesion between metal and the primer layer.

The primer has to present the same properties as the conversion coating and is usually a pigmented organic resin matrix to assure the aesthetic properties. The top-coat layer is the last coating assuring the protection of the external potential aggressions as well as the mechanical properties.

The approach of using polymer reinforced by fillers and yielding microcomposites is a good method to improve the mechanical properties. However, it necessitates a large amount of filler and could represent an expensive cost for industry. Moreover, this non-negligible amount of filler will lead to an opacity coating, which is not desirable for a top-coat. Consequently, the use of nanofillers seems to be a better solution. Due to their size in the order of the nanometer and the associated properties considering the form factor and the extended developed interface, a great enhancement is usually expected. In fact, a small amount, lower than 5 wt.%, is necessary to increase considerably the properties, by keeping in a same time the material transparent due the nanoscopic of size and dispersion of the particles.

The matrix for an automotive coating is usually a thermosetting polymer, which is cured irreversibly. The curing step may be induced by heat, a chemical reaction or a suitable irradiation (usually UV light), and lead to a polymer highly cross-linked with a molecular mesh or network of polymer chains like a three dimensional structure. However, thermosets are, before the curing step, liquid or malleable, in which it is then possible to disperse nanoparticles. The nature and the shape of the nanoparticles could be diverse, such as spherical, lamellar or tubular. The dispersion of the nanoparticles is an important step, in fact, larger the interface between the polymer and the particles is, better the improvement of the properties will be, and this at very low loading. Indeed the percolation threshold is dependant of the form factor. For mechanical reinforcement, its values is comprised between 5 to 10 wt.% for 2D-type filler.

The aim of the Ph-dissertation consists to realize nanocomposite based on a thermoset and lamellar nanoparticles, especially the Layered Hydroxides. In fact, this class of material, presents the possibility to be propped apart and thus to yield different nanocomposite structure. Moreover, the lamellar morphology of the Layered Hydroxide material could provide supplementary effects. In fact, a good dispersion of this type of particles could enhance the tortuosity as well as reinforce the mechanical strength of the coating leading to the reduction of the permeation of the coating layer towards aggressive species such as water, O 2 gas and consequently prevent the degradation of the coating layers and the substrate. 1 The common preparation of nanocomposite based on the mixture of organo-modified filler and a melt polymer or polymer solution, would require a lot of steps, difficult to reproduce exactly in term of dispersion and could represent a high cost for an industry. By example, mixing with shearing force in an extruder is not adapted due to the low viscosity of the mixture, leading to a nonhomogeneous media. Consequently, the objective of this dissertation is to develop a new method of synthesis of nanocomposite based on polymer and Layered Hydroxide. This new method will be composed of one step only and consists in the IN SITU generation of the lamellar nanofiller directly in presence of the polymer. Economically, this method could represent a real interest for a company due to the rapidity and the short time of the reaction but some drawbacks will happen later. The goal is here to present the feasibility of this method when using different types of Layered Hydroxides but also with different types of polymers, especially polyester and amphiphilic bolas. This method will be compared to the classical method in realizing nanocomposite that consists in a physical mixture. The as-made nanocomposites will be analysed by X-Ray Diffraction, Small Angle X-Ray Scattering and Transmission Electron Microscopy analyses.

The dissertation is structured in three chapters. Chapter 1 reviews the literature that is devoted to the state of the art describing generalities about composite materials for then a focus is made on the nanocomposites with the description of the possible improvements for different properties, such as the mechanical properties, the thermal stability or the barrier properties always linked to the nanoscale of the filler size. The different types of nanofiller are described and most particularly the Layered Hydroxides materials. The structure of these materials associated to their synthesis conditions is described, and of course the associated properties listed. To finish this chapter, a focus on the synthesis of the nanocomposite based on lamellar nanoparticles is presented.

Chapter 2 explains the choice of the different organic and inorganic candidates which have been here considered. Consequently, the nature of the polymers chosen is first described and then the nature of the Layered Hydroxides, it means the nature of the cations and anions composing the lamellar materials. The different syntheses of the inorganic materials are presented along with their characterization by X-Ray Diffraction of the associated formed materials. Then the strategy to synthetize nanocomposites is described, and the conditions of the syntheses are explained.

Consequently, two methods of synthesis are chosen: EX SITU and IN SITU synthesis. The latter route which consists to generate the lamellar filler directly in presence of the polymer matrix is new. A study based on the mass balances of the IN SITU reactions is presented and determines the conversion rate of the precursors into Layered Hydroxides platelets and the global yields of the synthesis. The second method, EX SITU, requires more steps as it needs to synthetize, to isolate and then to disperse a pristine Layered Hydroxides within the polymer matrix.

Finally, the chapter 3 has been devoted to the characterization of the as-made nanocomposites and is separated in three parts, which each one corresponds to a type of Layered Hydroxide. The nanocomposites have been analysed by X-Ray Diffraction in order to access to long range order of the state of dispersion of the platelets into the polymer. Small Angle X-Ray Scattering (performed at the SOLEIL Synchrotron) and Transmission Electron Microscopy will complete the information on the structure and the organization of the formed nanocomposites at much lower scales. The different ways of synthesis have been compared to determine the advantages and drawbacks, in term of developed interactions between the filler and the polymers, mostly governed by the organization of the nanocomposite that is to say the state of dispersion. Consequently, it will be possible to determine which route is more appropriate to form nanocomposite for each type of Layered Hydroxides, and to picture the general trends or the advantages, if there are any, of the IN SITU compared to the EX SITU physical mixtures. 
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Chapter I -State of the art

I.

From the composite to the nanocomposite

I -1. Global definition of a composite

A composite material can be defined as a heterogeneous material, composed at least of two phases with different properties and roles. The first is a discontinuous phase, known as filler or reinforcement, and the second one a continuous phase, known as matrix or binder. The composite has a distinct interface between both phases that needs to be optimized to reach better performances than the mere addition of the materials taken separately. (Scheme 1)

The reinforcement often provides mechanical strength while the matrix ensures the cohesion and the transfer of efforts towards reinforcement. The materials for the reinforcement give to the composite their mechanical characteristics such as stiffness, hardness or tensile strength, but they can also change the physical properties of the material as the electrical resistance, the permeability or the fire resistance.

Scheme 1 a) Particles, b) Fibres composite material

The properties of the composite materials depend of 3 major factors:

-The nature and the properties of the materials used -The shape and the dispersion of the filler -The interactions and the interface developed between the filler and the matrix (Percolation threshold)

The reinforcement and the resulting may be measured. The filler is characterised by its size, concentration and its orientation inside the matrix. The concentration of the filler is often defined by a volume or mass fraction. This fraction is an important parameter for the composite, as well as the distribution inside the matrix in order to have the same properties in all points of the material. The orientation of the filler allows, or not, the control of the anisotropy of the desired properties.

Following the nature and the form of the filler, two types of composite, the composites with particles or fibres are classified.

I -1 -i. Composite with particles

A composite material is defined when both components, i.e. filler and polymer don't exhibit large interaction other than the geometrical one. They are usually used to improve the basic characteristics such as the rigidity of the matrix, the abrasion, and/or temperature resistance.

I -1 -ii. Composite with fibres

A composite material with fibres is built from filler with at least one privileged direction. The arrangement and the orientation of the fibres will define the desired properties and provide the material highly anisotropic or isotropic in a plan. The fibres are the most frequent filler, and can be of different lengths, short (0.1 to 1 mm), long (1 -50 mm) or continued (>50 mm), with different origins, inorganic (glass, carbon…), metallic (aluminium, bore…), or organic (Kevlar…).

I -2. The nanocomposites

A nanocomposite is a composite material whose the filler has at least one of their three dimensions in the order of the nanometer. Indeed, the nanoscopic dimensions and extreme aspect ratios inherent in the nanofillers result in six interrelated characteristics distinguishing them to the classic micro systems (mentioned above): The nanocomposites as the composites are classified according to the shape of the fillers.

I -2 -i. Class of nanofillers

The nanofillers are classified according to their shapes comprising their associated nanometric dimensions. 2 The spherical particles and the fibers possess three and one nanometric dimensions, respectively. As a result, a novel class of nanofillers is observed here, the sheets which possess only two dimensions of the order of the nanometer. 

I -2 -i -a. 3D nanoparticles

The three dimensions of particles are in the order of the nanometer, as listing for the fullerenes, some metallic nanoparticles (iron, silver, gold…). 3 The mechanical reinforcement is not expected, because of being often below the percolation threshold when facing loading percentage but a modification of the optical, electrical or magnetical properties. (Scheme 2c)

I -2 -i -b.

1D nanoparticles

The nano fibres are the best example to illustrate the 1D nanoparticles 4 since they present two dimensions in the order of the nanometers. The form factor, defined as diameter of the fibre over its length can be very high. There are several types of fibres such as hollow fibres (carbon nanotube, single or multilayer), or the solid fibres called nanorods. (Scheme 2a)

I -2 -i -c. 2D nanoparticles

The sheets possess two privileged directions defining the lateral size of the platelets. 5 One dimension is in the order of the nanometer and both others are usually in the μ-meters size. The form factor is in this case defined as the ratio of the lateral size of the platelets over the thickness.

Thereby, the dispersion of the platelets and their possible orientation will endow some required properties.

Some particles may be natural and are known as clay minerals, others are synthetic such as Layered Double Hydroxides (LDH). The sheets are respectively characterized by negative and positive charges on the surface. (Scheme 2b) Indeed, most of LDH are present in nature as the hydrotalcite (Mg 2+ /Al 3+ ) or the zinccagnaite (Zn 2+ /Al 3+ ) 6 , however their fields are small and to extract/purify them would be highly time-consuming and costly. This is why the synthesis of the LDH is more economical. In 3+

Ti 4+

If the clays and the LDHs seem be similar, their structures in term of stacking and their properties are very different, such as the density of charges, capacity of exchange or in term of swelling rate.

One major problem in using nanoparticles is the toxicity regarding health. For the 1D nanoparticles, for example the carbon nanotubes or the asbestos fibres, present a high capacity to penetrate the human body, due to the highly pronounced form factor of the fibres in association with very low dimension (≈100 nm in one direction), make them very fine. 7 Potentially, the nanoparticles are able to disrupt cells integrity and provoke thereafter cancers. However, others particles as the 2D particles, due to their lamellar structure, as the clay, natural or synthetic, are used in the pharmaceutical domain for their ability to deliver active ingredients. Bayer Healthcare has developed "Talcid®" composed of hydrotalcite and highly used for gastric and duodenal ulcers or heartburn and acid-related gastric disorders.

The materials studied in this work will possess some reinforcement of type Lamellar Double Hydroxides; we will explain in detail their structure and the different interactions with a matrix.

I -2 -ii. Morphology of the nanocomposites

I -2 -ii -a. Description of the matrix

Metals, ceramics, thermosetting or thermoplastics polymers are frequently used as matrix.

Adding reinforcement could be useful in improving the physical, optical or mechanical properties.

The matrix role is to transfer mechanical stress to reinforcement. It protects vis-à-vis reinforcement from external aggressions. The matrix must be deformable and possess good compatibility with the fillers. Given these constraints, matrices used are often polymers modified with additives, such as antioxidants, pigment, anti-UV…

The polymers are organic molecular materials, resulting from a repetition of constituent units, usually called chain, that is to say that each polymer chain is an individual entity and its interaction with the other chains is generally low. The polymers chains may present various conformations and can orient under a mechanical stress. The polymers are not characterized by a single molecular weight but by an average molecular weight (Mw) characteristic of the distribution in its length chains (Mn).

The polymers could present an organisation onto extended scale and are them called semicrystalline. This organisation results of interactions between one or many chains in the polymer. All the non-organized parts are called amorphous. The polymers may present no structural cohesion/repetition yielding a disorganized phase and are, in this case, totally amorphous.

The addition of reinforcements changes the different interactions present in a polymer. In fact, different interfaces are created between the filler and the polymer chains. Let see, more in details, the different morphologies associated to the reinforcement in the case of nanocomposite sheets that specifically are here the subject.

I -2 -ii -b. Morphology associated to the reinforcement

The properties of the nanocomposite are strongly depending from the organisation of the lamellar reinforcement in the polymeric matrix. Considering the nature of the polymers, or the type of the filler in association with its shape, three distinct types of polymer nanocomposites are classified by the state of the filler dispersion.

-The microcomposite, the material presents two distinct phases, one organic, the polymer, and another inorganic composed of the nanosheets, due to the non-miscibility of the two phases. In this case, the nanoparticles present the tendency to form some aggregates which may be of the order of the micrometre to millimetre for the formed aggregated structure. For such aggregated structure, the mutual interaction is at minimum and the polymer chains will not diffuse into the filler structure. The name nanocomposite is also abusive. (Scheme 3a)

-The intercalated nanocomposites: the interlamellar distance increases during the mixing.

The resulting interlayer distance is enough to allow the polymer chains to diffuse. However, the sheets are still stacked. This structure is called intercalated. (Scheme 3b)

-The exfoliated nanocomposites: the sheets are totally separated from each other yielding single layers distributed in uniform way in the polymer matrix. The delamination state induces a mutual interaction at maximum the interface polymer/filler, thus inducing an improvement of the properties at even at low loading. (Scheme 3c)

Scheme 3 a) Aggregated, b) Intercalated, c) Exfoliated nanocomposite 8
It is important to precise that this classification is idealistic, in fact, one structure is not necessary homogeneous in all the volume. Indeed the coexistence between the exfoliated and intercalated structures or intercalated and aggregated structures may be observed. The main problem of the production of clay/polymer nanomposites is the state of dispersion and its associated reproducibility. In fact, a bad repartition and dispersion of the sheets induce the formation of aggregates creating some defaults into the material, thus limiting and even cancelling the improvement of the properties due to the nanoscale mixing. That is why the dispersion of the nanofiller into the matrix is the key parameter in obtaining polymer nanocomposite of great properties.

The state of dispersion of the nanocomposites could be studied by different methods as the X-RAY diffraction (XRD), the Transmission Electron Microscopy (TEM), the Small Angle X-RAY Scattering (SAXS), and also the Nuclear Magnetic Resonance (NMR) or the Small Angle Neutron Scattering (SANS) to determine quantitatively the dispersion of the reinforcement into the matrix.

Each one of these characterizations scrutinizes at different length scales and is complementary to each other. Then, the conception of the nanocomposites and their potential application are described.

II. From the synthesis to the characterization of the nanocomposites

The strategy of an elaboration of a polymer/LDH nanocomposite can be diverse. Many ways are reported in the litterature. Usually, direct or indirect, many steps are necessary, such as the modification of the LDH in order to compatibilize before to be mixed with the polymer. In this part, we will describe the different ways to synthesize, elaborate and characterize the nanocomposite based on Layered Double and Simple Hydroxides.

II -1. Synthesis and elaboration of the nanocomposites II -1 -i. The multi-step process

The filler can be easily dispered into polymer containing some polar groups, such as Polyamides, up to obtain an exfoliated structure. However, the commonly polymers used, like polyolefines, are hydrophobic and do not possess any polar groups. Consequently, the dispersion and exfoliation of the LDH or LSH materials are very difficult or impossible to achieve. Two cases are considered, the first one is to use the anionic exchange of the Layered materials to organo modify the particles to improve the compatibility between the polymer and the fillers. The second way consists to modify the polymer itself with by example a polar oligomer before mixing with the LDH or LSH. In both cases, multi-step process is required to the extent that the Layered material are synthetized and isolated in advance before being mixed with the polymer matrix.

II -1 -i -a. Organo-modification of the platelets and mixing with the polymer

II -1 -i -a -1 Organo-modification
The first step of this method is to synthetize a LDH or LSH material intercalated by an organic molecule, with the different processes described in the previous parts. The anions intercalated are the most often surfactants (surface-active-agent), such as sodium dodecy sulfate (SBS) 9,10 , sodium 4dodecylbenzenesulfonate (SDBS) 11,12 . This intercalation of this long alkyl chain organic molecule presents many interests. Firstly, an increase of the basal distance of the platelets in order to improve the diffusion of the polymer chains between the platelets that should yield delamination. The second role is to compatibilize the platelets and the polymer, in fact a surfactant posses one ionic hydrophilic head, useful to be intercalated into a layered hydroxide but also one hydrophobic chain, more or less long, useful to favorate the insertion of the non polar organic polymer since it mimicks by its -(CH 2 )-chain the polymer structure.

Costa et al. 13 have studied the intercalation of different surfactants into a Mg 2 -Al layered double hydroxides for applications in polymer nanocomposite. An increase of the basal distance is observed when a surfactant is intercalated compared to chloride anions. For example, the inter lamellar distance increases from 0.76 nm to 2.68 nm for a LDH-SBS phase and 2.95 nm for a LDH-SDBS. The synthesis of the platelets intercalated with surfactant molecules can occur in one step for the coprecipitation of the LDH or LSH in presence of the surfactant or in two steps in the anionic exchange or the reconstruction ways. 14,15 One note that the direct coprecipitation yields usually colloidal suspension, that is not easy to recover as slurry.

After the organo-modified step, the second step will be the mixture of those particles with the polymer. Many ways are possible and will be shortly described in the following parts.

II -1 -i -a -2 Mixing ways of organo-modified platelets and polymer (a) Dispersion in solution

This method consists to disperse the organo-modified layered phase into a solvent solution containing the polymer. The solution is stirred, (refluxed if necessary) under inert atmosphere. The nanocomposite is (if necessary, precipitated by another solvent in which the polymer is not soluble), centrifuged or filtered. The polymer precipitated contains the well dispersed LDH. 16,17,18,19 Using this method, Chen et al. 

(b) Dispersion -polymerisation

This method consists in dispersing by sonification the LDH material present in a solution containing precursors of the future polymer, the monomers. The reaction of polymerisation will occur, in heating and under pressure for the formation of the polyamide 6 (PA6) 9,22 , or by the addition of an initiator to pre-synthetize a resine 23 . The polymerisation will take place around the platelets and formed, after a purification step to eliminate the excess of monomers or oligomers, a nanocomposite with an exfoliated structure. For instance, Chen et al. 24 have obtained polymer LDH nanocomposite by dispersing Zn 3 AL-LDH-SDS into a solution of methyl acrylate, the polymerization have been initiated by AIBN .

(c) Melt mixing

This method is often used and consists in the dispersion of the organo-modified layered phase into a melt polymer matrix, using a twin-screw, co-rotating micro extruder. Many parameters are important, such as temperature in order to melt polymer (not too high to avoid any degradations of the matrix and the filler), the time of mixing, and the shear stress proccessing (forces applied). 11,25,26 Costa et al. 27 have prepared nanocomposites, by extrusion, using a master batch based on polyethylene (PE) and LDH-SBDS which was then diluted with unmodified (PE) by different extents to obtain various concentrations of LDH in the final composite.

The intercalation of surfactant molecules not only enlarges the gallery between the nanolayers, but also improves the interfacial properties between the LDH platelets and polymer chains, and thus facilitates the diffusion of polymer chains within LDH galleries.

II -1 -i -b. IN SITU BULK polymerization

This method is separed in two steps. [START_REF] Nogueir | Study of thermal and mechanical properties of PMMA/LDHs nanocomposites obtained by in situ bulk polymerization[END_REF] The first is the intercalation of an organic "A", possessing a polymerisable function, into a layered structure, such as LDH. This molecule should present a reactivity with another molecule, by example "B" or with itself.

The second step is the dispersion of the LDH-"A" into a solution containing "B". The polymerization is then activated by heating, an irradiation, or with the presence of an initiator molecule. The nanocomposite is poly(A) or poly(AB) in which one is dispersed the fillers, LDH material.

Wang et al. [START_REF] Wang | The disorderly exfoliated LDHs/PMMA nanocomposite synthesized by in situ bulk polymerization[END_REF] have used this method, to intercalate, by direct coprecipitation, 10-undecenoic acid (U) into the Mg 2 Al-LDH host matrix. The nanocomposite was then prepared by a two-stage process through in-situ bulk polymerization. The first step corresponds to disperse the organomodified LDH-U into a solution of methyl methacrylate (MMA) until an homogeneous mixture has been formed. Then the mixture was held at 50°C and the initiator of polymerization, Azobisisobutyronitrile (AIBN), was added, in low quantity. In the prepolymerization step, a part of the MMA will react with a part of the U present between the platelets, thus yielding an intercalated structrure, with a progressive loss of the stacking.

The second step of the process is the casting polymerization, where another quantity of AIBN is added, this time at 60°C. The MMA have now more space to diffuse between the platelets and can now totally react with U molecules. The diffusion and the reaction delaminate the platelets to form finally an exfoliated nanocomposite. (Figure 1) The polymerization RAFT [START_REF] Keddie | RAFT Agent Design and Synthesis[END_REF] (Reversible Addition-Fragmentation Transfer) can be used to synthesize a nanocomposite. The RAFT polymerization consists in a chain transfer adopting reversible mechanism separed in two steps, the addition and the fragmentation. The composition of the RAFT agent is usually a thiocarbonylthio molecule, where the nature of the carbonyl can be diverse. The initiation and the termination reactions are the same than a classical radical polymerisation. After the decomposition of the initiatior, the resulting formed radical reacts with a monomer in order to form a carbon radical which then further reacts with the transfer agent and yields the radical associated species. The latter decomposes into a new radical able to initiate a polymerization. As it stands, this method permits to grow some polymeric chain from one molecule in a monomer.

Ding et al [START_REF] Ding | Homogeneous dispersion and enhanced thermal properties of polystyrene-layered double hydroxide nanocomposites prepared by in situ reversible addition?fragmentation chain transfer (RAFT) polymerization[END_REF] have used this way to synthetize nanocomposite. They have intercalated, from a nitrate ZnAl-LDH, a RAFT agent, the sodium 4-(benzodithioyl)-4-cyanopentanoate. They have dispersed this organo modified phase into a solvent containing styrene monomers. The initiator is then added to initiate the polymerization. The polystyrene (PS) chains will grow from the intercalated RAFT agent. The process has a result to increase the basal distance between platelets. The more the chain will be long, the more the intra lamellar distance will increase, up to delamine the platelets and finally to obtain an exfoliated structure. (Scheme 4)

Scheme 4 Strategy for preparation of PS/LDH nanocomposites using the multifunctional RAFT agent II -1 -ii.

One step synthesis

II -1 -ii -a. The templating method/Hybrid LDH polymer

This method is probaly the most simple way to synthetize a nanocomposite. It consists in the direct coprecipitation of the metallic salts directly in an aqueous solution containing the polymer.

After isolation by centrifugation of filtration of the media, the nanocomposite is obtained.

Oriakhi et al. [START_REF] Oriakhi | Incorporation of poly (acrylic acid), poly (vinylsulfonate) and poly (styrenesulfonate) within layered double hydroxides[END_REF] and Moujahi et al. [START_REF] Mostafa | Synthesis and characterization of a polystyrene sulfonate layered double hydroxide nanocomposite. In-situ polymerization vs. polymer incorporation[END_REF][START_REF] Vieille | Hydrocalumite and Its Polymer Derivatives. 2. Polymer Incorporation versus in Situ Polymerization of Styrene-4-sulfonate[END_REF] [START_REF] Leroux | Biopolymer immobilization during the crystalline growth of layered double hydroxide[END_REF] and they have demonstrated an increasement of the degradation temperature of the nanocompostite compared to the pristine alginate. Darder et al [START_REF] Darder | Bio-Nanocomposites Based on Layered Double Hydroxides[END_REF] . have extended the study to other bio-polymers, such as Carrageenan or Pectin and others, for an bio potentiometric sensors for some determination of anionic species.

II -2. Analysis used to characterize nanocomposites

The state of dispersion of the nanoparticules into a polymeric matrix is usually studied by X-Ray Diffraction (XRD) and the observation of the structure at different scales by Transmission Electron Microscopy (TEM). The XRD analysis is often the technical the most used to determine the structure of the nanocomposite [START_REF] Mukul | Recent Progress in Synthesis and Evaluation of PolymerMontmorillonite Nanocomposites[END_REF][START_REF] Lebaron | Polymer-layered silicate nanocomposites: an overview[END_REF] . Furthermore it is useful to study the intercalation of a polymer into a LDH structure, as well as the influence of the loading [START_REF] Andronescu | Synthesis and characterization of polybenzoxazine/layered double hydroxides nanocomposites[END_REF] , this scrutinizing by the shape, the intensity and the position of the reflecting peaks (00l) corresponding to the basal distance of the layered material. [START_REF] Finnigan | Morphology and properties of thermoplastic polyurethane nanocomposites incorporating hydrophilic layered silicates[END_REF] The intercalated structure may be identified. In opposition, an exfoliated structure presents no more stacking of the platelets. Consequently, this phenomenon viewed by XRD reflects, the disppearance of the diffraction peak (00l) while those corresponding to the inter layered organisation remains. For an intercalated nanocomposite, the distance between the platelets increases due to the diffusion of the polymer chains in the inter lamellar spaces. This phenomenon is studied by the shift of basal reflection peaks to lower angular 2θ values corresponding to a larger basal distance.

XRD analysis, useful method in determining the structure is not able to provide information on the distribution and the associated particles homogeneity inside the materials. In addition, the Transmission Electron Microscopy (TEM) allows a qualitative picture of the internal topology structure, the dispersion of the nanoparticles into the polymer and the observation of the possible defaults.

The XRD and TEM analysis are two important and essential tools to evaluate the structure of nanocomposites. [START_REF] Xinhua | Study on Structure and Orientation Action of Polyurethane Nanocomposites[END_REF] When the TEM gives some qualitative informations on the sample, the XRD gives a quantification of the intra lamellar informations. However, when the inter layered distance becomes too high in the nanocomposite, XRD analysis in not suitable anymore to supply information and one should study the correlation at higher distance.

The Small Angle X-Ray Scaterring corresponds to the analysis of the electron diffusion at small angles. The information obtained are mostly the stacking of the filler inside the nanocomposites, since the diffusion technique is based on the electronic contrast, so uncovering all interfacial zones (fillers, filler agregats) as different length scales. [START_REF] Starodoubtsev | Composite Gels of Poly(acrylamide) with Incorporated Bentonite. Interaction with Cationic Surfactants, ESR and SAXS Study[END_REF][START_REF] Son | A study on phase morphology and surface properties of polyurethane/organoclay nanocomposite[END_REF] Indeed, it is possible to determine how the nano particules are organized and how a set of particules is organized with another set of particules in a same matrix.

II -3. Properties and applications of the polymeric nanocomposites

Since the first work of Toyota's R&D in the 1990s [START_REF] Arimitsu | Synthesis of Nylon 6-Clay hybrib[END_REF] , the lamellar nanocomposites has appeared to be very promising in many domains such as aerospace, automotive, biotechnology energy medical and packaging industry. The 2D reinforcements are mainly clays, either cationic such as the smectite, the most frequently used, or anionic as the Layered Double (or Simple) Hydroxides.

The use of this type of particles could considerably improve the properties of the polymer such as stiffening, thermal stability and diffusion barrier 16 , and that even in low concentrations. [START_REF] Kiliaris | Polymer/layered silicate (clay) nanocomposites: An overview of flame retardancy[END_REF] 

II -3 -i. Mechanical properties

Hongdan Peng et al 9 have intercalated the dodecyl sulfate anion in the Co 2 Al-LDH host matrix to constitute an inorganic filler. [START_REF] Liu | Synthesis, Anion Exchange, and Delamination of Co-Al Layered Double Hydroxide: Assembly of the Exfoliated Nanosheet/Polyanion Composite Films and Magneto-Optical Studies[END_REF] Such compound has been dispersed into a caprolactam and aminocaproic acid to prepare the nanocomposite after the polymerisation step. They observed that the tensile modulus and the yield strength of polyamide 6 (PA6) neat and nanocomposites increased steadly with increasing the LDH loading, from 0.5% to 2%. However, the elongation at break steadly decreases with the LDH content, indicating that the nanocomposites become more brittle compare to the pristine PA6. The addition of a fraction of LDH reinforces PA6 at very low loading.

Nowadays, in the course of modern automotive coatings comprising a reduced number of layers the resistance towards the stone chipping is becoming an issue. In addition, the literature has shown that the addition of intercalated and exfoliated platelets impart stiffness to a polymer material. This reinforcement increases commonly with the lateral dimension of the platelets. [START_REF] Boo | Effect of nanoplatelet aspect ratio on mechanical properties of epoxy nanocomposites[END_REF] That is why, Hintz-Bruening et al [16][17]18 have compared the dispersion of several LDH materials as reinforcement in order to improve the impact resistance of a waterborne polyurethane for automotive coatings. They have demonstrated an improvement of the stone chipping resistance and the mechanical properties in the case where the polymer is loaded with exfoliated LDH platelets, which have been previously intercalated by organic anions (4-aminobenzene sulfonate).

II -3 -ii. Thermal stability and Photo-oxidation

LDH has been widely used in various fields particular as fire retardant additives. [START_REF] Ardanuy | Mg-Al Layered double hydroxide nanoparticles Evaluation of the thermal stability in polypropylene matrix[END_REF] [START_REF] Nyambo | Effect of MgAllayered double hydroxide exchanged with linear alkyl carboxylates on fire-retardancy of PMMA and PS[END_REF] Wang et al [START_REF] Wang | The disorderly exfoliated LDHs/PMMA nanocomposites synthesized by in situ bulk polymerization: The effects of LDH-U on thermal and mechanical properties[END_REF] have reported that the thermal resistance of a thermoplastic polymer polymethyl methacrylate (PMMA) has been really improved by the presence of Mg 2 Al-LDH intercalated with an aminobenzoate anion. They demonstrated that the decomposition temperature at 5% and 10%

weight loss increases significantly with the amount of LDH. They explain that such enhanced thermal resistance may be caused by the prevention of the out-diffusion of the volatile gas produced during the thermal decomposition. So, the exfoliated LDH layers, well dispersed in the PMMA matrix, act as gas barriers, reducing the permeability of the volatile gas. [START_REF] Wang | Preparation and characterization of layered double hydroxides-PMMA nanocomposites by solution polymerization[END_REF] Most recently, Meisam et al [START_REF] Meisam | Novel nanocomposites consisting of a semi-crystalline polyamide and Mg-Al LDH: Morphology, thermal properties and flame retardancy[END_REF] have investigated the thermal stability of a class of polymer widely used in the industry, the polyamides (PA), due to their interesting strength and mechanical durability, but limited thermal properties. Their strategy was to prepare nanocomposites based on PA filled with an organo-modified Mg 2 Al-LDH. They found that only a loading of 3% was enough to improve the thermal stability at 33°C. They attributed this improvement to the LDH nanofiller, which reacts as a barrier role to maximize the heat insulation and to minimize the permeability of degradation products.

It is well know, that a polymer may degrade when it is exposed to the UV-light in presence of air, and specially the oxygen. That is why, it is a major challenge to protect them from this degradation to have some products with longer life time. Gaume et al [START_REF] Gaume | Exfoliated Polymer Nanocomposites by In Situ Coprecipitation ofLayered Double Hydroxides in a Polymer Matrix[END_REF] known to induce usually a prodegradant effect on polymer photooxidation. [START_REF] Gaume | Influence of nanoclays on the photochemical behaviour of poly(vinyl alcohol)[END_REF] Khan et al [START_REF] Khan | Encapsulation of organic UV ray absorbents into layered double hydroxide for photochemical properties[END_REF] , have shown that the use of LDH as nano container of UV ray absorbents presented the capacity to restrain the oxidation catalytic activity of the materials and that the LDH platelets act as a radical scavenger. The materials used for the sunscreens have better skin protection than classical sunscreen containing TiO 2 or ZnO, reported as classical anti UV rays agents.

II -3 -iii. Permeation, barrier and antimicrobial properties

Barrier properties for polymers have already widely been studied due to their great importance in many domains, such as the packaging industry. The main limiting parameter to face in plastic packaging is the permeability to vapour and gases. For example, to protect food product from moisture and to guarantee a longer life time of the product, it is necessary to pack the food with a plastic able to avoid at most oxygen and water vapour diffusion from external diffusion. Ming-Feng

Chiang and Tzong-Ming Wu [START_REF] Chiang | Preparation and characterization of melt processed poly(llactide)/layered double hydroxide nonocomposites[END_REF] have intercalated the γ-polyglutamate anions in the Mg 2 Al-LDH host matrix, the resulting hybrid filler is subsequently compounded with poly(L-lactide) (PLLA) pellets at 170°C to prepare the nanocomposite. They have demonstrated that the presence of the inorganic fillers reduces considerably the water vapour permeability, increasing the loading rate of LDH by creating a tortuous path. [START_REF] Messersmith | Synthesis and Barrier Properties of Poly(e-Caprolactone)-Layered Silicate Nanocomposites[END_REF] This increases the effective path length of the gas diffusion. However, better the particles are dispersed, better are the barrier properties, so, better for an exfoliated structure.

To avoid in developing human infections, it is very important to develop some materials with antimicrobial properties. Bugatti et al [START_REF] Bugatti | Nano-hybrids incorporation into poly(ε-caprolactone) for multifunctional applications: Mechanical and barrier properties[END_REF] The importance and the different uses of nanocomposites reinforced by lamellar particles, more particularly loaded with LDH materials, were here underlined. The next section will be the focus on the Layered Double Hydroxides.

III. Layered Hydroxides Materials

Their structure, synthesis, characterisation and the study of their properties will be described. Two types of those materials are existing, the most common, the Layered Double Hydroxides, and the less commonly used Layered Simple Hydroxides. Where M II , M III are respectively divalent and trivalent metallic cations, A n-is the anion located in the interlayered space. (Scheme 5) "intra", "inter" denote the intralayer and interlayer domain, respectively.

III -1. Layered Double hydroxides

Scheme 5 Structure of Layered Double Hydroxides

The structure of the LDH consists of hydroxyl metallic layered, brucite-like, constituted of edge-sharing M II (OH) 2 octahedra. Partial substitution of divalent cation M II by a trivalent M III cation induces an excess of positive charge into the lamellar sheet. This excess is counter-balanced by the presence of anions in the interlamellar domain. Cationic sheets and anions are stacked to produce either rhombohedral or hexagonal symmetries. [START_REF] Forano | Chapter 14.1 -Layered Double Hydroxides (LDH)[END_REF][START_REF] Gerds | Synthesis and characterization of laurate-intercalated Mg-Al layered double hydroxide prepared by coprecipitation[END_REF] 

III -1 -i -a. Intralayer domain -Nature of the Cations

A large number of LDH is existed, caused by the fact that a large number of metallic cationic ions is existing. The most used for the divalent cations are Mg II , Zn II , Co II or Ni II and for the trivalent cations, Al III , Fe III , or Cr III .

However, other combinations have been observed such as monovalent/trivalent, with the Li I and the Al III , reported by Wang Shang-Li et al [START_REF] Wang | Synthesis of Li/Al LDH using aluminum and LiOH[END_REF] . More scarcely reported a ratio tetra/divalent may occur, with the association of Ni II and Ti IV64 or Zn II and Ti IV65 .

III -1 -i -b. Interlayer domain -Nature of the anions

The interlamellar domain is defined by the stacking of positive layer. The nature of the anions can be very diverse. [START_REF] Khan | Intercalation chemistry of layered double hydroxides: recent developments and applications[END_REF] Indeed, they can be inorganic (NO 3-, CO 3 -, Cl -), organic (CH 3 COO -, C 6 H 5 SO 3-…), polymer bearing negative functionability (polyacrylate, polystyrene sulfonate…), surfactants (sodium dodecyl sulfate…) as well as emulsifiers (monomer surfactant).

In the case where the anion is organic, the materials obtained are called hybrid organic/inorganic. Depending on the connections between the intercalated molecules and the layers, which are low (ionic bonds) or very strong (covalent bonds) 67 , the hybrids will be of type I or II, respectively.

As a result, all kind of anions could in principle be intercalated in to layered double hydroxides gallery providing the achievement of pure crystalline phase. The crystallinity of LDH phase is however strongly dependant of the interleaved anions.

III -1 -ii. LDH synthesis methods

LDH materials are synthetized by two most ways, the coprecipitation and the exchange anionic route. However, two others methods, less used, are known and could be used, the reconstruction and the polyol route. Electrochemical reaction may also provide the formation of LDH phases; this is beyond the scope of this study. 68

III -1 -ii -a. Direct coprecipitation method

This method is the most used to synthetize LDH phases. [START_REF] De Roy | Chapter 1 : Layered Double Hydroxides: Synthesis ans Post Synthesis Modification[END_REF] It consists to the simultaneous addition of the metallic cations, in the right ratio between divalent and trivalent cations, and a base, usually the sodium hydroxide into a water solution containing the suitable anions to be intercalated.

The base is used in order to maintain constant the pH of the solution, at value inducing a concomitant precipitation of both cations. A better crystallinity of the resulting material is evidently observed after a slow addition of the salts solution.

The synthesis by coprecipitation is realized under inert atmosphere to avoid the contamination of the solution by CO 2 from air, in fact the LDH material presents a strong affinity with the carbonate anion CO 3 2-. However, all the LDH materials cannot be synthetized by this way, in fact, depending on the nature of the anion to intercalate, a complexation reaction between the metallic cation and the anion may strongly impede the LDH formation. [START_REF] Intorre | Zirconium Complexes in Aqueous Solution. I. Reaction with Multidentate Ligands[END_REF] To overcome such issue, another synthesis is achieved through anionic exchange reaction.

III -1 -ii -b. Anionic exchange reaction way

This synthetic approach to modify LDH material uses one of their most important property, their ability to anion exchange. This reaction is a topotactic reaction; it means that the iono-covalent structure of the layer sheets is preserved, only the weak bond, corresponding to the anions/sheets bonds, are changed. 71 72 The first step is to prepare precursor LDH phases intercalated by an easily-exchangeable anion, usually, chloride or nitrate. A suspension of this pristine structure acting as a sort of gabarit is then realized in a solution containing an excess of the anion to intercalate. The pH is then adjusted and the reaction takes place under stirring in inert atmosphere, always to avoid the contamination by CO 2 . [START_REF] Mendiboure | Formation and anion exchange reactions of layered transition metal hydroxides [Ni 1-x M x ] (OH) 2 (CO 3 ) x/2 (H 2 O) z (M=Fe,Co)[END_REF] Exchange reaction has been easier realized from nitrate LDH phase than chloride phases, because the affinity anion for the matrix is defined by the following series: 74

CO 3 2->> SO 4 2->> OH -> F -> Cl -> Br -> NO 3 -> I -

III -1 -ii -c. Reconstruction method

The LDH structure also has the capacity to regenerate after calcination at an appropriate range of temperature, at which they form amorphous mixed oxides. The anion is degraded in the temperature range of the calcination, and could be replaced by another. [START_REF] Rocha | Reconstruction of layered double hydroxides from calcined precursors: a powder XRD and 27 Al MAS NMR study[END_REF] During the so-called reconstruction, the mixed oxides are placed in suspension in a water solution containing the novel anion to intercalate. [START_REF] Jones | Intercalation of Organic and Inorganic Anions into Layered Double Hydroxides[END_REF] Under inert atmosphere, still to prevent to the contamination with CO 2 , the mixed oxides are re-built to form the LDH stacked structure again.

A lot of interest is shown to this method, most particularly for the intercalation of organic molecules such as amino acids, peptides [START_REF] Nakayama | Intercalation of amino acids and peptides into Mg-Al layered double hydroxide by reconstruction method[END_REF] or carboxylic acids. [START_REF] Carlino | The intercalation of carboxylic acids into layered double hydroxides: a critical evaluation and review of the different methods[END_REF] This method uses less quantity of anions than the anionic exchange method and could be considered as an economic method for an intercalation of expensive molecules as Deoxyribonucleic acid (DNA), Adenosine triphosphate (ATP), amino acids, in spite of the fact it requires a heating process in the range of 300 up to 500°C, depending of the cations composition.

III -1 -ii -d. Polyol method

Fiévet et al [START_REF] Fiévet | Preparing monodisperse metal powders in micrometer and submicrometer sizes by the polyol process[END_REF] were the first to show the formation of nanosized metals by the polyol process.

This method has later been adapted to new compound such as oxides [START_REF] Chieng | Synthesis of ZnO nanoparticles by modified polyol method[END_REF] , metal [START_REF] Shen | General synthesis of metal sulfides nanocrystallines via a simple polyol route[END_REF] sulphides, layered hydroxides metals [START_REF] Poul | Layered Hydroxide Metal Acetates (Metal = Zinc, Cobalt, and Nickel): Elaboration via Hydrolysis in Polyol Medium and Comparative Study[END_REF] and also adapted to the synthesis of Layered Double Hydroxides by Prevot et al [START_REF] Prevot | Hydrolysis in Polyol: New Route for Hybrid-Layered Double Hydroxides Preparation[END_REF] .

This method consists to the dissolution of the acetate metallic salts into an alcoholic solution;

the most used are the ethanol, ethyleneglycol, diethyleneglycol or glycerol. The alcohol solution used served as a solvent, a reducing agent and sometimes as well as a stabilizer of the cations. The dissolution of metal acetates in polyol medium induces the formation of complexes, supposed to be alkoxyacetates. The second step is the hydrolysis of this polyol medium, provocating the precipitation of the LDH material intercalated by acetate anions.

However, hydrolysis competes with reduction reaction due to the reduction power of polyol.

That is why, Poul et al [START_REF] Poul | Synthesis of Inorganic Compounds (Metal, Oxide and Hydroxide) in Polyol Medium: A Versatile Route Related to the Sol-Gel Process[END_REF] have demonstrated that competition can be easily controlled by the hydrolysis ratio (defined by the water to metal molar ratio) and the reaction temperature. They detailed that a high hydrolysis ratio with a low reaction temperature favour the formation of the hydroxyl acetate. But decreasing the hydrolysis ratio and increasing the reaction temperature lead to the formation of the oxides.

The polyol method presents numerous advantages to elaborate LDH materials contrary to the conventional coprecipitation reactions:

- The possible application of the LDH materials, in the domain of the composite, nanocomposite was already listed. In the following, some examples of the LDH materials in the different domains will be supplied.

III -1 -iii -a. Medical application

A medicinal product is a substance or a combination of substances administered to the human being with the objective to treat, prevent a disease, make a diagnosis or to recover, modify the altered physiological functions. LDH phases are found in solid form of administration (tablets, powders…), liquid (suspension or emulsion), for the principal, an oral administration. In all cases, it is necessary to make sure that the products fulfil a series of chemical, physical and toxicological requirements, such as stability, chemical inertia, particle dimensions, non-toxic, before their future uses. [START_REF] Del Hoyo | Layered double hydroxides and human health: An overview[END_REF] Gordijo et al [START_REF] Gordijo | Immobilization of ibuprofen and copper-ibuprofen drugs on layered double hydroxides[END_REF] have reported the immobilization of the drug ibuprofen into Mg 2 Al-LDH, the molecules have been intercalated by three methods, ion exchange, reconstruction and coprecipitation. The organic hybrid obtained by reconstruction, has presented excellent buffering property and could be interesting for a new formulation aiming to decrease gastric irritation.

Rossi et al [START_REF] Rossi | Intercalation of the radical scavenger ferulic acid in hydrotalcite-like anionic clays[END_REF] have demonstrated that the intercalation of the ferulic acid, already known as active substance for sunscreen [START_REF] Ernest | Antioxidant Potention of Ferulic acid[END_REF] , into Mg 2 Al-LDH host matrix, by a simple ion exchange. The hybrid phase is found to protect the ferulic acid from the degradation due to the irradiation and improve the sunscreen property of the molecule alone in the region of 300 nm. The material when dispersed into a silicone cream presents as a good formulation for a future sunscreen application.

III -1 -iii -b. Catalysis application

Layered Double Hydroxide materials and their thermal decomposition by product, such as mixed oxides, have been used in various catalysis applications. [START_REF] Xu | Catalytic applications of layered double hydroxides and derivatives[END_REF] Bennur et al. [START_REF] Bennur | Palladium(II) containing hydrotalcite as an efficient heterogenous catalyst for Heck reaction[END_REF] have synthetized by direct coprecipitation a new catalyst for Heck reaction based on palladium (II) containing Mg 3 Al-LDH. The Heck reaction corresponds to the formation of a substituted alkene. The use of this new catalyst permits to accelerate considerably the time of reaction contrary to the palladium alone, this by an increase of the surface area of the catalyst.

In order to limit the NO x and SO x emission to preserve the earth out of pollution, Polato et al. [START_REF] Polato | High Surface Area Mn,Mg,Al-Spinels as Catalyst Additives for SO x Abatement in Fluid Catalytic Cracking Units[END_REF] have demonstrated that the mixed oxides and/or spinels prepared from hydrotalcite-like compound (LDH ) with the presence of manganese offer a large capacity to adsorb SO 3 in forming stable metal sulfate. Based on similar work, Yu et al. [START_REF] Yuc | Novel Multi-functional Mixedoxide Catalysts for Effective NOx Capture, Decomposition, and Reduction[END_REF] have succeeded to increase of 25% the NO decomposition with a new catalyst based on mixed oxide obtained by the calcination of a CaCoAl-LDH material, itself synthetized by coprecipitation.

III -1 -iii -c. Optical devices and pigments

Chromophore compounds could be intercalated into Layered Double Hydroxides. The LDH host matrix permits the stabilization and the protection of the embedded molecules and the entrapped chromophores provides optical properties such as colour or fluorescence. Taviot-Gueho et al. [START_REF] Taviot-Guého | LDH-dye hybrid material as coloured filler into polystyrene: Structural characterization and rheological properties[END_REF] have stabilized a dye molecule of a large size into Zn 2 Al-LDH host matrix and then dispersed as coloured filler into a polystyrene.

Sun et al. [START_REF] Sun | Preparation of an anion dye intercalated into layered double hydroxides and its controllable luminescence properties[END_REF] This work shows that the fluorescence of ANS molecules is dependent upon the confinement effect imposed by the LDH matrix. Thus, it is possible to modulate, increase or decrease the luminescence of organic dyes by changing the nature of cations and the charge density of the LDH matrix.

III -1 -iii -d. Pesticide absorbents

The exchange capacity could be explored for other applications, and have a great interest in environmental application. In fact, in modern agriculture, the widespread use of pesticides provokes the extended contamination of soils and ground waters. That is why LDH material could be presented as a good remedy due to their ion exchange capacities.

Inacio et al. [START_REF] Inacio | Adsorption of MCPA pesticide by MgAllayered double hydroxides[END_REF] have demonstrated the use of Mg The adsorption is found to be pH dependent. The optimum pH range is from 5 to 7, in fact below 5, the adsorption decreases due to the instability of the LDH in acidic media, and above a pH of 7, carbonate contamination is likely to occur and may hinder the MCPA adsorption due to the great affinity of LDHs carbonate anions. Lab-scale experiments to field application have however never been made.

III -2. Layered Single Metal Hydroxides

After the description of the Layered Double Hydroxides, we will describe a second type of layered particles which present a lot of similarities with the LDH, the Layered Single Metal Hydroxides.

III -2 -i. Structure and chemical composition

Layered Single Hydroxides are also Brucite-like compounds, contrary to LDH, the brucite-like layers present one-fourth of the octahedral sites vacant. [START_REF] Stähln | The Crystal Structure of Zinc Hydroxide Nitrate, Zn 5 (OH) 5 (NO 3 ) 2 .2H 2 0[END_REF] On either side of the vacant octahedra are 

III -2 -i -a. Intra-lamellar domain -Nature of the metal cation

The metal cations the most used are divalent, such as Zn 2+ , Mg 2+ , Ni 2+ , Ca 2+ , Cd 2+ and Co 2+ . 97 98 The use of other divalent metal cation can be possible, but may modify a little the structure described before. In fact, Nowacki et al. [START_REF] Nowacki | Die Kristallstrukturbestimmung des monoklinen, basischen Kupfernitrates Cu 4 ( NO 3 ) 2 (OH) 6 II[END_REF] have demonstrated that the structure of Cu 2 (OH) 3 NO 3 having brucite-like layers in which one-fourth of the OH -ions were replaced by nitrate The nitrate anion are located in the interlayer and coordinated through one oxygen atom, directly to the matrix Cu 2+ cation. This is arising due to the Jahn-Teller distortion imposed by Cu 2+ to its ligands. 

III -2 -ii. Layered Single Metal synthesis methods

Depending on the type of materials and its associated structure, different methods exist and will be preferred. The following part will describe some methods to synthetize Layered Single metal Hydroxides.

III -2 -ii -a. Precipitation with alkaline solutions

This is the most common method to form the Layered Single metal Hydroxides (LSH) quite similar to the coprecipitation for the LDH synthesis. It consists in controlling the precipitation of the phase by the addition of alkaline solution, such as the sodium hydroxide. The OH -/M 2+ molar ratio is an important factor to control, in fact, an excess of hydroxides may lead to the hydrolysis of the LSH and the formation of the associated oxide or to the solubilisation of the precipitate as a complex.

Petrov et al. 108 have used this method to form Mg 2 (OH 3 )NO 3 . They have observed, that during the precipitation of Mg 2+ with the HO -, unstable magnesium hydroxide nitrates were formed which readily hydrolysed to Mg(OH) 2 during the precipitation. Some NaNO 3 has been necessary to add into the initial Mg(NO 3 ) solution to precipitate the phase.

By this method, Fogg et al. 101 have synthetized LREH intercalated by nitrate anions, but contrary to the usual coprecipitation method, here the sodium hydroxide is directly added first in the lanthanides nitrate salt solution.

III -2 -ii -b. Urea hydrolysis

Stähln et al. [START_REF] Stähln | The Crystal Structure of Zinc Hydroxide Nitrate, Zn 5 (OH) 5 (NO 3 ) 2 .2H 2 0[END_REF] have been the first to synthetize those materials by reacting of urea with a zinc nitrate solution. The synthesis consists to mix nitrate salt of the concern metal with a mild hydrolysing agent, such as, urea (CO(NH 2 ) 2 ), in water solution. The media is then heated in 90-120°C range of temperature under air, the heat will induce the following reactions: 109

CO(NH 2 ) 2 NH 3 + HNCO HNCO + 2H 2 O NH 4 OH + CO 2 NH 3 + H + NH 4 +
The hydrolysis of HNCO induces the formation of the hydroxide ions, the pH of the solution will increase and the precipitation of the Layered Single metal Hydroxide will occur. 

III -2 -ii -c. Anionic exchange reaction method

Alike the LDH material, LSH and LREH materials also present the anionic exchange properties, which are however less widely studied than for LDH materials. The method is similar and consists in dispersing the pristine material in an aqueous solution containing the anion to intercalate.

The nature of the anions to intercalate can be diverse as organic molecules such as, benzoate 113 or terephatalate 103 , halogens 114 , or even longer molecules such as alkanecarboxylate ions. 115

III -2 -ii -d. Polyol method

This method is a special method of "soft chemistry" method and has been reported firstly for the Layered Single metal Hydroxides as exemplified by nickel, cobalt, zinc hydroxide acetate by Poul et al. [START_REF] Poul | Synthesis of Inorganic Compounds (Metal, Oxide and Hydroxide) in Polyol Medium: A Versatile Route Related to the Sol-Gel Process[END_REF] The method is still consisting to the dissolution of commercial hydrated metal acetates under heating in a polyol media. The alkoxyacetate formed after the dissolution step is then hydrolysed, with an adapted hydrolysed ratio, in order to obtain the desired compound.

The disadvantages of this method include the low crystallinity of the LSH material formed, the difficulty to obtain single crystals and the undesirable adsorption of the polyol. 116 However, this adsorption does not affect the basal distance but interferes and appears in the IR or elemental analysis.

Summarizing in this part, the panel of the described methods exhibits its own advantages and disadvantages and could be applied according to the product property and further requirements.

III -2 -iii. Application domains of the LSH

Because the structure and the properties of the LSH are similar to the LDH, the applications of this type of materials may be close. In this part, some application domains of those materials, such as the drug delivery 117 , selective retention of anions, catalysis 118 or nanocomposites are described.

III -2 -iii -a. Selective retention of anion

The Layered Single metal Hydroxides are capable to separate some isomers from a mixture.

In fact, Tagayaa et al. 119 have demonstrated such properties, a mixture of isomers, based on organic carboxylic acid, and some zinc-nitrate and copper-nitrate. In fact, the Layered Zinc or Copper

Hydroxides will preferentially capture, by anionic exchange, one of the two isomers present in the solution.

This example exhibits the molecular recognition capacity and the potential use as separator isomers mixtures, this property is also available for the Layered Double Hydroxides. The explanation given by Tagaya 119 , is that not only the density of charge of the anion is important but also its threedimensional topology to match better the host structure requirements.

III -2 -iii -b. Absorbents and pH buffer

The chromate (CrO 4 2-), often used in the anti-corrosion industries, is a toxic compound and has a toxic effect on both plants and animals. In particular, an exposition to chromate may increase the possibility of contracting cancer or develop hypersensitivity of the skin or respiratory system. 120 In the same study, they have shown the pH buffering property of those phases and demonstrated that the products were stable over a wide pH range from 3 to 10.

The protection of the human skin, from the sun irradiation such as the UV radiation, is an important issue. The use of Layered Single metal Hydroxides as host matrix for UV absorbent molecules could be an idea. Cursino et al. -The dispersion of nanoparticles into a matrix, leading to an uncoloured mixture -The insolubility and stability of the host matrix in a sunscreen vehicle -The protection of the organic molecule from the photodegradation

III -2 -iii -c. Anti-Corrosion

The metallurgical industry is demanding in finding new and more "green" corrosion resistant products. The layered zinc hydroxide sulfates, hydrated or not, possess a low solubility product and ensure higher corrosion resistance and protective ability for an iron-based substrate.

In a similar way, Song et al. 124 have patented the use of zinc hydroxide carbonate and other zinc layered compounds as anti-corrosion agents for the surface of glassware to protect them against corrosion occurring in automatic dishwashing (ADW). They have demonstrated when the Layered Zinc Hydroxides (LZH) compound are placed in contact with glass, it can readily deposit on the glass and fill in the vacancies created by metal ion leaching and silica hydrolysis commonly occurring with ADW products. Thus, new zinc products introduced as glass network formers, strengthen the glass and prevent glass corrosion.

III -2 -iii -d. Nanofillers in polymer nanocomposites

Alike LDH materials, the Layered Hydroxide Salts could be used as fillers in a polymer matrix.

By example, Marangoni et al. 125 have intercalated an orange dye into a Layered Zinc Hydroxide (LZH), by anionic exchange from a nitrate LZH phase, and subsequently have dispersed into a poly(vinyl alcohol) matrix (PVA). The composite containing the modified LZH is found to produce a more pronounced colour than the direct orange dye dispersed at the same concentration level of 2 wt%.

Additionally, the composites with the LZH-dye presented a marked improvement of the mechanical properties, thermal stability and were able to absorb UV radiation contrary to the pristine PVA itself. 126 Kandare et al. 127 have dispersed some layered copper hydroxides (CHS) organo-modified with sodium dodecyl sulfate, as fire retardant, into the poly(vinyl ester) (PVE). In thermogravimetric analysis experiments (TGA), the addition of the copper material has provoked a degradation slightly faster compared to the pristine PVE. However, the addition of the small quantity of CHS to pure PVE results in a significant reduction in the total heat release, from 20 to 30%. An increase of 160% of the amount of the residue from TGA experiments at 650 °C, has been observed. They have explained that during the course of the degradation of the composite, some reduced copper species were formed and may catalyse the formation of cross-linked matrix, resulting in effective thermal stabilization of the polymeric material at the condition that CHS was used in tiny amount. 

Chapter II -Synthesis of Nanocomposites

I. From the materials to the nanocomposites

In this part, we will describe, firstly, the materials used to synthetize the nanocomposites. It means the choice of the polymers but also the choice of the metallic cations used to form the Layered Single metal Hydroxides (LSH) or the Layered Double Hydroxides (LDH) as well as the choice of the anions to be intercalated. In a second time, a description of the synthesis of the nanoparticles (inorganic or organic/inorganic hybrid framework) will be fully described. Finally, the synthesis of the nanocomposites will be provided.

I -1. Choices and description of the materials used I -1 -i. About the polymer matrix to the coating

In the area of coatings related to the transport domain, the most used polymers are the thermosetting polymers, usually named resins. Resins as film forming agents, often incorrectly termed binders, additives, solvents, pigments and extenders are the usual ingredients of liquid coating materials. (Scheme 1)

Scheme 1 Typical composition of coatings

Depending on the application, the solidification of the resin results in a chemical or physical process and is an indispensable final step to provide to the coating all its properties. In fact, this step corresponds to the transition from oligomer to polymer organic material through chains networking by the linker. At the end, the polymer turns "solid" and its structure is irreversible.

I -1 -ii. Choice of the film forming agents

I -1 -ii -a. Amphiphile Polymer

The film forming agent must meet numerous criteria. These relate essentially to adhesion to the substrate and the film's mechanical strength (cohesion) while retaining its elasticity at the same time. To respond to all of these requirements, macromolecular polymer materials are usually used. It is feasible to achieve these properties with synthetically manufactured oligomer or polymer materials but also with appropriate natural polymers, though the latter may require chemical modification to enable them to be used in practice (outdoor conditions, hydrolysis).

In the past, the most important natural materials used as film forming agents used to be natural oils which are also known as fatty oils, which are produced by various plants and certain marine animals. Known a long time ago, they are still extremely used as film forming agent for the surface protection. This is illustrated by tri-esters of glycerine with polyunsaturated fatty acids used due to their ability to transform from a low viscosity liquid into a solid by the interaction with atmospheric oxygen.

Even though the importance of the natural oils has little by little diminished with the development of synthetic film forming agents, their fatty acid components are still used by raw materials suppliers for modern alkyl resins. Indeed, it is such modern alkyl resin that will be used here to realize a nanocomposite. The structure is the following (Scheme 2):

Scheme 2 Structure of the film forming agent based on a modified fatty acid 1

The optimal coating properties can only be obtained at the conditions of the film forming agent to wet the substrate and of the film to transform into a visually smooth coating. The first step requires a resin solution dispersed into an organic or water solvent and then the coating is transformed by means of subsequently flow after cross-linking process (chemical hardening) and/or evaporation of the corresponding solvent (physical drying). However, all the film forming agents which solidify by releasing solvent remain unstable to this solvent and can liquefy again by heat treatment. This class of film forming agents are named thermoplastic. Concerning the "chemical hardening" way, the polymer chains are chemically crosslinked with reactive groups of the resin molecules during the film formation and thereby transformed into an insoluble solid film which cannot be further reliquified. This mechanism also allows the use of low molecular film forming agent. This means that the amount of solvents necessary for processing can be significantly reduced in the chemically reactive systems thus resulting in a more ecological way.

I -1 -ii -b. Amphiphile Bolas

The self-assembly of bola amphiphiles can be viewed as a novel strategy in forming of functional nanostructure 1 . Bola amphiphiles are considered as soft template able to create porosity 2 , used as drug delivery 3 or for applications like optoelectronics 4 . Concerning the organic coating, applied to the automotive and aircraft domain, the use of an ordered material could present a real interest in the design of solid thin films. Besides an anisotropic aspect on the mesoscale would be of interest and has never been reported so far. A combination of the mechanical reinforcement, diffusion barrier and pigment orientation may be obtained by the use of a lyotropic mesophase as an intermediate step of the formulation. Troutier-Thuilliez et al 5 . have recently demonstrated that in the presence of a polyester dispersion with the presence of isolated platelets of Layered Double Hydroxides, a nematic like ordering could be present in an aqueous phase.

The used amphiphile bolas are compounds that display a double "preference" such as the surfactant, composed of two hydrophilic heads connected by a hydrophobic spacer. The nature of the hydrophilic head and the backbone may be diverse. Indeed the head groups may be non-polar, anionic or cationic while the spacer may be aliphatic, aromatic. Moreover the molecular structures may be symmetric, with various lengths and shape. 6 For the study, the amphiphilic bolas have been designed, synthetized and provided by Hintz-Bruening Horst, Lohmeier Thomas from BASF Coating with the assistance of Koenig Andrej and others coworkers. The Bola amphiphiles may form a mesostructure in the presence of water. Their synthesis will be presented and described in ANNEXE. 

I -2. Choice of the Lamellar Hydroxides I -2 -i. Choice of the metal cations

The Zinc and Aluminum cations have been here selected. Indeed, the structure of the Zn 2 Al-LDH and the Zn-LSH 7 have been studied for long time and constitute a reference in term of filler and the formation of nanocomposites. The Zinc element is also known for the UV-absorber properties 8 , consequently the use of this element may add some properties for the final product. To extent our approach to other occuring LDH phases but rather different in structure, LiAl 2 -LDH was also considered.

The cerium (III) is well known to be a good corrosion inhibitor 9 and may be a good candidate to form a LSH material. The structure of a layered material based on rare earth is more discribed in the litterature with La 3+ and Y 3+ cations, consequently, these cations will be also studied to see the feasability of a layered materials based on Ce 3+ .

I -2 -ii. Choice of the intercalated anions

For reasons of compatibility with the polymer as well as easiness of the process, the anions should be organic and easy to eliminate. That is why the counter ions have to be volatile in order to be evaporated during the film baking: acetate anions are considered.

II. Synthesis of the Layered hydroxides

The synthesis of the acetate organo-modified nano fillers will be described, and compared between the two synthesis routes, coprecipitation followed by anionic exchange and the polyol method.

II -1. The Coprecipitation method II -1 -i. Experimental conditions

The different LDH and LSH materials have been prepared by direct coprecipitation method at constant pH value and at room temperature. A cation salt solution is added at constant rate, and a basic solution of sodium hydroxide is also added to maintain the pH at a constant value. The addition of both solutions has been controlled by the software Labworldsoft 4.0®. The pH value during the synthesis must be adjusted in function of the desired LDH material. The pH value is chosen with two important issues:

-High enough to allow the coprecipitation of the different cation species -pH superior to the pKa of the selected anions to assure its deprotonation and thus promote its diffusion within the LDH inner open-structure

The guest anions were directly introduced into the solution present in the reactor where the coprecipitation takes place. Experimentally, 100 mL of the salts solution which has been prepared

with the different salts necessary to form the desired material were added at a constant speed (addition in 3 hours) to the guest anion solution into the reactor. The salt solution was prepared with a constant ratio M II /M III = 2 and M III /M I = 2 to form the desired intralayered LDH framework M II 2 M III (OH) 6 and M III 2 M I (OH) 6 respectively. Evidently, the formation of LSH by coprecipitation was simpler than for LDH due to the presence of one metal cation only. This will affect the yield of the platelets generation.

The quantity of the guest anion A -in the reactor is introduced in excess. The pH of the synthesis may vary with the different desired LDH or LSH materials and is described in Table 1. All the materials have been recovered by centrifugation after 3 hours of ageing time and 3 washing steps. To avoid all the pollution of the material by the carbonate from air, the synthesis was realized under nitrogen atmosphere. The washed material may be conserved in a paste form or may be dried at 40°C to be characterized in powder form. The different conditions of synthesis are gathered in Table 2. 

Y(CH 3 COO -) 3 , 6H 2 O La(CH 3 COO -) 3 , 6H 2 O Ce(CH 3 COO -) 3 , 6H 2 O Ce(NO 3 - ) 3 , 6H 2 O Ce(NO 3 - ) 3 , 6H 2 O Zn(CH 3 COO -) 2 , 6H 2 O Zn(NO 3 ) 2 , 6H 2 O Zn(NO 3 ) 2 , 6H 2 O

Precursors

Anions pH synthesis Lattice parametters

LSH-Phase

II -1 -ii. X-Ray analysis

II -1 -ii -a. LDH Materials

Diffraction patterns of the different LDH phases which have been obtained by direct coprecipitation method present the typical structure of LDH materials already reported in the literature. The diffraction lines may be indexed in a hexagonal lattice with a R3 ̅ m rhombohedral symmetry, commonly used for the description of this type of structure. 10 The first diffraction peaks were attributed to the (00l). The position of this (003) diffraction peak provides information about the distance between two subsequently stacked LDH sheets and allows calculating the basal dspacing c by using the following equation:

𝒄 = 3 × 𝑑 (003)
The (110) line around 60° in 2 theta provides information about the cell parameter a by using the relation:

𝒂 = 2 × 𝑑 (110)
This value corresponds to the metal-metal distance, in other words the distance between a divalent and a trivalent cation according to the Figure 1 where r M II and r M III are connected. The ideal model for the LDH hydroxide layers based on edge-sharing octahedra defines the local environment around each type of cation according to the layer charge density, and is displayed in Figure 1 for M II /M III ration of 2. The distances between adjacent cations are as follows: a (cell parameter), and a√3, 2a, a√7 and 3a denoted P3, P4, P5 and P6 respectively. P1 corresponds to the oxygen-metal distance. Regardless of the ratio 𝑅 = 𝑀 𝐼𝐼 𝑀 𝐼𝐼𝐼 ⁄ , the local environment P2 around M III is constituted by six M II whereas, for M II , it depends on the R ratio. Many efforts have been recently

done to address whether a local ordering was occurring due to the non-close M III distance.

The presence of cation ordering within LDH sheets has always been a key issue in understanding the structure of LDH. To date only very few LDH-type materials adopt an ordered structure. 12 The ordering may come from different reasons:

-a special ordering of the anions such as the sulfate or benzoate 13 -a special stoichiometry between metal cations such as those met for copper-chromium and zinc-chromium based LDH 14 , the hydrocalumite with the special coordination of Ca cations presents some order as well 15,16 -a gabarit such as the gibbsite Al(OH) 3 where 1/3 of the octahedral sites are vacant. Upon Li diffusion, the reaction yields LiAl 2 cation based platelets which are in-plane ordered 17 Using multinuclear NMR spectroscopy as well as high speed rotation, the cation ordering at a local scale has been recently revisited. Indeed using 60 kH magic angle spinning (MAS) to obtain highresolution nuclear magnetic resonance 1H NMR spectra, the magnesium and aluminum distribution was investigated for a hydrotalcite type material, Mg (1-x) 2+ Al (x) 3+ OH 2 (Anion (x/n) (n-) ).yH 2 O 18 . Using a combination with 1 H- 27 Al double-resonance and 25 Mg triple-quantum MAS NMR data, the authors show that the cations are fully ordered for Mg: Al ratios of 2:1. Interestingly at lower aluminum content, a non-random distribution of cations persists, with no Al 3+ -Al 3+ close contacts. This was also concluded from XAS study. 19 The same authors have found the presence of cation clustering in Mg-Al 20 . Once again, high resolution (multiple quantum, MQ) 25 According to the previous equations and the diffraction patterns, the lattice parameters have been evaluated and summarized in the Table 2. The cell parameter a, related to the divalent-trivalent cations average distance, have been estimated, in both cases, at 0.306 nm. The same lattice parameter a shows that an identical cations ratio has been obtained by coprecipitation of the LDH sheet in agreement with the fact that the layer charge density remains constant.

However, concerning the d-basal distance, a same value is observed in spite of the fact that the anion size to be intercalated is different. This distance fits well the accommodation of the nitrate anions, but not the acetate anions, which are bigger. (Figure 2)

The (00l) diffraction line should have been shifted to lower 2 theta values. A large hump at 2θ ≈ 7.5° corresponding to a distance of 1.2 nm is consistent with acetate LDH phase formation but ill-defined stacked structure and in rather low yield.

The coprecipitation seems not to be adapted to form the LDH-Zn 2 Al-Acetate material in the same conditions. That is why the anionic exchange method was here preferred to obtain this material.

II -1 -ii -b. LSH materials

II -1 -ii -b -1 Based on Zinc salt
The structure of the Layered Zinc Hydroxides is also described in R3 ̅ m rhombohedral symmetry, showing the presence of harmonic peaks (00l) at low theta and the (110) diffraction line close to 59°. 22 (Figure 3) Consequently, the different relations in order to determine the lattice parameters, a and c, which have been established for the LDH are also available for the LZH material.

The lattice parameters have been evaluated and summarized in the Table 2. One should note that using nitrate anion solution yields no layered structure as well as no diffraction peak that would have been characteristic of an edge-sharing Oh structural arrangement.

Concerning the coprecipitation of zinc nitrate (d) and zinc acetate (e) into an acetate anion solution, the presence of the (110) diffraction line at 59.37°, in both cases, seems to indicate the presence of such intra layered arrangement with a lattice parameter a of 0.311 nm. This is reinforced by the stacking observed by the presence of (00l) harmonic peaks at lower 2 theta values. The distance between two platelets is identical in both materials and equal to 13.28 Å. This corresponds to the intercalation of the acetate anions into the Layered Zinc Hydroxides framework. 22 However, the observation of additional peaks on the diffraction pattern (e) demonstrates the presence of impurity which could correspond to the presence of residual salt.

II -1 -ii -b -2 Based on Rare Earth salts

The coprecipitation method was not successful in obtaining lamellar phase from the cerium nitrate salt. In fact, the final product isolated in both cases, in presence of nitrate anion or acetate anion, is cerium oxide, CeO 2 . (Figure 4) However, when using acetate precursors, an ill-defined of lamellar phases seems to be favoured in absence of cerium oxide. Ce 3+ oxidation state is more stable when using an acetate precursor than nitrate. The same syntheses have been used with other lanthanide acetate precursors, yttrium and lanthanum acetate precursors.

Concerning Yttrium, the oxide has been recovered only. For lanthanum-based phase, a diffraction pattern similar to cerium is observed with a difference in one diffraction peak only.

Lanthanum-based presents a peak at 46.41° in 2θ values against 47.17° for the cerium one. This may be directly linked to the intralayered information of the lamellar phase formed and the difference attributed to the nature of the cation used. 23 This strongly hypothesizes a possible substitution occurring on the cation site, which should obey Vegard's law regarding the change in the cell parameter values. Consequently, the sheet based on La 3+ should have a lattice parameter higher than the Ce 3+ , due to its larger ionic radius. Moreover, Sasaki et al. 23 have demonstrated, that the reflexions for La 3+ and the Ce 3+ could be readily indexed as hexagonal phase of Ln(OH) 3 with a space group of P6 3 /m. The products were found to grow into one-dimensional nanowire. It agrees with the MEB analysis picturing, for Ce 3+ and La 3+ -based samples, the presence of filament rather than layered-shaped particles.(Figure 5) It may be quite intriguing to observe 1D shaped morphology for a layered system, but it is commonly observed for other 2D systems shaped as ruban as for V 2 O 5.
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Figure 5 MEB pictures for the products based on cerium (left) and lanthanum (right)

Even supported by the literature, these observations remain only hypothesis. Some more investigations should be performed to determine if possible the structure of those materials.

II -2. The anionic exchange method II -2 -i. Experimental conditions

The anionic exchange reaction proceeds by mass action law. According to this, a solution of the desired anion solution has been prepared with a defined amount to allow the anionic exchange reaction to occur. LDH phase intercalated by nitrate anion has been prepared by direct coprecipitation with the protocol as already described, to be used as precursor material. The pH value of the guest species solution has been adjusted to obtain the compound into its anionic form.

The pristine LDH material has been added to the solution in the slurry form. The reaction takes place under magnetic stirring and nitrogen atmosphere to avoid contamination by the carbonate from air.

The resulting LDH phase has been recovered by centrifugation after three washings steps with deionized water to eliminate the excess of the anions. As before, the washed material may be conserved in paste form or may be dried at 40°C to be characterized in powder form.

In our study, Zn 2 Al-NO 3 --LDH phase has been used as precursor due to the weak affinity of this anion in comparison to Cl -or CO 3 2-anions. The pristine LDH phase has been added as slurry due to the better dispersion compared to the dry form. Indeed the dehydration drives to a strong cohesion of the secondary structure (entanglement of the stacked platelets) that is difficult to dissociate afterwards. The reaction takes place under nitrogen atmosphere and magnet stirring during three days. The conditions of exchange reaction have been summarized in Table 3. 

II -2 -ii. X-Ray analysis

According to the anionic exchange reaction, the lamellar sheets of the LDH host framework have not been modified during the exchange, and the platelets of the Zn 2 Al-LDH-NO 3 -material remain intact as evidenced by the (110) line observed from the diffraction patterns (Figure 6) at the same position before and after the anionic exchange. This indicates that the intralayer structure has been conserved. In fact, the lattice parameter a for both phases is strictly identical. If the anion exchange doesn't affect the inner-structure of the platelet, it does however modify the basal distance between the sheets. As the acetate anion is bigger than nitrate anion, consequently the interlamellar distance after exchange between both anions has been increased from 8.90 nm to 12.54 nm. This phenomenon is observed by a shift of the harmonic peaks toward lower 2θ values.

The lattice parameter c has also been increased from 2.67 nm for the pristine material up to 3.74 nm for the LDH intercalated by acetate anion. The anion exchange reaction is defined as a topotactic reaction, leaving intact the layered pristine structure. The LSH and the LDH materials have been prepared by the polyol method. The first step is the dissolution of the acetate metal salt in alcohol, the dissolution takes places under magnet stirring, the inert atmosphere is not necessary because the carbonate solubility is very low in alcohol.

The solution has to be heated to dissolve the acetate metallic salts. In fact the temperature of the aluminium basic acetate is around 80°C, this is then performed under reflux condition. The temperature could be also necessary to increase the solubility of the precursors into the alcohol.

After 90 minutes of stirring, the pH of the solution is regulated with an aqueous solution of ammonium hydroxide; the pH is measured with a classical pH-meter composed of a glass electrode and of a platinum reference electrode. In the literature 22,26 , no regulation of the pH is effectuated for the synthesis of the LSH or LDH with the polyol method. However, we have observed that without pH regulation the pH of the solution is close to 6, thus too low to favour an optimal formation of the lamellar phase such as the LSH and LDH. To improve the yield of the reaction and the precipitation of the particles, the choice of the pH values, for the different LSH and LDH phases is chosen depending on the pH values used to form those same phases by direct coprecipitation. It is important to precise that the quantity of ammonium hydroxide is very low and may be negligible compared to the quantity of the solvent and water, and at the end of this pH regulation step no precipitation of the layered materials is observed.

After the pH regulation step, the hydrolysis step is occurring. The quantity of water is chosen depending of the hydrolysis ratio defined as ℎ = 𝑛 𝐻 2 𝑂 𝑛 𝑡𝑜𝑡 ⁄ 𝑀 𝐼,𝐼𝐼 𝑜𝑟 𝐼𝐼𝐼 . 22,26 For the LDH and the LSH, the hydrolysis ratios are respectively, 250 and 40 and have been determined from the literature.

The precipitation has been occurred during 1 day under magnet stirring and heating if necessary. The mixture is then cooled down to RT if heated, and then the LDH or LSH phase is isolated by centrifugation using 3 washing steps with decarbonated water. As before, the isolated material may be conserved in paste or may be dried at 40°C to be characterized in powder form.

The synthesis has been realized for both Zn 2 Al-LDH and Zn-LSH phases in 2-butoxyethanol. This is a good solvent for the reference polymer described before. For this reason, it may be interesting for the IN SITU synthesis of the nanocomposite in order to have the best dispersion of the layered phase into the polymer matrix. For LiAl 2 -LDH, no hydrolysis step is necessary to form the layered material; the only addition of the ammonium hydroxide to regulate the pH is enough to provoke the precipitation of the LDH materials. The conditions of synthesis by the polyol method are supplied in Table 4: 

II -3 -ii. X-Ray analysis

II -3 -ii -a. LDH materials

The diffraction pattern on the left side on Concerning, the LDH-LiAl 2 , it is important to know that the formation of this phase differs from the "classical LDH phases" 27 27b . Indeed, the formation of LDH-LiAl 2 consists in the diffusion of the Li + within the vacancies of octahedral sites of the gibbsite sheet. Consequently, the indexation of the diffraction peaks is somehow different. According to the literature, Besserguenev et al. [START_REF] Nogueir | Study of thermal and mechanical properties of PMMA/LDHs nanocomposites obtained by in situ bulk polymerization[END_REF] The organization between the Li + and the Al 3+ cations creates a positive charge which should be compensated by a species of negative charge, in our case the acetate anions. In the diffraction pattern of the LDH-LiAl 2 (Figure 7, right), the (100) peak at 20.42° in 2θ values gives a parameter "a" at 0.434 nm. This value is different of the theory and may be due to the difference in the synthesis way. Usually, the LDH-LiAl 2 material is made by insertion of Li + in the γ-Al(OH) 3 gibbsite structure (hexagonal space group) whereas the polyol method uses another type of chemistry, consisting in the dissolution of the metallic precursors and the precipitation of the layered phase, which provokes some difference in term of structure of the LDH material formed, the XRD peaks will be indexed in the same space group of the gibbsite. The first peak corresponding to the (002) diffraction line induces a lattice parameter "c" at 2.47 nm and a basal distance between the platelets of 12.5 Å, this distance is consistent with the intercalation of acetate anions in the inter lamellar spaces.

II -3 -ii -b. LSH materials

II -3 -ii -b -1 Based on Zinc salt
The diffraction pattern of the LSH-Zn (Figure 8) synthetized by the polyol method at pH 7. 

II -3 -ii -b -2 Based on Rare Earth salts

Using similar polyol approach, no lamellar phases based on lanthanides are formed according to the next XRD patterns (Figure 9). Indeed, for the case of lanthanum and cerium, the product recovered after centrifugation is the precursor salt, lanthanum acetate and cerium acetate respectively. For the synthesis based on yttrium, the acetate precursor has been oxidised during the reaction, may be due to the high pH of the synthesis. Consequently, the polyol route to synthesize a lamellar phase based on rare earths is not retained. However, the influence of the temperature on the dissolution of the precursors in the alcohol has not been studied. 

III. Synthesis of the Nanocomposites

In this part, the two adopted approaches in dispersing the inorganic filler within the polymer will be described. The first one corresponds to the novel method, synthetizing the nanocomposite in one pot conditions. The second one, the most described in the literature consists in the straightforward physical mixture between a polymer matrix and nanofillers. The nanocomposites are realized taking into account two parameters as following:

𝐿𝑅 = 𝑚 𝑓𝑖𝑙𝑙𝑒𝑟 𝑚 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 × 100 𝑎𝑛𝑑 𝑅𝐿𝑅 = 𝑚 𝑓𝑖𝑙𝑙𝑒𝑟 𝑚 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑×𝑛𝑣𝑐 × 100 +(𝑓𝑖𝑙𝑙𝑒𝑟) -(𝑝𝑜𝑙𝑦𝑚𝑒𝑟) ⁄ = 𝑚 (𝑓𝑖𝑙𝑙𝑒𝑟) × 𝐶ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑙𝑙𝑒𝑟 𝑚(𝑝𝑜𝑙𝑦𝑚𝑒𝑟) × 𝑛𝑣𝑐 × 𝐶ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 = 1 nvc =

non-volatile content of the polymer

The first parameter is the "Loading Ratio", it corresponds to the mass of the filler on the initial mass of the polymer. In this study, the LR is of 10%, chosen for reasons of detection by XRD as the diffracting objects have to be enough.

Concerning the equilibrium of the charges, the amphiphilic bolas are negatively charged and the idea is to neutralize their charge with the positive charge brought by the lamellar platelets to form a nanocomposite.

III -1. Synthesis by IN SITU method

The general protocol in elaborating the nanocomposite via the IN SITU way is based on the polyol method described in the part "II -3II -3 The polyol method", expecting an addition of the polymer during the dissolution step. The general protocol is summarized as following:

-The polymer and the metal acetate precursors are dissolved in 2-butoxyethanol under stirring at a convenient temperature.

-After 90' of dissolution, the pH of the media is adjusted with ammonium hydroxide to obtain the desired pH value -The hydrolysis step is realized with the same hydrolysis ratio "h" defined as before for the phases in absence of polymer -After one night of stirring, the media is centrifuged to yield the nanocomposite.

For those syntheses, the quantity of the solvent, the mass of precursors, the pH or the temperature of the synthesis are parameters fixed and depending of the formation of the inorganic phases. An important parameter is the relative quantity of the filler, allowing having a nanocomposite with 10 wt.% of loading or at equilibrium of the charge applied by the filler to the polymer.

III -1 -i. Experimental conditions for LSH-nanocomposites

Generally, X (values presented in the following Table 5) grams of polymer, 0.533 grams (2.43 mmol) of zinc acetate dihydrate and 13.37 mL of 2-Butoxyethanol were dispersed to a 100 mL three necked round bottom flask equipped with a magnetic stirrer, topped with a cooling system.

After 90 minutes at RT, the pH was adjusted to 7.5 with a solution of ammonium hydroxide (28-30 wt%). Then 5.89 mL of water were added, still under stirring. After 12 hours of dispersion, the slurry was then centrifuged at 4 500 rpm for about 10'. The liquid was removed, and the slurry isolated.

The following Table 5 summarizes the different syntheses of nanocomposites based on LSH-Zinc. 

III -1 -ii. Experimental conditions for LDH-nanocomposites

For the LDH-Zn 2 Al, X grams of polymer, 0.137 grams (0.846 mmol) of aluminum acetate basic and 0.371 grams (1.69 mmol) of zinc acetate dihydrate, in order to have an Zn/Al ratio of 2 and 25.91 mL of 2-Butoxyethanol were dispersed to a 100 mL three necked round bottom flask equipped with a magnetic stirrer, topped with a cooling system, and heated to 80°C. After 90 minutes, the pH was then adjusted to 8 with a solution of ammonium hydroxide (28-30 wt%). Then, 11.41 mL of water were added, still under stirring. After 12 hours, the flask was cooled to RT directly in the oil bath. The slurry was then centrifuged at 4 500 rpm for about 10'. The liquid was removed, and the slurry isolated. The Table 6 summarizes the syntheses. mL of 2-Butoxyethanol were dispersed to a 25 mL round bottom flask equipped with a magnetic stirrer, topped with a cooling system, and heated to 80°C. The pH was then adjusted to 9 with a solution of ammonium hydroxide (28-30 wt%). After 12 hours, the flask was cooled to RT directly in the oil bath. The slurry was then centrifuged at 4 500 rpm for about 10'. The liquid was removed, and the slurry isolated, as before.

The different syntheses of the nanocomposite based on LDH are summarized in the following Table 7: Two loading rates are described in the last Tables, the initial loading ratio takes into account the mass of the polymer, taking into account the amount of solvent or water present in the polymer solution. Indeed the real ratio considers the solid content in the polymer in absence of solvent or water.

The Table 5, 6 and 7 present the theoretical ratio, are calculated with the hypotheses that:

-The conversion of the precursors (metal acetate salts) is total, yielding the complete synthesis of the LSH or the LDH 0.300 grams -All the polymer initial quantity is recorded after centrifugation, supposing that no polymer is lost within the nanocomposite

In order to verify these hypotheses, mass balances have been calculated to know, after the centrifugation, whether the initial inputs precursors were fully recovered into the resulting nanocomposites. The experimental loading ratio is then compared in Table 5, 6 and 7.

III -1 -iii. Mass Balance experiments

After separation, the liquid and the solid are isolated and each contribution is weighted.

The solid phase is placed in the oven at 40°C. This temperature allows the evaporation of the solvent without degrading the structure of the as formed nanocomposite. After 12 hours in the oven, the solids are weighted again and the quantities of dry solid and volatile part, constituting the solid residue after centrifugation, are determined by the calculation of the solid content within the nanocomposite defined by:

τ Solid = 𝑚 𝑑𝑟𝑦 𝑠𝑜𝑙𝑖𝑑 𝑚 "ℎ𝑢𝑚𝑖𝑑" 𝑠𝑜𝑙𝑖𝑑 × 100
Consequently, the mass of the solid phase can be decomposed in a mass of dry solid (m DR ) and a mass of liquid from the solid (m LfS ) which are respectively defined by: The liquid phase is also placed in the oven at 40°C. The liquid phase is regularly weighted until that the mass is invariant. The mass of the evaporated liquid (m EL ) and the solid residue (m SR )

𝑚 𝑆 =
from the centrifugation may be determined and the mass of the liquid part is defined by: 𝑚 𝐿 = 𝑚 𝐸𝐿 + 𝑚 𝑆𝑅 𝑤𝑖𝑡ℎ 𝑚 𝐿 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝐿𝑖𝑞𝑢𝑖𝑑 𝑝ℎ𝑎𝑠𝑒, 𝑚 𝐸𝐿 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝐿𝑖𝑞𝑢𝑖𝑑 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑒𝑑 𝑎𝑛𝑑 𝑚 𝑆𝑅 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑜𝑙𝑖𝑑 𝑅𝑒𝑠𝑖𝑑𝑢𝑒

A mass balance on the solid part can be determined from the dry solid and the residue of the liquid phase, and on the liquid part from the evaporation of the liquid phase and the liquid contained in the solid part. The following Scheme 5 summarizes the protocol used:

Scheme 5 Representation of the first part of the determination of the mass balances

As mentioned in the foot note # , the total mass of the liquid added at the beginning should be retrieved at the end of the reaction and the same for the solid. Although, the liquid part at the beginning is formed of butoxyethanol, water, ammonium hydroxide and the solvent of the polymer (volatile content). We can define the following expression: The yield of the liquid phase (η L ) should be defined by the following relation and should be close to 100%:

(
𝜂 𝐿 = 𝑚 𝐿𝑖𝑞𝑢𝑖𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑚 𝐿𝑖𝑞𝑢𝑖𝑑 𝑎𝑡 𝑡ℎ𝑒 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 × 100
Concerning the solid phase, a relation between adding and recovering is defined as:

(𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔) 𝑚 𝑃𝑜𝑙𝑦𝑚𝑒𝑟 𝑛𝑣𝑐 + 𝑚 𝑓𝑖𝑙𝑙𝑒𝑟 (𝑡ℎ𝑒𝑜𝑟𝑖𝑡𝑖𝑐𝑎𝑙) = 𝑚 𝑆 𝜏 𝑆𝑜𝑙𝑖𝑑 + 𝑚 𝑆𝑅 (𝑒𝑛𝑑)

However, this equation is true if the total quantity of salts added at the beginning is converted to lamellar phases. Consequently, now we need to quantify the two solid phases issued from the liquid phase (m SR ) and the dry solid (m S τ S ) in order to find where the zinc for the LSH-Zn or the zinc and the aluminium for the LDH-Zn 2 Al are located and in fine to determine the conversion rate of the precursors into LSH or LDH filler available within the nanocomposite.

III -1 -iv. Determination of the conversion rate and the real inorganic content of the nanocomposites formed

III -1 -iv -a. Conversion rate and real loading ratio applicated to the LSH-Zn

To determine this rate, the residual solid is obtained after evaporation of the liquid phase upon centrifugation. All XRD patterns of the residue of the liquid phase present only an amorphous phase and are as following: (Figure 10) 

Figure 10 XRD patterns of residue of the liquid phase issue of synthesis IN SITU of LSH-Zn with PES before calcination (left) and the after calcination (right)

No crystallized product is observed, the hump at low theta is due to XRD machine and the one at 2θ=20° results from an amorphous phase. To verify whether zinc is present, a part of the residual solid looking at the initial polymer is isolated out and calcinated at 1000°C during 7 hours.

This permits to eliminate all the organic part of the solid. The residue of the calcination is weighted and then analysed by XRD analysis.

Applied to the synthesis based on LSH, the presence of zinc will be releaved by X-Ray signature of the zinc oxide. The quantity of zinc oxide in the residue allows knowing the quantity of zinc oxide in the entire residual solid and consequently to know the quantity of Zn 2+ "lost" (n Zn 2+ lost ) in the conversion process to LSH, when comparing to the initial quantity of zinc added (n Zn 2+ initial ). The difference of the initial quantity of zinc (n Zn 2+ Initial ) and the zinc "lost" (n Zn 2+ lost ) permits to determine the quantity of zinc present (n Zn 2+ converted ) into the nanocomposite in LSH form. The conversion rate is also defined as following: The result of the different conversion rates calculated for the nanocomposites based on LSH-Zn are developed in the following Table 8: The first observation is that the conversion rate is not dependent of the nature of the polymers. The reaction involving 10% by wt. filler is close to be complete; the totality of the Zinc acetate is transformed into LSH-Zn, whereas at (+)/(-)=1 the yield of the conversion is close to 50% only, meaning that Zinc acetate doesn't react to form the desired phase and stay in the liquid phase.

𝐶𝑅 (𝐿𝑆𝐻) = 𝑛 𝑍𝑛
Indeed, the quantity of polymer used for the synthesis at (+)/(-)=1 is less important that in the condition of 10% and may isolate some Zn 2+ cations in solution and prevent the transformation into LSH-Zn.

Then, the mass of LSH-Zn can be calculated with this quantity of zinc converted from the following equilibrium: This mass of the dry solid (m DR ) can be decomposed in two mass components, the mass of LSH formed calculated just before (m LSH-Zn ) and the mass of the organic part of this dry solid (m PolDS ).

𝟓
Mass ratio to calculate the real inorganic content present to form the nanocomposite based on LSH-Zn is based on:

𝐿𝑅 𝑅𝑒𝑎𝑙 = 𝑚 𝐼𝑛𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑝𝑎𝑟𝑡 𝑚 𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑝𝑎𝑟𝑡 = 𝑚 𝐿𝑆𝐻-𝑍𝑛 𝑚 𝑃𝑜𝑙𝑦𝑚𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑟𝑦 𝑠𝑜𝑙𝑖𝑑 = 𝑚 𝐿𝑆𝐻-𝑍𝑛 𝑚 𝐷𝑅 -𝑚 𝐿𝑆𝐻-𝑍𝑛
The following Scheme 6 summarized the protocol in determining the conversion rate and the real inorganic content of the nanocomposite:

Scheme 6 Representation of the protocol used to determine the conversion rate and the real inorganic content in the nanocomposites based on LSH-Zn

The real inorganic content "real loading" obtained in the syntheses of nanocomposites are summarized in the Table 9 and values are higher than predicted. The reason is that after centrifugation a quantity of polymer remains in the liquid phase and is not present to form the nanocomposite. 

LSH-Zn

(No mass balances have been realized in the presence of the (4:6) matrix)

III -1 -iv -b. Conversion rate and real inorganic ratio applied to LDH-Zn 2 Al

The conversion rate has been also calculated for LDH-Zn 2 Al. The previous approach is used to determine the conversion rate from ZnAc and AlAc to form LDH-Zn 2 Al, but the balance is effectuated on the quantity of both Al 3+ and Zn 2+ .

The XRD analysis of the solid coming from of the liquid phase shows no crystallized product but only an amorphous phase. After calcination at 1000°C during 7 hours, the XRD pattern presents a crystallized phase corresponding to ZnO, and an amorphous phase which may correspond to amorphous aluminium oxide Al 2 O 3 . (Figure 11) 

LDH-Zn 2 Al

For the 10% case, the conversion rate is also close to 100%, the reaction of conversion from the precursors into LDH-Zn 2 Al could be considered as almost complete. Concerning the (+)/(-)=1

synthesis, the conversion rates are in the same order to the ones determined for the LSH particles formations.

The mass of LDH-Zn 2 Al is calculated with the quantity of zinc and aluminium converted from the following equilibrium: The "real" quantity of LDH-Zn 2 Al subtracted from the mass of the dry nanocomposite allows determining the real inorganic content of the nanocomposites formed during the IN SITU synthesis.

𝟐
The results for the "real" loading ratio are displayed in the next Table 11. 

𝐿𝑅

LSH-Zn 2 Al

10%

As previously for LSH, the "real" values are also higher than predicted. This is due to a quantity of polymer still present in the solvent after the centrifugation. Such quantities of polymer are then not available to form the nanocomposite, and taking into account the yield in forming the lamellar phase the formed nanocomposite appears very loaded. Indeed the nanocomposites are more composed of the nanofillers than of polymers.

The mass balances realized on the IN SITU synthesis of the nanocomposites by the polyol method allow us to conclude that it is difficult to form a nanocomposite with a precise loading ratio.

Even if the conversion rates of the different lamellar systems is acceptable at (+)/(-)=1 and close to 100% at 10 wt.% loading, a non-negligible loss of polymers in the liquid phase is observed. Indeed, the affinity of the polymer with the 2-butoxyethanol seems high to recover the totality of the polymer during the centrifugation. The EX SITU mixture dispersion, seems to be an alternative in overcoming this issue, because neither purification nor separation steps are needed and thus no chance to lose some components.

No mass balances have been realized on the IN SITU nanocomposites based on the LiAl2-LDH phase and the different polymer matrices.

III -2. Synthesis by EX SITU method

The Ex situ synthesis consists in the synthesis of the nano layered hydroxides, LSH or LDH materials, intercalated by acetate anions and formed by the polyol method. The material after isolation by centrifugation is conserved in slurry form; indeed the slurry form permits a better The quantity of polymer and layered hydroxides are mixed directly with a spatula until a homogeneous dispersion is reached to the eyes.

III -2 -i. LSH-nanocomposite by ex situ method

5,328 grams (24,3 mmol) of zinc acetate dihydrate and 133,7 mL of 2-Butoxyethanol were dispersed into a 250 mL three necked round bottom flask equipped with a magnetic stirrer, topped with a cooling system. After 90' at RT, 58,9 mL of water were added, still under stirring. The pH was adjusted to 7.5 with a solution of ammonium hydroxide (28-30 wt%). After 12 hours, the media was directly centrifuged at 4,500 rpm for about 10'. The liquid was removed by centrifugation, and the slurry was washed twice with water. A paste was obtained with a solid content (τ LSH ).

A mass of LSH-Zn paste (prepared before) is weighted and Y grams of polymer is weighted in order to have a good ratio between the polymer and the filler (10% or (+)/(-)=1) and then dispersed into to a plastic flask. The mixture was mixed by manual stirring to obtain a media as homogeneous as possible.

The different mixtures realized are summarized in the following Table 12. 

III -2 -ii. LDH-nanocomposite by ex situ method

III -2 -ii -a. LDH-Zn 2 Al

1,370 grams (8,46 mmol) of aluminum acetate basic and 3,712 grams (16,9 mmol) of zinc acetate dihydrate, in order to have an Zn/Al ration of 2, and 259,1 mL of 2-Butoxyethanol were dispersed into a 500 mL three necked round bottom flask equipped with a magnetic stirrer, topped with a cooling system, and heated to 80°C. After 90', 50 mL of water were added, still under stirring.

The pH was then adjusted to 8 with a solution of ammonium hydroxide (28-30 wt%). After 12 hours, the flask was cooled to RT directly in the oil bath. The media was then centrifuged at 4,500 rpm for about 10'. The liquid was removed by centrifugation, and the slurry was washed twice with water. A paste was obtained with a solid content of τ LDH-Zn2Al

A mass of the LDH-Zn 2 Al paste (prepared before) is weighted and Y grams of polymer is weighted in order to have a good ratio between the polymer and the filler (10% or (+)/(-)=1) and then dispersed into to a plastic flask. The mixture was mixed by manual stirring to obtain a media as homogeneous as possible.

The different mixtures realized are summarized in the following Table 13. dispersed into a 100 mL three necked round bottom flask equipped with a magnetic stirrer, topped with a cooling system, and heated to 80°C. After 90', the pH was then adjusted to 9 with a solution of ammonium hydroxide (28-30 wt%). After 12 hours, the flask was cooled to RT directly in the oil bath.

The media was the centrifuged at 4,500 rpm for about 10'. The liquid was removed, and the slurry was washed twice with water. A paste was obtained with a solid content of τ LDH-LiAl2

A mass of the LDH-LiAl 2 paste (prepared before) is weighted and Y grams of polymer is weighted in order to have a good ratio between the polymer and the filler (10% or (+)/(-)=1) and then dispersed into to a plastic flask. The mixture was mixed by mechanical stirring to obtain a media as homogeneous as possible.

The different mixtures realized are summarized in the following Table 14. To conclude this chapter, the IN SITU approach offers the possibility to synthetize in one step the whole nanocomposite thus avoiding the possible contamination of the lamellar phase by carbonate. The conversion rate of the precursors into Layered Double (or Single) Hydroxides are rather efficient. However, the high affinity between the polymer and the alcohol induces a significant loss of polymer out of formed nanocomposite. The phenomenon prevents any prediction for the nanocomposites, regarding the loading ratio, parameter that is crucial for a nanocomposite. Indeed, the quantity of nanoparticles present in the nanocomposite influences strongly the properties.

To overcome this issue, the EX SITU method is an alternative, even if it requires more steps and more time.

The next chapter will described in detail, in term of structure, the different nanocomposites obtained with the IN and EX SITU approaches. 

CHAPTER III: STRUCTURAL ANALYSIS OF THE NANOCOMPOSITES

Chapter III -Structural Analysis of the Nanocomposites

The different nanocomposites synthetized in the last chapter have been analysed by XRD analysis, thus informing on the state of dispersion of the filler into the polymer. However, at low angle in 2θ values as a consequence (i.e. high correlation distance) of the dispersion, much larger distance should be expected due to strongly interlayer packing of the organic moieties, that is the reason why SAXS analysis have been realized at the SOLEIL Synchrotron on the SWING beamline, this analysis is complementary to the XRD analysis and will be useful to have a global view of the materials in term of distance. Additionally TEM pictures will supply complementary information about the structure and the dispersion of the nanocomposites as well.

This chapter will present these results and will be separated according to the nature of the Layered Hydroxides. Dispersion of the LSH-Zinc and the LDH-Zn 2 Al will be followed by LDH-LiAl 2 . This will be undertaken using the reference based on the PES and then the different amphiphilic bolas, comparing each time the EX SITU to the IN SITU synthesis.

I. Nanocomposite based on LSH-Zn nanofiller I -1. In the presence of the PES as reference I -1 -i. XRD analysis

In all our formed materials, the peaks corresponding to the intralayered informations are present and thus demonstrate the presence of the platelets. (Figure 1)

Concerning the EX SITU approach in both cases of 10% or at the equilibrium of charge, the XRD patterns present the harmonic peaks corresponding to the basal spacing characteristic of the interleaved acetate anions into LSH-Zn. At this step, the diffusion of polymer chains with the host structure is not observed. This demonstrates a state of dispersion rather aggregated. This phenomenon could be explained by the fact that the Layered Single Hydroxides are compact and the stacking, difficult to delaminate.

For the case at 10%, some additional peaks show the presence of zinc oxide. Consequently, during the physical mixture, a part of the LSH-Zn has been dissolved to form ZnO. The stability of the LSH-Zn seems rather questionable by the EX SITU method. (Figure 1) However the platelets are really formed since the diffraction peaks at around 32° and 59° inform on the presence of intralayered ordering. Thus the absence of harmonics demonstrates a rather good state of dispersion. However, the presence of a hump in the both cases (10% and (+)/(-)=1 ) at low angle shows that the platelets into the formed nanocomposites should rather be intercalated with a large interlayered distance than exfoliated.

I -1 -ii. SAXS and TEM Analysis

I -1 -ii -a.

Loading Ratio of 10 wt.%

I -1 -ii -a -1 IN SITU Synthesis
The SAXS analysis (Figure 2), for the IN SITU analysis, demonstrates the presence of harmonics peaks at higher distances than observed by XRD analysis. In SAXS analysis, the distance (d) between two platelets could be calculated with the following expression: q (A -1 )

Figure 2 SAXS pattern obtained for the LSH-Zn-PES at 10% in loading ratio with the IN SITU method, at different temperatures

The second observation is that the position of the harmonics is dependant of the temperature. (Figure 3) Higher is the temperature, the more is shifted the position of the peak to toward lower scattering vector values probably due to a decrease in the viscosity. It corresponds to a shift to higher distances and observed from 152.7 Å at 8°C up to 218.9 Å at 65°C. This phenomenon could be explained by the fact that higher the temperature is, higher is the mobility of the polymer chains. As a consequence the polymer chains will have the tendency to increase the distance between two successive LSH-Zn sheets. If the interlamellar distance is plotted as a function of the temperature a straight linear correlation may be drawn. The peaks corresponding to the intercalation of acetate anions of the pristine LSH-Zn are observed at high "q" (q ≈ 0.45 Å -1 ) on the SAXS pattern, and demonstrate one more time the nonmiscible dispersion between as-made platelets and the polymer chains. However, at higher "q", two humps at low "q" values may indicate some possible interactions between LSH-Zn platelets and the PES. In these hypothetical cases, it would mean that some polymer chains succeed to diffuse between the platelets and therefore increase the basal distance. This distance is of 271.4 Å and doesn't seem be dependant of the temperature. (Figure 5)
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EX SITU LSH-PES 10% RLR = 16,6%

Figure 5 SAXS pattern obtained for the LSH-Zn-PES at 10% in loading ratio with the EX SITU method, at different temperatures

The TEM pictures and the EDXS show again at low magnitude the presence of rich zinc domains, but they demonstrate well the coexistence of two intercalations, the first one by the acetate anion as present for the pristine material and the intercalation of the polymer, increasing the distance between the platelets. Moreover, the sheets present have a large lateral size, up to 1 μm.

(Figure 6) 

I -1 -ii -b. Equilibrium of charges (+)/(-) = 1

I -1 -ii -b -1 IN SITU synthesis
A same behaviour in temperature as the one described for the IN SITU at 10% in loading ratio is observed at equilibrium of charge. (Figure 7) Consequently, the presence of harmonic peaks informs on the diffusion of the polymer chains into the LSH structure. The increase of the temperature plays the same role on the lamellar organisation by increasing the molecular mobility which subsequently increases the basal distance between the platelet, from 144.1 nm to 221.5 nm.

The presence of several harmonics makes sure that the given values correspond to the harmonic peak of first order. q (A -1 )

Figure 7 SAXS pattern obtained for the LSH-Zn-PES at the equilibrium of charge (+)/(-) = 1 with the IN SITU method, at different temperatures

The variation of this distance is still proportional to the temperature. It is also interesting to note that after one temperature cycle heating at 65°C and return down to the first measured temperature of 8°C, the basal distance is of 141. The presence of peaks, at higher "q" values (Figure 9), is correlated to the presence of the LSH-Zn intercalated by acetate anions as observed by XRD analysis. (Figure 1) However, the absence of information at lower "q" demonstrates here the absence of any interactions between the platelets and the PES. Nor diffusion nor intercalation of the polymer chains that would have created an organisation at higher scale is then observed. Consequently, the state of dispersion of material formed is aggregated, and the precise term in defining the mixture as micro rather than nanocomposite. stabilized due to the high interaction between the platelets and the bola matrix.

These harmonics allow calculating the basal distance between the platelets and also to define the size of the mesophases formed. The Table 1 summarizes the distances: 

(+)/(-) = 1 5, 88 5,86 * 10% 6,27 6,31 * (+)/(-) = 1 6,21 5,99 * 

IN SITU EX SITU

* phase formed in addition to that corresponding to the intercalation of acetates This informs on the distance between the platelets but evidently not on the orientations of the bolas between the platelets that could explain the fact that the values are not equal. For the PES-005-C8 and the mixtures of pDFdia-pDFdio, a preferential orientation seems to occur since a common distance is obtained in all cases. However, in the case of the HBA-C8, the shorter bola length, two different distances are observed, that is indicative of two different orientations of the molecules between the platelets. Concerning the amphiphilic bolas, the EX SITU method results in similar observations performed in the case of PES. (Figure 10, 11) Indeed, the presence of the stacked structure corresponding to the pristine LSH-Zn intercalated by acetate anions is observed for all the samples, this regardless of the nature of the bolas as well as of the loading ratio or at the equilibrium of charges.

However for some samples, the HBA-C8 , pDFdia-pDFdio (2:8) and (4:6) (Figure 11), at low angles, some peaks are barely visible demonstrating the possible formation of a mesophase.

Consequently, a part of the acetate intercalated in the LSH-Zn structure should have been substituted in the process by the bola segment creating an organisation at higher length scale. An intercalation of the bola is then possible, through a physical mixture by means of a spatula. However it is evidently not enough to disperse the particles to favour the anionic exchange between the acetate anions and the carboxylate functions of the bolas. When comparing the platelets correlation distance obtained between both IN and the EX situ syntheses, some recurring values are observed, that may be an indication of the formation of a partial mesophase with defined characteristic striped domains.

For most of the samples, as observed for the PES case, the presence of Zinc oxide in the XRD pattern indicates that a part of the LSH-Zn is degraded. The XRD patterns have demonstrated that the IN SITU method has a real interest compared to the EX SITU method. Indeed in the former case, it allows to obtain an organization at high length scale due to the presence of the amphiphilic bolas in the close vicinity of LSH-Zn platelets.

Furthermore no contamination by ZnO is observed. (Figure 11)

Due to a high stacking of the LSH-Zn-Acetate, the diffusion of the amphiphilic bolas and so their crawling within the interlayer gap is difficult to obtain, creating low interactions only between the pristine platelets, most probably at the platelets surface edges. The EX situ dispersions are not satisfactory since it conducts to a poor dispersion state leaving aggregate of initial assembly as the major inorganic constituent.

I -2 -ii. SAXS and TEM analysis

I -2 -ii -a.

Loading ratio of 10 wt.%

I -2 -ii -a -1 IN SITU synthesis ( 

a) PES-005-C8 and HBA-C8

The SAXS pattern of the nanocomposites obtained by the IN SITU synthesis agrees with the XRD analysis, demonstrating the presence of the bolas in proximity of the LSH-Zn structure.

Surprisingly, contrary to the PES case, the formed mesophase is not dependant of the temperature.

The lamellar hetero-structure seems to be determined suggesting a rather good compatibility (exo-tacticity) probably by a charge neutralization imposing such arrangement. (Figure 12)
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) RLR = 49,4%

Figure 12 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right) for the LSH-PES-005-C8 at 10% in loading ratio with the IN SITU method, at different temperatures

The presence of some agglomerates of platelets intercalated by the PES-005-C8 and for the HBA-C8 is displayed in the TEM pictures. (Figure 12 and 13) However, some exfoliated platelets are observed, this phenomenon of exfoliation of LSH-Zn particles has never been reported in the literature so far. Indeed, due to the high stacking of these types of particles and the strong binding through the anchored acetate anions, the exfoliation of such assembly is barely possible. The lateral size of the platelets is of 25 to 250 nm long in association with a basal distance comprised between 5-6 nm in the case of the PES-005-C8.

Concerning HBA-C8 (Figure 13), two size populations of platelets are observed; one with a size order of 50-150 nm long and with a distance between the platelets of 3-4 nm, a second population concerns the isolated platelets with a smaller lateral size of 5-6 nm. The observation of the latter is very unusual, suggesting the possibility to yield single platelets of LSH by this approach.

The distance between platelets is correlated between SAXS and XRD respectively of 4.78 and 4.60 for the PES-005-C8 and 4.56 and 4.51 nm for the HBA-C8. The SAXS analyses for both samples are very similar and are evidence of the formation of a mesophase by the interaction of the amphiphilic bola with the LSH-Zn structure. This results in a basal distance for the whole of 6.19 and 6.17 nm for pDFdia-pDFdio (2:8) and (4:6) respectively.

(Figure 14, 15)

The TEM pictures show a rather good dispersion of the platelets, the formed platelets possess a lateral size comprised between 50 and 500 nm with a distance between the platelets of 6-8 nm which is in agreement with the ones determined previously. (Figure 14) The SAXS analyses, in both cases, demonstrate the presence of the peaks corresponding to the pristine LSH-Zn intercalated by acetate anions.
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Concerning the PES-005-C8, some peaks appear a lower "q" values. A slight increase in the intensity of the peaks is observed in temperature. Consequently, the increase of the temperature may induce mobility molecular helping to further diffuse the bola between the platelets. The basal distance is of 4.77 nm and is close to the distance obtained in the case of the IN Situ synthesis.

(Figure 16)

For the HBA-C8, a same phenomenon is observed, but with the appearance of two distinct lamellar phases. The two characteristic distances associated, are of 5.23 nm and 2.65 nm corresponding to the half of the first one. Moreover at 65°C, at higher "q" values, a new peak appears correlated to another distance of 7.3 nm. (Figure 17)

Chapter III -Structural Analysis of the Nanocomposites Anyway, the formed mesophase in both cases, the basal distances are of 6.17 and 6.09 nm in the case of (2:8) and (4:6), respectively.

123 0,1 1 1E-4 1E-3 0,01 0,1 EX SITU LSH-PES-005-C8 10% 8°C 20°C 35°C 50°C 65°C I(q) q (A - 
0,01 0,1 1 1E-4 1E-3 0,01 0,1 1 EX SITU LSH-pDFdia-pDFdio (2:8) 10% 8°C 20°C 35°C 50°C 65°C I(q) q (A -1 
) RLR = 10,0% for the LSH-pDFdia-pDFdio (2:8) at 10% in loading ratio with the EX SITU method, at different temperatures Some domains of stacked platelets are visualized on the TEM pictures (Figure 18), some of this domain are compact and seems to be intercalated by acetate anions while others present a higher distance comprised between 4-8 nm, corresponding to the intercalation of the bolas. It is not excluding to find some aggregates of platelets alternating the presence of acetates and bolas.

Additionally isolated platelets have also been found in the material. However, those isolated platelets exhibit a porous structure, with a pore size between 5 and 20 nm. (Figure 19) The partial dissolution of the platelets or the polyol method used to form the platelets may explain the presence of this porosity. The question remains whether the porosity of the sheets is coming from a possible dissolution once formed or at the initial formation step.

The repartition of the lateral size of the platelets is broad between 1μm down to 15 nm. 

Equilibrium of charges equals 1

Generally, the main observations in the case of a loading ratio at 10% are retrieved for the case of the equilibrium of charges (+)/(-) = 1.

I -2 -ii -b -1 IN SITU Synthesis

The presence of peaks corresponding to the acetate anions from LSH phase is not observed.

In contrary and this is available for all the syntheses performed IN SITU, the formation of a lamellar organisation composed of LSH-Zn platelets in which the amphiphilic bolas are diffusing.

However contrary to the synthesis at 10 wt.% in loading ratio, PES-005-C8 and pDFdia-pDFdio

(2:8) mesophases present a low dependence toward the temperature, with a same behaviour of shrikening the layer structure with a decrease in temperature. The contraction of the platelets is not very important, a loss of 0.05 nm and 0.16 nm, on a ΔT close to 60°C, for PES-005-C8 and pDFdia-pDFdio (2:8), respectively. (Figure 21)

I -2 -ii -b -2 EX SITU physical mixtures
The peaks corresponding to the acetate from pristine LSH-Zn are still observed, this for all the different mixtures realized. The formation of mesophases by the intercalation of bola into the LSH structure is much less pronounced, and in some cases even not observed.

As before, pDFdia-pDFdio (4:6) presents the better affinity with LSH-Zn platelets. The intensity of the peaks corresponding to the acetate phases is observed to decrease significantly to the benefit of the one associated to the diffusion of the bolas into the LSH-Zn interlayered structure.

(Figure 21) The following Table 2 summarizes the different basal distances calculated from the XRD and SAXS analyses for IN and EX SITU syntheses at 10 wt.% in loading ratio and for the equilibrium of charges (+)/(-) = 1: Concerning the IN SITU synthesis, whatever the condition of synthesis, the distances obtained are similar and characteristic of one type of bola. For the HBA-C8, two distances are observed, probably due to two orientations of the HBA-C8 different whether synthesis is realized at 10% or in the condition of equilibrium of charge (+)/(-) = 1. For the pDFdia-pDFdio the basal distance is the same even if the proportion of the diacid and the diol is not the same. This is not astonishing because the structures of the molecule in both proportions are rather similar, presenting the same capacity to be intercalated.
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For the EX SITU mixtures in the case of the LSH-Zn particles, the delamination of the pristine LSH-Zn acetate in order to form a mesophase by the amphiphilic bolas is not so simple. However a partial intercalation is possible. This point was not optimized, higher anion exchange or longer time contact should have been necessary to have better diffusion. The prediction of the basal distance of the mesophase formed is not so evident. In fact for many samples, the distances observed relate the diffusion of the bolas between the layers enhancing their mutual interaction that could happen between the platelets or wrapping the LSH stackings resulting in less extended interaction.

The intralayer porosity has been observed in the samples and is probably due to the polyol process in general or due to the polyol process, concerning the synthesis of the LSH-Zn acetate destined to the EX SITU mixture. The porosity could although be attributed to the acidity of the bola due to the volatility of the counter ion inducing the dissolution the platelets during the mixture creating some pores. This presence of pores may be a drawback for possible applications of these nanocomposites as film with gas barrier properties.

II. Nanocomposite based on LDH-ZnAl 2 nanofiller

II -1. In the presence of the PES as reference

II -1 -i. XRD analysis

For all the formed materials, using either the EX or the IN situ method, the peaks at 33.9° and 60.5° are observed both corresponding to the intralayered informations of the LDH-Zn 2 Al platelets.

(Figure 22)

Regardless of the conditions of synthesis of 10 wt.% in loading ratio or at equilibrium of charge, the Ex situ physical mixture does not present the harmonic peaks corresponding to the basal spacing characteristic of the acetate LDH material. At this step, the LDH host matrix allows the diffusion of the polymer chains, increasing the distance between successive platelets until all informations corresponding to a stacking are lost. The interactions between the LDH platelets and the PES are higher than with the LSH platelets. It helps us to conclude that LDH phases are consequently easier to delaminate than LSH.

For the IN SITU synthesis, the behaviour seems to be identical as the one observed for the IN SITU synthesis of LSH-Zn in presence of PES. Indeed, the harmonic peaks corresponding to an intercalation of acetate anions are not present. The nanocomposites are formed in absence of the acetate-based platelets as intermediate product. II -1 -ii.

SAXS and TEM Analysis

II -1 -ii -a.

Loading ratio of 10 wt.%

II -1 -ii -a -1 IN SITU Synthesis

From SAXS analyses (Figure 23), no correlated peaks are observed in the expected "q" values domain that would have expecting the presence of a lamellar phase. However, a hump, at 0.0398 Å -1 in "q", value is present and corresponds to a distance of 157.9 Å. Consequently, this distance could be attributed to the distance between the platelets imposed by the diffusion of the polymer chains.

Of rather small intensity, it may correspond to a distance not homogeneously repeated into the formed assembly. Although, the platelets seem to be well dispersed almost exfoliated with some domains intercalated by the PES with a distance of 157,9 Å. The EDXS analysis shows the presence of aggregates, being some aluminium rich domains.

(Figure 24) This indicates a non-total conversion of the precursors to form the LDH materials. The platelets are inhomogeneously dispersed within the PES matrix. Some domains present long welldefined platelets with a size between 20 up to 200 nm with an associated basal spacing ranging in 4-6 nm. Smaller lateral size platelets but with higher basal distances from 6 to 25 nm have also been observed. These platelets are rather ill-defined and porous. This porosity could be due to the partial dissolution of the platelets occurring during the polyol process in presence of acidic PES. The TEM pictures show a rather good dispersion of the platelets into the polymers matrix.

(Figure 26) The formed platelets have long lateral size, but present porosity. Some platelets are exfoliated and other largely intercalated with a basal distance comprised from 6 up to 12 nm. Some aggregates, rich in aluminium are still observed but in much lower extent than for the IN SITU synthesis. However, the higher distance is obtained in the EX situ case. Counter intuitively, the possibility to intercalate PES between the LDH-Zn 2 Al platelets seems easier to achieve with a simple physical mixture. In term of dispersion, it gives surprising results of the same order than the IN SITU synthesis.

It underlines the strong ability of LDH to be intercalated. diffusing into the platelets, consequently and rather evidently, higher the number of polymer chains diffusing is, higher the basal distance between two platelets will be.

II -2. Bola amphiphilic cases II -2 -i. XRD Analysis

For all the samples, both methods (EX and IN SITU), as weel as the conditions of synthesis These harmonic peaks allow calculating the values of the basal distances for the formed mesophases. The following Table 3 summarizes the associated distances: 

PES-005-C8

For pDFdia-pDFdio (2:8) (Figure 29), in the case of equilibrium between charges, no lamellar phase or aberrant peak is observed. The expected results should be close to pDFdia-pDFdio (4:6). The differences may arise from the fact that, the batch (2:8) is not neutralized with the dimethylethanolamine (DMEA) in contrast to (4:6). Consequently, the matrix contains acid groups only, with no charge compared to carboxylate groups. As a consequence, interactions between the platelet and the not neutralized pDFdia-pDFdio (2:8) should be weak and that should induce a formation of lamellar organisation that is expected to be ill-defined, due to a partial deprotonation of the acid function during the regulation step applied in IN SITU synthesis.

In a general way, the distances obtained by XRD (Figure 28, 29), for the EX SITU method, are very close in both conditions of synthesis. While for the IN SITU methods, concerning PES-005-C8 and pDFdia-pDFdio (2:8), the distance for a synthesis at 10% in loading ratio is twice higher that the distance determined from a synthesis at the equilibrium of charge. This phenomenon could be due to the organisation of the bolas between the platelets, in a monolayer or in a bilayer. The distance for HBA-C8 is similar regardless of the nanocomposite formation. As evidenced on the XRD patterns, a same behaviour as observed as in the case of PES. For LDH-Zn 2 Al, the IN SITU synthesis does not provide more interest than the EX SITU concerning the dispersion of the platelets and the formation of a mesophase. Indeed, a rather good compatibility between LDH and bola allows the formation of organisation that can be promoted by a physical contact using a spatula only. Once again it may be explained by weak interactions present between the acetate anions and the LDH platelets, bolas having a great affinity with LDH platelets surface. As observed for the IN SITU synthesis with PES (Figure 24), the TEM pictures (Figure 31, 32), present some aluminium rich domains ranging between 0.2 up to 1 μm in size. For both cases, it is worth noting an interface between the aluminium rich domain and the matrix, rich in zinc. In fact, at the interface, the formation of LDH platelets is observed. The formed LDH platelets are grown parallel to the surface of the aluminium rich particles. A mechanism of formation that can be evoked is the dissolution of the aluminium cations at the periphery of the rich domains, consequently some Al 3+ are diffusing in a media rich in zinc. The free zinc cations could react with Al 3+ cations to form LDH-Zn 2 Al platelets.

For PES-005-C8 (Figure 31), the platelets exhibit a small lateral size of the order of 20 nm and are propped apart by the diffusion of the amphiphilic bolas. The platelets form small edges diffusing from the surface of aluminium rich domain to the matrix in a perpendicular ways. Mechanistically, it would be interesting to address whether LDH platelets are formed when the bolas diffuse or if it is a concomitant phenomenon. In the latter case, the diffusion of the bolas may be viewed as a driving force as much as the Al 3+ cations dissolution to form bi-cations composed layer.

(b) pDF-dia-pDF-dio (2:8) and (4:6)

The SAXS patterns for both samples are similar (Figure 33, 34). The presence of a mesophase may be evidenced by the presence of harmonic peaks. However, the distances associated to the formed mesophase are of 6.32 nm for pDFdia-pDFdio (2:8) and of 6.14 nm for pDFdia-pDFdio (4:6).

Moreover, at lower "q" value (q ≈ 0.029 Å -1 ), both samples present a large and ill-defined hump centred around 21.7 nm. This may be associated to the diffusion of large number of bolas between the platelets yielding an exfoliation process.

The TEM pictures exhibit the presence of aggregates of large lateral size and well crystallized LDH-Zn 2 Al platelet, intercalated by the pDFdia-pDFdio (2:8) (Figure 33). The continuous media contains also some isolated platelets of small lateral size. Less defined, they are however homogeneously dispersed in the matrix. As surmised before these two populations of platelets into the nanocomposites may come from the same mechanism either the isolated platelets may result from the subsequent diffusion of more bolas or from the diffusion of small Al 3+ domains. Evidently, the mesophase is structured through the respective stacking of platelets while the other contribution at ≈ 22 nm may be considered as pre-exfoliation platelets. The presence of harmonic peaks is observed by SAXS analysis (Figure 35, 36), in both cases.

The correlated distances are of 2.56 nm and 2.53 nm for PES-005-C8 and HBA-C8 respectively. This indicates that the stacking is not due to the stacking of acetate anions anymore. Consequently, both bolas of different lengths induce the formation of a mesophase of similar spacing distance. The similarities in spacing from spacers of different lengths may be explained by an orientation of the bola segments different. The short one, HBA-C8, may be oriented more perpendicular to the platelets compared to the longer one, PES-005-C8, more oriented parallel, however a same distance may not be due here to a pure coincidence for kinetic reason. Even if paraffin-like structure may be obtained from bolas interacting with LDH platelets, the formed assembly is not much dynamical as evidenced by the superimposed scattering curves as a function of the temperature. The TEM pictures of the nanocomposite based on PES-005-C8 (Figure 35), exhibit a good dispersion of the platelets. Some platelets are isolated while others propped apart by bolas which are diffusing in the interlayer space of the pristine acetate LDH phase.

Concerning HBA-C8 (Figure 36), some additional correlated peaks are observed, at "q" values of 0.174 and 0.347 Å -1 , corresponding to a distance of 36.2 Å. Some platelets are strongly propped apart with a higher interlamellar distance. As the scattering intensity is low, the platelets should be in a small quantity.

The TEM pictures (Figure 36), demonstrate the presence of intercalated platelets.

Surprisingly, the platelets have a long lateral size comprised from 10 up to 300 nm, and even more surprisingly the sheets are not lining but curve themselves to form some sort of a noodles-shaped pictures at intermediate magnitude (1 μm and 200 nm scale bars). At higher magnitude (scale bar of 20 nm), the platelets appear corrugated. Both samples having a same morphology exhibit a same behaviour. Consequently, the scattering peaks observed by SAXS analysis are almost superimposed (Figure 37, 38). The harmonic peaks evidence the formation of lamellar structure by the diffusion of the bolas into the LDH structures. The resulting basal distance of this organisation is of 6.31 nm and 5.84 nm for the pDFdia-pDFdio (2:8) and (4:6) respectively. No information in correlation with the pristine LDH used for the physical mixture is observed. In both samples, additional peaks not correlated correspond to higher distances as 15.1 and 10.0 nm for the pDFdia-pDFdio (2:8) and 13.9 nm for the (4:6), respectively. As before, these distances could correspond to an organisation at much higher length scale, provided by bolas propping apart extensively the platelets. The presence of the platelets is well observed onto the TEM pictures (Figure 37). However, contrary to the SAXS analyses, the intercalation of the platelets seems less homogeneous, presenting two different distances. The lateral size of the platelets is also rather inhomogeneous, ranging from 15 to 800 nm. However, the intensity of the scattering peaks is less intense, especially with pDFdia-pDFdio (2:8), which is usually structuring. Indeed a scattering general feature close to PES is observed. This phenomenon is due as described before, to the fact that (2:8) is not neutralised. Consequently, its template effect or structure-driven ability is diminished, thus exhibiting a mere diffusion of the polymer chains between the LDH platelet without forming a lamellar mesophase.

II -2 -ii -b -2 EX SITU

The EX SITU physical mixture does not exhibit the signal corresponding to the pristine LDH-Zn 2 Al, intercalated by acetate anions. Once again it demonstrates an intimate interaction between the platelets and the polymer matrices.

A mesophase is formed for all the samples, by a diffusion mechanism of the amphiphilic bolas into the LDH structure. However, in some samples, especially for PES-005-C8 and pDFdia-pDFdio The following Table 4 summarized the different basal distances determined from the XRD and SAXS analyses for IN and EX SITU syntheses at 10 wt.% loading ratio and at equilibrium of charge (+)/(-)=1: 

IN SITU EX SITU

In the case of LDH-Zn 2 Al, and for the IN SITU synthesis, the generation of platelets via the polyol route in presence of polymer happens, thus allowing the formation of lamellar mesophases composed of platelets intercalated by Bola. The prediction of the spacing distances is no more evident than with the LSH-Zn platelet, as expected for HBA-C8 and pDFdia-pDF-dio (2:8). The other bolas present two different sizes for the mesophase differing in the conditions of synthesis used of 10 wt.% loading ratio or at equilibrium of charge (+)/(-) = 1. However, more the nanocomposite is loaded ((+)/(-)=1 case) in LDH-Zn 2 Al materials, more the conformation of the polymer between the platelets have tendency to be monolayer, contrary to the case at 10%, where the quantity of polymer in the nanocomposite is higher and some bilayer systems between the platelets have been observed.

For the EX SITU physical mixtures, the interactions and the compatibility between LDH-Zn 2 Al and the different matrices are important, thus easing the diffusion of the polymer chains into the lamellar structure to the benefit of the initial acetate anions intercalated in the LDH-Zn 2 Al host matrix. The results in term of dispersion are considered in some cases even better by EX SITU than by IN SITU. However, any prediction of a common basal distance of the formed mesophases fails. Even if a collective behaviour seems to occur presence of mesophases, probably coming from the fact that the mechanism of formation is unique, the topology of the medium is different (Al 3+ size domain for IN SITU), resulting in different assemblies. One cannot discard the strong kinetic effect on these formed mesophases. The same observation has been made than for IN SITU, the distance of the formed mesophase is dependant of the conditions of synthesis and consequently of the quantity of platelets compared to the quantity of polymer used.

Although favoured, the generation of platelets is however associated with intralayer porosity and could be directly linked to the polyol process or the punctual acidity of the polymers.

III. Nanocomposite based on LDH-LiAl 2 nanofiller

III -1. In the presence of PES as reference III -1 -i.

XRD analysis

The observations realized by XRD analyses (Figure 40), in the case of LDH-LiAl 2 , are rather similar to the nanocomposite based on LDH-Zn 2 Al. Indeed for all the formed materials prepared either by EX or IN SITU method, the peaks at 20.3°, 36.0° and 63.6° are observed, corresponding to the intralayered information of LDH-LiAl 2 platelets. The presence of the platelets is found to be independent of the used conditions either of 10 wt.% in loading ratio or at equilibrium of charge.

However, the presence of these peaks is less observed for the case of the charge equilibrium, (+)/(-) = 1, especially in the case of the IN SITU, where the presence or the platelets may even be questionable.

In that vein, the absence of harmonic peaks corresponding to the basal spacing characteristic of the acetate LDH material indicates a topotactic mechanism for the EX SITU involving the pristine materials. At this step, it appears that using the EX SITU method, the LDH host matrix allows the diffusion of the polymer chains, thus producing an increase of the distance between the LDH platelets until most of the informations linked to the stacking are lost.

The IN SITU approach is found to form isolated platelets leading to a good state of dispersion, this in absence of acetated based platelets as possible intermediate product. This behaviour has been observed for all types of particles and therefore it could be considered as characteristic of the IN SITU method. Additionally, the presence of humps at low 2θ angles indicates, in all cases and regardless of the IN and EX SITU synthesis, that the possibility for the platelets to be largely propped apart until a quasi-exfoliation state is reached. Concerning the EX SITU physical mixtures (Figure 41, 42, bottom), the presence of a hump is observed at 10 wt.% as loading ratio and (+)/(-)=1, in the "q" values domain expected from a lamellar phase. The distances correlated to these humps are of 8.7 nm and 13.7 nm, for the 10 wt.% and (+)/(-)=1 cases, respectively. It could be attributed to the distances resulting from diffusion of the polymer chains between the platelets. However, the relative low intensity of the humps indicates the presence of intercalated platelets in small number and most probably with some isolated platelets as well.
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III -2. Amphiphilic bola cases III -2 -i. XRD Analysis

For all the samples, and in both methods (EX and IN SITU), using 10 wt.% as loading ratio, the presence of the peaks informs on the presence of the intralayered order of the LDH-LiAl 2 platelets.

No peaks at lower angle corresponding to an intercalation of acetate anions into LDH host matrix are observed. Additional harmonic peaks prove the existence of a lamellar organisation that is not coming from interleaved acetate anions but rather from the amphiphilic bolas used during the synthesis or in the physical mixture.

For pDFdia-pDFdio (2:8) prepared via the IN SITU synthesis, a signature of a mesophase is absent. Once again it may be due to the fact that a second batch of polymer used in this case was not neutralized, thus leading to a non-bola polymer, are therefore losing it "structuring-driving" effect.

However, through the EX SITU physical mixture, a mesophase is formed but is found to be ill-defined (Figure 44, bottom).

Concerning the equilibrium of charge, the IN SITU syntheses lead to a formation of a nanocomposite not well-structured. In addition to the presence of a lamellar organization of the formed materials some crystallized impurity, corresponding to lithium salt precursor, was observed in the case of PES-005-C8 (Figure 43) and pDFdia-pDFdio (2:8) (Figure 44). The formation of a material with no presence of platelets is observed, only a large hump corresponding to the amorphous matrix is observed. In these IN SITU conditions, the generation of LDH-LiAl 2 platelets is not straight forward, the formation of a nanocomposite is not complete leaving precursor mostly unreactive.

The results obtained via the EX SITU condition of synthesis, demonstrate one more time the high affinity of the polymer and all the used amphiphilic bolas to crawl through the interlayer gap of the initial acetate LDH. The organic moieties diffuse between the platelets, interacting with the positive charges of the LDH platelets, to finally form some sort of lamellar mesophases (Figure 43, 44). These harmonic peaks allow us to evaluate the basal distances of the formed mesophase.

The following Table 5 summarizes the calculated distances: A real problem is underlined here with the IN SITU synthesis concerning the LDH-LiAl 2 generation in presence of polymer, in fact the presence of the platelets has been observed by XRD analysis but not inducing some structuration of the polymers. This could be explained by a difference in the solubility between the LiAc and the AlAc in the alcohol, the one of the LiAc being higher than the one of the AlAc. Moreover, the addition of polymer chains chelating the cations, and thus decreasing the available quantity of Li + , preventing the formation of the LDH-LiAl 2 platelets The EX SITU method seems more appropriate to form nanocomposite based on LDH-LiAl 2 . In fact, the LDH already formed host matrix allows the diffusion of the Bolas leading to the formation of mesophases. This underlines a rather good compatibility between the LDH-LiAl 2 platelets and the different bolas. In a general way, the intensity of the peaks corresponding to the formed mesophase is less intense and less defined than the mesophase formed by the EX SITU physical mixture. That could be also explained by the difficulty to form the LDH-LiAl 2 in a media containing polymer chains. Once the lithium acetate is dissolved, a part of the Li + cations may be engaged by the negative charge of the amphiphilic bolas. Consequently this part of trapped Li + cations is not available anymore to form LDH-LiAl 2 particles and subsequently to template the amphiphilic bolas.

Contrary to the IN SITU method, the formed mesophase is well defined. This could be due to the fact that the platelets are already formed and in absence of free Li + cations. The pristine LDH-LiAl 2 structure intercalated by acetate anions allows the polymer chains of the bolas to diffuse and thus to push the acetate anions out of the pristine material. The carboxylate functions of the bolas may then interact with the positive charge of the LDH platelets to stabilize a lamellar organization at large length scale.

Concerning pDFdia-pDFdio (2:8) (Figure 45, bottom), the SAXS patterns contrary to the XRD pattern do present some information. Two correlated humps are observed, this is in relation with an organisation of a part of the bolas diffusing in between the platelets. This behaviour is reminiscent of what was observed for PES than for amphiphilic bola. This demonstrates once again the loss of the "structural templating" effect of pDFdia-pDFdio (2:8) when not neutralized. 

III -2 -ii -b. Equilibrium of charges equals 1

The syntheses at equilibrium of charge (+)/(-)=1 exhibit a similar behaviour than that when prepared with 10 wt.% of loading ratio. However, for the IN SITU synthesis, the formation of the mesophase is less pronounced. For instance, for the HBA-C8 it was not observed by XRD analysis. This observation may us surmise that the layered hydroxide platelets structure the bola amphiphile, orientating and templating its overall organization to yield a lamellar system.

As before, the absence of mesophase may be explained by the difficulty to form the LDH-LiAl 2 phase in presence of polymer chains. The EX SITU physical mixtures exhibit the formation of mesophases which are well defined as observed by SAXS analysis. The basal distance of the mesophase formed in the case of PES-005-C8 is of 2.57 nm but another peak is present corresponding to 4.79 nm. This second distance is associated to another population of interleaved bolas, different in orientation and/or in quantity. (Figure 46, top)

Concerning pDFdia-pDFdio (2:8), the SAXS patterns present harmonic peaks, showing the formation of a mesophase. However, the correlation between peaks is less defined than before. The basal distance is determined at 5.86 nm. (Figure 46, bottom)

The following Table 6 summarized the different basal distances determined from the XRD and SAXS analyses for IN and EX SITU syntheses at 10 wt.% loading ratio and at equilibrium of charge (+)/(-)=1:

CONCLUSION

In the domain of polymer, the protection of the metal substrate against the degradation, deformation, such as an aggression by O 2 gas, water, or shock is a key issue. In this dissertation, the use of nanofiller as possible reinforcement in term of mechanical and gas barrier properties has been addressed. A focus on Layered Hydroxides, and more especially the Layered Single Hydroxides based on Zinc (LSH-Zn) and the Layered Double Hydroxides based on Zinc and Aluminium, and Lithium and Aluminium (respectively, LDH-Zn 2 Al and LDH-LiAl 2 ) has been scrutinized. In the idea that the associated lamellar particles, well dispersed, will present a reinforcement, and the tortuosity supplied by the lamellar structure, it was considered to be a real interest to investigate such an issue.

This investigation was performed here from polymer as relevance polyester (PES) already used in the automotive domain, and some other types of polymer, called amphiphilic bolas. The latter are composed of a hydrophobic chain with different sizes which two hydrophilic head groups which are carboxylate anions. To assure the neutrality of the materials and to supress LDH/LSH dissolution in case of free acids, all the carboxylate groups were neutralized with amine molecules.

Concerning the realization of the nanocomposites, two approaches have been retained:

-i) the EX SITU method, which consists in the synthesis of a pristine Layered Hydroxides materials intercalated by acetate anions. After isolation, the Layered Hydroxides are mixed with the different polymers.

-ii) the second method, using the IN SITU synthesis, which consists in the formation of Layered Hydroxides platelets via the polyol method in a media containing the polymer. In this case, the synthesis is performed in one step only, having in mind that the inorganic filler may be generated as single platelets thus increasing the mutual interactions between the polymer and the platelets. In the case of the amphiphilic bola, a structuration of the Layered Hydroxides platelets by the bolas, due to the interaction between the positive charges from the IN SITU generated platelets and the negative charges of the carboxylates from the bolas was also initially envisioned.

A preliminary study allowed us to determine the conversion rate of the precursors into Layered Hydroxides, this rate being rather efficient, without any contamination by other phases.

However, the affinity between the polymer and the alcohol, during the dissolution step of the polyol route, is high and induces a significant loss of polymer out of the formed nanocomposite, this also probably promoted by the fact hydrophobic backbone more affine with alcohol than H 2 O. The phenomenon prevents the prediction of the mass balance inside of the nanocomposites, such as the loading ratio, parameter that is crucial for a nanocomposite. Indeed, the quantity of nanoparticles present in the nanocomposite influences strongly the properties. To overcome this issue, the Ex situ method is an alternative, even if it requires more steps and thus more time in elaborating the nanocomposite.

In the case of the LSH-Zn, for the EX SITU mixtures, the delamination of the pristine LSH-Zn acetate, in order to form nanocomposite based on PES or amphiphilic bolas, is not so straight forward. A partial intercalation is observed only.

Concerning the IN SITU synthesis and whatever the condition of synthesis, the distances obtained are similar and characteristic of the type of bola used. The obtained results imply that the platelets are IN SITU generated, and interact directly with the negative charge present in solution supplied by PES or the amphiphilic bolas. In this case, the IN SITU method was found to be of interest in dispersing LSH-Zn in a polymer, all the more so resulting in a tunable range of lateral size dimensions.

In the case of LDH-Zn 2 Al, associated with the IN SITU synthesis, the generation of platelets via the polyol route in presence of polymer allowed the formation of lamellar mesophases composed of platelets intercalated by Bola. A similar state of dispersion was also reached in the case of PES.

Similarly, the EX SITU physical mixtures were found to yield interstratified assemblies, thus underlining the easiness of the diffusion process of the polymer chains into the lamellar structure. This is to the benefit from the initial acetate anions intercalated in the LDH-Zn 2 Al host matrix. The results in terms of dispersion were compared between EX SITU and IN SITU, the former approach being the best way to yield intimate dispersion with well-formed platelets.

Concerning LDH-LiAl 2 , contrary to the LSH-Zn and LDH-Zn 2 Al, the IN SITU synthesis seems not to be adaptable. In fact, the formed materials are contaminated by precursors and no or little platelets were observed, this probably due to the difficulty to form LDH-LiAl 2 platelets in presence of a polymer.

For the EX SITU physical mixtures, the results were similar to that obtained for the LDH-Zn 2 Al.

The delamination of the pristine LDH structure was easily reached. The results in term of dispersion were found better by EX SITU than by IN SITU synthesis which have demonstrated a difficulty in the formation of the platelets; consequently, for the synthesis of nanocomposite based on LDH-LiAl2, the EX Situ physical mixture seems again more appropriate.

The TEM pictures have underlined that the platelets were porous. This intralayer porosity has been observed in the samples issued from the IN and EX SITU synthesis, but much more pronounced in the IN SITU cases. Consequently, the porosity is probably due to the polyol process in general, both in presence of polymer or not, could be, may be in general overlooked, but the polymer/bola reveal it (for IN SITU latent, but efficient acidity from the metallic salt, for EX SITU similar, but lower temperature mitigates) This presence of pores is a major drawback for possible applications of these nanocomposites for films with gas barrier properties.

However in term of design, it could be an opportunity to combine the "open" structure with 1D-objects such as MWNT or carbon filaments, and to yield 2D + 1D resulting in a 3D inorganic filler network, especially for the electrical of conductive properties.

Unexpectingly, the IN SITU synthesis was found not to be of a real advantage compared to the EX SITU physical mixtures in the cases of the nanocomposite based on LDH fillers, comparing the states of dispersion. However it was really useful to form isolated platelets, in the case of the Layered Single Hydroxides. This phenomenon has never been reported in the literature for the LSH particles which are known as compact stacked structure preventing the delamination due to the high interactions between the platelets and the intercalated anions. However, these results have to be regarded in the light of different lateral dimension of the platelets; in fact the state of dispersion is rather dependant of the lateral size of the platelets, two concomitant effects are defined. Smaller the size will be, easier the exfoliation of the platelets will be, but in the same time they will be more difficult to observe. While, large lateral size platelets induce a stabilizing effect, consequently, they are harder to delaminate, but easier to be observed.

The control of the size of the platelet is an important parameter to allow a good comparison of the state of dispersion.

To complete this study, it could be interesting to perform more characterizations in order to determine how the interactions between the platelets and the amphiphilic bolas may occur, in order to induce if possible some orientation (against a substrate) of PES and the amphiphilic bolas. From academic point of view, it will be of interest to promote porous 2D systems in more elaborate hetero-structured assembly. For reason of confidentiality, the possible investigations on potential applications will not be presented.

X-RAY diffraction analyses-recording conditions

In our work, two diffractometers have been used for the X-Ray patterns acquisitions. A Philips X'PERT pro and a Siemens D501 diffractometers both equipped with a diffracted beam monochromator CuKα source and a detector X'celerator.

The recording conditions according to the different diffractometers have been summarized in the following Table 1: 

Siemens D501 Philips X'PERT pro Transmission Electron Microscopy experiment (TEM)

Transmission electron microscopy (TEM) has been used for the observation of the state of dispersion of the nanocomposites obtained by the IN and EX situ methods. It is principally based on the detection of the transmitted electrons through the sample compared to the electrons from the incident beam; the image is recorded behind the sample by a sensor such as a CDD camera.

Before to be analysed, the samples have to be prepared. The sample is first frozen and then cut the thinnest as possible with an ultramicrotome (LEICA UC6), equipped with a diamond knife to obtain 70-nm thick sections. Sometimes, to prepare ultra-thin sections, the nanocomposite could be embedded in epoxy resin, which hardened by polymerization at 60 •C (for 2 days), before to be cut by microtomy.

Transmission Electron Microscopy images were recorded using a H7650 Hitachi microscope at an accelerating voltage of 80 kVeqquiped with an AMT Hamamatsu camera. 
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 1 Extensive interfacial area between the matrix and the particles -The low percolation threshold, comprising between 0.1 to 2 vol%, less fillers are needed to observe an improvement of the properties -Comparable size scales between the particles and the rigid nanoparticles inclusion, distance between particles and the relaxation volume of polymer chains, possibility to keep an elasticity and a transparency to light -The size of the particles in the same order of the radius of gyration of polymer chains still allowing the mobility of the polymer chain -Large number density of particles per particle volume ( 106-108 particles/μm3) -Particle-Particle correlation (orientation and position) arising at low volume fractions -Short distance between particles (10-50 nm at 1-8 vol%)

Scheme 2 :

 2 Scheme 2: a) 1D-Nanofibres, b) 2D-Nanoleafs, c) 3D-Nanoparticles

Figure 1

 1 Figure 1 TEM images of a) the LDH-U, b) the pre-polymerized product and c) the exfoliated LDHs/PMMA nanocomposite 29

  Scheme 6 Overview of the different application of LDH materials85

  Scheme 7 Photographs of (a) Zn 2 Al-ANS-LDH, (b) Zn 3 Al-ANS-LDH, (c) Mg 2 Al-ANS-LDH, (d) Mg 3 Al-ANS-LDH, (e) mixture of ANS and Zn 3 Al-NO3-LDH and (f) pristine ANS under UV irradiation of 365 nm.94

2

 2 Al-LDH to efficiently adsorb the herbicide MCPA (4-chlora-2-methylphenoxyacetic acid). They dispersed some Mg 2 Al-LDH intercalated by chlorate in presence of the herbicide, MCPA. A fast adsorption of the MCPA on the LDH caused by an anionic exchange mechanism is observed, provocating the release of the chlorate into the solution.

  Scheme 8a Structures of zinc hydroxide nitrate (a) Side and (b) top view of the layer

  Scheme 8b Structures of copper hydroxide sulfate (a) Side and (b) top view of the layer97

  However, C.Henrist et al. 110 have demonstrated that the synthesis of a copper layered hydroxynitrate by this urea method offers a slow and well controlled formation of the precipitate but large particles have been formed, in the order of 10 micrometres. Consequently, an application of this material as nanofiller application could be rather unconceivable.Using another hydroxide source, the HexaMethyleneTriamine (HMT), Liang et al.111 112 have succeeded in synthesizing LREH intercalated by organodisulfonate anions and sulfate ions into different lanthanides-LSH host matrices such as La, Ce, Pr or Tb. All the precursors, the lanthanide salt, the HMT and the anions are mixed in water solution and then heated and refluxed under nitrogen to yield the final product.

  Teruhisa et al. 121 have demonstrated the chromate adsorption properties of the zinc hydroxy salts. They have first synthetized LZH intercalated by chlorate, nitrate and sulfate, and then dispersed in an aqueous media containing chromate ions. Less of ten minutes was enough for the LZH intercalated by chlorate and sulfonate to adsorb by anionic exchange the quasi totality of chromate ions present in the solution.

  III. Synthesis of the Nanocomposites ................................................................................................. III -1. Synthesis by IN SITU method ............................................................................................. III -1 -i. Experimental conditions for LSH-nanocomposites ................................................... III -1 -ii. Experimental conditions for LDH-nanocomposites ................................................... III -1 -iii. Mass Balance experiments ........................................................................................

For

  Scheme 3 Structures of the bola amphiphiles based on the Hydrogenated Bisphenol A (Top)and PES (Bottom) terminated with succinic acid 1

Scheme 4

 4 Scheme 4 Description of the synthesis of the pDF-Diacid and Diol

Figure 1

 1 Figure 1 Ideal local order for an MII/MIII ratio of 2. The distances are indicated by circles (P2 to P6).

  Mg NMR spectroscopy was successfully used to resolve different Mg local environments in nitrate and carbonate-containing layered double hydroxides with various Al: Mg ratios. Again in addition of the Al-Al avoidance (in agreement with 27 Al NMR), the ordering increasing with an increase in Al content. In details, the authors found that 1 H MAS double quantum NMR spectroscopy verified the existence of small Mg 3 OH and Mg 2 Al(OH) clusters within the same metal hydroxide sheet and confirmed that the cations gradually order as the Al concentration is increased to form a honeycomb-like Al distribution throughout the metal hydroxide layer. Other authors concluded using 1 H NMR at fast (60-65 kHz) magic-angle spinning (MAS) to the same trend in the local order present in hydrotalcite-type material. 21 It was possible to quantify the different local Mg n Al 3-n OH (n = 1, 2, and 3) environments of hydroxyl groups in LDH layers by combining different solid-state 1 H and 27 Al one-and two-dimensional NMR measurements, this with first-principles calculations. Although globally ordered, the authors found surprisingly that the cation distribution in Al-rich Mg/Al-2 LDHs contains detectable amounts of Al clustering; although not favored, Al-O-Al linkages are not totally excluded in Al-richer LDH materials.

Figure 2

 2 Figure 2 Diffraction patterns of LDH phases prepared by direct coprecipitation in presence of (a) nitrate anion and (b) acetate anion.

Figure 3

 3 Figure 3 Diffraction patterns of materials obtained by the direct coprecipitation of the zinc nitrate salt into a (c) nitrate anion solution, (d) acetate anion solution and the direct coprecipitation of zinc acetate salt into an (e) acetate solution

Figure 4

 4 Figure 4 Diffraction patterns of the materials based on rare earth salts obtained by coprecipitation, (left) based on cerium nitrate precursors, (right) on lanthanide acetate precursors

Figure 6

 6 Figure 6 Diffraction patterns of LDH materials prepared by exchange anionic (a) Zn 2 Al-LDH-NO 3 -(b) Zn 2 Al-LDH-CH 3 COO -

Figure 7 ,

 7 concerning the LDH-Zn 2 Al intercalated with acetate anions presents the same structure that the phase obtained by anionic exchange. The lattice parameter a is of 0.305 nm and the basal distance are characteristic of the structure of the platelets based on Zinc and Aluminium in a ratio Zn/Al=2 associated with the intercalation of the acetate anions respectively.

Figure 7

 7 Figure 7 Diffraction patterns of the LDH-Zn 2 Al (left) and LDH-LiAl 2 (right), intercalated by acetate anions and obtained by the polyol method.

  have demonstrated that the diffraction peak (100) around 20° in 2θ values determines the first lattice parameter defined by 𝒂 = 𝒅 (𝟏𝟎𝟎) and the first peak corresponding to the (002) diffraction peak allows to determine the second lattice parameter defined by the relation: 𝒄 = 𝟐 × 𝒅 (𝟎𝟎𝟐) .

5 and 8

 58 displays the presence of the (110) diffraction line at 59.3° at 2θ values corresponding to the Oh-edge-sharing platelets based on Zinc cation. Moreover, the harmonic peaks allow in determining the basal distance of 13.3 Å characteristic of the intercalation of the acetate. However, the LSH-Zn is very sensible of the variation of pH, and an increase of the pH induces the dissolution of the zinc acetate to the profit of zinc oxide. That is the reason why the control of the pH under 8 values is important to avoid any pollution of the formation during the LSH-Zn by the ZnO.

Figure 8

 8 Figure 8 Diffraction patterns of LSH-Zn intercalated by acetate anions obtained by the polyol method at pH equal a) 7.5 and b) 8.

3 Figure 9

 39 Figure 9 Diffraction patterns of the materials based on rare earth salts obtained by the polyol method.

Figure 11

 11 Figure 11 XRD patterns of residue of the liquid phase issued out of synthesis IN SITU of LDH-Zn 2 Al with PES before calcination (left) and the after calcination (right)

  dispersion of the lamellar phases than when dried. The slurry LSH or LDH (m H-LSH or m H-LDH ) presents a concentration respectively to a dry LSH or LDH (m D-LSH or m D-LDH ) by a solid content (τ LSH or τ LDH ). This is determined at 40°C in an oven during one night. The quantity of lamellar material added is chosen with the same criteria described for the IN SITU synthesis: ) × 𝑛𝑣𝑐 × 𝐶ℎ𝑎𝑟𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 = 1

Loading ratio of 10
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Figure 1

 1 Figure 1 XRD obtained for the nanocomposites based on LSH-Zn and the PES by the EX and IN SITU methods in the case of a) 10% in loading ratio and of b) (+)/(-)=1

  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 Å, 𝑎𝑛𝑑 𝑞 𝑡ℎ𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑒𝑎𝑘𝑠 𝑖𝑛 Å-1 

Figure 3 Figure 4

 34 Figure 3 Evolution of the basal distance d function of the temperature

Figure 6

 6 Figure 6 TEM pictures of the LSH-Zn-PES synthetized by the EX SITU method at 10% in loading ratio, with different scales from 2μm (left) to 20 nm (right)

Figure 8

 8 Figure 8 Evolution of the basal distance d function of the temperature

Figure 9 I - 2 .

 92 Figure 9 SAXS pattern obtained for the LSH-Zn-PES at the equilibrium of charge (+)/(-) = 1 with the IN SITU method, at different temperatures

Figure 10

 10 Figure 10 XRD obtained for the nanocomposites based on LSH-Zn and the PES-005-C8 by the EX and IN SITU methods in the case of a) 10% in loading ration and of b) (+)/(-)=1

Figure 11

 11 Figure 11 XRD patterns obtained for the materials based on LSH-Zn with (top) HBA-C8, (middle) pDFdia-pDFdio(2:8), (bottom) pDFdia-pDFdio(4:6), in the case of a loading ratio (left) and an equilibrium of charges (right)

Figure 13 Figure 14

 1314 Figure 13 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right) for the LSH-HBA-C8 at 10% in loading ratio with the IN SITU method, at different temperatures

1 )Figure 15

 115 Figure 15 SAXS pattern obtained for the LSH-Zn-pDFdia-pDFdio (2:8) at 10% in loading ratio with the IN SITU method, at different temperatures

Figure 16 Figure 17

 1617 Figure 16 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right)for the LSH-PES-005-C8 at 10% in loading ratio with the EX SITU method, at different temperatures

Figure 18

 18 Figure 18 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right) for the LSH-pDFdia-pDFdio (2:8) at 10% in loading ratio with the EX SITU method, at different temperatures

Figure 19 Figure 20

 1920 Figure 19 Isolated LSH-Zn platelet presenting a porosity

Figure 21

 21 Figure 21 SAXS patterns obtained for the materials based on LSH-Zn with PES-005-C8 (top), HBA-C8 (middle top), pDFdia-pDFdio (2:8) (middle bottom), pDFdia-pDFdio (4:6) (bottom), in the case of a loadig ratio (left) and an equilibrium of charges (right)

  However, the presence of large humps at low angles indicates, in both cases (10% and (+)/(-)=1) regardless of the In and Ex situ synthesis, that the platelets into the formed nanocomposites present a state of dispersion more intercalated than exfoliated. The formed materials are not contaminated by the presence of ZnO.

Figure 22

 22 Figure 22 XRD obtained for the nanocomposites based on LDH-Zn 2 Al and the PES by the EX and IN SITU methods in the case of a) 10% in loading ratio and of b) (+)/(-)=1

Figure 23

 23 Figure 23 SAXS pattern obtained for the LDH-Zn 2 Al-PES by the IN SITU method at 10% in loading ratio, at different temperatures

Figure 24 TEMFigure 25

 2425 Figure 24 TEM pictures of the LDH-Zn 2 Al-PES synthetized by the IN SITU method at 10% in loading ratio, with different scales from 2μm (left) to 20nm (right)

Figure 26 TEM

 26 Figure 26 TEM pictures of the LDH-Zn 2 Al-PES synthetized by the EX SITU method at 10% in loading ratio, with different scales from 2μm (left) to 20nm (right)

Figure 27

 27 Figure 27 SAXS patterns obtained for the LDH-Zn 2 Al-PES by the IN SITU (top) and EX SITU (bottom) method at the equilibrium of charge (+)/(-)=1, at different temperatures

(

  10% or (+)/(-)=1) are applied. The presence of the peaks at 33.9° and 60.5° inform on the presence of the intralayer order of the LDH-Zn 2 Al platelets. (Figure 28, 29) No peaks corresponding to an intercalation of acetate anions into LDH host matrix are observed, however all the samples present some harmonic peaks demonstrating a lamellar organisation arising from the presence of the amphiphilic bolas used for the IN SITU synthesis or during physical mixture. The results obtained via the EX SITU, demonstrate once again the high affinity of the polymer and all the amphiphilic bolas toward the initial LDH intercalated by acetate anions. The molecular chains diffuse between the platelet and interact with the positive charge of the LDH platelets to form lamellar mesophases.

1 Figure 28

 128 Figure 28 XRD obtained for the nanocomposites based on LDH-Zn 2 Al and the PES-005-C8 by the EX and IN SITU methods in the case of a) 10% in loading ratio and of b) (+)/(-)=1

Figure 29 II - 2 -Figure 30

 29230 Figure 29 XRD pattern obtained by IN and EX SITU for the materials based on LDH-Zn 2 Al with (top) HBA-C8, (middle) pDFdia-pDFdio (2:8), (bottom) pDFdia-pDFdio (4:6), in the case of a loading ratio of 10% (left) and an equilibrium of charge (right)

Figure 31 TEM

 31 Figure 31 TEM pictures obtained for LDH-Zn 2 Al-PES-005-C8, by the IN SITU method at 10% in loading ratio, at different scales from 2μm (left) to 20 nm (right)

Figure 32 TEM

 32 Figure 32 TEM pictures obtained for LDH-Zn 2 Al-HBA-C8, by the IN SITU method at 10% in loading ratio, at different scales from 2μm (left) to 20 nm (right)

Figure 33 Figure 34

 3334 Figure 33 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right) for LDH-Zn 2 Al-pDFdia-pDFdio (2:8) at 10% in loading ratio with the IN SITU method, at different temperatures

Figure 35

 35 Figure 35 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right) for the LDH-Zn 2 Al-PES-005-C8 at 10% in loading ratio with the EX SITU method, at different temperatures

Figure 36

 36 Figure 36 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right) for the LDH-Zn 2 Al-HBA-C8 at 10% in loading ratio with the EX SITU method, at different temperatures

Figure 37 SAXS

 37 Figure 37 SAXS pattern (top) and TEM picture (bottom) taken at different scales from 2μm (left) to 20 nm (right) for LDH-Zn 2 Al-pDFdia-pDFdio (2:8) at 10% in loading ratio with the EX SITU method, at different temperatures

Figure 38 II - 2 -ii -b. Equilibrium of charges equals 1 II - 2 -

 38212 Figure 38 SAXS patterns obtained for the LDH-Zn 2 Al-pDFdia-pDFdio (4:6) by the EX SITU method at 10% in loading ratio

( 4 : 6 ) 1 )Figure 39

 46139 Figure 39 SAXS patterns obtained for the materials based on LDH-Zn 2 Al with PES-005-C8 (top), HBA-C8 (middle top), pDFdia-pDFdio (2:8) (middle bottom), pDFdia-pDFdio (4:6) (bottom), in the case of a loading ratio (left) and an equilibrium of charges (right)

Figure 41

 41 Figure 40 XRD obtained for the nanocomposites based on LDH-LiAl 2 and the PES by the EX and IN SITU methods in the case of 10% in loading ratio (top) and of (+)/(-)=1 (bottom)

1 )Figure 42

 142 Figure 42 SAXS patterns obtained for the nanocomposites based on LDH-LiAl 2 and PES by the EX SITU (bottom) and the IN SITU (top) method in the case of the equilibrium of charge (+)/(-)=1

Figure 43

 43 Figure 43 XRD patterns obtained for the nanocomposites based on LDH-LiAl 2 and the PES-005-C8 by the EX and IN SITU methods in the case of a) 10% in loading ratio and of b) (+)/(-)=1

  005-C8 and HBA-C8, the distances are similar and the formed mesophase reproducible with the different conditions of synthesis in EX or IN SITU conditions. By IN SITU, nanocomposite is not formed.Concerning pDFdia-pDFdio (2:8), the results are less homogeneous due to the polymer which was not neutralized.

1 Figure 44

 144 Figure 44 XRD pattern obtained by IN and EX SITU for the materials based on LDH-LiAl 2 with (top) HBA-C8, (middle) pDFdia-pDFdio (2:8), in the case of a loading ratio of 10% (left) and at equilibrium of charge (right)

Figure 45

 45 Figure 45 SAXS patterns obtained for the materials based on LDH-LiAl 2 by the IN (left) and EX SITU (right) methods with PES-005-C8 (top), HBA-C8 (middle), pDFdia-pDFdio (2:8) (bottom), in the case of a loading ratio of 10 wt.%

Figure 46

 46 Figure 46 SAXS patterns obtained for the materials based on LDH-LiAl 2 by the IN (left) and EX SITU (right) methods with PES-005-C8 (top), HBA-C8 (middle), pDFdia-pDFdio (2:8) (bottom), in the case of and an equilibrium of charges

  The following Tablesummarizesall the formed nanocomposites based on the different polymers and the different Layered Hydroxides materials. The state of dispersion and the basal distances of the different formed mesophases are reported for the EX and IN SITU synthesis at 10% in loading ratio and at equilibrium of charge (+)/-)=1: Conclusion *Lohmeier, T.; Bredol, M.; Schreiner, E.; Hintze-Bruening, H., Ordered liquids and hydrogels from alkenyl succinic ester terminated bola-amphiphiles for large-scale applications. Soft Matter 2014, 10 (33), 6237-48.
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 7 Figure 7 H-7650 Hitachi Microscope
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Table 1

 1 Different cationic combination for the LDH phases 6 , purple blocks: natural LDH, red blocks: synthetic LDH phases obtained by coprecipitation and black blocks: synthetic LDH phase obtained by another way

		Mg 2+	Fe 2+	Co 2+	Ni 2+	Cu 2+	Zn 2+	Ca 2+	Mn 2+	Li +
	Al 3+ Hydrotalcite Caresite		Takovite	Woodwardite Zinccagnaite Hydrocalumite Charmarite
	Fe 3+	Pyroaurite	Fougerite		Reevesite				
	Co 3+				Comblainite				
	Ni 3+				Jamborite				
	Cr 3+ Woodallite							
	Mn 3+ Desautelsite							
	Ga 3+								

III -1 -i. Structure and chemical composition Layered

  

	analogies with clay minerals. They possess a brucite-like layer with anions in the gallery space and
	can be represented by the following formula:

Double Hydroxides (LDH) are Hydrotalcite-type compounds. Some of these materials are natural but are generally synthetic; whose physico-chemical characteristics present a lot of

[M II 1-x M III x (OH) 2 ] intra [(A n-) x/n ; mH 2 O] inter
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Table 1

 1 Characteristics of the different polymers and amphiphilic bolas

	Polymer	nature	Molecular Weight (g/mol)	meq (-)/g	Non Volatil Content
	ZK-PES	non bola	50000	0,57	60,0%
	PES-005-C8		2300	1,62	72,3%
	HBA-C8 pDFdia-pDFdio (2:8)	bola	660,4 4500	2,92 1,05	75,5% 100,0%
	pDFdia-pDFdio (4:6)		4500	0,79	100,0%

Table 2

 2 Summary of the different LDH and LSH materials obtained by the coprecipitation method

	a (nm)	c (nm)

Table 3

 3 Synthesis of LDH materials obtained by anionic exchange reaction from a Zn 2 Al-LDH-NO 3

	-phase

Table 4

 4 Summary of the different LDH and LSH materials obtained by the polyol method

Table 5

 5 Summary of the different IN SITU nanocomposite based on LSH-Zn

	10%	3,00	10,0%	16,7%
	(+)/(-) = 1	2,90	10,3%	17,2%
	10%	3,00	10,0%	13,8%
	(+)/(-) = 1	0,84	35,7%	49,4%
	10%	3,00	10,0%	13,3%
	(+)/(-) = 1	0,45	66,5%	88,1%
	10%	3,00	10,0%	10,0%
	(+)/(-) = 1	0,93	32,3%	32,3%
	10%	3,00	10,0%	10,0%
	(+)/(-) = 1	1,23	24,3%	24,3%

Table 6

 6 Summary of the different "IN SITU" nanocomposites based on LDH-Zn 2 Al

	Polymer	meq (-)/g	nvc*	loading	X quantity (g)	mass of precursors (g)	mass of theoritical	raw loading LR (%)	real loading RLR (%)
	ZK-PES	0,57	0,6	10% (+)/(-) = 1	3,00 2,66			10,0% 11,3%	16,7% 18,8%
	PES-005-C8 HBA-C8 pDFdia-pDFdio (2:8)	1,62 2,92 1,05	0,723 0,755 1	10% (+)/(-) = 1 10% (+)/(-) = 1 10% (+)/(-) = 1	3,00 0,70 3,00 0,38 3,00 0,80	0,137 g of AlAc and 0,371 g of ZnAc	0,300	10,0% 42,9% 10,0% 79,0% 10,0% 37,5%	13,8% 59,3% 13,3% 104,6% 10,0% 37,5%
	pDFdia-pDFdio (4:6)	0,79	1	10% (+)/(-) = 1	3,00 1,07			10,0% 28,0%	10,0% 28,0%
	* non-volatile content							
	Concerning the LDH-LiAl 2 , X grams of polymer, 0.377 grams (2.326 mmol) of aluminum
	acetate basic and 0.119 grams (1.166 mmol) of lithium acetate dihydrate, in Al/Li ratio of 2 and 7.50

LDH-Zn 2 Al, MW = 357,87 g/mol and meq (+)/g = 2,790

Table 7

 7 Summary of the different IN SITU nanocomposite based on LDH-LiAl 2

			LDH-LiAl 2 , MW = 258,06 g/mol and meq (+)/g = 4,37		
	Polymer	meq (-)/g	nvc*	loading	X quantity (g)	mass of precursors (g)	mass of theoritical	raw loading LR (%)	real loading RLR (%)
	ZK-PES	0,57	0,6	10% (+)/(-) = 1	3,00 3,84			10,0% 7,8%	16,7% 13,0%
	PES-005-C8 HBA-C8 pDFdia-pDFdio (2:8)	1,62 2,92 1,05	0,723 0,755 1	10% (+)/(-) = 1 10% (+)/(-) = 1 10% (+)/(-) = 1	3,00 1,12 3,00 0,60 3,00 1,25	0,377 g of AlAc and 0,199 g LiAc	0,300	10,0% 26,8% 10,0% 50,0% 10,0% 24,1%	13,8% 37,1% 13,3% 66,2% 10,0% 24,1%
	pDFdia-pDFdio (4:6)	0,79	1	10% (+)/(-) = 1	3,00 1,67			10,0% 18,0%	10,0% 18,0%

* non-volatile content

  𝒃𝒆𝒈𝒊𝒏𝒏𝒊𝒏𝒈) 𝑚 𝐵𝑢𝑡𝑜𝑥 + 𝑚 𝐻 2 𝑂 + 𝑚 𝑃𝑜𝑙𝑦𝑚𝑒𝑟 (1 -𝑛𝑐𝑣) + 𝜉 𝑁𝐻 3 = 𝑚 𝐸𝑉 + 𝑚 𝑆 (1 -𝜏 𝑆 ) (𝒆𝒏𝒅) 𝑤𝑖𝑡ℎ 𝑚 𝐵𝑢𝑡𝑜𝑥 = 𝑉 𝐵𝑢𝑡𝑜𝑥 𝑑 𝐵𝑢𝑡𝑜𝑥 𝑎𝑛𝑑 𝑚 𝐻 2 𝑂 = 𝑉 𝐻 2 𝑂 𝑑 𝐻 2 𝑂

𝑤𝑖𝑡ℎ 𝑚 𝐵𝑢𝑡𝑜𝑥 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 2 -𝑏𝑢𝑡𝑜𝑥𝑦𝑒𝑡ℎ𝑎𝑛𝑜𝑙, 𝑚 𝐻 2 𝑂 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 𝑚 𝑃𝑜𝑙𝑦𝑚𝑒𝑟 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑝𝑜𝑙𝑦𝑚𝑒𝑟, 𝑛𝑣𝑐 𝑡ℎ𝑒 𝑛𝑜𝑛 𝑣𝑜𝑙𝑎𝑡𝑖𝑙 𝑝𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑖𝑠𝑡𝑖𝑛𝑒 𝑝𝑜𝑙𝑦𝑚𝑒𝑟, 𝜉 𝑁𝐻 3 𝑡ℎ𝑒 𝑙𝑜𝑤 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑎𝑚𝑚𝑜𝑛𝑖𝑎 𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑒 𝑡ℎ𝑒 𝑝𝐻 # Lavoisier said "Rien ne se perd, rien ne se crée, tout se transforme" (Matter can neither be created nor destroyed, only transformed)

Table 8

 8 

	Summary of the conversion rates of the ZnAc into LSH-Zn in presence of the different polymers at 10%
				and at (+)/(-)=1		
	LSH-Zn		ZK-PES	PES-005-C8	HBA-C8	pDFdia-pDFdiol (2:8)
	10%	Real	95,4%	99,8%	XXX	98,8%
	Conversion				
	(+)/(-) = 1	Rate	41,6%	43,9%	43,6%	56,2%
	(No mass balances have been realized in the presence of the (4:6) matrix)

  𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒁𝒏(𝑪𝑯 𝟑 𝑪𝑶𝑶) 𝟐 ; 𝟐𝑯 𝟐 𝑶 → 𝟏 𝒎𝒐𝒍𝒆 𝒐𝒇 𝒁𝒏 𝟓 (𝑶𝑯) 𝟖 (𝑪𝑯 𝟑 𝑪𝑶𝑶) 𝟐 ; 𝟐𝑯 𝟐 𝑶

	𝑚 𝐿𝑆𝐻-𝑍𝑛 =	𝑛 𝑍𝑛 2+ 𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 5	× 𝑀 𝐿𝑆𝐻-𝑍𝑛 = =	𝑛 𝑍𝑛 2+ 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 -𝑛 𝑍𝑛 2+ 𝑙𝑜𝑠𝑡 5	× 𝑀 𝐿𝑆𝐻-𝑍𝑛
	𝑊𝑖𝑡ℎ 𝑀 𝐿𝑆𝐻-𝑍𝑛 = 𝑀( 𝑍𝑛 5 (𝑂𝐻) 8 (𝐶𝐻 3 𝐶𝑂𝑂) 2 ; 2𝐻 2 𝑂) = 623.12 𝑔/𝑚𝑜𝑙	

Table 9

 9 Summary of the Inorganic contents obtained from the mass balances and compared with the theoretical values

			ZK-PES	PES-005-C8	HBA-C8 pDFdia-pDFdiol (2:8)
	10%	Theoritical Real	16,7% 35,2%	13,8% 49,4%	13,3% XXX	10,0% 13,7%
	(+)/(-) = 1	Theoritical Real	17,2% 25,6%	49,4% 67,5%	88,1% 152,6%	32,3% 24,7%

  In order to determine the conversion rate of the Aluminium basic acetate and the zinc acetate into LDH-Zn 2 Al in the nanocomposite we define the following relations:The coefficients 2 and 0.5, respectively for the ZnO and the Al 2 O 3 are chosen according to the following equation occurring during the calcination:

	𝐶𝑅 (𝐿𝐷𝐻) =	𝑛 ( 𝑍𝑛 2+ +𝐴𝑙 3+ )𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑛 (𝑍𝑛 2+ +𝐴𝑙 3+ )𝑖𝑛𝑖𝑡𝑖𝑎𝑙	× 100 =	𝑛 ( 𝑍𝑛 2+ +𝐴𝑙 3+ )𝑖𝑛𝑖𝑡𝑖𝑎𝑙 -𝑛 (𝑍𝑛 2+ +𝐴𝑙 3+ )𝑙𝑜𝑠𝑡 𝑛 (𝑍𝑛 2+ +𝐴𝑙 3+ )𝑖𝑛𝑖𝑡𝑖𝑎𝑙	× 100
	𝑊𝑖𝑡ℎ 𝑛 ( 𝑍𝑛 2+ +𝐴𝑙 3+ )𝑖𝑛𝑖𝑡𝑖𝑎𝑙 =	𝑚 𝑍𝑛(𝐶𝐻 3 𝐶𝑂𝑂) 2 ;2𝐻 2 𝑂 𝑀 𝑍𝑛(𝐶𝐻 3 𝐶𝑂𝑂) 2 ;2𝐻 2 𝑂	+	𝑚 𝐴𝑙(𝑂𝐻)(𝐶𝐻 3 𝐶𝑂𝑂) 2 𝑀 𝐴𝑙(𝑂𝐻)(𝐶𝐻 3 𝐶𝑂𝑂) 2	𝑎𝑛𝑑 𝑛 (𝑍𝑛 2+ +𝐴𝑙 3+ )𝑙𝑜𝑠𝑡 = (	𝑚 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 2 × 𝑀 𝑍𝑛𝑂 + 0.5 × 𝑀 𝐴𝑙 2 𝑂 3	)/3
	𝑊ℎ𝑒𝑟𝑒 𝑀 𝑍𝑛(𝐶𝐻 3 𝐶𝑂𝑂) 2 ;2𝐻 2 𝑂 = 219.51 𝑔 𝑚𝑜𝑙, ⁄	𝑀 𝐴𝑙(𝑂𝐻)(𝐶𝐻 3 𝐶𝑂𝑂) 2 = 162.08 𝑔 𝑚𝑜𝑙 ⁄
	𝑎𝑛𝑑 𝑀 𝑍𝑛𝑂 = 81.41 𝑔 𝑚𝑜𝑙, ⁄	𝑀 𝐴𝑙 2 𝑂 3 = 101.96 𝑔/𝑚𝑜𝑙	
	𝟏 𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒁𝒏 𝟐 𝑨𝒍(𝑶𝑯 𝟔 )(𝑪𝑯 𝟑 𝑪𝑶𝑶); 𝟐𝑯 𝟐 𝑶 → 𝟐 𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒁𝒏𝑶 +	𝟏 𝟐	𝒎𝒐𝒍𝒆 𝒐𝒇 𝑨𝒍 𝟐 𝑶

𝟑

The conversion rates calculated for the different nanocomposites based on LDH-Zn 2 Al are developed in the following Table

10:

Table 10

 10 Summary of the conversion rates of the ZnAc and the AlAc into LDH-Zn 2 Al in presence of the different

			polymers at 10% and at (+)/(-)=1	
			ZK-PES	PES-005-C8	HBA-C8	pDFdia-pDFdiol (2:8)
	10%	Real	92,8%	93,7%	XXX	99,7%
		Conversion				
	(+)/(-) = 1	Rate	53,9%	55,9%	67,5%	XXX

  𝒎𝒐𝒍𝒆𝒔 𝒐𝒇 𝒁𝒏(𝑪𝑯 𝟑 𝑪𝑶𝑶) 𝟐 ; 𝟐𝑯 𝟐 𝑶 + 𝟏 𝒎𝒐𝒍𝒆 𝒐𝒇𝑨𝒍(𝑶𝑯)(𝑪𝑯 𝟑 𝑪𝑶𝑶) 𝟐 → 𝟏 𝒎𝒐𝒍𝒆 𝒐𝒇 𝒁𝒏 𝟐 𝑨𝒍(𝑶𝑯) 𝟔 (𝑪𝑯 𝟑 𝑪𝑶𝑶) ; 𝟐𝑯 𝟐 𝑶

	𝑚 𝐿𝐷𝐻-𝑍𝑛 2 𝐴𝑙 =	𝑛 ( 𝑍𝑛 2+ +𝐴𝑙 3+ )𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 3	× 𝑀 𝐿𝐷𝐻-𝑍𝑛 2 𝐴𝑙 = =	𝑛 ( 𝑍𝑛 2+ +𝐴𝑙 3+ )𝑖𝑛𝑖𝑡𝑖𝑎𝑙 -𝑛 (𝑍𝑛 2+ +𝐴𝑙 3+ )𝑙𝑜𝑠𝑡 3	× 𝑀 𝐿𝐷𝐻-𝑍𝑛 2 𝐴𝑙
	𝑊𝑖𝑡ℎ 𝑀 𝐿𝐷𝐻-𝑍𝑛 2 𝐴𝑙 = 𝑀( 𝑍𝑛 2 𝐴𝑙(𝑂𝐻) 6 (𝐶𝐻 3 𝐶𝑂𝑂) ; 2𝐻 2 𝑂) = 357.87 𝑔/𝑚𝑜𝑙	

Table 11

 11 Summary of the Real Inorganic contents obtained from the mass balances and compared with the theoretical values

ZK-PES PES-005-C8 HBA-C8 pDFdia-pDFdiol (2:8)

  

		Theoritical	16,7%	13,8%	13,3%	10,0%
		Real	47,7%	56,6%	XXX	25,7%
	(+)/(-) = 1	Theoritical Real	18,8% 40,1%	59,3% 83,5%	104,6% 195,1%	37,5% XXX

Table 12

 12 Summary of the different Ex Situ nanocomposite based on LSH-Zn

	Polymer	meq (-)/g nvc	loading	X quantity (g)	mass of dry LSH-Zn (g)	τ LSH-Zn (%)	mass of humid LSH-Zn (g)	raw loading (%)	real loading (%)
	ZK-PES	0,57	0,6	10% (+)/(-) = 1	2,084 1,094	0,208 0,117	12,1% 11,3%	1,716 1,031	10,0% 10,7%	16,6% 17,8%
	PES-005-C8	1,62	0,723	10% (+)/(-) = 1	3,845 1,207	0,384 0,440	12,1% 11,3%	3,168 3,897	10,0% 36,5%	13,8% 50,5%
	HBA-C8	2,92	0,755	10% (+)/(-) = 1	1,152 0,915	0,115 0,628	12,1% 11,3%	0,952 5,561	10,0% 68,6%	13,3% 91,0%
	pDFdia-pDFdio (2:8)	1,05	1	10% (+)/(-) = 1	2,491 1,333	0,249 0,436	12,1% 11,3%	2,055 3,859	10,0% 32,7%	10,0% 32,7%
	pDFdia-pDFdio (4:6)	0,79	1	10% (+)/(-) = 1	2,694 1,093	0,269 0,268	12,1% 11,3%	4,138 2,372	10,0% 24,5%	10,0% 24,5%

LSH-Zn, MW = 623,12 g/mol and meq (+)/g = 3,210

Table 13

 13 Summary of the different Ex situ nanocomposite based on LDH-Zn 2 Al

				LDH-Zn 2 Al, MW = 357,87 g/mol and meq (+)/g = 2,790			
	Polymer	meq (-)/g nvc	loading	X quantity (g)	mass of dry LDH-Zn 2 Al (g)	τ LDH-Zn2Al (%)	mass of humid LDH-Zn 2 Al (g)	raw loading (%)	real loading (%)
	ZK-PES	0,57	0,6	10% (+)/(-) = 1	1,969 1,241	0,196 0,152	13,8% 13,1%	1,426 1,157	10,0% 12,2%	16,6% 20,4%
	PES-005-C8	1,62	0,723	10% (+)/(-) = 1	2,294 1,901	0,229 0,798	13,8% 13,1%	1,660 6,073	10,0% 42,0%	13,8% 58,1%
	HBA-C8	2,92	0,755	10% (+)/(-) = 1	1,147 1,039	0,115 0,821	13,8% 13,1%	0,837 6,247	10,0% 79,0%	13,3% 104,6%
	pDFdia-pDFdio (2:8)	1,05	1	10% (+)/(-) = 1	2,349 1,246	0,235 0,469	13,8% 13,1%	1,703 3,568	10,0% 37,6%	10,0% 37,6%
	pDFdia-pDFdio (4:6)	0,79	1	10% (+)/(-) = 1	2,719 1,117	0,272 0,315	13,8% 13,1%	1,972 2,398	10,0% 28,2%	10,0% 28,2%

III -2 -ii -b. LDH-LiAl 2 3

  

.77 grams (23.3 mmol) of aluminum acetate basic and 1.19 grams (11.7 mmol) of lithium acetate dihydrate, in order to have an Al/Li ratio of 2, and 75.0 mL of 2-Butoxyethanol were

Table 14

 14 Summary of the different Ex situ nanocomposite based on LDH-LiAl 2

				LDH-LiAl 2 , MW = 258,06 g/mol and meq (+)/g = 4,37			
	Polymer	meq (-)/g nvc	loading	X quantity (g)	mass of dry LDH-LiAl 2 (g)	τ LDH-LiAl2 (%)	mass of humid LDH-LiAl 2 (g)	raw loading (%)	real loading (%)
	ZK-PES	0,57	0,6	10% (+)/(-) = 1	7,945 4,570	0,797 0,358		4,191 1,882	10,0% 7,8%	16,7% 13,1%
	PES-005-C8	1,62	0,723	10% (+)/(-) = 1	9,400 3,924	0,940 1,052		4,945 5,533	10,0% 26,8%	13,8% 37,1%
	HBA-C8	2,92	0,755	10% (+)/(-) = 1	9,323 3,589	0,935 1,811	19,0%	4,918 9,525	10,0% 50,5%	13,3% 60,8%
	pDFdia-pDFdio (2:8)	1,05	1	10% (+)/(-) = 1	6,890 5,499	0,693 1,321		3,648 6,947	10,1% 24,0%	10,1% 24,0%
	pDFdia-pDFdio (4:6)	0,79	1	10% (+)/(-) = 1	6,210 3,392	0,634 0,611		3,334 3,216	10,2% 18,0%	10,2% 18,0%
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Table 1

 1 Summary of the basal distances observed by XRD analysis of the materials based on LSH-Zn and amphiphilic bolas for both methods In and Ex situ

	10%	4,60	XXX *
	(+)/(-) = 1	4,67	XXX *
	10%	4,51	2,52 *
	(+)/(-) = 1	2,52	XXX *
	10%	6,34	6,06 *

Table 2

 2 Summary of the different distances obtained by XRD and SAXS analysis in the cases of the amphiphilic bolas by the IN SITU synthesis or EX SITU mixture, at 10 wt.

				% in loading ratio of an equilibrium of charges
				(+)/(-) = 1		
			LSH-Zn-Bola via IN SITU Vs EX SITU	
	Polymer	loading	basal distance obtained by XRD (nm)	basal distance obtained by SAXS (nm)	basal distance obtained by XRD (nm)	basal distance obtained by SAXS (nm)
	PES-005-C8	10% (+)/(-) = 1	4,60 4,67	4,78 5,25	XXX * XXX *	4,77 * (6,26+2,47) *
	HBA-C8	10% (+)/(-) = 1	4,51 2,52	4,56 2,55	2,52 * XXX *	(5,23+2,65) * 2,59 *
	pDFdia-pDFdio (2:8)	10% (+)/(-) = 1	6,34 5,88	6,19 6,19	6,06 * 5,86 *	6,14 * XXX *
	pDFdia-pDFdio (4:6)	10% (+)/(-) = 1	6,27 6,21	6,17 6,45	6,31 * 5,99 *	6,09 * 9,54 *
				IN SITU		EX SITU
	* phase formed in addition to that corresponding to the intercalation of acetates ( d -1,3 nm)

Table 3

 3 Summary of the basal distances observed by XRD analysis of the materials based on LDH-Zn 2 Al and amphiphilic bolas for both methods In and Ex situ

	LDH-Zn 2 Al-Bola via IN SITU Vs EX SITU
	Polymer	loading	basal distance obtained by XRD (nm)	basal distance obtained by XRD (nm)
		10%	4,95	2,38
		(+)/(-) = 1	2,39	2,59
	HBA-C8	10% (+)/(-) = 1	2,49 2,42	2,58 2,43
	pDFdia-pDFdio (2:8)	10% (+)/(-) = 1	6,29 XXX	5,96 XXX
	pDFdia-pDFdio (4:6)	10% (+)/(-) = 1	6,26 3,06	5,88 6,18
			IN SITU	EX SITU

Table 4

 4 

	10%	4,95	4,91	2,38	2,56
	(+)/(-) = 1	2,39	2,44	2,59	4,92/2,63
	10%	2,49	2,49	2,58	2,53
	(+)/(-) = 1	2,42	2,39	2,43	2,67
	10%	6,29	6,39	5,96	6,31
	(+)/(-) = 1	XXX	5,97	3,84	3,65
	10%	6,26	6,14	5,88	5,84
	(+)/(-) = 1	3,06	3,07	6,18	

Summary of the different distances obtained by XRD and SAXS analysis in the cases of the amphiphilic bolas by the IN SITU synthesis or EX SITU mixture, at 10% in loading ratio of an equilibrium of charges (+)/(-) = 1

6,43/8,89 LDH-Zn 2 Al-Bola via IN SITU Vs EX SITU

  

	Polymer	loading	basal distance obtained by XRD (nm)	basal distance obtained by SAXS (nm)	basal distance obtained by XRD (nm)	basal distance obtained by SAXS (nm)
	PES-005-C8					
	HBA-C8					
	pDFdia-pDFdio (2:8)					
	pDFdia-pDFdio (4:6)					

Table 5

 5 Summary of the basal distances observed by XRD analysis of the materials based on LDH-LiAl 2 and amphiphilic bolas for both methods In and Ex situ

	10%	2,41	2,46
	(+)/(-) = 1	2,52*	2,43
	10%	2,45	2,46
	(+)/(-) = 1	XXX	2,42
	10%	XXX	3,54

  Table Summary of the different states of dispersion and basal distances obtained by the different syntheses*

		LSH-Zn	LDH-Zn 2 Al	LDH-LiAl 2	LSH-Zn	LDH-Zn 2 Al	LDH-LiAl 2
	10%	15,3-21,9 (8-65°C)	15,8		1,3* **	18,7	8,7
	(+)/(-)=1	14,4-22,2 (8-65°C)	11,4	NO platelets	1,3*	15,3	13,7
	10%	4,7	4,9	2,4	1,3* **+4,8	2,5	2,5
	(+)/(-)=1	5,0	2,4	2,5**	1,3*+(6,3/2,5)	4,9/2,6	2,5
	10%	4,5	2,5	2,5	1,3* **+(5,2/2,7)	2,6	2,5
	(+)/(-)=1	2,5	2,4	XXX	1,3*+2,6	2,5	2,5
	10%	6,2	6,3	6,4	1,3* **+6,1	6,1	3,4

Table 1

 1 Summary of experimental conditions used for X-Ray diffractions analyses

	Angular range 2θ (°)	2-70	2-70
	Angular step (°)	0,08	0,03
	Time per steps (s)	4,0	0,2
	Current tube (mA)	30	30
	Potential tube (kV)	35	40
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The distances determined by XRD analysis agree those determined by SAXS analysis. Contrary to the LSH-Zn and LDH-Zn 2 Al, the IN SITU synthesis seems not to be adapted to form nanocomposites based on LDH-LiAl 2 . In fact, the formed materials are contaminated by precursors and no platelets are visible, underlining once again the difficulty to form LDH-LiAl 2 in presence of polymer. This could be explained by Li + cations which interacting with the negative charges of the bolas and therefore not available anymore for the LDH material to be formed. However, when the formation of LDH material by IN SITU synthesis is observed, the formation of a mesophase is also observed. Consequently, we can attribute the formation of a mesophase to the presence of platelets. An electrostatic interaction may occur between the positive charge of the platelets and the negative head group of the bola.

For the EX SITU physical mixtures, the interactions and the compatibility of the LDH-LiAl 2 and the different matrices are important, thus allowing easily the diffusion of the polymer chains into the lamellar structure, thus displacing the initial acetate anions form within the LDH-LiAl 2 host matrix.

The results in term of dispersion are comparable and slightly better by EX SITU than by IN SITU synthesis, most probably due to the fact that the platelets are already formed. The EX SITU leads to the formation of mesophase with basal distances independent of the conditions of synthesis of 10 wt.% in loading ratio or at equilibrium of charges (+)/(-)=1.

APPENDIX

Appendix-1-Amphiphilic Bolas synthesis procedures* Polyesterdiol 1 was synthetized from an equimolar mixture of A1 and A2 together with hydrogenated bisphenol-A using a diol to diacid ration of 2.26 under nitrogen and stirring at 190°C and distillation of the water until an acid functionality below 0.15 meq of the reaction mixture was reached. Polyester PES 2 was obtained from addition-condensation reaction of 72.7g of 1 (2.55 meq hydroxyl) with 8.35g trimellitic anhydride under nitrogen and stirring and water distillation at 160°C until an acid functionality of 0.62 meq was reached. For the bola-amphiphiles, PES-005-C8 3, and HBA-C8 4, the polyesterdiol 1, hydrogenated bisphenol-A respectively were reacted with substoechiometric amounts of 0.9 equivalents 2-octenyl (E,Z) succinic anhydride per hydroxyl at 95°C in 2-butanone under stirring and under dried nitrogen until 100% anhydride conversion according titration under aqueous versus non aqueous condition.

Scheme 1 Survey of synthetized polymer matrix, PES (2), PES-005-C8 (3), HBA-C8 (4), obtained by additionpolycondensation process

The 2 and 3 products were neutralized using 0.95 equivalents dimethyl ethanolamine per acid at 80°C followed by addition of water and distillation of 2-butanone until a content < 0.5 weight-% was reached. Water was added to adjust the amphiphile concentration, expressed as w value for the ammonium salt, before the mixture was cooled to ambient temperature. For amphiphile 3, the same procedure was applied using a temperature of 60°C.

The pDFdia-pDFdio bola is obtained by the condensation of the dimeric fatty acid (DF-Diacid) and the dimeric fatty alcohol (DF-Diol) in two different proportions 1:2 and 2:1 to obtain respectively the "polymer" dimer fatty acid (PDF-Diacid) and the "polymer" dimer fatty alcohol (PDF-Diol). The dimeric fatty acid is deprotonated to obtain carboxylate anions which are counter balancing the amine, DMEA. The PDF-Diacid and PDF-Diol are mixed in two proportion ratios of 4:6 and 2:8.

Scheme 2 Description of the synthesis of the PDF-Diacid and Diol

Appendix-2 -Layered Hydroxides synthesis procedures

Three synthesis procedures have been used to prepare the different LDH materials:

-Direct coprecipitation -Anionic exchange reaction -Polyol route

Direct coprecipitation

This synthesis route was taken place in two steps: addition of the different components and aging time. The synthesis was occuring at constant pH under nitrogen atmosphere and at room temperature. The addition of the metal salt solution was performed at constant rate during 3 hours.

Figure 1 Equipment required for the controlled synthesis of Layered Hydroxide materials by direct coprecipitation

The pH value in the reactor was adjusted by addition of sodium hydroxide solution controlled by a computer which was equipped with Labworldsoft 4.0® software. At the end of the salt solution, the reactor was kept under nitrogen atmosphere and stirring for the 3 hours of ageing time. Layered hydroxide materials were recovered in slurry form by centrifugation and several washed. The slurry could be obtained the in powder form after drying at 40°C during 24 hours. The size of the reactor was of 1L, used to prepare 25 grams of the desired Layered Hydroxide phases.

Anionic exchange reaction

This synthesis procedure was often employed when the direct coprecipitation synthesis had failed. A Layered Hydroxides material was first prepared by the direct coprecipitation to be then used as precursors for the anionic exchange. The anion to intercalate was placed in solution in a reactor and, then, the pH of the media was adjusted. Pristine Layered Hydroxide material was added in slurry form. The reaction was taken place at room temperature, under magnetic stirring and nitrogen atmosphere during 3 days. The Layered material was recovered in slurry form by centrifugation after several washing with deionized water. The slurry could be dried to obtain the powder form with a drying at 40°C during 24 hours.

Polyol route

This synthesis was used to form Layered Hydroxide materials intercalated by acetate anions. The metallic acetate salt was dispersed in an alcoholic media in a round-bottom flask, depending of the temperature of the solubility of the precursors, the solution could have to be heated, and in this case a refrigerant column was adjusted on the round-bottom flask to obtain a reflux montage. The mixture was let under stirring during 90', the pH of the media was then adjusted and the water directly added after the regulation. The reaction was taken place in this condition during 12 hours. The Layered material was recovered in slurry form by centrifugation after several washes with deionized water. The slurry could be dried to obtain the powder form at 40°C after 24 hours. 

Appendix-3 -X-Ray Diffraction analysis Powder X-Ray diffraction generalities

The principle of X-Ray diffraction analysis consists in radiating the samples in powder form with incident X-Ray photons and to record the diffracted beam intensity. The diffuse X-Ray photons interfere between them and, thus, generating some maxima in definite directions, such phenomenon is so-called "diffraction". The intensity has been recorded in function of the angular deviation 2θ of the X-Ray beam. The used diffractometer configuration was here Bragg-Brentano diffractometer.

Bragg-Brentano diffractometer

Two configurations are possible: "θ-θ" setting-up where the sample is in horizontal and fixed position. The X-Ray tube and detector move symmetrically. 2θ values are defined as the angular deviation of the X-Ray beam, and the angle between the sample position and the detector will be equal to θ.

In the "θ-2θ" setting, the X-Ray tube is fixed, and the detector and the sample are moved. As the sample plane makes an angle θ with the incident beam, the detector will make an angle 2θ accordingly. 

Appendix-4 -Small Angle X-Ray Scattering experiment (SAXS) SOLEIL Synchrotron and SWING beamline

The SOLEIL synchrotron is a third generation synchrotron optimized within the range of X -ray energy. It is located in the heart of Paris -Saclay, cluster of technology. Its brilliance and spectral range of including, the far infrared to hard X-rays enable to cover a wide experimental range: fluorescence, absorption and X -ray diffraction, spectro-microscopy infrared, ultraviolet -visible spectroscopy… SOLEIL should thus being able to accommodate a large number of scientific communities such as physics, biology, chemistry, earth science… More specifically, SWING is a beamline devoted to SAXS, WAXS and GISAXS at SOLEIL synchrotron opened to all scientific domains. By providing information on the structure of matter at scales varying between nanometer and micrometer, the beamline SWING will help answering the numerous questions related to soft condensed matter, conformation of macro-molecules in solution and composite materials in material sciences.

The technique of Small Angles X -ray Scattering (SAXS) requests a specific instrument because the scattered intensity is collected very close to the direct beam that passes through the sample without deviation. This includes an intense collimated beam and X-Ray. At low scattering angles, the modulation of the X-Ray recorded signal comes from the organization of atoms and molecules probed on scales ranging as describes before from nanometer to micrometer.

The source is an in-vacuum undulator, thus providing with a beam with small size and low divergence. The range of easily accessible energies is 5-17 keV (2 Si111 crystals monochromator), with an expected flux of about 1013 photons/s. 

SAXS analysis -Recording conditions

No particular preparation of the sample is needed. The auto sampler can host 12 samples and is fed with a flow of a liquid for controlling and varying the temperatures samples from 5 up to 80 ° C, this range is possible with an external caloric fluid passing device (using ethylene glycol). The sample is maintained between two sheets of Kapton®, which is mostly transparent to the X-Ray beam.

Figure 5 Picture of the auto sampler used during the SAXS analysis

Two scheduled runs have been made at SOLEIL synchrotron on the SWING beamline for SAXS analysis (run in 2013 and 2015). According to the q-values adapted sample position to detector was performed, thus is enables a study at the long distance correlation displayed from "q" domain between 0.00327 to 0.327 Å -1 (0.0031 to 0.31 A -1 for the second run), i.e. distances ranging from 19 to 190 nm (20 to 203 nm for the second), while the shorter distance correlation was displayed from 0.02168 to 1.6269 Å -1 (0.011 to 1.08 Å -1 for the second run), i.e. 0.39 to 29 nm (respectively 0.58 to 57 nm).

Long distance correlation and shorter one were recorded using distance between detector of PCCD170170 (AVIEX) type and sample of 2629.0 mm and 505.0 mm respectively, and 3526.2 and 107.1 mm respectively for the second run. Time recording was very short of 5 ms and 50 ms for the long and shorter distance correlation respectively (20 ms and 50 ms for the second run).

A cycle of temperature was applied between 8°C to 65°C for all the samples to address the diffusion of mobile species within the formed platelets or IN SITU generated.

Appendix -5-Electronic Microscopy Scanning Electron Microscopy experiment (SEM)

Scanning electron microscopy (SEM) was used for the observation of the phase based on rare earth for the observation of their morphologies. It is principally based on the detection of the secondary electrons which is generated after interaction between the primary electrons, providing by the incident beam, and the material surface.

In SEM analysis, a fine electron probe is projecting on the sample surface. The interaction between them generates secondary electrons which are accelerated to a specific detector. At each point of impact corresponds an electrical signal. Such signal will be treated to obtain a topographic picture of the sample surface as function of energy, thus resulting as the presence of elements due to their absorption threshold in energy.

For instance, Scanning electron microscopy images of the materials based on lanthanides have been obtained on a Zeiss Model Supra 55 VP electron microscope at an accelerating voltage of 3 kV (at 2MaTech, Clermont Ferrand, France). 

ABSTRACT

Layered particle based nano-composites have recently been shown to impart stone impact resistance to automotive coatings by making use of polymer intercalated Layered Double Hydroxide (LDH) platelets in a variety of different film morphologies. However the LDH particles used were obtained via coprecipitation of the metal salts in the presence of small organic anions in order to render the Layered Hydroxide particles organophilic and to facilitate the intercalation of carboxylate group bearing matrix polymers. Thus anion exchange in the course of colloidal processing and during film formation leads to the release of ionic species which may deteriorate the coatings barrier function.

In order to circumvent objectionable counter ions (involved in the synthesis and the coatings formulation), a novel preparation route for layered hydroxide based hybrid phases has been here investigated combining the polyol route with the IN SITU generation of inorganic platelets, in the presence of amphiphilic polymer as well as bola-amphiphiles. The polyol route consists in hydrolysis in an alcoholic medium containing acetate metal cation as precursor(s), to yield LDH (Zn 2 Al, LiAl 2 cation composition) or LSH-Zn (Layered Single Hydroxide). Bola amphiphile descripts as being some hydrophobic polymer segment-telechelic-chains terminated by two anionic hydrophilic end groups, using of volatile ammonium cation as counter ion. The impact of both process conditions as well as the chosen system with regard to the metal hydroxide framework and the organic counter ions on the morphology of the obtained hybrid phases are presented, discussed and compared to corresponding physical mixture.

For the EX SITU approach, the diffusion of large cumbersome polymers or amphiphilic bolas between the inorganic platelets was found to be efficient, mostly driven by an anion exchange reaction between interleaved acetate anions and carboxylate functions of the molecular backbones, and keeping intact the inner-sheet integrity through a topotactic process. The efficiency of the intercalation process was found decreasing to range as LDH-Zn 2 Al > LDH-LiAl 2 >> LSH-Zn, more or less regardless of the guest organic species. Aggregation may happen and cannot be discarded especially when using LiAl 2 type platelets and non-neutralized bola. In particular with LSH-Zn, a multi stratified assembly has been observed combining acetate pristine structure and partly bola diffused structure, leading to a biphasic structure, aggregated and intercalated.

To the best of our knowledge, observation of LSH-Zn single platelets has never been reported, making of the combined process Polyol/IN SITU an interesting new route in reaching exfoliation. Indeed, it yields to the generation of platelets either LSH or LDH of lateral size ranging between 10 up to 200 nm. However, the platelets were found to be porous; it is considered as a drawback for barrier properties. It is our belief that such porosity may open new insights in "tectonic" architecture by intertwining 2D and 1D-type filler.

Rather counter intuitively, EX SITU based on topotactic exchange reaction matches the IN SITU templating reaction in many cases as a function of the dispersion state regardless of the polymer or bolas as well as the platelets cation composition.