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Abstract

One potential solution for system thermal management is to utilize or create nanostructured or nanocomposite materials, as they can exhibit a tuned thermal conductivity. Two types of materials developed in this direction were studied in this thesis. They are amorphous chromium disilicide (CrSi2) thin films on substrate that were modified by implantation with Ne and Al ions at room temperature and at 250°C for thermoelectric applications, and bulk polymer nanocomposites where nanofillers (expanded graphite (EG), multiwall carbon nanotubes (MWCNTs), and MXene) are used to enhance the polymer thermal conductivity for electronic applications (as an example). Scanning thermal microscopy (SThM) is used to analyze the heat conduction within both the types of material as a function of their microstructure change. Estimations of the contribution of phonons and electrons to the heat conduction in CrSi2 in its amorphous phase and for ion-implanted amorphous CrSi2 were obtained. These results combined with the analyses of the material microstructure show a decrease of the material thermal conductivity for all the studied CrSi2 samples, more pronounced for ion-implantation at 250°C. Based on scientific literature this decrease is attributed to implantation induced defects clusters that are energy carrier scattering centers, phonon path disruption by atom mass contrast and nanocrystallites, created due to a radiationenhanced phase transformation process at 250°C, with depletion zones for electrons located at their boundaries. For the case of Ne-implantations, observed Ne bubbles that are additionally induced by the ion-implantation also lead to phonon scattering. For polymer nanocomposites, thermal conductivity SThM measurements combined with the analyses of the material microstructure allow to verify that the introduction of carboneous fillers increases the heat conduction in materials while the filler concentration increases. A new analytical model, which allows the thermal conductivity estimation in the case of MWCNTs-multiphase PVDF based composites, is proposed and results are compared with SThM measurements. Main findings show that the β phase of PVDF, created because MWCNTs introduced in the PVDF matrix act as nucleation centers for β phase-PVDF, explains the increase of the thermal conductivity of the nanocomposite.

Keywords: thermal conduction tuning, amorphous chromium disilicide, carbon filler-based polymer nanocomposites, scanning thermal microscopy

Résumé

Une solution potentielle pour la gestion thermique de systèmes consiste à utiliser ou à créer des matériaux nanostructurés ou nanocomposites, car ils peuvent présenter une conductivité thermique ajustée. Cette thèse analyse l'ajustement de la conductivité thermique de deux types de matériaux développés dans cet objectif: des couches minces de disilicide de chrome amorphe (CrSi2) sur substrat modifiées par implantation avec des ions de néon (Ne) et d'aluminium (Al) à température ambiante et à 250°C pour des applications thermoélectriques, et des polymères nanocomposites massifs où des nanocharges (nanotubes de carbone multiparois (NTCMPs), graphite expansé (GE) et MXene) sont utilisées pour améliorer la conductivité thermique du polymère pour des applications électroniques (par exemple). La microscopie thermique à balayage (SThM) est utilisée pour analyser la conduction thermique dans les deux types de matériaux en fonction de leur changement de microstructure, induit par l'implantation ionique dans diverses conditions pour le CrSi2 et par l'ajout de nanocharges pour les polymères nanocomposites. Des estimations de la contribution des phonons et des électrons à la conduction thermique dans le CrSi2 dans sa phase amorphe et pour des échantillons de CrSi2 amorphe implantés par des ions ont été obtenues. Ces résultats, combinés à des analyses de la microstructure des matériaux, montrent une diminution de la conductivité thermique du CrSi2 pour tous les échantillons étudiés. Cette diminution est plus prononcée pour les implantations avec des ions à 250°C. D'après la littérature scientifique, cette diminution est attribuée aux amas de défauts, induits par l'implantation, qui agissent comme des centres de diffusion des porteurs d'énergie, à la perturbation du trajet des phonons du fait d'un contraste de masse atomique entre les ions implantés et ceux du CrSi2 et à des nanocristallites, créées grâce à un processus de transformation de phase (cristallisation de la phase amorphe du CrSi2) à 250°C et ayant des zones de déplétion pour les électrons situés à leur frontière Dans le cas des implantations avec des ions Ne, les bulles de gaz observées et induites par l'implantation ionique conduisent également à la diffusion des phonons. Pour les nanocomposites polymères, les mesures SThM de conductivité thermique, combinées à des analyses de la microstructure permettent de vérifier que l'introduction de charges carbonées augmente la conduction thermique dans les matériaux lorsque la concentration de charge augmente. Un nouveau modèle analytique qui permet l'estimation de la conductivité thermique des nanocomposites de PVDF multiphasiques à base NTCMPs s, est proposé et les résultats sont comparés aux mesures SThM. Les principaux résultats montrent que la phase β du PVDF, créée parce que les NTCMPs s introduits dans la matrice PVDF agissent comme des centres de nucléation pour la phase β du PVDF, expliquent l'augmentation de la conductivité thermique du nanocomposite.

Mots clés : ajustement de la conduction thermique, disilicide de chrome amorphe, polymères nanocomposites à base de charges de carbone, microscopie thermique à balayage 
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General introduction

Thermal management is the process of controlling the temperature of a system or device to ensure it operates within safe temperature limits. This is important for several reasons like the device longevity, performance, safety, energy efficiency, and environmental impact.

Thermal management plays a key role in improving the energy efficiency and sustainability of systems in numerous application domains including energy, transportation, building, and electronics. In order to better implement it in these practical applications, one of the first steps is the improvement of the physical phenomena efficiency used to confer to materials that constitute systems the most suitable properties for a given application.

In engineering, the efficiency factor, so-called figure of merit, is a quantity used to characterize the performance of a system or a material. This thesis analyses two approaches dedicated to the tuning of the thermal conductivity and the improvement of the figure of merit of two types of solid materials with potential physical properties either for thermoelectric applications or for heat dissipation within systems. For the case of a thermoelectric material, the figure of merit is defined by its 𝑍𝑇, which is all the higher as the thermal conductivity of the material is low. On the contrary, for a heat dissipation material, which is required to transfer and to dissipate heat away from components to prevent device overheating and damage, the thermal conductivity is desired to be high.

The development of new materials with controlled thermal conductivity, which surpasses that of the currently used materials is needed in order to influence the performances and reliability of the aforementioned applications. One potential solution is to utilize or create nanostructured or nanocomposite materials, as they can exhibit a tuned thermal conductivity.

These advanced human-made materials are perceived as one of the most promising materials of the current generation. They require thermal engineering optimization and design laws. This also requires setting up dual approaches based on multiscale models for the prediction of material properties associated with specifically dimensioned experimental characterization techniques and methodologies. The manuscript ends with a General conclusions that summarises the main findings of my works and gives the Perspectives of my works.

Chapter I. CONTEXT AND SCIENTIFIC

STATE OF ART

I. A. Introduction

I. A. 1. Global context

Global climate change is becoming increasingly evident and irreversible due to historic and current human activities [START_REF] Iyengar | Review: An Inconvenient Truth: The Planetary Emergency of Global Warming and What We Can Do about It , by Al Gore[END_REF]. Climate change has impacted many aspects of the natural and human environment including rising temperatures, rising sea levels, agricultural problems [2]- [START_REF] Anwar | Adapting agriculture to climate change: A review[END_REF] and acute human health complications [START_REF] Mcmichael | Climate change and human health[END_REF]- [START_REF] Mcmichael | Climate change and human health: Present and future risks[END_REF]. One of the most important causes of climate change is the persistent reliance on fossil fuels throughout time, which emits high level of greenhouses gases as seen in Recent studies [START_REF] Iyengar | Review: An Inconvenient Truth: The Planetary Emergency of Global Warming and What We Can Do about It , by Al Gore[END_REF] prove that approximately all of the world's energy consumption involves the production or manipulation of heat over a wide temperature range. As a result, thermal energy and heat management are a central point in our energy production/consumption.

At this crucial juncture in human societal development, the implementation of new energy solutions is hence desperately needed.

For the sake of reducing the energy losses and recycling energy, thermal management of devices has received widespread attention and unprecedented development in this era because heat is one of the most ubiquitous forms of energy. Technically, thermal management primarily encompasses three areas of content: i) energy generation and dissipation, ii) energy conversion, and iii) energy storage.

Energy generation includes both the more efficient extraction of energy from fossil or renewable resources and the minimization of unnecessary heat by product generated in the same process. Heat dissipation materials can be required in industry to transfer and to dissipate heat away from equipment and machinery to prevent overheating and damage. They are commonly used in electronics, automobiles, and industrial machinery to ensure proper functioning and prolong the lifespan of the equipment. Additionally, these materials can be used to dissipate heat generated by power generators, engines, and other equipment to protect personnel and the surrounding environment from excessive heat exposure. Thus, a higher thermal conductivity is desired for heat dissipation materials.

Nevertheless, thermal energy can also be effectively converted into other forms of energy such as electricity. It can be done by photovoltaic or thermoelectric conversions, for examples. Photovoltaic cells are made of semiconductor materials like silicon (Si) and are used to capture the energy from sunlight and convert it into electricity. Thermoelectricity, on the other hand, requires maintaining a temperature difference between the two faces of a solid component, a so-called thermoelectric material. This is known as the Seebeck effect. A thermoelectric generator uses this effect to convert heat into electricity, or vice versa. These generators can be used to convert waste heat into usable electricity. Another promising alternative is thermophotovoltaic conversion (TPV) [START_REF] Nelson | A brief history of thermophotovoltaic[END_REF]- [START_REF] Bauer | Thermophotovoltaics: basic principles and critical aspects of system design[END_REF], which converts the radiative heat flux from a hot body, which can be removed from a recuperator, via a photovoltaic cell that operates in the infrared spectral range. Multiple sources of heat (vehicle engines, factories, etc.) could be put to use.

Consequently, as the world continues to increase its reliance on renewable energy sources, it becomes increasingly important to find efficient and cost-effective ways to store excess energy for later use.

Heat management endeavors intend to control and reduce heat losses in new components and materials where the downsizing of devices towards micro-and nanoscales and the increase of power requirements for electric devices and infrastructures (e.g., data centers and smaller scale digital infrastructures, computers, smartphones and portable devices, electric engines, 5G, etc.) lead to extremely high heat dissipation levels. Many physical phenomena can be used for heat management like the principles of thermoelectricity and TPV, which are very convenient ways to recycle the misused thermal energies [START_REF] Melnick | From thermoelectricity to phonoelectricity[END_REF]. The figure of merit of these phenomena varies with the materials used because it depends on their thermal and electrical properties. Therefore, effective thermal management requires the development of new materials with controlled properties that will influence the performances and reliability of systems.

As mentioned in the general introduction, one potential solution to optimize the efficiency of thermal management systems is to utilize or create nanostructured or nanocomposite materials, as they can exhibit tuned physical properties. They can exhibit unique chemical and physical (mechanical, electrical, thermal….) properties that differ from those of bulk materials. Due to the nanometric length scale of involved structures and multiple interfaces within materials, these properties include high surface area-to-volume ratios, enhanced reactivity, and unique optical, electrical, and magnetic characteristics, etc. These distinctive properties make these materials useful in a wide range of applications, from medicine to electronics including thermal management of systems [START_REF] Snyder | Complex thermoelectric materials[END_REF]. They are perceived as one of the most promising materials of the current generation. Their integration in a system for a given application is however a complex task as their optimization must answer to specifications that consider the multiscale and multiphysical behavior of the global system. This concerns both applications dealt with in this thesis, i.e., thermoelectric transport and heat dissipation in systems. While being aware of this, the thesis mainly concerns the thermal conductivity tuning of nanostructured and nanocomposite materials for each of these two applications.

I. A. 2. Main challenge of the oriented-application materials of the thesis

I. A. 2. a) Materials for thermoelectricity

For thermoelectric materials, the efficiency is given by 𝑍𝑇 (unitless merit factor), which is defined as [START_REF] Snyder | Complex thermoelectric materials[END_REF]:

𝑍𝑇 = 𝑇 𝑆 2 𝜎 𝑘 ⁄ (I-1)
where 𝑇 denotes the absolute temperature (K), 𝑆 1 denotes the Seebeck coefficient representing the thermoelectric power (V/K), 𝜎 the electrical conductivity (S/m) and 𝑘 the thermal conductivity of the material (W/ (m.K)).

Achieving a high thermoelectric efficiency requires a high 𝑍𝑇 value, which further requires a high-power factor ( 𝑆 2 𝜎 ) and a low 𝑘 of materials. This is because an ideal thermoelectric material behaves like a "phononic glass/electronic crystal" (PGEC) material, with superior electrical properties similar to a crystalline material and poor thermal properties similar to an amorphous or glass-like material. However, 𝑆, 𝜎 and 𝑘 are highly related to the concentration of charge carriers (𝑛) (Figure I-2), resulting their interaction and conflict with each other, hence makes it challenging to achieve a high 𝑍𝑇. Up to now, the two strategies to develop highly efficient thermoelectric materials are the research for new materials with an inherent high 𝑍𝑇 and the optimization of thermoelectric characteristics. The greatest choices 1 Seebeck coefficient S is an intrinsic property of a material and corresponds to a measurement of the voltage generated in response to a temperature difference of 1 K. Among thermoelectric materials, those that are made amorphous naturally give rise to extensive phonon scattering, which is still a challenge for crystalline thermoelectrics. A bright future is expected for these materials, but we will see later that modelling of transport properties is challenging enough without breaking the long-range order so that design of amorphous thermoelectrics is at its infancy. A part of this thesis (Chapter III) is dedicated to the experimental analysis of the heat transfer in such a thermoelectric material: the amorphous chromium disilicide (CrSi2). It is studied in its pristine form but also after implantation with ions at different temperatures in order to verify if such material treatment can reduce the material thermal conductivity and improve the ZT.

I. A. 2. b) Materials for heat dissipation

In the case of applications requiring heat dissipation, it is desired to increase the thermal conductivity of materials. Such materials comprise metals, metallic alloys and polymer-based materials.

Polymer-based materials have particularly gained significant attention in recent years due to their low cost, excellent process ability, lightweight, and excellent flexibility. They are widely used in various industrial fields such as the electrical industry, fuel cells, packaging industry, and architectural engineering. With the rapid development of the microelectronic device industry, the demand for improved heat dissipation components has also risen. However, due to energy carrier scattering, most polymers have low thermal conductivity, typically in the range of 0.1 to 0.5 W/(m.K) [START_REF] Huang | A review of dielectric polymer composites with high thermal conductivity[END_REF]. As a result, enhancing the thermal conductivity of polymerbased systems has become a highly area of interest. Among the strategies developed in this direction, adding some micro ad nanoscale thermal conductive fillers into polymer matrix is a popular method for enhancing its thermal conductivity but it is clear that heat conduction in such polymer nanocomposites is not well understood. To go further the thesis has also addressed the heat conductivity of different polymer composites including different volume fractions of nanofillers (multiwall carbon nanotubes (MWCNTs), expanded graphite (EG), Ti3C2Tx Mxene).

The goal was not here to enhance the thermal conductivity of the studied polymers but rather to better understand the mechanisms of this enhancement.

The physics of the heat conduction depends on the material considered. The next part of the manuscript reminds and gives the fundamentals of the thermal conduction in solid materials that are used later to analyze heat transfer in the materials studied in the thesis.

I. B. Thermal conduction in solid materials: fundamentals

Heat can be transferred via three distinct manners known as the thermal conduction, thermal convection, and thermal radiation [START_REF] Almond | Photothermal Science and Techniques[END_REF]. Heat can transfer through any of those manners depending on the state and type of matter.

Thermal conduction is the transfer of heat energy through matter by the collisions of particles and heat carriers without matter displacement. It is a physical process that occurs in solids, liquids, and gases. In solids, the thermal transport is achieved through conduction, which is the vibration of both the lattice and the electrons (principle explained in detail in the next section). Simply put, in solids, heat is transported via material lattice vibrations that can be described as particles, known as phonons, where the transport theory can be described by the phonon gas model (PGM) [START_REF] Chen | Nanoscale energy transport and conversion: a parallel treatment of electrons, molecules, phonons, and photons[END_REF]- [START_REF] Srivastava | The physics of phonons[END_REF]. The excessive presence of electrons inside metals, makes the electron-conduction the dominating heat channel [START_REF] Balandin | Thermal properties of graphene and nanostructured carbon materials[END_REF].

Thermal convection takes place on the interface between a solid and a fluid flowing over it, which have different temperatures. The convection is caused by the fluid motion relative to the solid surface.

Thermal radiation represents the emission of energy in the form of electromagnetic waves due to the thermal motion of charged particles (for example electrons) in matter, i.e., at any temperature different than 0 K. It is emitted in all directions from the surface of an object and is the result of its temperature. Specifically, in vacuum, heat can only transfer between two bodies through thermal radiation manner.

Each of these heat transfer mechanisms is described by a specific law: Fourier's law for conduction, Newton's law for convection and Stefan-Boltzmann's law for radiation. As the thesis only studies the thermal conduction in solid materials, we will only detail this heat transfer mechanism in the following.

I. B. 1. Thermal conduction in solids

I. B. 1. a) Fourier's law and thermal conductivity

Fourier's law of heat conduction states that the rate of heat flow through a material is proportional to the negative gradient in the temperature and the thermal conductivity of the material. Mathematically, it can be expressed as:

𝑞 𝑥 = -𝑘 𝑥 𝐴 𝜕𝑇 𝜕𝑥 (I-2)
where 𝑞 𝑥 (W) is the rate of heat transfer in positive x direction, 𝑘 𝑥 (W/mK) is the thermal conductivity in x direction, 𝐴 (m 2 ) is the cross-sectional area, and 𝜕𝑇 𝜕𝑥 (K/m) is the temperature gradient in positive x direction. Similarly, the same form of the equation can be written in y and z directions for the case of a right-angle coordinate system:

𝑞 𝑦 = -𝑘 𝑦 𝐴 𝜕𝑇 𝜕𝑦 (I-3) 𝑞 𝑧 = -𝑘 𝑧 𝐴 𝜕𝑇 𝜕𝑧 (I-4)
For a three-dimensional system, the rate of heat transfer 𝑞 (W) is the sum of the heat flux vectors transferred along x, y and z directions. In the case of material with isotropic thermal conductivity, which means 𝑘 𝑥 = 𝑘 𝑦 = 𝑘 𝑧 , 𝑞 can be expressed as:

𝑞 = -𝑘𝐴∇𝑇 (I-5)
where k is the isotropic effective thermal conductivity of material, A is the crosssectional area, and ∇T is the temperature gradient vector.

It is worth to mention that Fourier's law is just valid for a diffusion process. Whereas, when the studied system is out of the local thermodynamic equilibrium, the Fourier's regime will not be sufficient to explain the heat transport, and new laws should be used instead like non-Fourier solutions or Boltzmann transport theory.

Concretely, the thermal conductivity k is an intrinsic property of a material that determines how easily heat is transferred through this material. It can be affected by effects of reduced size (defects, isotopes, impurities, nanopores, interfaces, nanostructures, etc…) within a solid.

In the case of composite materials an effective thermal conductivity (𝑘 𝑒𝑓𝑓 ), which is an overall thermal conductivity including the contribution from all components to heat transport, can be used. 𝑘 𝑒𝑓𝑓 can be determined experimentally and from Eq. I-5 or be predicted using a global model that describes the heat dissipation within the sample while taking into account its geometry, internal interfaces....

Heat transfer in some systems can also be described using a network of thermal resistances (thermal resistance of the material components and of the interfaces).

I. B. 1. b) Thermal resistance and thermal conductance

In analogy to the electrical conduction, heat flux can be approximated as a current in a circuit. While heat flows through an object, the instinct parameter of the object to resist this heat flux is called thermal resistance 𝑅 (K/W). The presence of thermal resistance causes a temperature gradient in the path of the heat flow. For a given two points as shown in The characterization of heat conduction within nanostructured thin films of amorphous material on substrate and bulk nanocomposite materials has been made in this thesis at the steady state. Consequently, the heat conduction in the studied samples has been considered purely in the diffusive regime (samples' descriptions are detailed in each following chapter), Fourier's law has been applied and the effective thermal conductivity of the studied materials identified and used as an important parameter to evaluate the heat transfer performance.

Understanding heat conduction in materials and through interfaces needs to consider the physics of the involved heat carriers.

I. C. Heat conduction energy carriers

As mentioned in the previous section, heat conduction in solids is governed by the propagation and collisions of many types of energy carriers. For a given material, the energy carriers involved in heat transfer depend on the chemical composition and structure (crystalline or amorphous) of the material.

Case of crystalline materials: Generally, the heat energy carrier concept in solid mainly accounts for the vibration of lattice (phonons) and electrons. Often, a single type of heat energy carrier may dominate the heat transfer. For example, the heat channel inside metals and heavily doped semiconductors is governed by electron-conduction while phonon-conduction dominates in dielectric and many light-to-moderately doped crystalline semiconductors. In some other cases, multiple types of heat energy carriers contribute collectively to the thermal conduction such as in thermoelectric materials where both lattice vibrations and electrons contribute to heat transport.

Case of disordered materials:

Especially, some sophisticated heat energy carriers [START_REF] Allen | Diffusons, locons and propagons: Character of atomie yibrations in amorphous Si[END_REF] have been proposed to illustrate the heat conduction in structurally disordered materials, i.e., amorphous materials. Heat transfer involves the propagation and collisions of propagons, the diffusion and collisions of diffusons and the vibration of locons.

In this thesis, amorphous semiconductor-like materials and polymer composites will be studied. Thus, the involved heat energy carriers in such materials will be featured in the following part.

I. C. 1. Heat conduction by electrons

Free electrons play a crucial role in the thermal conductivity of metals, semimetals and heavily doped semiconductors (also called degenerated semiconductors). For high quality metals around or above room temperature, electron MFP is dominated by the electron-phonon interaction and the scattering of electrons by impurities and defects [START_REF] Ziman | Principles of the Theory of Solids[END_REF]. A noteworthy feature about electrons is that electron is capable to act as energy carrier for both heat and electrical charge. For a free electron gas with a parabolic dispersion near the Fermi energy (such as most metals and degenerate semiconductors) with only elastic scattering [START_REF] Toberer | Advances in thermal conductivity[END_REF], the relationship between the electrical conductivity 𝜎 (S/m) (inverse of the electrical resistivity 𝜌 (Ω.m)) and the electronic contribution of thermal conductivity 𝑘 𝑒 follows the Wiedemann-Franz law [START_REF] Snyder | Complex thermoelectric materials[END_REF]:

𝑘 𝑒 = 𝐿𝑇𝜎 (I-9)
where 𝑇 is temperature, 𝐿 is known as Lorenz number. At 300K, 𝐿 is equal to: is the elementary charge.

𝐿 = 𝜋 2 3 (
The elastic scattering assumption is reasonable for scattering of electrons by impurities and point defects at all temperatures as well as for scattering of electrons by phonons at temperatures near and above Debye temperature2 (θD), due to the energy exchanged with a phonon is sufficiently small compared to 𝑘 𝐵 𝑇 [START_REF] Toberer | Advances in thermal conductivity[END_REF]. With Eq. I-9 and for a given material, 𝑘 𝑒 can be estimated from the measurement of 𝜎.

I. C. 2. Heat conduction by lattice vibrations

Lattice vibration is the dominant heat energy carrier in dielectric solids, including lightto-moderately doped semiconductors and insulators [START_REF] Toberer | Advances in thermal conductivity[END_REF]. For crystalline solids, the atoms in the lattice are tied together through chemical bonds. Each atom vibrates around its own equilibrium location and affects neighboring atoms. With the harmonic approximation as shown in Figure I-4, interatomic interactions can be viewed as a mass-spring system. Thus, a single atom's vibration can create lattice waves throughout the entire system. Quantized lattice vibrations are defined as heat energy carriers called phonons, which can be modeled as particles that have each their own angular frequency (𝜔 𝐿 ), wavevector (𝑞 𝐿 ) (direction is same as the direction of wave, size is equal to 2𝜋/𝜆 𝐿 where 𝜆 𝐿 is the wavelength) and moves at a specific velocity [START_REF] Brüesch | Phonons: Theory and experiments I: Lattice dynamics and Models of interatomic forces[END_REF]. In reality, phonons are not independent as described in harmonic approximation, which leads to phonon-phonon interaction.

Phonon gas model [START_REF] Chen | Nanoscale energy transport and conversion: a parallel treatment of electrons, molecules, phonons, and photons[END_REF] describes the transport of phonon as shown in Likewise, to gas molecules, phonons carry heat energy and travel inside the material. In reality, phonons are not independent as described in harmonic approximation, which leads to phononphonon interaction.

An important parameter to characterize the motion of heat energy carriers is their mean free path (MFP) l: 𝑙 𝑒 and 𝑙 𝐿 and 𝑙 𝑒 for electrons and phonons, respectively. In the description of energy carriers as particles, this mean free path is the average distance traveled by the particle between collisions. In the case of phonons, their scattering with defects, imperfections, material boundaries, and the Umklapp scattering [START_REF] Callaway | Model for lattice thermal conductivity at low temperatures[END_REF] between phonons determines 𝑙 𝐿 and leads to a thermal resistance to heat conduction.

According to the kinetic theory of gases, the lattice thermal conductivity (𝑘 𝐿 ) of a crystalline solid can be represented mathematically as:

𝑘 𝐿 = 1 3 𝐶 𝑉 𝑣 𝑔 𝑙 𝐿 (I-11)
where 𝐶 𝑉 is the volumetric heat capacity (J/(m 3 K)), 𝑣 𝑔 is the phonon group velocity (m/s), 𝑙 𝐿 is the mean free path of phonon (m) . This equation is also valid for heat conduction electrons.

The key to understand the variation of the thermal conductivity of a material is then to figure out the influence on 𝐶 𝑉 , 𝑣 𝑔 and 𝑙 𝐿 on its value. 

I. C. 3. Energy carriers in amorphous structure

An amorphous material is a solid that lacks long-range order in its atomic or molecular structure. Unlike crystalline materials, which have a well-defined arrangement of atoms or molecules, the atoms or molecules in amorphous materials are arranged in a random or disordered fashion. This gives amorphous materials a glass-like or non-crystalline appearance.

Examples of amorphous materials include glass, plastic, and some ceramics. Amorphous materials have different physical and mechanical properties than crystalline materials, such as lower mechanical strength, higher thermal and electrical insulation, and higher chemical resistance.

Regarding heat transfer by electrons in amorphous materials (metallic glasses…), the situation is different compared to crystalline metals because the mean free path of conduction electrons is so short due to structural and compositional disorder that the Wiedemann-Franz law should hold in the whole temperature range.

Regarding heat transfer by phonons, due to the lack of periodicity in the atomic or molecular structure, phonons in amorphous materials are not able to propagate as far as in crystalline materials. In this limit, Eq. I-11 is no longer effective because it becomes questionable to treat phonon as a particle whose MFP is much longer compared to wavelength λ 𝐿 [START_REF] Toberer | Advances in thermal conductivity[END_REF]. In 1979, Slack developed the "minimum thermal conductivity" model [START_REF] Slack | The Thermal Conductivity of Nonmetallic Crystals[END_REF]. In this model, half of wavelength is employed as MFP of phonons. The prediction from "minimum thermal conductivity" model usually underestimates the thermal conductivity compared to experiment data [START_REF] Cahill | Lower limit to the thermal conductivity of disordered crystals[END_REF] and thus is defined as a conceptual lower bound of 𝑘 𝐿 .

Many attempts have been made to better understand the physical mechanism of heat conduction in amorphous materials [START_REF] Allen | Thermal conductivity of disordered harmonic solids[END_REF]- [START_REF] Feldman | Thermal conductivity and localization in glasses: Numerical study of a model of amorphous silicon[END_REF]. In 1993, Allen and Feldman [START_REF] Allen | Thermal conductivity of disordered harmonic solids[END_REF] proposed to use propagons, diffusons, and locons as three novel heat energy carriers to describe the vibrational modes in amorphous structure, as illustrated in Some researchers have shown that the "minimum thermal conductivity" model where phonon is responsible for heat conduction is roughly consistent with the method that regard diffusons as the most important vibrational modes in amorphous solids [START_REF] Allen | Diffusons, locons and propagons: Character of atomie yibrations in amorphous Si[END_REF], [START_REF] Toberer | Advances in thermal conductivity[END_REF]. Considering that the behaviors of phonons is better understood and studied, the term "phonon" is used as one of heat energy carriers of the studied samples (amorphous CrSi2 and polymers) in this thesis.

This is an integrated concept, which also includes the heat transfer mechanisms of propagons and diffusons. In any case the thermal conductivity corresponding to this phonon heat transport will be written as 𝑘 𝑝ℎ instated of 𝑘 𝐿 used for crystalline materials.

I. D. Heat transfer through interfaces

In this thesis, heat transfer through interfaces is described using thermal resistances of interfaces and thermal boundary resistances.

The interfacial thermal resistance (also known as thermal boundary resistance TBR)

𝑅 𝑡ℎ (Km 2 /W) refers to the thermal resistance that occurs at every interface between materials with same or different phonon density of states. This phenomenon was named after Kapitza due to his observation of a temperature jump at the interface between heated metal and He II superfluid phase [START_REF] Kapitza | Heat transfer and superfluidity of helium II[END_REF]. The presence of the TBR affects the thermal conduction across the interface and results in a temperature difference at both sides of the interface as shown in Figure

I-7.
The value of TBR is given by:

𝑅 𝑡ℎ = ∆𝑇 𝑞/𝐴 (I-12)
where ∆𝑇 (K) refers to the temperature difference at the interface between the adjacent media, 𝑞 (W) is the heat flux across the interface, and 𝐴 (m 2 ) is the cross-sectional area. One should note that even though the mechanical condition on interface is perfect, heat carriers (for example phonons) may scatter or localize on the interface due to mismatch of atomic vibrational spectra [START_REF] Zhou | Thermal Conductivity of Amorphous Materials[END_REF]. Thus, the TBR is mainly attributed to the imperfect contact and phonon scattering. On the one hand, the roughness on the surface of a solid material may induce an imperfect contact between two mediums. In reality, only a limit number of bonds connects both lattices allowing the thermal conduction of heat flux through solid-solid contacts. The voids between two imperfect surfaces are filled by the surrounding fluid such as air. Air is generally considered as a poor conductor of heat with thermal conductivity of 0.026~0.067 (W/(m. K)) in the temperature range of 300 K to 900 K [START_REF] Kadoya | Viscosity and Thermal Conductivity of Dry Air in the Gaseous Phase[END_REF]. Thus, the voids filled with air contribute to an additional thermal resistance while heat fluxes across the interface. Nonetheless, an extra interfacial resistance is generated due to this barrier effect. Such phenomenon is generally explained using acoustic mismatch model (AMM) and diffusive mismatch model (DMM) [START_REF] Swartz | Thermal boundary resistance[END_REF]. AMM model supposes a specular scattering on the interface while DMM model assumes a diffusive scattering. Much effort have been put into the research about thermal resistance on the interface using extensions of these two theoretical methods [START_REF] Filippov | Thermal boundary resistance and heat diffusion in AlGaN/GaN HFETs[END_REF]- [START_REF] Little | the Transport of Heat Between Dissimilar Solids At Low Temperatures[END_REF].

In particularly, TBR at the interface between two amorphous materials, presents some unexpected phenomena. Unlike the defects at interfaces between two crystalline structures that cause more scattering and thus increase the TBR, the introduction of structural defects (such as introduction of nitrogen defects [START_REF] Giri | Interfacial Defect Vibrations Enhance Thermal Transport in Amorphous Multilayers with Ultrahigh Thermal Boundary Conductance[END_REF]) to amorphous interface may facilitate the heat transfer across the interface. This suggests that the contact thermal conduction mechanism at crystalline/crystalline (crystalline interfaces) and amorphous/amorphous interfaces (amorphous interfaces) are very different. Apart from that, a lower TBR at amorphous interfaces than its crystalline counterparts have been found both in experiments [START_REF] Li | Thermal transport across graphene/SiC interface: effects of atomic bond and crystallinity of substrate[END_REF] and molecular dynamics (MD) simulations [START_REF] Giri | Effect of crystalline/amorphous interfaces on thermal transport across confined thin films and superlattices[END_REF], [START_REF] Giri | Kapitza resistance and the thermal conductivity of amorphous superlattices[END_REF]. The reason behind such phenomenon contrary to intuition is still not understood sufficiently. The idea that a broader frequency range of vibrations could contribute to the thermal transport at amorphous interface is proposed by Gordiz and Henry [START_REF] Gordiz | Phonon transport at interfaces between different phases of silicon and germanium[END_REF] to explain this phenomenon. Some other researchers believe that the disorder at amorphous interfaces can disrupt vibrational modes, resulting in higher frequency vibrations near the interface which could "bridge" vibrational modes on either side of the interface [START_REF] Giri | Interfacial Defect Vibrations Enhance Thermal Transport in Amorphous Multilayers with Ultrahigh Thermal Boundary Conductance[END_REF].

In this thesis, due to the presence of substrate under the sample of nanometric thickness to be studied (detailed in subsequent chapters), TBR between sample and substrate must be taken into account.

Almost all the cases covered in this thesis are about amorphous interfaces between films of thickness ranging from 250 nm to macroscale. The determination of the values of the involved TBR is rather difficult because the actual situation at the interfaces is very complex and uncertain. A common way to decide TBR is to refer to TBR values for a specific couple of materials in literature. However, some combinations of components to create an interface have never been studied or the conditions of components (different fabrication processes, stoichiometry…) are not completely identical. In that way, a possible range of TBR in general within 10 -8 ~10 -6 (Km 2 /W) , which is the possible value for 𝑅 𝑡ℎ [START_REF] Deng | Thermal boundary resistance measurement and analysis across SiC/SiO2 interface[END_REF], [START_REF] Deng | Kapitza resistance of Si/SiO2 interface[END_REF] will be considered.

To simplify the case, sometimes TBR 𝑅 𝑡ℎ (Km 2 /W) is equivalent to an additional layer with an equivalent thickness 𝑡 𝑒𝑞-𝑇𝐵𝑅 , which is determined by:

𝑡 𝑒𝑞-𝑇𝐵𝑅 = 𝑅 𝑡ℎ 𝑘 𝑠𝑎𝑚𝑝𝑙𝑒 (I-13)
where 𝑘 𝑠𝑎𝑚𝑝𝑙𝑒 is usually the thermal conductivity of studied samples. More details can be found in Chapter II and in the Appendix 1.

According to the above discussion one can see that the thermal resistance of a material can be modulated by introducing or reducing interfaces, thereby achieving the desired tuning of the thermal conductivity of material.

I. E. Thermal conductivity tuning by modifying microstructure and geometry of solid materials

The thermal conductivity of a material is dominated by its volumetric heat capacity 𝐶 𝑉 , the group velocity of heat energy carriers 𝑣 𝑔 and their mean free path 𝑙 as presented in Eq. I-11. It is challenging to modify 𝑣 𝑔 experimentally. Thus, to tune the thermal conductivity of materials in order to achieve an expected performance, the modification of 𝐶 𝑉 and 𝑙 is needed.

In the case of thermoelectric materials, a higher energy conversion efficiency requires a lower thermal conductivity 𝑘 coexisting with an unaffected or enhenced electrical parameters. However, it is acknowledged that these properties are usually interdependent within materials, and it is challenging to independently manipulate one parameter [START_REF] Yu | Chalcogenide Thermoelectrics Empowered by an Unconventional Bonding Mechanism[END_REF]. As explained previously, the electronic contribution of thermal conductivity 𝑘 𝑒 is proportional to electrical conductivity 𝜎.

The power factor ZT, which indicates the energy conversion efficiency of a material can be also written as Eq. I-14 by combining the Wiedmann-Franz law (Eq. I-9) with Eq. I-1:

ZT = 𝑆 2 𝜎 𝑘 𝑇 = 𝑆 2 /𝐿 1 + 𝑘 𝐿 𝑘 𝑒 (I-14)
It could be noted that a low ratio between the lattice and electronic thermal conductivities,

𝑘 𝐿 𝑘 𝑒
, is desired in order to improve the thermoelectric efficiency. To attain this objective, many efforts have been focused only on reducing the lattice thermal conductivity of materials. The "phonon glass electron crystal" (PGEC) concept is henceforth proposed [START_REF] Rowe | CRC handbook of thermoelectrics[END_REF] and is considered as the ideal material to achieve maximum 𝑍𝑇. To obtain PGEC materials, various methods have been attempted.

Structuring by decreasing the size of the material's grains, by introducing interfaces between different regions or by amorphisation can enhance phonon scattering, reducing the thermal conductivity [START_REF] Li | 2D hetero-nanosheets to enable ultralow thermal conductivity by all scale phonon scattering for highly thermoelectric performance[END_REF]. By efficiently controlling the introduced interfaces, the scattering intensity of electrons and phonons at the same interface differs dramatically [START_REF] Nakamura | Nanostructure design for drastic reduction of thermal conductivity while preserving high electrical conductivity[END_REF]. The significant reduction of 𝑘 𝐿 and the conservation of 𝜎 lead to a satisfactory 𝑍𝑇.

Another method to form PGEC that has been proven to be very effective in the literature is doping, which can introduce impurities or defects into the material. As it will be seen in chapters III, the microstructure and the physical properties of a material can be tailored using ion implantation technique. As outlined in references [START_REF] Desalvo | Doping of amorphous silicon by potassium ion implantation[END_REF]- [START_REF] Rowe | Thermoelectrics Handbook[END_REF], ion implantation technique enables the introduction of point defects, extended defects, and dangling bonds that can enhance the charge transport within the lattice. This technique also introduces vacancies and interstitials that serve as scattering centers for phonons, which affect 𝑘 𝐿 . Additionally, depending on the experimental conditions, ion implantation can induce the recrystallization of amorphous materials, creating crystallites boundary that can also disrupt the phonon path, as stated in reference [START_REF] Novikov | Grain boundary scattering contribution to the thermopower in Cr-Si nanocrystalline films[END_REF].

The utilization of isoelectronic elements in materials also allows for the preservation of the crystalline electronic structure while also increasing 𝜎. This is accomplished by introducing elements with similar electronic configurations into the pristine material. The significant mass contrast created by these isoelectronic elements disrupts the phonon path, resulting in a decrease of 𝑘 𝐿 [START_REF] Rowe | Thermoelectrics Handbook[END_REF], [START_REF] Snyder | Complex thermoelectric materials[END_REF].

Additional methods like, compositing by combining different materials with dissimilar thermal and electrical properties [START_REF] Nolas | Skutterudites: a phonon-glass-electron crystal approach to advanced thermoelectric energy conversion applications[END_REF], [START_REF] Shi | A New Material with a Composite Crystal Structure Causing Ultralow Thermal Conductivity and Outstanding Thermoelectric Properties: Tl 2 Ag 12 Te 7+δ[END_REF]; phonon engineering by designing the material's lattice structure to selectively scatter certain phonon frequencies (phonon filtering) while preserving electronic transport [START_REF] Zhou | Routes for high-performance thermoelectric materials[END_REF], [START_REF] Han | Phonon interference and thermal conductance reduction in atomic-scale metamaterials[END_REF]; superlattice by creating a stacked structure of alternating materials with different thermal properties [START_REF] Lu | High carrier mobility and ultralow thermal conductivity in the synthetic layered superlattice Sn4Bi10Se19[END_REF], are also possible routes to create PGEC. It's worth noting that the specific methods used to obtain a PGEC will depend on the specific material and desired properties.

In the case of applications requiring heat dissipation, polymers are highly desirable materials in widespread domains due to its low-cost, corrosion resistant, light weight and excellent processability. Whereas the inherently low thermal conductivity of polymers restricts heat dissipation, thereby limiting the performance of the materials in operation and shortening the lifespan of polymer-based materials. Many attempts have been made to enhance the thermal conductivity of polymer materials while minimize any adverse effects on the other properties.

Specifically, nanocomposition by adding some nanoscale thermal conductive fillers into polymer matrix is a popular method for enhancing its thermal conductivity. Common thermal conductive fillers include [START_REF] He | Recent advances in the rational design of thermal conductive polymer composites[END_REF]: metallic fillers such as copper, aluminum, and silver, ceramic fillers such as boron nitride (BN), aluminum nitride (AlN) and silicon carbide (SiC), and carbon-based fillers such as expanded graphite (EG), carbon fiber, carbon black, carbon nanotubes and graphene. Most recently, a novel two-dimensional (2D) transition metal carbides and nitrides, also known as MXene, is also used as functionalized fillers in polymer matrices [START_REF] Idumah | Recently emerging advancements in thermal conductivity and flame retardancy of MXene polymeric nanoarchitectures[END_REF].

Another way to enhance the thermal conductivity of polymer-based materials is by altering the material's crystallinity. Depending on the molecular chain structure, many polymers can be classified as semi-crystalline phase. A semi-crystalline polymer is a type of polymer that contains both crystalline and amorphous regions in their microstructure. These polymers are characterized by the presence of both ordered, highly packed regions (crystalline regions) and disordered, less densely packed regions (amorphous regions). The degree of crystallinity in a semi-crystalline polymer can vary widely, depending on the polymer type, processing conditions, and other factors. It has been demonstrated that 𝑘 of polymer-based materials can be improved by increasing the crystallinity [START_REF] Price | Thermal conductivity of PTFE and PTFE composites[END_REF]. One should take note that in this thesis I will just use the term amorphous polymer in order to represent non-crystalline polymer.

Whereas I will use the term crystalline polymer instead of semi-crystalline polymer.

However, a thorough examination of the literature reveals a significant scatter in the reported experimental data of thermal conductivity for these materials. The large variation in thermal conductivity values can be attributed to a number of factors including the purity and quality of the nanofillers and the polymer matrix, the dispersion of nanoparticles in the matrix, the measurement techniques and conditions, and the sample preparation method. Additionally, the presence of impurities, defects, and other microstructural features can also affect the thermal conductivity of crystalline polymers. Despite these challenges, it is clear that the thermal conductivity of polymer-based materials is an important property that can have a significant impact on their performance in various applications. Further research is thus needed to better understand the underlying mechanisms that govern the thermal conductivity of these materials.

It is also worth to mention that compared to any other kind of material, the scientific literature addressing heat transfer within polymers is not uniformly calibrated. Depending on the origin of their discipliner community, published articles may abuse the concept of term "phonons", which is a common situation. It is clear that heat transfer within polymers and particularly semi-crystalline polymers is not well-understood. We will see it in Chapter IV that the current models used to describe heat conduction are still mainly based on mixing law or empirical models.

A more complete state of the art on the properties of the materials of the study will be given while discussing the results we got on CrSi2 and polymeric materials in Chapter III and IV respectively in order to avoid repetitions in the manuscript.

Some techniques for estimating the thermal conductivity of solid materials are summarized in the following section.

I. F. Techniques for investigating the thermal conductivity of solid materials

Various techniques can be used to investigate the thermal conductivity of solid materials.

The main steps of the general principle of all these techniques are first to heat the sample with a source (laser or heated probe, etc.), and second to measure or follow the resulting sample temperature variation. A mathematical model, which describes the heat dissipation in the sample from the source, is then used to reproduce the measurement and results are compared to experimental data to determine the thermal conductivity of interest.

I. F. 1. Thermoreflectance

Thermoreflectance method [START_REF] Hareesha | Development on graphene based polymer composite materials and their applications -A recent review[END_REF] is based on the principle that when a material is heated, its temperature changes can be detected as a change in its reflectivity. This technique typically involves the focalization of a modulated pump laser beam onto the surface of the material and the measurement of the reflected light via a probe beam as a function of the modulation frequency. The change in the reflected light can then be used to determine the ratio of the temperature change of the material, which depends on the thermal conductivity. This technique is a non-contact method but requires the deposition of an optical transducer layer (mainly a reflective metallic layer) on the film's surface in order to induce a surface heat absorption of the optical energy.

I. F. 2. Photothermal radiometry

Photothermal radiometry (PTR) [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF] is another optical technique for characterizing the thermal conductivity of a material. The main difference between PTR and thermoreflectance technique is that PTR is based on the detection of the emitted infrared thermal radiation rather than the change in reflectivity induced by the temperature variation of the material. An optical transducer layer on the film's surface is also often needed for PTR to enhance the absorption of energy by the sample from the heating laser.

I. F. 3. 3 method

3 method is an electrical-based contact technique that requires the deposition of a micrometric in size metallic resistance (transducer) on the samples' surface when bulk or thin film samples are studied [START_REF] Putnam | High-precision thermal conductivity measurements as a probe of polymer/nanoparticle interfaces[END_REF]. The transducer is used to heat the sample and as thermometer: its electrical resistance is linearly dependent of its temperature. Practically a small AC current is applied to the transducer, and the resulting modulation of the transducer temperature change as a function of the modulation frequency is measured. This temperature change depends on the thermal properties of sample.

I. F. 4. Scanning thermal microscopy (SThM)

SThM technique is the technique that was used in these works. It is mainly based on the atomic force microscopy (AFM) technique equipped with a small thermal probe. For thermal property characterization, called active mode of SThM, the AFM probe, which is equipped with a resistive element, is self-heated by Joule effect in dc or in ac regime. As in the 3 method, the probe is used as a local heating source for the sample and as a resistive thermometer simultaneously but contrarily to 3 method, SThM does not require to cover the sample surface with an electro-thermal transducer. This makes SThM less invasive than all the aforementioned techniques. The self-heated probe that is used in contact with the sample (in the conventional mode of SThM) can moreover be moved at the sample surface to image the thermal properties of samples. It is commercialized as a thermal imaging technique but has been developed for the thermophysical property measurement of materials for more than twenty years.

Several types of SThM resistive probes with different size [START_REF] Gomès | Scanning thermal microscopy: A review[END_REF]: Wollaston probe, Kelvin nanotechnology (KNT) probe and doped silicon probe, are presented in Table I- We chose to use the Wollaston microprobe, described more in detail in Chapter II of the manuscript, because it allows the thermal investigation of the several µm 3 subsurface volumes in materials, more particularly in low thermal conductivity materials without any preliminary processing of the sample's surface [START_REF] Kim | Quantitative measurement with scanning thermal microscope by preventing the distortion due to the heat transfer through the air[END_REF]. Indeed, the contact radius may reach to more than 10 μm for the Wollaston probe operated in air conditions on polymeric materials [START_REF] Dryden | The effect of a surface coating on the constriction resistance of a spot on an infinite half-plane[END_REF],

which is larger than the other kind of probe such as the KNT probe and doped silicon probe (a few hundred nanometers for both the probes). Such large contact radius is favorable to obtaining representative result while measuring thermal conductivity of low thermal conductivity composite materials considering that the size of fillers can be micron-sized and the dispersion may not be homogeneous. On the other hand, Wollaston probe is tougher during circuit undulation. Metallic components also make it convenient to be calibrated.

An advantage of SThM is its capability to perform images of the thermal conductance of sample with a sub-micrometric thermospatial resolution. Furthermore, SThM can detect local thermal conductivity inhomogeneities and distributions [START_REF] Hammiche | Sub-surface imaging by scanning thermal microscopy[END_REF] in materials with low thermal conductivity. This can provide more information to better understand the underlying factors that contribute to the heat transfer by conduction in materials. The main limits of this technique [START_REF] Gomès | Scanning thermal microscopy: A review[END_REF] are:

(1) the narrow range of sensitivity to thermal conductivity for bulk samples. It is limited at thermal conductivities lower than few W/(m.K) except for the Wollaston microprobe where thermal conductivities until twenty W/(m.K) can be measured depending on the shape of the probe.

(2) the complexity of the thermal contact between the probe and the sample, which involves heat transfer by conduction through the air, the water meniscus formed at the probesample contact, the probe-sample solid-solid contact (radiation can be neglected for 

I. G. Associated measurement modelling -generalities

As introduced previously the determination of the thermal conductivity of a material requires a mathematical model that describes the heat dissipation from the heating source in the material sample whatever the considered measurement technique is. This model then expresses the thermal conductance of the sample and takes into account the geometry (bulk sample, multilayered sample etc.) and the thermophysical properties of the sample components and interfaces between them. It also takes into account the sample heating process (steady state, transient or modulated regime, contact or no-contact technique), shape of the heating source and thermal resistance between the transducer (probe in the case of SThM) and the sample surface.

The heat equation, which is based on the Fourier law, need to be solved. As an example, for optical methods, such as thermoreflectance and PTR techniques, some combination of the material's thermophysical properties (thermal conductivity, density, specific heat, and thermal resistance at interfaces) can be determined when these properties are not correlated. The designs of the experimental setups are based on the interplay between three characteristic lengths: the thermal diffusion length, 𝜇 (defined as 𝜇 = (𝐷 𝜋 𝑓 ⁄ ) 0,5 , where 𝑓 is the frequency of the excitation source and 𝐷 is the thermal diffusivity of the material in question), the excitation spot radius, 𝑟 0 (laser pump beam at 1/e), and the detection spot radius, 𝜙 0 (laser probe beam radius at 1/e or detector's opening radius). The last two parameters are finite and are fixed by the experiment. The relationship between 𝜇, 𝑟 0 , and 𝜙 0 delineates the limit between a 1D and a 3D heat transfer resolution. Such resolutions were extensively studied in literature, where the 1D heat transfer resolution is mainly used in simple calculation cases (exhibiting good 1D signal to noise ratio) and the 3D resolution is used for more complex cases.

For SThM the modelling is more complex as it involves the thermal interaction between the probe and the sample. In the thesis, an effective thermal conductance (𝐺 𝑐 ), as represented in 

I. H. Conclusions

The thesis is in the frame of the establishment of treatment processes of materials dedicated to the tuning of the thermal conductivity (𝑘) of materials for oriented applications that are in strong link with the thermal management of systems. The focus was made on two types of materials:

(1) amorphous CrSi2, which is a semiconductor-like material and part of the transition metal silicides studied for thermoelectric applications. In this case, the material treatment process to be evaluated consisted in its implantation with ions and expected results were a decrease of the amorphous CrSi2 thermal conductivity;

(2) polymeric materials that are involved in many applications where heat transfer has to be improved or optimized. For these materials the treatment was the introduction of carbon -based nanofillers in the polymer-based matrix.

For both the types of materials studied, the goals were to measure the thermal conductivity of the materials previously treated in different conditions to evaluate the treatment process, to improve the understanding of the mechanisms of the thermal conductivity variations observed as a function of the treatment conditions and to propose ways to improve the treatment process.

In this chapter are reminded the basic knowledge of heat conduction in solids (dielectric materials, metals, and semiconductors, crystalline or amorphous) that we used to discuss and interpret the thermal conductivity values measured in the thesis. The main approaches used for tuning the thermal conductivity of materials are reviewed. They mainly consist for thermoelectric materials in introducing scattering centres for energy carriers for reducing 𝑘, but it is also found that nanocrystallites in an amorphous matrix can also contribute to the filtering of energy carriers and decrease 𝑘. In the case of polymeric materials, the adding of highly conductive charges and the improvement of the polymer crystallinity are the main ways to improve 𝑘. Let us here remark that the state of the art for the materials that were studied in the thesis are reported in the Chapters III, IV and V, which are dedicated to the material measurement for avoiding repetitions and making it more fluent the discussion of the results.

This Chapter I also gives the main advantages and limits of the SThM technique used for thermal conductivity measurements in the thesis. SThM is less invasive than other thermal techniques. It also precises the aspects of the methodology that we followed to overcome the SThM disadvantages: choice of the Wollaston probe, which can probe large material volume, use of a measurement modeling using an effective thermal conductance to describe the heat transfer between the probe and the sample without accounting for its complexity, design of our experiments to minimize artifacts in our measurements.

The SThM equipment and the measurement methodology used in the thesis are given in detail in the following Chapter II. 

Chapter II. MEASUREMENT SETUP AND PROCEDURE

II. A. 1. a) Atomic Force Microscope instrument

The AFM used in this thesis was a NTEGRA-Aura AFM from NT-MDT. As shown in Figure II-1 a piezoelectric displacement system allows the sample to move horizontally (in the X, Y directions) and vertically (in the Z direction). A laser beam is focused on the reflecting mirror that is glued on the probe cantilever. It is reflected toward and detected by a photodetector allowing the detection of the probe cantilever bending, which is caused by the probe-sample interaction force when the probe is in near contact or in contact with the sample.

During imaging, the thermal probe is in contact with the sample's surface (equivalent to the AFM contact mode), and the contact force between the probe and the sample is maintained constant (AFM constant force mode). Hence, in order to obtain an image of the topography of the sample surface the probe scans the surface in the X, Y directions. During this scan of the sample surface, the variation of the contact force due to the sample topography induces a variation of the bending of the cantilever, hence a displacement of the laser spot on the photodetector. An electronic feedback loop allows the adjustment of the vertical positioning of the sample for maintaining constant the laser spot position at the photodetector, i.e., for maintaining constant the contact force between the tip and the surface of the measured material.

The variation of the voltage applied at the Z piezoelectric displacement ceramic is used to reconstruct the topography of the sample.

Furthermore, in conventional SThM point measurement, the probe also contacts the sample with a constant force (feedback loop on) in a particular location. In these works, this equipment was used as AFM for the analysis of the roughness and the topography of samples and as SThM in imaging and point measurement modes for their thermal analysis. Measurements were performed in ambient air environment. Table II-1 gives the approximate values of the main characteristics of the Wollaston probe as AFM and thermal probe. However, as Wollaston probes are made manually it is strongly recommended to experimentally determined these parameters for each probe used when quantitative measurements are required. The measurement with this metallic probe is an electro-thermal measurement which is based on the linear relationship between the probe electrical resistance 𝑅 𝑒𝑙,𝑝 and the probe mean temperature 𝑇:

II. A. 1. b) Wollaston probe

As shown in

𝑅 𝑒𝑙,𝑝 = 𝑅 0 (1 + 𝛼 0 (𝑇-𝑇 0 )) = 𝑅 0 (1 + 𝛼 0 𝛥𝑇) (II-1)
where 𝑅 0 is the probe electrical resistance at a reference temperature 𝑇 0 (0°C); 𝛥𝑇 = 𝑇 -𝑇 0 ; and 𝛼 0 is the temperature coefficient of electrical resistance (TCR) at 𝑇 0 , describing the relative change of electrical resistance that is associated with a given change in temperature.

The subscripts 0 is used to indicate the reference temperature 0°C.

In active mode, the SThM probe is used as a thermometer and as a heater simultaneously.

The electrical current that supplies the probe is then sufficiently high (several tens of mA) to heat the resistive element of the probe by Joule effect. When the probe and the sample are in contact a part of the power generated by Joule effect in the probe is transferred to the sample.

This leads to a cooling of the probe. Depending on the thermal control unit used, the corresponding variation of the probe's electrical resistance is measured or compensated to keep constant the probe at a mean temperature. In the latter case, the compensation is obtained by adjustment of the current applied to the probe and the measured signal is the variation of the current. Therefore, using such setup it is possible to obtain simultaneously the topography of the studied sample and an electro-thermal image. As explained in Chapter I the contrast of electro-thermal image strongly depends on the thermal conductance of the sample and of the thermal interaction between the probe and the sample. The contrast of the electro-thermal image or the voltage recorded in point measurements may be then related to the thermal conductivity of the sample. A model that will be presented in the third part of this chapter is used to establish this relation. The inputs in this model must be representative as precisely as possible of the system studied and particularly of the probe. A calibration of the probe is henceforth required.

II. A. 2. Thermal control unit

Two types of Thermal Control Unit (TCU) (see in 

II. A. 2. a) Unbalanced Wheatstone bridge

One of our TCU is based on a home-made unbalanced Wheatstone bridge. In this configuration, a Keithley 6221 current source is used for its more stable power supply. The bridge is used to detect the variation of the probe's electrical resistance. As mentioned previously, the electrical resistance of the probe (𝑅 𝑒𝑙,𝑝 ) constitutes one of the branches of the bridge, while the other three branches are composed of two fixed electrical resistors (𝑅 1 and 𝑅 2 ) and a variable resistance (𝑅 𝑣 ), as shown in Figure II-3. 𝑅 1 and 𝑅 2 are set respectively as approximately 10 times higher than 𝑅 𝑒𝑙,𝑝 to limit the variation of the current flowing through the whole circuit while 𝑅 𝑒𝑙,𝑝 shifts during the experiment process. A constant current 𝐼 is supplied by the current source. The bridge is balanced before any measurements by adjusting 𝑅 𝑣 to be equal to 𝑅 𝑒𝑙,𝑝 to make 𝛥𝑉 as close to 0 𝑉 as possible (experimentally less than 10 -4 mV), leading to the detection of the variation of 𝑅 𝑒𝑙,𝑝 (∆𝑅 𝑒𝑙,𝑝 ). In real case, limited by the accuracy of the component, 𝑅 𝑣 cannot be exactly equal to 𝑅 𝑒𝑙,𝑝 , this was taken into account in the determination of measurement uncertainty. Considering that the 𝛥𝑉 is usually a weak signal (less than 5 mV), a pre-amplifier is used between points A and B (in

Figure II-
3) in order to amplify the signal and extract its value. It is assumed in our calculation that the current is equally separated into two branches. Thus, the variation of 𝑅 𝑒𝑙,𝑝 during the measurement is given by:

∆𝑅 𝑒𝑙,𝑝 = 𝑅 𝑒𝑙,𝑝 -𝑅 𝑣 = 𝛥𝑉 𝐼 2 ⁄ (II-2)
The corresponding uncertainty that must be taken into account for the calculation of ∆𝑅 𝑒𝑙,𝑝 is estimated of approximately 4% (See Appendix 2), 

II. A. 2. b) Balanced Wheatstone bridge

The second TCU is a commercial unit [START_REF] Gomès | Application of scanning thermal microscopy for thermal conductivity measurements on meso-porous silicon thin films[END_REF] and is based on a balanced Wheatstone bridge technique. The schematic diagram of such circuit is shown in Figure II-4. With such unit the bridge is always kept balanced by a feedback loop that monitors the current applied to the bridge so that the electrical resistance of the probe is constant. While the probe is heated by Joule effect (active mode of a resistive probe) and the heat spreads from the probe to the sample during the measurement of the thermal properties of materials, the electrical power dissipated to the sample is increased to maintain the bridge balanced (𝛥𝑉 = 0). This power can be derived by measuring the voltage 𝑉 applied on whole bridge and that is measured. The mean temperature of the probe (𝑇 ≈ 140℃), which is linearly dependent to the electrical resistance of the probe can be chosen by adjusting the variable resistance 𝑅 𝑣 . For this TCU 𝑅 𝑣 = 5𝑅 𝑒𝑙,𝑝 . 

II. B. Temperature and electrical calibrations of the probe

The Wollaston probes are home-made sensors. They are made manually and are not reproducible. Their physical properties and characteristics are different from one probe to another. Then before quantitatively characterizing a tip-sample system using a model, it is necessary to calibrate each probe while it is out of contact with a sample. This calibration is made in different steps.

The first step is a temperature calibration. In this step, the relationship of probe electrical resistance in function of temperature, i.e., the TCR of the probe (𝛼 0 ), is characterized. The The second step is an electrical calibration. This step is dedicated to establishing the expression of the probe electrical resistance, i.e., its mean temperature, as a function of the power electrically dissipated in its resistive Pt element. This step notably allows the estimation of the electrical resistance of the probe at the ambient and from electrical calibration performed in air and in vacuum the determination of the thermal conductances corresponding to the heat transfer from the heated resistive element to the ambient environment and that to the probe cantilever.

II. B. 1. Temperature calibration

The temperature calibration for the probe is dedicated to characterizing 𝑅 𝑒𝑙,𝑝 at a given temperature. It was performed using a thermostatic oven. In this case, all the components of the probe are heated to the same temperature with no self-heating by Joule effect (I < 0.1 mA) . In other words, the whole probe can be considered isothermal. 𝑅 0 and 𝛼 0 of the studied probe can then be calculated from the curve of 𝑅 𝑒𝑙,𝑝 as a function of 𝑇 (Eq. II-1). As a reminder:

𝑅 𝑒𝑙,𝑝 = 𝑅 0 (1 + 𝛼 0 (𝑇-𝑇 0 )).

Figure II-6

gives an example of the temperature calibration curve for one Wollaston probe used during this thesis. The electrical resistance of the cable of the probe (𝑅 𝑒𝑙,𝑐𝑎𝑏𝑙𝑒 ) also was measured under the same heating and cooling conditions in order to eliminate the contribution from cable in the probe electrical resistance. In this analysis procedure, 0 °C was chosen as 𝑇 0 , so 𝑅 0 has the same value with the interception of curve with y axis. The slope of the curve is equal to the product of 𝑅 0 and 𝛼 0 . In this work, the mean value of calibration curves get from heating and cooling progress is used. Furthermore, since the electrical resistance of the probe 𝑅 𝑒𝑙,𝑝 is the sum of all the probe component' electrical resistances (the one of the Pt resistive elements and the one of the Wollaston cantilevers). Thus, a system of two equations can be used for this calculation as follows:

{ 𝑅 𝑝0 = 𝑅 𝐴𝑔0 + 𝑅 𝑃𝑡0 𝑅 𝑝0 𝛼 𝑝0 = 𝑅 𝐴𝑔0 𝛼 𝐴𝑔0 + 𝑅 𝑃𝑡0 𝛼 𝑃𝑡0 (II-3)
with 𝑅 and 𝛼 representing the electrical resistance and the TCR and the subscripts p, Ag, and Pt, are for probe, Wollaston cantilever and Pt heater, respectively. In this work the cantilever is assumed in Ag. The subscripts 0 is used to indicate the reference temperature 0°C.

Therefore, from the oven calibration it is possible to measure both 𝑅 𝐴𝑔0 and 𝑅 𝑃𝑡0

with the Eq. II-4 (deduced from Eq. II-1 and II-3):

{ 𝑅 𝐴𝑔0 = 𝑅 𝑝0 (𝛼 𝑝0 -𝛼 𝑃𝑡0 ) 𝛼 𝐴𝑔0 -𝛼 𝑃𝑡0 𝑅 𝑃𝑡0 = 𝑅 𝑝0 (𝛼 𝑝0 -𝛼 𝐴𝑔0 ) 𝛼 𝑃𝑡0 -𝛼 𝐴𝑔0
(II-4)

By applying 𝛼 𝐴𝑔0 = 0.0041 (𝐾 -1 ) [START_REF] Assy | Analysis of heat transfer in the water meniscus at the tip-sample contact in scanning thermal microscopy[END_REF] and 𝛼 𝑃𝑡0 = 0.00166 (𝐾 -1 ) [START_REF] Assy | Analysis of heat transfer in the water meniscus at the tip-sample contact in scanning thermal microscopy[END_REF], 𝑅 𝐴𝑔0 = 0.043 Ω and 𝑅 𝑃𝑡0 = 2.198 Ω can be calculated from above equation. It can be also known that the electrical resistance of Pt heater at experiment temperature 30˚C is equal to 𝑅 𝑃𝑡30 = 2.308 Ω , which will be used later to determine the temperature of heater part during the measurements. All the above parameters are in good accordance with ones from literature [START_REF] Guen | Microscopie thermique à sonde locale : étalonnages, protocoles de mesure et applications quantitatives sur des matériaux nanostructurés[END_REF].

The uncertainty of results is estimated as 5% measurement error of the instrument. 

II. B. 2. Electrical calibration

II. B. 2. a) Experimental part

In this calibration the probe is heated by Joule effect using a DC electrical current as in a measurement in active mode with our setup. Out of contact measurements are performed in air and in vacuum so that the thermal conductance corresponding to the heat transfer from the heated resistive element to the ambient environment and the thermal conductance corresponding of the probe cantilever can be determined (see Section I. G Associated measurement modelling -generalities).

It is here considered that only the heater part of the probe (V shaped Pt wire) is heated resulting in an increase of the overall electrical resistance of the probe. Therefore, for the electrical calibration, different DC currents (𝐼 𝑝 increase from 0 𝑚𝐴 up to 50 𝑚𝐴) are applied to the probe.

For balanced bridge TCU, 𝑅 𝑣 is increased from 𝑅 0 . The input 𝑅 𝑣 while 𝑉 just starts to vary is recorded and is equal to 5 time of 𝑅 𝑒𝑙,𝑝 at room temperature. For such TCU, electrical calibration is not necessary as explained in Section II. A. 2. b) Balanced Wheatstone bridge.

II. B. 2. b) Model for balanced Wheatstone bridge.

For unbalanced bridge TCU, the electrical voltage (𝑉 𝑝 ) of the tip alongside the variable electrical resistance 𝑅 𝑣 , which is supposed to be equal to 𝑅 𝑒𝑙,𝑝 (when the Wheatstone bridge is balanced) are measured. 

II. B. 2. c) Associated model

Figure II-8 is a simplified diagram to describe the thermal conductance network of the probe corresponding to the configuration of the electrical calibration. 𝑇 𝑎 is the temperature of ambient and 𝑇 𝑃𝑡 is the mean temperature of the Pt element. The temperature at the apex of the Pt/Rh tip has been proved to be around 1.5 time of the mean temperature of the resistive wire [START_REF] Guen | Scanning thermal microscopy on samples of varying effective thermal conductivities and identical flat surfaces[END_REF]. However, it is very difficult to determine experimentally the tip apex part and its dimension. Furthermore, when not in vacuum and in contact with the sample, the tip-sample thermal contact area is not just limited in the tip apex due to heat conduction through the gas [START_REF] Guen | Scanning thermal microscopy on samples of varying effective thermal conductivities and identical flat surfaces[END_REF]. Therefore, we consider that the whole Pt/Rh wire is isothermal and that the mean temperature 𝑇 𝑃𝑡 was used to calculate the thermal conductance of the elements of the probe.

Two main heat transfer channels constitute the system when probe is out of contact with sample:

(a)

(b) (c) (d)
1) 𝐺 𝑤𝑖𝑟𝑒 corresponds to the heat conduction to the silver wire.

2) 𝐺 𝑒𝑛𝑣 corresponds to the heat lost by the Pt wire to the environment. Thermal conduction is included, and radiation effect is small enough to be neglected [START_REF] Lefèvre | Modélisation et élaboration des métrologies de microscopie thermique a sonde locale résistive[END_REF].

𝑅 𝑤𝑖𝑟𝑒 and 𝑅 𝑒𝑛𝑣 are the thermal resistances that are the inverse of 𝐺 𝑤𝑖𝑟𝑒 and 𝐺 𝑒𝑛𝑣 , respectively. The measurements were performed both in ambient conditions and under primary vacuum (~1.8 10 -1 mbar) in this calibration step. 𝐺 𝑤𝑖𝑟𝑒 exists both in air and vacuum while there is no 𝐺 𝑒𝑛𝑣 under vacuum. So we may deduce 𝐺 𝑤𝑖𝑟𝑒 = 5.29±0. [START_REF] Nguyen | Calibration of thermocouple-based scanning thermal microscope in active mode (2 ω method)[END_REF] 

II. C. Calibration for thermal conductivity measurement

This calibration must be made in the same experimental conditions than measurement of unknown samples. In this thesis, it was made from point measurements using reference samples with known thermal conductivity and known roughness. These measurements were performed in ambient air conditions with a chosen current applied to the probe, heating the probe to around 148℃ to make sure that there is no water meniscus between apex and sample.

II. C. 1. Point thermal conductivity measurement methodology

The measurements are made in two steps for a given sample:

• First the probe is out of contact. Its apex is then 2 mm far away from the surface of sample to prevent a heat transfer to it. Wheatstone bridge is balanced (∆𝑉 < 1 𝜇𝑉).

• Second the probe is in contact with the sample with a probe-sample force of 100 nN. The variation of ∆𝑉 is recorded when the probe-sample contact is established. This voltage variation corresponds with the decrease of the probe temperature from 𝑇 𝑃𝑡 to 𝑇 𝑃𝑡,𝐼𝐶 .

Knowing the corresponding ∆𝑇 and 𝑃 𝑝 parameters from calibration, the thermal conductance of probe in contact with sample 𝐺 𝑖𝑐 can be determined by the general equation Thus, 𝐺 𝑠 can then be given by Eq. II-6.

𝐺 𝑠 = 𝐺 𝑖𝑐 -𝐺 𝑤𝑖𝑟𝑒 -𝐺 𝑒𝑛𝑣 ′ (II-6)
𝐺 𝑠 is the parallel connection of the apex-sample contact thermal conductance 𝐺 𝑐 (associated to heat transfer between the Pt wire and the sample by conduction through the air, the water meniscus and through solid-solid contact) and thermal conductance of sample system 𝐺 𝑠𝑠 , detailed analysis of probe thermal conductance network can be found in [START_REF] Alkurdi | Resistive-thermometry scanning thermal microscopy: combined experimental/numerical approaches for thermal studies of nano-objects[END_REF]. 𝐺 𝑠 can be expressed as:

𝐺 𝑠 = 𝐺 𝑠𝑠 𝐺 𝑐 𝐺 𝑠𝑠 +𝐺 𝑐 (II-7)
In the case of diffusive samples, 𝐺 𝑠𝑠 is proportional both with sample effective thermal conductivity 𝑘 𝑒𝑓𝑓 and effective radius 𝑎 of the thermal contact assumed discoidal (as exposed in Figure II-9), 𝐺 𝑠𝑠 can be expressed as [START_REF] Guen | Scanning thermal microscopy on samples of varying effective thermal conductivities and identical flat surfaces[END_REF]:

𝐺 𝑠𝑠 = 4𝑘 𝑒𝑓𝑓 𝑎 (II-8)
One should note that in order to minimize the influence of the thermal drift; a flat and homogeneous Si sample is used as a reference sample. Each time before and after measuring the studied sample, this reference Si sample is measured and used for the normalization of calculated thermal conductance. To take into account the diversity of sample surface and reduce the random error, for each sample, measurements are performed at 5 different points and repeated 10 times per point. Generally speaking, a larger number of experimental measurements can help to reduce the uncertainty associated with the measurements. This is because the more measurements we take, the more data we have to work with, and the more confident you can be in the results. The standard deviation tends to decrease, because we are getting a more accurate representation of the true value of the quantity we are measuring. However, it's important to keep in mind that simply taking more measurements is not always the best way to reduce uncertainty. In some cases, there may be systematic errors or other sources of uncertainty that cannot be reduced by taking more measurements. Additionally, it's important to make sure that the measurements are taken under consistent conditions, and that the equipment and methods used to take the measurements are reliable and accurate.

Hence standard deviation rather than extreme values of the measured ∆𝑉 was used while determining the error bar of the estimated thermal conductance.

II. C. 2. Calibration curve

II. C. 2. a) Case of the unbalanced Wheatstone bridge

For an unbalanced Wheatstone bridge as described in section II. A. 2. a) Unbalanced Wheatstone bridge, a constant 𝐼 𝑝 chosen according to the expected probe mean temperature is applied to the circuit. The variation of the probe electrical resistance between out of contact (balanced bridge) and in contact (unbalanced bridge) configurations can be calculated from:

𝛥𝑅 𝑒𝑙,𝑝 = 𝛥𝑉 𝐼 𝑝
, where 𝛥𝑉 is directly output by unbalanced Wheatstone bridge. 𝐺 𝑖𝑐 then can be determined as explained above. Eq. II-9 is obtained by combining Eq. II-6 to Eq. II-8,

𝐺 𝑠 = 𝐺 𝑖𝑐 -𝐺 𝑤𝑖𝑟𝑒 -𝐺 𝑒𝑛𝑣 ′ = 4𝑘𝑎𝐺 𝑐 4𝑘𝑎+𝐺 𝑐 = 𝐺 𝑐 1 + 𝐺 𝑐 4𝑘𝑎 (II-9)
With the assumptions that 𝑎 and 𝐺 𝑐 are invariable with 𝑘 [77]- [START_REF] Massoud | Experimental characterization of heat transfer in nanostructured siliconbased materials[END_REF], 𝐺 𝑠 can be then plotted in function of 𝐺 𝑠 = 𝐴 1+ 𝐵 𝑘 . However, it has already been demonstrated that this assumption is not valid when measurements are performed under ambient air conditions and the out of contact measurements are made while the probe is at a large distance of the sample surface (i.e., 2mm): notably 𝑎 can strongly increase when 𝑘 decreases [START_REF] Wilson | Quantifying non-contact tip-sample thermal exchange parameters for accurate scanning thermal microscopy with heated microprobes[END_REF], [START_REF] Lefèvre | Thermal conductivity calibration for hot wire based dc scanning thermal microscopy[END_REF].

Additionally, there still is some heat flow from probe toward environment while probe is in contact with sample, which may make the hypothesis that 𝐺 𝑒𝑛𝑣 ′ = 0 not entirely correct.

Consequently, a constant parameter 𝐶 is added and a formula of type 𝐺 𝑠 = 𝐴 1+ 𝐵 𝑘 + 𝐶 is currently used [START_REF] Guen | Scanning thermal microscopy on samples of varying effective thermal conductivities and identical flat surfaces[END_REF].

A series of bulk reference sample as shown in Table II-2 with well-known thermal conductivities has been measured to establish the calibration curve. Thermal conductivity and roughness of these samples were measured with an uncertainty of 5% at the French National Laboratory (LNE) and at Czech metrology institute (CMI) respectively as described in [START_REF] Guen | Microscopie thermique à sonde locale : étalonnages, protocoles de mesure et applications quantitatives sur des matériaux nanostructurés[END_REF]. A fitting curve using above form is demonstrated with the Wollaston probe used as shown in 

II. C. 3. Model for balanced Wheatstone bridge

For a balanced Wheatstone bridge, the voltage difference 𝑉 𝑖𝑐 -𝑉 𝑜𝑐 represents the variation of the thermal conductance of the probe 𝐺 between out of contact (𝐺 𝑜𝑐 ) and in contact (𝐺 𝑖𝑐 ) configurations:

𝐺 𝑖𝑐 -𝐺 𝑜𝑐 = 𝑃 𝑃𝑡-𝑖𝑐 -𝑃 𝑃𝑡-𝑜𝑐 ∆𝑇 (II-10)
where 𝑃 𝑃𝑡-𝑖𝑐 = 𝑅 𝑃𝑡 𝐼 𝑖𝑐 2 and 𝑃 𝑃𝑡-𝑜𝑐 = 𝑅 𝑃𝑡 𝐼 𝑜𝑐 2 are the electrical power dissipated in the resistive element while the probe is out of contact and in contact with sample, respectively. For balanced Wheatstone bridge, ∆𝑇 is kept constant throughout the measurement. Eq. II- + 𝐶, which can be used in the probe calibration for thermal conductivity measurements [START_REF] Guen | Scanning thermal microscopy on samples of varying effective thermal conductivities and identical flat surfaces[END_REF].

Figure II-11 gives the calibration curve experimentally obtained using our SThM with a selected series of bulk reference samples with well-known thermal conductivity in the range 0.187-1.28 W/(m.K) and well-known roughness (lower than 15 nm) [START_REF]QUANTIHEAT EUROPEAN PROJECT Prototype Application Note P a g e 1 | 5 Thermal reference samples[END_REF]. This range is selected specially for studying polymeric material due to that for most polymer the 𝑘 is low, in the range of 0.1 to 0.5 W/(m.K) [START_REF] Huang | A review of dielectric polymer composites with high thermal conductivity[END_REF]. The good fitting of experimental data using the above formula is demonstrated. The corresponding curve was used to find the effective thermal conductivity of the studied samples (𝑘 𝑒𝑓𝑓 ) in Chapter IV and V. 

II. C. 4. Measurement protocol for imaging

Systematical topography analysis is important for properly interpreting the SThM measurements. On one hand, thermal contact radius 𝑎 and 𝐺 𝑐 strongly depend on the mechanical contact between the probe and the sample's surface, which can be affected by its roughness [START_REF] Guen | Impact of roughness on heat conduction involving nanocontacts[END_REF]. In order to make the hypothesis that 𝑎 and 𝐺 𝑐 are constant as valid as possible, the selected area with a flat surface is preferable for measuring accurately the thermophysical properties of the samples without topography artifact. On the other hand, it has been well demonstrated in literature that the heat dissipation towards samples strongly depends on the contact area and the air gap between probe and sample [START_REF] Tsukruk | Microthermal analysis of polymeric materials[END_REF]- [START_REF] Kim | Quantitative measurement with scanning thermal microscope by preventing the distortion due to the heat transfer through the air[END_REF]. To avoid the artificial thermal signal variation induced by such effects in our measurements, the thermal and topography images of samples were performed simultaneously with the same Wollaston probe at scanning frequencies of 0.1-0.4 Hz, which ensures that the scan time for each pixel is much larger than the thermal response time of the probe (which is 1 ms). The scan was performed on an area of 100 μm 2 initially to obtain the overall information of sample surface. For the samples that show a mismatch between the topography and the thermal image, additional investigation was performed on the interested zone using a smaller scan area size, allowing to avoid topography artifact in the thermal signal. To study the thermal conductivity of a specific area, an average value of in contact voltage (𝑉 𝑖𝑐 ) for balanced TCU inside a square containing at least 25 pixels was recorded. For the case of the samples with homogeneous 𝑘 𝑒𝑓𝑓 distribution, five of such squares with low roughness were selected and taken into average.

II. D. SThM measurement modelling -bulk and two layered samples

Calibration curves are used to determine the 𝑘 𝑒𝑓𝑓 of any unknown sample. In the case of bulk materials, we identify directly the sample thermal conductivity in this way.

For an unknown material in form of a thin layer deposited on substrate a model is required to derive from the measured 𝑘 𝑒𝑓𝑓 the thermal conductivity of interested layer 𝑘 1 . The model that we used (given in detail in Appendix 1) is based on the Drydren model [START_REF] Dryden | The effect of a surface coating on the constriction resistance of a spot on an infinite half-plane[END_REF] and expresses the sample thermal resistance 𝑅 𝑡ℎ,𝑠 , see Eq. II-13. It is specifically adapted to thick substrate that can be assumed semi-infinite (Figure II-12) and takes into account the thermophysical properties of the sample components (𝑘 1 and 𝑘 sub the thermal conductivity of the film and the substrate respectively) and interfaces (𝑅 𝑡ℎ,𝑖 , interface thermal resistance) between them. It also takes into account the sample heating process, i.e. the fact of measurements was performed at the steady state and involved a small heating source at the sample surface. This source is described as a hot disc with radius a in Eq. II-13.

𝑅 𝑡ℎ,𝑠 = 1 𝜋𝑘 1 𝑎 ∫ 1 + 𝐾𝑒 -2𝜉𝑡 𝑒𝑓𝑓 𝑎 ⁄ 1 -𝐾𝑒 -2𝜉𝑡 𝑒𝑓𝑓 𝑎 ⁄ 𝐽 1 (𝜉) sin (𝜉) 𝜉 2 𝑑𝜉 ∞ 𝜉=0 (II-13)
With 𝑡 𝑒𝑓𝑓 = 𝑡 + 𝑅 𝑡ℎ 𝑘 1 where 𝑡 is the film thickness, 𝐾 = 1 -

𝑘 sub 𝑘 1 1 + 𝑘 sub 𝑘 1 ⁄ , 𝐽 1 is
the Bessel functions of the first kind of order 1. The information of this model can be found in Appendix 1. For the post-treatment of experimental data, a Matlab code was established.

II. E. Summary

This chapter introduced and detailed the experimental setup used for the thermophysical characterization of the samples that were studied in this thesis. Mainly, the SThM measurement setup alongside the calibration and thermal conductivity protocols used in this work are presented.

Because Wollaston probes are not reproducible, each probe must be calibrated. The probe calibration consists of three steps: (1) a temperature calibration, (2) an electrical calibration and (3) a thermal conductivity calibration while the probe is in contact with reference samples. Both the calibration steps (1) and ( 2) allows the determination of the thermoelectric and thermal properties of the probe resistive sensor while the probe is out of contact with a sample. Through the temperature calibration, the relationship between temperature and electrical resistance of probe is established. While the electrical calibration goes on monitoring the variation of electrical resistance of probe in function of the electrical power dissipated on it. The thermal conductivity calibration and its associated model provides the calibration curve to be used for the determination of the thermal conductance 𝐺 𝑠 or the effective thermal conductivity 𝑘 𝑒𝑓𝑓 of an unknown sample. In case of a bulk sample, the material thermal conductivity equals 𝑘 𝑒𝑓𝑓 .

The ion implanted amorphous CrSi2 samples that were measured are not bulk samples but are in shape of thin films on a substrate. The modelling used to derive the film thermal conductivity from 𝐺 𝑠 or 𝑘 𝑒𝑓𝑓 (determined with the calibration curve) is then also provided for this geometry of samples.

The following Chapter III gives and analyses the results that we obtained on ion implanted amorphous CrSi2 samples. Chapters IV and V concerns those obtained on the polymeric nanocomposites studied in the thesis.

Chapter III. THERMAL CHARACTERIZATION OF ION IMPLANTED CrSi2 THIN FILMS

This chapter analyses the effect of ion implantation on the heat conduction within a 

III. A. Context

Transition metal (TM) silicides have favorable physical properties: thermal and structural stability, high electrical conductivity and thermoelectric power at elevated temperature, and natural abundance of their constituent elements, that make them suitable for applications in Si-based microelectronics [START_REF] Murarka | Silicide thin films and their applications in microelectronics[END_REF], ceramics [START_REF] Chen | Transition metal silicides: fundamentals, preparation and catalytic applications[END_REF], spintronic [START_REF] Jin | Synthesis, Characterization and Physical Properties of Transition Metal Silicide Nanowires[END_REF], and thermoelectricity [START_REF] Fedorov | Thermoelectrics of transition metal silicides[END_REF], [START_REF] Nozariasbmarz | Thermoelectric silicides : A review[END_REF]. Among them, CrSi2 that is a degenerate p-type semiconducting material with a high electrical conductivity (𝜎  1.2 mΩ.cm at 300 K) has been considered for a wide range of applications, from electro-optic interconnects [START_REF] Bost | Semiconducting silicides as potential materials for electrooptic very large scale integrated circuit interconnects[END_REF], Schottky junctions [START_REF] Barus | Analysis of I-V measurements on CrSi2-Si Schottky structures in a wide temperature range[END_REF], [START_REF] Anilturk | Electrical transport at a non-ideal CrSi2-Si junction[END_REF], to IR detection devices [START_REF] Bost | An investigation of the optical constants and band gap of chromium disilicide[END_REF], [START_REF] Goroshko | Enhancement of near IR ensitivity of silicon-based photodetectors[END_REF]. Furthermore, CrSi2 is chemically and thermally stable at high temperatures and its constituent elements are naturally abundant and non-toxic.

Combined with its high electrical conductivity and medium Seebeck coefficient (𝑆  110 µV/K at 300 K), crystalline CrSi2 has become an engaging material for potential use in thermoelectric applications [START_REF] Qader | Structural, electrical, and thermoelectric properties of CrSi2 thin films[END_REF]- [START_REF] Nishida | The crystal growth and thermoelectric properties of chromium disilicide[END_REF]. However, CrSi2 in its crystalline form has a high thermal conductivity (𝑘  16 W/(m.K) [START_REF] Perumal | Effect of composition on thermoelectric properties of polycrystalline CrSi2[END_REF] at 300 K), which negatively affects its figure of merit 𝑍𝑇 and hinders its use as practical thermoelectric devices [START_REF] Qader | Structural, electrical, and thermoelectric properties of CrSi2 thin films[END_REF], [START_REF] Pandey | Origin of enhanced thermoelectric properties of doped CrSi2[END_REF].

Many studies have been performed in single and polycrystalline CrSi2, including bulk and thin films. It has been shown, for example, that the electrical properties of CrSi2 are pretty sensitive to variations in the composite stoichiometry [START_REF] Burkov | Energy filtering enhancement of thermoelectric performance of nanocrystalline Cr1-x Six composites[END_REF], deposition methods [START_REF] Nava | Temperature dependence of semiconducting and structural properties of Cr Si thin films[END_REF], [START_REF] Caricato | Morphological and structural characterizations of CrSi2 nanometric films deposited by laser ablation[END_REF],

thermal treatments [START_REF] Chen | Nanoscale energy transport and conversion: a parallel treatment of electrons, molecules, phonons, and photons[END_REF], and the nature of the substrate [START_REF] Kim | Electrical properties of CrSix, Cr/CrSix/Cr/CrSix, and CrSix/Si/CrSix/Si sputtered on alumina plates[END_REF], [START_REF] Novikov | Enhancement of thermoelectric properties in nanocrystalline M -Si thin film composites ( M = Cr , Mn )[END_REF]. Most these studies have focused on crystalline CrSi2.

In its amorphous form, CrSi2 should also present interesting behaviors. As an example, 𝑍𝑇 increasing was accomplished in Cu-Ge-Te, NbO2, In-Ga-Zn-O, Zr-Ni-Sn, Si-Au, and Ti-Pb-V-O amorphous systems [START_REF] Nolas | The figure of merit in amorphous thermoelectrics[END_REF]. Naturally, amorphous thermoelectrics give rise to extensive phonon scattering, which is still a challenge for crystalline thermoelectrics. It has been suggested that some amorphous semiconductors can attain good thermoelectric properties due to their modest to good electrical conductivity (𝜎) and poor thermal conductivity (𝑘), improving the 𝜎/𝑘 ratio as required by the energy conversion figure of merit [START_REF] Nolas | Amorphous Thermoelectrics[END_REF]- [START_REF] Kim | Transparent Amorphous Oxide Semiconductor as Excellent Thermoelectric Materials[END_REF]. A bright future is expected for these materials. Another main benefit of amorphous materials is that they can be deposited using common fabrication techniques such as sputtering at room temperatures.

In this sense, we have explored heat transfer in amorphous CrSi2 and the use of ion implantation to modify its electrical and thermal properties. The combination of ion implantation and in-situ or ex-situ thermal treatments indeed allows tailoring several properties of semiconductors. This includes not only the electrical conductivity [START_REF] Sanders | The effect of argon implantation on the conductivity of boron implanted silicon[END_REF]- [START_REF] Choudhary | Nitrogen ion implantation effects on the structural, optical and electrical properties of CdSe thin film[END_REF] but also the microstructure configuration to provide, for example, impurity gettering [START_REF] Fichtner | Copper gettering at half the projected ion range induced by low-energy channeling He implantation into silicon[END_REF], [START_REF] Brett | Trapping of Pd, Au, and Cu by implantation-induced nanocavities and dislocations in Si[END_REF], end-ofrange defect engineering [START_REF] Isoda | Observation of silicon self-diffusion enhanced by the strain originated from end-of-range defects using isotope multilayers[END_REF], or even strain relaxation effects [START_REF] Kato | Fabrication of highquality strain relaxed SiGe(110) films by controlling defects via ion implantation[END_REF], [START_REF] Luysberg | Effect of helium ion implantation and annealing on the relaxation behavior of pseudomorphic Si1-xGex buffer layers on Si (100) substrates[END_REF]. Ion beam modification techniques are explored to improve crystalline materials' electric and thermal properties via doping or by forming point and extended defects to act as phonon scattering centers, thus reducing the phonon contribution to the thermal conductivity. However, for amorphous materials, the situation is different. Ion implantation can still be used for doping, but the microstructure modification requires a different approach. Amorphous materials provide an extra degree of freedom concerning ion implantation experiments. Since the ion implantation/irradiation processes can occur at non-thermal equilibrium conditions, it allows modifying the compaction degree of the amorphous lattices or enables the formation of crystalline clusters and even the promotion of complete recrystallization resulting in a highly defective crystal lattice.

In this chapter, the influence of different ion species and implantation conditions on the thermal conductivity 𝑘 of amorphous CrSi2 thin films is investigated. The effects on the microstructure and electrical properties were also characterized [START_REF] De | Ion implantation and ion irradiation effects on nuclear and thermoelectric materials[END_REF] and provides some information that can be used to interpret thermal property results.

The implants were done at different fluences in substrates that were kept at room temperature or heated at 250 °C. The microstructure of the samples was characterized via transmission electron microscopy (TEM) and scanning transmission electron microscopy associated with energy dispersive X-ray spectroscopy (STEM-EDX). We also use Electrical

Resistivity and Scanning Thermal Microscopy (SThM) measurements to assess electrical and thermal conductivities of the samples. The discussions consider Ne as an inert element and how the matrix responds to the implantation-induced atomic displacements, causing, for example, the formation of nanosized Ne bubbles and CrSi2 crystallites. Al is a common dopant in crystalline CrSi 2 . Here we investigate its doping and irradiation effects throughout the amorphous CrSi2 films. The results obtained demonstrate that the ion implantation/irradiation process causes significant modifications to the electrical and thermal properties of amorphous CrSi2 thin films.

III. B. Sample description III. B. 1. Sample preparation

CrSi 2 amorphous films with an average thickness of 260 nm were deposited on Si [START_REF] Dasgupta | Structural, thermal, and electrical properties of CrSi2[END_REF] substrates by radio-frequency magnetron sputtering technique in a high vacuum chamber (base pressure of 2x10 -6 mbar) with a high purity CrSi2 target (3", 99.95%, Neyco) using an experimental protocol developed previously [START_REF] Moll | Elaboration et étude des propriétés thermoélectriques du disiliciure de chrome sous forme de monocristal, de couche mince et de nanofil[END_REF]. The sputtering targets were operated at 120 One series of samples contains Ne implants in a uniform concentration-depth distribution.

A second sample series has Al implants at distinct energies, calculated to produce a uniform concentration-depth distribution along with the film (details are given in Table III-1). The Ne and Al implants were done at room temperature and at 250 ºC. The fluences of the Ne and Al implantations at 250 ºC were adjusted to produce similar damage levels, computed in displacement per atom (dpa) units [START_REF] Stoller | On the use of SRIM for computing radiation damage exposure[END_REF]. The implantation profiles and fluences, simulated using the SRIM code [START_REF] Ziegler | Stopping and range of ions in matter: SRIM[END_REF], lead to atomic concentrations of ≈ 0.008 at.% for Al (room temperature implantation), of ≈ 0.64 at.% for Al (250 ºC implantation) and ≈ 1 at.% for Ne. All the implantation experiments were done using a 500 kV HVEE ion implanter (Laboratório de Implantação Iônica, Instituto de Física, UFRGS Brazil) maintaining the beam current below 500 nA/cm² to avoid the heating of the substrate that could affect the sample microstructure.

The sample's temperature during implantations was kept constant, feedback-controlled using a type K thermocouple and a Tantalum resistance attached to the sample holder. Table III-1 summarizes the implantation parameters. The various techniques that were used to characterize the samples [START_REF] De | Ion implantation and ion irradiation effects on nuclear and thermoelectric materials[END_REF] are given in Appendix 3. In the next section, the characterization results gotten on microstructure and electrical resistivity are presented. They are essential for the interpretation of the variation of the thermal conductivity measured as a function of the implantation conditions and understand the heat transport in our CrSi2 samples. As reminded in Chapter I the microstructure of a material indeed influences the mean free path of energy carriers, which include electrons for CrSi2, and the contribution of electrons to heat conduction can be calculated following the Wiedemann-Franz law from the material electrical resistivity. This type of growth is predicted for room temperature depositions by the Thornton model [START_REF] Thornton | Influence of apparatus geometry and deposition conditions on the structure and topography of thick sputtered coatings[END_REF], [START_REF] Alfonso | Thin Film Growth Through Sputtering Technique and Its Applications[END_REF]. The crystallinity of the CrSi2 samples considered in this study was assessed via the Selected Area Electron Diffraction (SAED) technique. worth to mention that the diffuse ring is corresponding to the metallic glasses local atomic structure rather than oxide glasses (such as SiO2) whose SAED pattern is a halo ring adjacent to the central beam spot as shown in [START_REF] Hirata | Angstrom-beam electron diffraction of amorphous materials[END_REF]. Similar electron diffraction pattern is observed for amorphous metal structure [START_REF] Buckel | Elektronenbeugungs-Aufnahmen von dünnen Metallschichten bei tiefen Temperaturen[END_REF]. It is generally believed that the atomic arrangements of metallic glasses follow a certain regular manner i.e., short-range order and medium-range order.

III. B. 2. Microstructure of samples

III. B. 2. a) As deposited (or pristine) CrSi2 film

Despite of the classification of crystalline phases as a p-type semiconductor, the amorphous

CrSi2 is described as an amorphous metal with a higher carrier concentration due to its metallic like behavior of conductive properties [START_REF] Burkov | Energy filtering enhancement of thermoelectric performance of nanocrystalline Cr1-xSixcomposites[END_REF]. In fact, CrSi2 could be fabricated through mechanical alloying procedure [START_REF] Perumal | Thermoelectric properties of chromium disilicide prepared by mechanical alloying[END_REF]. Therefore, the amorphous CrSi2 studied in this work is considered as an amorphous metal where both electrons and phonons will be regarded as the energy carriers responsible for heat transfer. Inert gases have an extremely low solubility limit and tend to agglomerate into more stable gas-vacancy complexes leading to bubble formation [START_REF] Da Silva | Formation of bubbles and extended defects in He implanted ( 1 0 0 ) Si at elevated temperatures[END_REF]- [START_REF] Oliviero | Characterization of neon implantation damage in silicon[END_REF]. The same behavior also occurs in amorphous structures where the concept of vacancies correlates with small free volume pockets in the network structure [START_REF] Qiang-Li | Gas densities in helium bubbles in nickel measured by small angle neutron scattering[END_REF]. The resolution limit for under-focus phasecontrast imaging conditions in TEM observations is about 0.7 nm. Therefore It seems worth noting that the Ne implantation at 250 ºC induced local crystallization reactions at a temperature about eighty degrees lower than the crystallization temperature 𝑇 = 327 ºC expected by thermal treatments [START_REF] Rowe | Thermoelectrics Handbook: macro to nano[END_REF]. This phenomenon is typically expected in ion implanted/irradiated samples and is usually interpreted as a radiation-enhanced phase transformation process [START_REF] Was | Fundamentals of Radiation Materials Science[END_REF]. The formation of a dense array of nanocrystallites is probably connected to the bubbles and the remaining columnar grain boundaries, which may act as inhomogeneous nucleation sites for the amorphous-crystalline phase transition.

III. B. 2. b) Samples implanted at room temperature

III. B. 3. Thickness characterization

The thicknesses of all five samples were identified from TEM images directly and summarized in Table III-2. Due to the utilization of sputtering technology, the sample thickness distribution is not entirely uniform with an uncertainty of roughly 30 nm. 

III. B. 4. Electrical resistivity measurements

The electrical resistivity ρ measurements on implanted and non-implanted CrSi2 thin layers were carried out between 80 K and 330 K with a magnetic field of 0.5T by the Van der Pauw method. The electric contacts were made using In droplets, and the measurements were done with an Ecopia HMS 5000 four-point probe equipment (CTM, Université de Montpellier, France). values. The detailed discussion and explanation could be checked in [START_REF] Timm | Ion implantation effects on the microstructure, electrical resistivity and thermal conductivity of amorphous CrSi2 thin films[END_REF]. 

III. B. 5. Roughness measurement

The root mean square (RMS) roughness (𝑹𝒒) of sample surface plays an important role on the heat transfer through the mechanical contact between the SThM probe and the sample [START_REF] Guen | Impact of roughness on heat conduction involving nanocontacts[END_REF]. Large roughness may reduce the contact thermal conductance. At roughness levels close to 10 nm, the reduction in thermal conductance at the microcontact level can be as high as 90%, while at the nanocontact level, it can reach approximately 50%. It has been discovered that heat transfer is not limited to diffusion, but that ballistic or boundary-limited heat conduction may also be present [START_REF] Guen | Impact of roughness on heat conduction involving nanocontacts[END_REF]. In order to estimate the possible influence on the SThM measurement, the determination of the CrSi2 sample roughness was first performed with a NT-MDT AFM operated in the contact mode and with a SHOCONA AFM probe. The measured areas were chosen to cover the typical surface features for SThM measurement on each sample. The measurement was conducted at an area of size 1 × 1, 2 × 2 and 20 × 20 μm 2 , separately.

Three images were scanned at different locations for the size 2 × 2 μm 2 because this size is more representative of the real point measurement contact area while using a resistive probe.

Results after the AFM analysis are shown in Table III-3, where 𝑺𝒒 represents the root mean square roughness of the scanned area. This parameter 𝑺𝒒 is an extension to a plane of the equation of 𝑹𝒒 and given as:

𝑆𝑞 = √ 1 𝐴 ∬ 𝑍(𝑥, 𝑦) 2 𝐴 𝑑𝑥𝑑𝑦 (III-1)
Data presented in bold are the average values calculated on the three measurements obtained on 2 × 2 𝜇𝑚 2 .

By comparing the 𝑺𝒒 averaged values of all 5 samples, it can be summarized that all the samples have a smooth surface (𝑺𝒒 ≈ 1 𝑛𝑚) and the difference between each sample is less than 1 nanometer. Therefore, the hypothesis that the impact of roughness on mechanical contact between probe and sample is neglectable is proposed according to the results in [START_REF] Guen | Impact of roughness on heat conduction involving nanocontacts[END_REF]. 

III. C. Thermal conductivity determination

Following the structural characterization of the samples, SThM measurements were used in order to assess their thermal conductivity. Subsequently, calibrated SThM probes were used to measure the effective thermal conductivity of CrSi2 samples, which is still influenced by the substrate, contact resistance, etc. The analytical model used to extract the thermal conductivity of CrSi2 layer separately is given in Chapter II and detailed in Appendix 1. This model depends on many parameters describing the experiment configuration (sample and heating source geometry and sample thermal properties). In the following section, the details of each step followed to get the value of these model parameters are given. The sensitivity of the thermal conductivity of CrSi2 samples determined by model to each input parameter will also be discussed.

III. C. 1. Effective thermal conductivity measurement

SThM in ambient air conditions using the Wollaston wire probe operated in active mode was used to characterize the thermal conductivity 𝑘 of the CrSi2 films. The unbalanced TCU as described in section II. A. In this model, the thermal resistance of CrSi2 layer (𝑅 𝑡ℎ,𝑠𝑎𝑚𝑝𝑙𝑒 (K/W)) is determined by:

𝑅 𝑡ℎ,𝑠𝑎𝑚𝑝𝑙𝑒 = 𝑡 𝑘 × 𝐴 (III-2)
where 𝑡 (m) represents the thickness of CrSi2 film, 𝑘 (W/(m.K)) is the thermal conductivity of CrSi2 film and 𝐴 is the cross-sectional area (m 2 ) perpendicular to the path of heat flow.

Hence, 𝑡 and 𝐴 are two of the required input parameters of the model (more details can be checked in Appendix 1, which must be determined before any use of the model for the identification of the CrSi2 film thermal conductivity.

III. C. 2. Contact radius determination

Parameter 𝐴 can be obtained from the probe-sample thermal contact radius 𝑎. It has been confirmed that more conductive material may act as a heat sink and leads to a greater constriction of heat flow lines, which means a smaller 𝑎. While the heat flow lines spread over the surface of materials with low thermal conductivity, making a large 𝑎 [START_REF] Guen | Scanning thermal microscopy on samples of varying effective thermal conductivities and identical flat surfaces[END_REF]. The relationship of thermal radius 𝑎 as a function of the effective thermal conductivity of samples for Wollaston probe is characterized in previous work by using a sample consisting of different thicknesses of silica layers standing on a single silicon wafer [START_REF] Guen | Scanning thermal microscopy on samples of varying effective thermal conductivities and identical flat surfaces[END_REF]. The relationship curve is presented in The reliability of fitted 𝑘 of CrSi2 layer by analytical model on input parameter, 𝑎, is also evaluated since the SThM measurement is strongly correlated to this parameter [START_REF] Lef | 3Ω -Scanning Thermal Microscope[END_REF].

When evaluating the impact of one parameter on the overall outcome 𝑘 , all other input parameters are the parameters listed in to be mentioned that the environment and the probe's geometry have a significant impact on the 𝑎 value [START_REF] Puyoo | Thermal exchange radius measurement: Application to nanowire thermal imaging[END_REF]. Therefore, since a different probe was used than the one used to obtain the calibration curve presented in Figure III-9, this may have introduced some errors that have been taken into account in the calculations. Undoubtedly, the accuracy of the measurement can be greatly improved if the 𝑎(𝑘 𝑒𝑓𝑓 ) curve can be reacquired using the probe used for the measurement. 

III. C. 3. Thermal boundary resistance (TBR) characterization

Thermal boundary resistance (TBR) between CrSi2 film and Si substrate is another important input parameter as explained in Chapters I and II. For the studied samples, it is noted that there is a 25 nm SiO2 layer sputtered between CrSi2 film and Si substrate that introduces an additional thermal boundary resistance. Thus, in order to simplify the studied system, the TBR between CrSi2 film and SiO2 (𝑅 𝑡ℎ 𝐶𝑟𝑆𝑖 2 /𝑆𝑖𝑂 2 ), the thermal resistance of SiO2 layer (𝑅 𝑆𝑖𝑂 2 ) and the TBR between SiO2 and Si substrate (𝑅 𝑡ℎ 𝑆𝑖𝑂 2 /𝑆𝑖 ) are grouped in series as one effective thermal resistance 𝑅 𝑡ℎ :

𝑅 𝑡ℎ = 𝑅 𝐶𝑟𝑆𝑖 2 /𝑆𝑖𝑂 2 + 𝑅 𝑆𝑖𝑂 2 + 𝑅 𝑆𝑖𝑂 2 /𝑆𝑖 (III-3)
It is noteworthy to remind that, as was stated earlier in section III. B. 2. b) Samples implanted at room temperature, some ion implantation exceeds the CrSi2 film and arrived at the interstitial zone between CrSi2 film and Si substrate and even reaches substrate layer. This may influence the property of SiO2 and Si layer as well as the relevant interface. Thus, it becomes challenging to obtain an accurate 𝑅 𝑡ℎ from the literature. The values of 𝑅 𝑡ℎ experimentally determined for solid-solid contacts close to room temperature typically lie in the range 10 -9 to 10 -6 m 2 K/W [START_REF] Beechem | Role of interface disorder on thermal boundary conductance using a virtual crystal approach[END_REF], [START_REF] Stoner | Kapitza conductance and heat flow between solids at temperatures from 50 to 300 K[END_REF]. In order to quantify this TBR more precisely, measurements using another technique such as a frequency and a time domain thermoreflectance method (FDTR/TDTR) [START_REF] Burcea | Influence of Generated Defects by Ar Implantation on the Thermoelectric Properties of ScN[END_REF][149] could be favorable. A collaboration on this subject was initiated with the Laboratoire Ondes et Matière d'Aquitaine (LOMA, Bordeaux France). However, due to the significant errors and uncertainties in the thickness and thermal capacity of the sample, which are also important input parameters for FDTR/TDTR method, the aforementioned method cannot be used to accurately measure TBR in this work.

III. C. 4. The other input parameter in analytical model

The other input parameters for analytical model also include thickness (𝑡 (𝑛𝑚)) of CrSi2 

III. D. Results and discussion

The thermal conductivity (𝑘) value for our CrSi2 films derived from 𝑘 𝑒𝑓𝑓 by using the 𝑘 determined for the as-deposited pristine sample (6.5 W/(m.K)) is lower compared to 16 W/(m.K), which is given by the scientific literature [START_REF] Perumal | Effect of composition on thermoelectric properties of polycrystalline CrSi2[END_REF]. The lattice thermal conductivity 𝑘 𝐿 for polycrystalline CrSi2 samples have been measured as 12 W/(m.K) at 300 K [START_REF] Nakasawa | Thermoelectric Properties of Mo and Ge co-substituted CrSi2[END_REF], which lies between the values of single-crystal CrSi2 along the [START_REF] Dasgupta | Structural, thermal, and electrical properties of CrSi2[END_REF] and [001] directions [START_REF] Voronov | Characteristic Features of the Physicochemical Structure of Chromium Disilicide[END_REF]. This difference from our result is since the sample studied in this work exhibits an amorphous structure rather than a crystalline one. It may be problematic to use the term phonon for amorphous material because of the absence of periodic lattice in non-crystalline structure. But as introduced in Chapter I, here in this manuscript, the term phonon generalizes both the propagating and localized atomic oscillations.

In addition to the phononic thermal conductivity, the electrons in CrSi2 also contribute to the thermal conductivity. Due to the high contact thermal resistance between probe and sample surface (in the order of 10 6 magnitude) and the order of magnitude of the thermal conductivity, the temperature on the surface of sample does not change a lot compared to ambient temperature (approximately 300 K). It only significantly changes when measuring polymeric materials that have 𝑘, typically in the range of 0.1 to 0.5 W.m -1 .K -1 [START_REF] Huang | A review of dielectric polymer composites with high thermal conductivity[END_REF]. Thus, the phononic and electronic contributions to the thermal conductivity, 𝑘 𝑝ℎ and 𝑘 𝑒 respectively can be presumably separated using the Wiedemann-Franz law at 300 K (Eq. (I-9). According Thermal conductivity of 6.5 W/(m.K) is obtained for the pristine amorphous CrSi2 film.

As expected it is lower than the thermal conductivity of the crystalline CrSi2 (16 W/(m.K) [START_REF] Perumal | Effect of composition on thermoelectric properties of polycrystalline CrSi2[END_REF]). The 𝑘 reduction is about 60% and it can be seen from Table III-5 that heat is mainly propagated through phonons: the contribution of phonon to total thermal conductivity reaches 80%. 𝑘 𝑝ℎ is reduced of about 50 % compared to the value estimated for the crystalline CrSi2 (10-12 W/(m.K) [START_REF] Perumal | Effect of composition on thermoelectric properties of polycrystalline CrSi2[END_REF]) and ke is reduced of 77%. In a first approach, these values could be surprising for an amorphous material where amorphisation is expected reducing k more strongly but the thermal conductivity of metallic glasses or amorphous alloy have been intensively investigated and could be higher than 5 W/(m.K) at 300 K [START_REF] Yamasaki | Thermal diffusivity and conductivity of Zr55Al 10Ni5Cu30 bulk metallic glass[END_REF], [START_REF] Harms | Thermal conductivity of Pd40Ni40-xCuxP20 metallic glasses[END_REF]. The contribution of phonon to total thermal conductivity may reach as high as 49% for some thin foil metallic glasses [START_REF] Choy | Thermal conductivity of amorphous alloys above room temperature[END_REF].

CrSi2 implanted at RT

When compared to the pristine sample (6.5 W/(m.K)), all the implanted samples present a significant decrease in the thermal conductivity. The samples implanted at RT present a less pronounced reduction in their thermal conductivity than their 250 ºC counterparts.

In the case of the samples implanted with Ne, the critical feature is the presence of Ne bubbles. We suggest that bubbles represent a discontinuity on the solid structure of the matrix and may act as efficient scattering centers for the phonons.

In the case of the Al implantation at RT, even though the implanted atomic concentration is very low compared to Ne at RT (see Table III-1), the formation of defect clusters resulting of the Al implantation could play a dominant role in controlling thermal conductivity behavior. It has been shown, for example, that even very low irradiation doses (as low as 0.00032 dpa -displacement per atom) decrease the thermal diffusivity of self-irradiated tungsten due to the formation of sub-nanometric defects [START_REF] Reza | Thermal diffusivity degradation and point defect density in self-ion implanted tungsten[END_REF]. The introduction of isoelectronic elements (such Al and Ne for Cr and Si) preserves the crystalline electronic structure while enhancing electrical conductivity and creating a mass contrast that disrupts the path of the heat carriers [START_REF] Rowe | Thermoelectrics Handbook: macro to nano[END_REF], [START_REF] Snyder | Complex thermoelectric materials[END_REF]. In this sense, Perumal et al. showed that the introduction of Al and Mn as co-substitutors in CrSi2 induces a decrease in thermal conductivity due to a mass fluctuation effect from the atomic weight difference between the solute (Al or Mn) and solvent atoms (Cr and Si) [START_REF] Perumal | Effect of cosubstitution of Mn and Al on thermoelectric properties of chromium disilicide[END_REF]. Choy et al. observed that the increasing number of chemical components in amorphous alloy increases disorderliness and leads to a decrease in phonon mean free path [START_REF] Choy | Thermal conductivity of amorphous alloys above room temperature[END_REF].

Therefore, the phononic component of the CrSi2 thermal conductivity decreases, explaining the reduction observed on the 𝑘 measurements for the two samples implanted at RT compared to the non-implanted CrSi2 sample. As expected the thermal conduction electronic component is enhanced slightly for both the samples implanted at RT. However, the electron contribution to the thermal conduction is larger for the Al implantation than for the Ne implantation due to a larger decrease on 𝑘 𝑝ℎ .

CrSi2 implanted at 250°C

The samples implanted with Ne and Al at a temperature of 250 ºC present a more significant reduction in 𝑘 than the RT Ne and Al implanted samples. In these cases, we can suggest that the nanocrystallites formed during the 250 ºC implantations are effective scattering centers for the phonons and contribute to a more pronounced effect on 𝑘. Similarly, Novikov et al. have shown that nanocrystal interfaces in stoichiometric CrSi2 amorphous thin films largely contribute to the decrease of the material thermal conductivity [START_REF] Burkov | Energy filtering enhancement of thermoelectric performance of nanocrystalline Cr1-xSixcomposites[END_REF]. They have also demonstrated in the same study [START_REF] Burkov | Energy filtering enhancement of thermoelectric performance of nanocrystalline Cr1-xSixcomposites[END_REF] that the nanocrystal boundaries lead to an increase of the CrSi2 electrical resistivity compared to amorphous CrSi2 without nanocrystals, which also happens in our case for the 250ºC Ne-implanted CrSi2 sample. The reason of the increase of the material electrical resistivity is the presence of depletion zones located in nanocrystal grains due to the band bending at their boundary. The depth of this depletion layer is evaluated to be in the range of 10 to 30 nm for CrSi2 [START_REF] Burkov | Energy filtering enhancement of thermoelectric performance of nanocrystalline Cr1-xSixcomposites[END_REF], which is of the same order of magnitude than the average crystallite size (15 nm) produced by implantation performed at 250 ºC in our case (see

Figure III-4).

This means that a large part of the volume of nanocrystals in our sample will be greatly influenced by the band bending effects on their boundary interfaces. This region may act as an energy-filtering barrier so that only the energy carriers with large amounts of energy can penetrate the barrier at the boundary of nanocrystal grains.

This leads to a significant decrease on electronic component of the thermal conductivity for 250ºC Ne-implanted CrSi2 samples while no obvious phononic component variation is detected.

For the 250ºC Al-implanted CrSi2 sample, the combination of crystallites and the mass fluctuation effect discussed above could explain the significant decrease in the thermal conductivity by both electrons and phonons. Moreover, contrarily to the other samples, results

in Table III-5 could suggest an electron contribution to the heat transfer conduction larger than that of the phonons.

III. E. Conclusions and perspectives

State of the art shows that CrSi2 has potential as thermoelectric material but its 𝑍𝑇 is still too small to be competitive. Different approaches were used to reduce its thermal conductivity while CrSi2 is in its crystalline form but 𝑍𝑇 is still too small. The material amorphisation combined with the introduction of isoelectronic elements such as Ne and Al ions should help to decrease the phonon and electron components of the heat conduction in the material. However, CrSi2 is still a material that is not well known in its amorphous state.

Scientific literature furthermore shows that the temperature of the material during irradiation is also a parameter to be exploited to decrease the thermal conductivity as in a range of temperature larger than RT a part of the amorphous material crystallizes due to a radiationenhanced phase transformation process.

We determined using SThM amorphous chromium disilicide (CrSi2) modified by Ne and Al ion implantations at RT and 250°C. Our results give a new estimation of the thermal conductivity for the amorphous CrSi2 of about 6.5 W/(m.K). As expected, it is lower than the thermal conductivity of the crystalline CrSi2 [START_REF] Perumal | Effect of composition on thermoelectric properties of polycrystalline CrSi2[END_REF]. The found 𝑘 reduction is about 60% and heat conduction is shown mainly acting via phonons.

Changes of the microstructure of amorphous CrSi2 as a function of the implantation irradiation conditions are in good accordance with those previously found elsewhere in the scientific literature. Identified thermal conductivity values show that ion implantation induces substantial modifications on the microstructure of amorphous CrSi2, which induce the decrease of the material thermal conductivity. The 𝑘 reduction is more pronounced for the implantation at 250°C.

For Ne implantation at RT and 250°C Ne bubbles should act as efficient scattering centers for the phonons and phonon path should be disrupted by the mass contrast. For Al implantation at RT results should be due to the phonon scattering by defect clusters and the disruption of the phonon path by the mass contrast.

For implantation at 250°C, nanocrystallites formed during implantation mainly further reduces the heat conduction by electrons, which could be due to the presence of depletion zones located at the nanocrystallite boundaries. These nanocrystallites also lead to a decrease of the phonon contribution to heat conduction in the case of the implantation with Ne ions.

In a more general way, this work demonstrates that thermal conductivity behavior of amorphous structures can be tailored via ion implantation. This is done by exploring doping, amorphous to crystalline phase transitions and irradiation-induced void defects, providing new possibilities for applications in thermoelectrics.

One perspective could be to exploit the effect of the temperature during ion implantation for tuning the size of the induced crystallites in order to optimize the energy-filtering barrier at the crystallite boundaries for a more pronounced decrease of the material thermal conductivity.

Furthermore, the accuracy of fitted 𝑘 result could be improved by a more accurate measurement of the model input parameters. As an example, the contact radius 𝑎 could be obtained through an 𝑎-𝑘 𝑒𝑓𝑓 calibration, which is performed on a series of specially designed reference sample (i.e., reference samples of known low thermal conductivity with different thicknesses, deposited on a known thermal conductivity substrate, with the interface thermal resistance between them having been extensively studied.). Apart from that, TBR could be qualified via the other technique such as FDTR/TDTR.

Chapter IV. THERMAL CONDUCTIVITY ENHANCEMENT MECHANISM OF POLYMER COMPOSITES WITH CARBON-BASED FILLERS

This chapter presents an analysis of the heat transfer within two types of polymer composites containing carbonous fillers. It focusses on, first, the determination through SThM measurements (imaging or point measurements) and, second, the modeling of the effective thermal conductivity of polymeric nanocomposites. The goal is to elucidate the mechanism of enhancement of the heat transfer with the introduction of nanofillers in polymer matrices.

Samples consist of high-density polyethylene (HDPE) matrix filled with 50 μm expanded graphite (EG) particles and polyvinylidene difluoride (PVDF) matrix containing multiwall carbon nanotubes (MWCNTs).

Experimental results of this part of the manuscript have been published as Investigation of the thermal conductivity enhancement mechanism of polymer composites with carbon-based fillers by scanning thermal microscopy in AIP Advances journal, 12(10), 105303, (2022).

IV. A. Context

As mentioned in Chapter I polymers have potential for widespread applications where higher heat dissipation is desired (light emitting devices, batterie, electromagnetic shielding…) and the insertion of fillers such as ceramics materials, metallic materials and carbon-based materials is a popular strategy to enhance the thermal conductivity of polymer composites.

Among all these fillers, carbon-based materials have aroused higher attention and interest of scholars due to their thermophysical properties exhibiting a thermal conductivity that can even reach values higher than several thousands of W/(m.K) for fillers such as carbon fibers and carbon nanotubes in their axial direction [START_REF] Han | Thermal conductivity of carbon nanotubes and their polymer nanocomposites: A review[END_REF]. For such reasons, a large number of studies have been carried out to improve the polymer 𝑘 using carbon-based nano-fillers [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF], [START_REF] Jun | Ultra-large sized graphene nanoplatelets (GnPs) incorporated polypropylene (PP)/GnPs composites engineered by melt compounding and its thermal, mechanical, and electrical properties[END_REF]- [START_REF] Georgousis | Strain sensing in polymer/carbon nanotube composites by electrical resistance measurement[END_REF].

In this context, Chirtoc et al. [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF] have introduced EG fillers into HDPE and achieved increased thermal conductivity when the filler concentration increases in the range up to 0.06 graphite volume fraction. However, it was recognized from this study that the experimental results obtained using a back-detection modulated PTR method deviate from those predicted by the model of Nan et al. [START_REF] Nan | Effective thermal conductivity of particulate composites with interfacial thermal resistance[END_REF] for fillers at higher concentrations [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF]. A proposed reason was that the non-interacting particle assumption of the model is not valid as the filler concentration increases.

PVDF is also a type of polymer that is widely employed as base matrix for nanocomposites, due to its excellent film formation, mechanical properties, high resistance towards chemicals, alongside a thermal, oxidative, and hydrolytic stability [START_REF] Saraswathi | Tailored PVDF nanocomposite membranes using exfoliated MoS2 nanosheets for improved permeation and antifouling performance[END_REF], [START_REF] Sri Abirami | Fabrication of anti-fouling PVDF nanocomposite membranes using manganese dioxide nanospheres with tailored morphology, hydrophilicity and permeation[END_REF].

Specifically, Georgousis et al. [START_REF] Georgousis | Strain sensing in polymer/carbon nanotube composites by electrical resistance measurement[END_REF] have dispersed MWCNTs in PVDF and observed that the electrical and mechanical properties of the PVDF matrix improve after adding the MWCNTs, which gives an advantage of such polymer for prospective strain sensing applications. However, the effect of introducing MWCNTs on the thermal properties of these PVDF -based composites is still missing. The characterization of the thermophysical properties of the combination PVDF/MWCNTs would be favorable to supplement the understanding of the influence produced by MWCNTs on the polymer matrix and to suggest other applications of the material.

In order to verify the thermal conductivity PTR measurements obtained by Chirtoc et al. [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF], and to obtain the complementary thermal conductivities for the samples of Georgousis et al. [START_REF] Georgousis | Strain sensing in polymer/carbon nanotube composites by electrical resistance measurement[END_REF], we measured the effective thermal conductivity of the polymer composites studied by these two groups applying the methodology previously described in chapter II. A balanced TCU was used for these measurements. Furthermore, in order to better understand the experimental results, a model describing the samples of dispersed MWCNTs in PVDF was developed to support the inference on the mechanisms of thermal property tuning. This result proves the reliable sensitivity of SThM in the studied thermal conductivity range. The deviation of the results obtained by SThM, and PTR techniques verifies the inhomogeneity of dispersion of EG fillers at low concentration. In ref. [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF], it has been shown that the experimental result from PTR method fit well with the effective thermal conductivity of composite model of Nan et al. [START_REF] Nan | Effective thermal conductivity of particulate composites with interfacial thermal resistance[END_REF] when filler charge is less than 6 vol.%. It is worth to note that this model is effective with the assumption regarding non-interacting fillers. No agglomeration of EG observed from SThM is also favorable to the validation of this assumption.

IV. B. Sample description and characterization

IV. B. 1. HDPE/EG Composites

IV. B. 1. a) Measurement results for HDPE/EG composites

On the contrary to 2 wt.% EG fraction sample, HDPE composite with 10 wt.% filler charge shows a different contrast pattern between thermal and topography images as circled in

Figure IV-3 (c) (zones A and B

). The dark area in thermal image indicates a higher heat transfer from the probe to the sample that corresponds to a higher local thermal conductance of the sample. Meanwhile, the same position on topography image has a shallower color associated with higher heights.

Furthermore, as explained above, the topography of the sample surface may induce some artifacts in the thermal images. This can be linked to the fact that the contact radius may reach more than 5 μm for Wollaston probe on polymeric materials [START_REF] Buzin | Application of a Wollaston wire probe for quantitative thermal analysis[END_REF], which is comparable to the size of convex zones for the studied samples. The scanning with the SThM probe of a concave surface may induce more thermal exchange due to the increase of the probe-sample contact area through the air gap, which does not agree with our results. Therefore, the thermal signal contrast obtained can only be attributed to the variation of the thermal properties beneath the surface of the sample. Besides, these high thermal conductance regions are distributed as islands inside the sample. The agglomerations of EG fillers are supposed to be the reason behind this phenomenon. for PTR [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF], 1.26 W/(m.K) for Flash method [START_REF] Chirtoc | Photothermal characterization of nanocomposites based on high density polyethylene (HDPE) filled with expanded graphite[END_REF] and 1.23 W/(m.K) from modelling [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF]).

The reason that the SThM results are lower compared to those obtained with the other techniques could also be linked to the lack of fillers contained in the limited probed volume of the sample. One should keep in mind that the SThM area for investigation was 100 µm × 100 µm, and the original EG particle size was 50 µm, which was broken during preparation to smaller fragments with size less than 10 μm. This fact can also contribute to the inhomogeneity of measured thermal conductivity values. Nonetheless, the enhancement of the heat transfer along higher concentration of EG fillers can be clearly demonstrated by SThM. The estimated diameter of this area, which is around 20 μm from thermal image, is larger than EG intercalation diameter 5-10 μm that is observed under optical microscope for HDPE98-EG2

sample [START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF]. The possible reason of the formation of large heat sink area may be related to the agglomeration due to Van der Waals interaction between graphene platelets [START_REF] Coulson | Valence Angles in Group II Dihalide Molecules[END_REF] of the EG with a high specific surface area [START_REF] Bian | Comparative Study on the Exfoliated Expanded Graphite Nanosheet-PES Composites Prepared via Different Compounding Method[END_REF]- [START_REF] Jacob | Ethylene vinyl acetate/expanded graphite nanocomposites by solution intercalation: preparation, characterization and properties[END_REF].

All these results further prove the capability of SThM to detect the local thermal conductivity variation among different zones of the polymer composites, which is due to the fillers buried beneath the surface.

IV. B. 2. PVDF/MWCNTs composites

The PVDF (SOLEF1010, Solvay Solexis S.A., Belgium), molecular formula shown in , where 𝜒 𝛼 and 𝜒 𝛽 are crystalline mass fraction of 𝛼 and 𝛽 phase respectively, is calculated using corresponding absorbance of vibration bands in FTIR as described in [START_REF] Georgousis | Strain sensing in polymer/carbon nanotube composites by electrical resistance measurement[END_REF] and the result is shown in Table IV- The melting temperatures of α and β crystallites of PVDF are very close at 167-171°C, but γ crystallites melt at slightly higher temperatures around 175-180 °C [START_REF] Martins | Electroactive phases of poly(vinylidene fluoride): Determination, processing and applications[END_REF], [START_REF] Ruan | Properties and applications of the β phase poly(vinylidene fluoride)[END_REF]. The crystallinity of samples was determined by DSC measurements, which were performed at Ingénierie des matériaux polymers (IMP, Lyon) using a DSC 3-star system (Mettler-Toledo, Greifensee, Switzerland). Samples weighing between 3.5 and 5 mg were placed in aluminum pan with a lid on. Nitrogen was used as a purging gas with a 50 ml.min -1 flow rate. The samples were heated from 0 to 200 °C with a 5 °C.min -1 ramping rate, then held for 5 min at each temperature. This initial heating step enables the determination of the enthalpy change of the polymer composites during the heating process, characterizing the crystallinity of the samples, while also eliminating the thermal history of the material. The samples were afterward cooled from 200 °C to 0 °C with a cooling rate and waiting time equal to that of the heating procedure.

Well-controlled cooling process favorable to achieve a more complete crystallization than the sample fabricated following preparation process mentioned earlier, in order to attain the maximum possible crystallinity that the material can achieve. Finally, they were heated again using the same parameters to 200 °C for characterizing the maximum possible crystallinity of samples.

IV. B. 2. a) Structural characterization of PVDF matrix

The DSC result of PVDF matrix and PVDF/ 8 wt.% MWCNTs samples are shown in were assigned a value equal to 104.5 (J/g) [START_REF] Nakagawa | Dielectric relaxations and molecular motions in poly(vinylidene fluoride) with crystal form II[END_REF] and 219.7 (J/g) [START_REF] Gradys | Determination of the melting enthalpy of β phase of poly(vinylidene fluoride)[END_REF], respectively, according to literature studies. In On the other hand, an increased concentration of nanoparticles can also impede the crystallization process by reducing polymer chain mobility, ultimately leading to a lower content of the crystalline structure [START_REF] Kabir | Pure β-phase formation in polyvinylidene fluoride (PVDF)-carbon nanotube composites[END_REF].

Both of these antagonistic mechanisms exist simultaneously in our composite material, resulting in the increased formation of 𝛽 phase and reduction of 𝜔 𝑐 with the addition of MWCNTS. However, the formation of 𝛽 phase in a blend composite not only depends on the weight fraction of MWCNTs but also on their synthesis process. The surface energy of MWCNTs is also influenced by persistence lengths within the matrix, diameter distribution, bunding characteristic etc., which makes the crystallinity of composite hard to be predict [START_REF] Kabir | Pure β-phase formation in polyvinylidene fluoride (PVDF)-carbon nanotube composites[END_REF]. IV-2. An increase of both parameters compared to their first heat process counterparts could be observed as expected. This is just to show the potential of samples on crystallization. In reality, it is rather difficult to perform such cooling procedure during the fabrication of polymer composites. The formation of PVDF 𝛽 phase starts to happen when MWCNTs are introduced, which is due to the nucleation effect [START_REF] Ke | Achieving β-phase poly(vinylidene fluoride) from melt cooling: Effect of surface functionalized carbon nanotubes[END_REF]. MWCNTs may favor the formation of the PVDF 𝛽 phase but the trend of 𝛽% is non-monotonic as a function of the filler fraction. To verify this transmission electron microscopy (TEM) images were performed.

IV. B. 2. b) Nanostructure analysis

The nanostructure of PVDF composite was studied through TEM technique in collaboration with Centre Technologique des Microstructures EZUS LYON (France). Figure It is known that a polymer has a thermal conductivity larger when it has a high degree of crystallinity than when it is amorphous [START_REF] Choy | Thermal conductivity of polymers[END_REF]. To bring answers to "What is the impact of the increase of the observed 𝛽 phase when MWCNTs are added to the PVDF matrix on the heat transfer within the nanocomposite materials?", we measured the thermal conductivity of our PVDF/MWCNTs nanocomposite samples.

IV. B. 2. c) Measurement results for PVDF/MWCNTs samples

Due to the rather high roughness on the surface of PVDF/MWCNTs samples, the contrast in thermal images is almost identical with the topography image. No obvious difference can be observed from the two images, that is in good agreement with the well dispersion of MWCNTs inside the PVDF matrix proved by SEM images [START_REF] Georgousis | Strain sensing in polymer/carbon nanotube composites by electrical resistance measurement[END_REF]. The 𝑘 𝑒𝑓𝑓 of the samples is calculated from the average value of the signal lying inside selected area that avoids the variation caused by roughness as much as possible. The results have been plotted as a function of MWCNTs weight fraction in Figure IV-13. The PVDF matrix displays a thermal conductivity of approximately 0.24 W/(m.K), which is very close to the value proposed by literature [START_REF] Yu | Permittivity, thermal conductivity and thermal stability of poly(vinylidene fluoride)/graphene nanocomposites[END_REF]. It can be seen that an enhancement of thermal conductivity is achieved with the addition of MWCNTs, which confirm the observation in literature [START_REF] Han | Thermal conductivity of carbon nanotubes and their polymer nanocomposites: A review[END_REF]. No percolation behavior, as detected for the electrical conductivity results [START_REF] Georgousis | Strain sensing in polymer/carbon nanotube composites by electrical resistance measurement[END_REF], appears for the thermal properties, which is in agreement with the results reported in literature [START_REF] Biercuk | Carbon nanotube composites for thermal management[END_REF]. The reason may be that the expansion of heat flux aroused by the formation of MWCNTs network is very slight due to relatively small thermal conductivity ratio ( ~10 4 ) between MWCNTs and PVDF matrix compared to electrical issue (~10 11 ). The heat dissipated through polymer matrix is still the main part of heat transfer [START_REF] Shenogina | On the lack of thermal percolation in carbon nanotube composites[END_REF]. Another possibility is the high thermal resistance at the interface between individual carbon nanotube, leading to the insufficient channel for heat transfer [START_REF] Bonnet | Thermal properties and percolation in carbon nanotube-polymer composites[END_REF]. The 𝑘 𝑒𝑓𝑓 reaches 0.36 W/(m.K) while the fillers loading is 8 wt.%, which is at the same level compared to PVDF filled with graphene (0.32 W/(m.K) for 10 wt.%) [START_REF] Yu | Enhanced Thermal Conductivity for PVDF Composites with a Hybrid Functionalized Graphene Sheet-Nanodiamond Filler Thermal conductivity of polymer/ceramic View project economics View project[END_REF] or conducting carbon black (0.4 W/(m.K) for 10 wt.%) [START_REF] Ram | Electrical and thermal conductivity of polyvinylidene fluoride (PVDF) -Conducting Carbon Black (CCB) composites: Validation of various theoretical models[END_REF], but lower than the one filled with reduced graphene oxide (rGO) (0.89 W/(m.K) for 3 wt.%) [START_REF] Karan | Effect of γ-PVDF on enhanced thermal conductivity and dielectric property of Fe-rGO incorporated PVDF based flexible nanocomposite film for efficient thermal management and energy storage applications[END_REF].

The enhancement of thermal conductivity induced by rGO is explained as the crystallite size dependence on filler concentration [START_REF] Karan | Effect of γ-PVDF on enhanced thermal conductivity and dielectric property of Fe-rGO incorporated PVDF based flexible nanocomposite film for efficient thermal management and energy storage applications[END_REF]. It is worth to note that in our measurement, a nonmonotonic trend of the thermal conductivity results versus MWCNTs weight fraction is observed. In addition, this trend is strongly in concurrence with the PVDF β phase relative percentage 𝛽 𝑟 % and PVDF β phase percentage in total composite 𝛽%, as shown in Figure IV-13. This suggests that there may be a connection between the formation of PVDF β phase and the variation in thermal conductivity. The formation of PVDF β phase is strongly linked to the fabrication condition and very complicated to be predicted. However, the β phase PVDF is a kind of crystalline polar polymer with an all-trans conformation, which is suggested to be favorable for the heat transfer by increasing the mean free path of energy carriers [START_REF] Pukada | History and recent progress in piezoelectric polymers[END_REF]. Consequently, it is reasonable to suppose that the formation of β phase PVDF may facilitate the thermal transport considering that the electric and thermal current flows at macroscopic dimensions share the same equation [START_REF] Shenogina | On the lack of thermal percolation in carbon nanotube composites[END_REF].

The high degree of overlap between 𝑘 𝑒𝑓𝑓 and 𝛽% reinforces the hypothesis that MWCNTs improve the thermal behavior of polymer composite by affecting the crystalline phase of the PVDF matrix. This result provides powerful evidence for interpreting the non-monotonic trend of thermal conductivity as a function of filler concentration by matrix crystallinity mechanism in addition to aggregation effect [START_REF] Patti | The effect of filler functionalization on dispersion and thermal conductivity of polypropylene/multi wall carbon nanotubes composites[END_REF] and thermal interfacial resistance effect [START_REF] Nan | Interface effect on thermal conductivity of carbon nanotube composites[END_REF]. In summary, the formation of MWCNTs heat conduction paths and a relatively higher crystallinity of PVDF matrix leads to the enhancement of the composite 𝑘 𝑒𝑓𝑓 .

To go further in our analysis of these results a modelling to reproduce the values of 𝑘 𝑒𝑓𝑓 measured by SThM was developed.

IV. B. 2. d) Analytical thermal modeling of the PVDF/MWCNTs nanocomposites

IV. B. 2. d. (i) State-of-the art

To better understand the role of introduced carbonous fillers and the heat transfer tuning mechanism, an analytical model is required. This model is supposed to describe the polymer composite system properly. Different theoretical and empirical models have already been developed to calculate or predict the thermal conductivity of a composite material. The simplest ones among them are rules of mixture which are given by [START_REF] Agari | Estimation on thermal conductivities of filled polymers[END_REF]: Parallel model:

𝑘 𝑐 = 𝑘 𝑓 • 𝛷 + (1 -𝛷)𝑘 𝑚 (IV-2)
Series model:

1 𝑘 𝑐 = 𝛷 𝑘 𝑓 + (1 -𝛷) 𝑘 𝑚 (IV-3)
Geometric mean model:

𝑘 𝑐 = 𝑘 𝑓 𝛷 • 𝑘 𝑚 (1-𝛷) (IV-4)
where 𝑘 𝑐 , 𝑘 𝑓 , 𝑘 𝑚 represent the thermal conductivity of composite, fillers, and polymer matrix, respectively. 𝛷 indicates the volume fraction of fillers.

The schematic of parallel model and series model is presented as Figure IV-14. Parallel model considers that the polymer matrix and the gathered fillers are arranged in parallel in the same direction of the heat flux, which is equivalent to the highest enhancement of the thermal conduction case. Meanwhile series model considers that the polymer matrix and the gathered fillers are arranged in series in the direction of the heat flux, which represents the less enhanced thermal conduction case. This leads to an overestimation or underestimation of composite's thermal conductivity. In addition, the hypothesis of both models about gathered fillers is against the fact that no agglomeration of fillers is observed in our PVDF composites. Furthermore, there are some other models that assume that there is no mutual interaction between fillers such as the Russell's model [START_REF] Shen | Thermal conductivity model of filled polymer composites[END_REF] and the Maxwell's model [START_REF] Xu | A reconstruction of Maxwell model for effective thermal conductivity of composite materials[END_REF]. In these models, the shape of the fillers can be either treated as identical cubes or homogenous spheres as exposed by Russell's model or Maxwell's one, respectively. However, such models cannot be applied to the MWCNTs filler case study due to its cylinder structure and high aspect ratio.

Several other effects are taken into account in different other models like i) the effect of the filler's shape using the Hamilton-Crosser's Model [START_REF] Hamilton | Thermal conductivity of heterogeneous two-component systems[END_REF], ii) the interfacial thermal barrier effect using Hasselman's model [START_REF] Bhatt | Role of the Interfacial Thermal Barrier in the Effective Thermal Diffusivity/Conductivity of SiC-Fiber-Reinforced Reaction-Bonded Silicon Nitride[END_REF], and iii) the effect of dispersion of fillers via Cheng-Vachon's model [START_REF] Cheng | A technique for predicting the thermal conductivity of suspensions, emulsions and porous materials[END_REF]. Nevertheless, all the above models neglect the effect of the crystallinity of the polymer matrix.

In the same prospect, many empirical models were also developed to predict the polymer composite thermal conductivity [START_REF] Liang | Thermal conductivity of composites with nanoscale inclusions and size-dependent percolation[END_REF], [START_REF] Lewis | Dynamic mechanical properties of particulate-filled composites[END_REF]. Nevertheless, the know parameters, i.e., input parameters, of the model that are used to fit the experimental results are usually difficult to be explained physically. A summary of abovementioned models and their mathematic equation are listed in Table IV

-3.
Thus, in order to provide a better point of view on the understanding of the thermal conductivity's enhancement mechanism, a model specifically designed for the PVDF composite samples of our study was developed in the thesis. This model is based on Eq. IV-4. This equation is chosen because it excludes the unknow parameters of our samples such as the aspect ratio of fillers. This parameter could change significantly during mixture with PVDF matrix and become inhomogeneous due to the breaks and fractures of MWCNTs. Another reason for using this equation is that it can be easily modified to take into consideration the effect of the crystalline phases of the PVDF matrix while the other models do not focus on such situation. This deviation between assumptions and reality has been taken into account as one of the possible sources of error in the results.

IV. B. 2. d. (ii) Proposed model and its application to sample analysis

The 𝑘 𝑓 in Eq. IV-4 can be used to indicate the effective thermal conductivity of MWCNTs-𝛽 and expressed as:

𝑘 𝑓 = 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 𝛷 ′ • 𝑘 𝛽 (1-𝛷 ′ ) (IV-5)
Here 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 and 𝑘 𝛽 represent the thermal conductivity of PVDF 𝛽 phase and MWCNTs respectively, 𝛷 ′ is the volume fraction of MWCNTs normalized by volume of MWCNTs-𝛽 . Physically 𝑘 𝑚 in Eq. IV-4 represents the effective thermal conductivity of PVDF matrix which includes amorphous part and PVDF 𝛼 phase. These two phases are contiguous and could be appropriately calculated using Eq. IV-2 also referred as mixture law [START_REF] Kingery | Thermal Conductivity: XIV, Conductivity of Multicomponent Systems[END_REF]. 𝑘 𝑚 can be then expressed as:

𝑘 𝑚 = 𝑘 𝛼 × 𝜔 𝛼 + 𝑘 𝐴 × (1 -𝜔 𝛼 ) (IV-6)
where 𝑘 𝛼 and 𝑘 𝐴 represent the thermal conductivity of PVDF 𝛼 phase and amorphous part respectively, 𝜔 𝛼 is the volume fraction of PVDF 𝛼 phase normalized by the volume of PVDF matrix. Henceforth, Eq. IV-4 can be then rewritten as: From this modeling 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 and 𝑘 𝛽 were found equal to 5.75 W/(m.K) and 1.32 W/(m.K), respectively. The residual norm of fitting is in the order of 1 × 10 -5 . The reason of lower 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 compared to theoretical values found in literature (generally considered as ~3000 -6000 W m ⁄ . K [START_REF] Kwon | A review of polymer composites based on carbon fillers for thermal management applications: Design, preparation, and properties[END_REF]) is on one hand related to the fact that the quality of MWCNTs cannot be kept as high as the pristine ones, where their orientation is randomly distributed during the composite fabrication process. On the other hand, the interfacial thermal resistance is not independently separated in this model, and it will be correlated to the 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 and 𝑘 𝛽 , which makes their values lower than expected. Even though a higher 𝑘 𝛽 compared to 𝛼 phase and amorphous part of PVDF matrix is demonstrated and this corroborates our inference. In addition, it has been demonstrated in literature that γ phase may enhance the thermal properties of PVDF more than β phase [START_REF] Karan | Effect of γ-PVDF on enhanced thermal conductivity and dielectric property of Fe-rGO incorporated PVDF based flexible nanocomposite film for efficient thermal management and energy storage applications[END_REF]. Hence, it is reasonable to suppose that the formation of β and γ phase PVDF together may facilitate/enhance the thermal transport further.

𝑘 𝑐 = (𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 𝛷 ′ • 𝑘 𝛽 (1-𝛷 ′ ) ) 𝛷 • (𝑘 𝛼 × 𝜔 𝛼 + 𝑘 𝐴 × (1 -𝜔 𝛼 )) (1-𝛷) (IV-7)
Using the fitted parameters 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 and 𝑘 𝛽 , the thermal conductivity of fully crystallized PVDF/MWCNTs composite can be predicted. For the sample with 8 wt.% filler loading, the predicted thermal conductivity is approximate 0.373 W/(m.K). This suggest that the thermal conductivity of PVDF/MWCNTs composite could be enhanced by adjusting the cooling rate after fabrication to obtain a higher crystallinity of PVDF composite. 

IV. C. Conclusions and perspectives

Chapter V. THERMAL CHARACTERIZATION OF POLYMER COMPOSITES WITH MXene-BASED FILLERS

This chapter presents the first results of an analysis of the effect of MWCNTs and a new type of two-dimensional material MXene on the thermal conductivity of polymethyl methacrylate (PMMA) via SThM technique. The synergistic effect between both kinds of fillers has also been studied.

V. A. Context

In addition to carbon fillers studied in previous chapter, a new type of 2D nanomaterials MXene, firstly reported in 2011 [START_REF] Naguib | Two-Dimensional Nanocrystals: Two-Dimensional Nanocrystals Produced by Exfoliation of Ti3AlC2[END_REF], has drawn increasing attention from scientific community due to its various high potential valuable properties such as combined metallic conductivity and hydrophilic surfaces [START_REF] Naguib | Two-Dimensional Nanocrystals: Two-Dimensional Nanocrystals Produced by Exfoliation of Ti3AlC2[END_REF].

MXene is a carbide or nitride with a multilayered structure and metallic properties.

MXene have a general formula of M n+1 X n T x (𝑛 = 1, 2, or 3), where M denotes transition metal, X denotes carbon and/or nitrogen atom, and T denotes the surface terminations (-OH, -O, and/or -F) due to HF etching. MXene is considered as a highly promising material in various applications such as energy storage [START_REF] Wang | Pseudocapacitance of MXene nanosheets for high-power sodium-ion hybrid capacitors[END_REF], transparent conductors [START_REF] Hantanasirisakul | Fabrication of Ti3C2Tx MXene Transparent Thin Films with Tunable Optoelectronic Properties[END_REF], as well as thermal management domain [START_REF] Wang | MXene materials for advanced thermal management and thermal energy utilization[END_REF]. Among the MXene family, Ti 3 C 2 T x has received widespread attention and research in recent years. The thermal conductivity of Ti 3 C 2 T x has be characterized as 55.8 W/(m.K) by temperature-dependent Raman spectroscopy and polarizedlaser power-dependent Raman spectroscopy [START_REF] Liu | High-Thermal-Stability and High-Thermal-Conductivity Ti3C2T x MXene/Poly(vinyl alcohol) (PVA) Composites[END_REF], making Mxene a promising thermal filler for polymer materials. Several earlier research studies have reported the integration of MXene into various polymer matrices, including polyvinyl alcohol (PVA), epoxy, polypyrrole (PPy)

and rubber [START_REF] Wang | MXene materials for advanced thermal management and thermal energy utilization[END_REF]. In this study, PMMA will be used as polymer matrix to investigate the effect of Ti 3 C 2 T x MXene on its thermal conductivity.

In addition, synergistic hybrid effect between fillers with different shapes (such as graphene nanoplatelet (GNP) and multi-walled carbon nanotubes (MWCNTs)) on improving the thermal conductivity of polymeric composites has been demonstrated [START_REF] Yu | Synergistic effect of hybrid graphene nanoplatelet and multi-walled carbon nanotube fillers on the thermal conductivity of polymer composites and theoretical modeling of the synergistic effect[END_REF]. It is proposed that a prolate shape type filler may form conductive networks within the gaps between the 2D sheet materials, resulting in a synergistic effect [START_REF] Yu | Synergistic effect of hybrid graphene nanoplatelet and multi-walled carbon nanotube fillers on the thermal conductivity of polymer composites and theoretical modeling of the synergistic effect[END_REF]. In this study, MWCNTs are also incorporated with 2D MXene to investigate their synergistic hybrid effect on the tuning of PMMA thermal conductivity.

V. B. Sample description

PMMA is a transparent thermoplastic material (molecular formula shown in Figure V-1), making it an ideal substitute for traditional inorganic glass in various applications. PMMA is widely used in industries such as automotive, sensor, and conductive devices due to its unique optical transparency, lightweight and favorable manufacturing conditions [START_REF] Ali | A Review of the Properties and Applications of Poly (Methyl Methacrylate) (PMMA)[END_REF].

PMMA pellets Plexiglas ® 7N used in this study were obtained from Röhm GmbH. 

V. C. Thermal conductivity determination

The effect of carbon nanotubes and MXene on the thermal conductivity of PMMA based composite has been investigated via SThM technique and a TCU based on a balanced Wheatstone bridge. Measurement setup and procedure are explained in Chapter II.

V. C. 1. Roughness measurement

The roughness and the topography of a sample are crucial factors in determining the heat transfer that occurs through the mechanical contact between a SThM probe and a sample [START_REF] Guen | Impact of roughness on heat conduction involving nanocontacts[END_REF]. Thus, in order to evaluate its impact on SThM measurement, the roughness analysis of PMMA composite samples were performed firstly. The procedure for measuring surface roughness uses a conventional AFM probe and is described in Chapter III.

𝑺𝒒 values and their corresponding standard deviation are calculated by the same analysis procedure described in Chapter III and summarized in Table V-1. It could be seen that the averaged roughness 𝑺𝒒 of PMMA composites is lager than 10 nm except 8 nm for PMMA matrix. It can be also observed that 𝑺𝒒 value increases significantly with the characterized area size. This is mainly due to the fact that the surface of PMMA samples is not flat and has topography features with large heigth. The presence of these features cannot be neglected in the interpretation of SThM measurement results that are given in the next section. The Wollaston probe used was calibrated using reference samples with thermal conductivity close to polymeric materials and following the protocol described in Chapter II. The result for pristine PMMA samples is 0.46 W/(m.K) and is then larger than the one of reference PMMA sample (0.187 W/(m.K)). This value exceeds the possible range of 𝑘 values for PMMA that have been reported in the scientific literature (0.167-0.25 W/(m.K) at RT) [START_REF] Cahill | Thermal conductivity of amorphous solids above the plateau[END_REF].

For Wollaston probe, the thermal contact radius with polymeric material may reach several micrometers because a large portion of heat is tranfered from the heated microsensor to the sample by thermal conduction through air. The influence of roughness on overall heat transfer is primarily through affecting heat transfer through solid-solid contact.

However, the surface topography of the sample still has a significant impact on heat exchange between probe and samples due to the long range of thermal conduction by air. The schematic of such phenomenon is shown in Figure V-4. It could be seen that when probe is in contact with a sample that have comparable size valleys topography, the heat exchange towards sample is enlarged. This may explain the fact that the measured 𝑘 𝑒𝑓𝑓 of neat PMMA is significantly higher than the value of the reference PMMA. Considering that all PMMA composite have a significant surface topography as observed in Table V-2, only qualitative analysis could be made for obtained 𝑘 𝑒𝑓𝑓 results. This may be due to the inter-flake thermal resistance when MXene flakes stack at high concentration [START_REF] Chen | Measurement and analysis of thermal conductivity of Ti3C2Tx MXene films[END_REF]. Unfortunately, due to the limited number of samples, further analysis and discussion cannot be made at this time. Furthermore, no clear synergistic hybrid effect between MXene and MWCNTs could be observed.

V. D. Conclusions and perspectives

State of art shows that MXene has emerged as a promising nanomaterial due to its various potential properties such as metallic conductivity and hydrophilic surfaces. The effect of MXene as thermal conductive fillers on PMMA matrix is studied through SThM. Attempts were also made to investigate the synergistic hybrid effect on thermal conductivity tuning in PMMA polymer matrix between MXene and MWCNTs.

Due to the serious topography on the surface of PMMA composites, SThM cannot provide accurate information about the thermal conductivity of samples. Qualitatively speaking, addition of MWCNTs or MXene into PMMA may enhance the thermal conductivity compared to neat PMMA. While high concentration of MXene may cause a decrease in thermal conductivity compared to PMMA containing low concentration.

The strong influence of topography and roughness of sample surface on SThM measurement results is also demonstrated clearly through this study. To further study these samples, a series of samples with a greater number of specimens and smoother sample surfaces would be necessary.

General conclusion and perspectives

These research works have been carried out in the frame of the establishment of treatment processes of materials dedicated to the tuning of the thermal conductivity (𝑘 ) of materials for oriented applications that are in strong link with the thermal management of systems (Chapter I). The focus has been made on two types of materials:

(1) amorphous CrSi2, which is a semiconductor-like material and part of the TMsilicides studied for thermoelectric application. In this case, the material treatment process to be evaluated consisted in its implantation with ions of Ne and Al at room temperature and 250 °C and expected results are the decrease of the CrSi2 thermal conductivity.

(2) polymeric based nanocomposites, that are involved in many applications where heat transfer must be enhanced or optimized depending on the concerned application. For these materials, the treatment is the introduction of highly conductive nanofillers in the polymerbased matrix.

For both the types of materials studied, the goals were to:

➢ improve the understanding of the mechanisms of the thermal conductivity variations observed as a function of the treatment conditions, ➢ measure the thermal conductivity of the materials previously treated in different conditions, ➢ develop new tools for the analysis of results when required, ➢ evaluate the treatment process and propose ways to improve it.

As reminded in the following, the works performed during the thesis bring results and highlight open questions to go further for all these research topics of the thesis. They also allow to analyze the methodology used to interpret the measurement by means of SThM (detailed in Chapter II) and to propose ways to improve this methodology for the analysis of thin films and polymeric bulk samples. The main approaches used for tuning the thermal conductivity mainly consist for thermoelectric materials in introducing scattering centres for energy carriers for reducing 𝑘, but it is also found that nanocrystallites in an amorphous matrix can also contribute to the filtering of energy carriers and decrease the material thermal conductivity.

Results of the analysis of amorphous

CrSi2 is still a material that is not well known in its amorphous state. Scientific literature furthermore shows that the temperature of the material during irradiation is also a parameter to be exploited to decrease the thermal conductivity as in a range of temperature larger than RT a part of the amorphous material crystallizes due to a radiation-enhanced phase transformation process.

We studied using SThM amorphous chromium disilicide (CrSi2) modified by Ne and Al ion implantations at RT and 250°C. Our results give a new estimation of the thermal conductivity for the amorphous CrSi2 of about 6.5 W/m.K. As expected, it is lower than the thermal conductivity of the crystalline CrSi2. The found 𝑘 reduction is about 60% and heat conduction is shown mainly acting via phonons.

Changes of the microstructure of amorphous CrSi2 as a function of the implantation irradiation conditions are in good accordance with those previously found elsewhere in the scientific litterature. Identified thermal conductivity values show that ion implantation induces substantial modifications on the microstructure of amorphous CrSi2, which induces the decrease of the material thermal conductivity 𝑘 . The 𝑘 reduction is more pronounced for the implantation at 250°C.

For Ne implantation at RT and 250°C Ne bubbles should act as efficient scattering centers for the phonons and phonon path should be disrupted by the atom mass contrast. For Al implantation at RT results should be due to the phonon scattering by defect clusters and the disruption of the phonon path by the mass contrast. For implantation at 250°C, nanocrystallites formed during implantation mainly further reduces the heat conduction by electrons, which could be due to the presence of depletion zones located at the nanocrystallite boundaries. These nanocrystallites could lead to a decrease of the phonon contribution to heat conduction for both the studied implantations.

In a more general way, this work demonstrates that thermal conductivity behavior of amorphous structures can be tailored via ion implantation or irradiation techniques. This is done by exploring doping, amorphous to crystalline phase transitions and irradiation-induced void defects, providing new possibilities for applications in thermoelectrics.

One perspective could be to exploit the effect of the temperature during ion implantation for tuning the size of the induced crystallites in order to optimize the energy-filtering barrier at the crystallite boundaries for a more pronounced decrease of the material thermal conductivity.

Results of the analysis of polymeric based nanocomposites (Chapters IV and V).

Thermally conductive polymer composites can help solving the current heat dissipation issues in different applications, using polymer-based material, like in automobile, packaging, aerospace, energy harvesting, electromagnetic interfaces (EMIs), fifth-generation mobile network, and electronic devices industries. Adding of highly thermally conductive charges and the improvement of the polymer crystallinity are considered as the main ways to improve 𝑘.

Through SThM measurements the heat transfer enhancement in two types of polymer-carbon filler composite i) HDPE filled with 50 μm EG composites and ii) PVDF/MWCNTs composites, versus carbon filler weight fraction within the polymer, was investigated.

In principle, the characterization of the thermal conductivity of polymer composites phenomena, such as agglomeration effect, can only be suggested from the combination of effective modeling with measurements at the macroscale. For HDPE/EG samples SThM images have allowed the detection of zones with a thermal conductance larger than that of the matrix for the highest filler concentration studied. These zones correspond to EG filler agglomerates within the polymer and explain the observed enhancement of the thermal conductivity of the HDPE/EG composite. The 𝑘 𝑒𝑓𝑓 results obtained by SThM are comparable but lower than those elsewhere measured by PTR and flash methods. The reason may be that the inhomogeneous distribution of EG fillers can affect the representativeness of data collected by microscale probe. In this case, the 𝑘 𝑒𝑓𝑓 account more heat transfer capability of polymer matrix than the real situation. This has been well demonstrated by the result of HDPE/EG composite with 2 wt.% fillers.

For PVDF/MWCNTs samples it is found from that thermal conductivity increases from 0.24 W/(m.K) for pristine PVDF to 0.36 W/(m.K) for PVDF nanocomposites filled with 8 wt.% MWCNTs. This variation versus filler concentration is found in good correspondence with that of the 𝛽 phase relative percentage in the PVDF nanocomposites. This suggests that the observed heat transfer enhancement is rather due to the formation of 𝛽 phase for PVDF/MWCNTs samples resulting of the addition of MWCNTs than the addition of MWCNTs itself. MWCNTs can promote the formation of 𝛽 and 𝛾 phase crystallites, which increase the mean free path of energy carries and then the thermal conductivity of samples.

Additionally, an analytical model was developed to better understand the impact of the 𝛽 phase of PVDF on heat transport in PVDF/MWCNTs materials. The 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 and 𝑘 𝛽 was found as 5.75 W/(m.K) and 1.32 W/(m.K), respectively. The proposed model favors the understanding of the role of carbonous fillers in affecting the structural behavior of PVDF matrix and supply some strategies to improve the thermal conductivity of polymer composites.

For Mxene samples, because of the significant topography present on the surface of PMMA composites, SThM is unable to provide precise information regarding the thermal conductivity of samples. However, the incorporation of MWCNTs or MXene into PMMA may enhance the thermal conductivity qualitatively compared to neat PMMA. While high concentration of MXene may cause a decrease in thermal conductivity compared to PMMA containing low concentration due to the high inter-flake thermal resistance between stacked MXene flakes.

This study also clearly demonstrates the significant impact of the topography and roughness of the sample surface on the measurement results obtained through SThM. To conduct further investigations on these samples, it would be necessary to have a larger number of specimens with smoother surfaces.

Perspectives of this work include the application of the SThM technique to other polymer composites with carbon-based nanofillers such as graphene or rGO nanosheets for comparison and innovative 2D material nanoflakes.

Results of the analysis of SThM measurements.

SThM technique equiped with the Wollaston probe was used in its active mode at steady state regime for the thermal conductivity measurements of both types of materials studied. The experimental setup and the methodology followed to perform the measurements are given in Chapter II. The thermal conductivity calibration and its associated model provides the calibration curve to be used for the determination of the thermal conductance 𝐺 𝑠 or the effective thermal conductivity 𝑘 𝑒𝑓𝑓 of an unknown sample. In case of bulk samples, the material thermal conductivity equals 𝑘 𝑒𝑓𝑓 . The ion implanted amorphous CrSi2 samples that we studied are not thin films on a substrate. The modelling used to derive the film thermal conductivity from 𝐺 𝑠 or 𝑘 𝑒𝑓𝑓 (determined with the calibration curve) is provided for this specific geometry of samples.

Based on the measurements obtained in the thesis, we have demonstrated that the SThM technique allows the local investigation of polymeric materials with a micrometric spatial resolution thermal image, providing some possibilities to localize agglomeration effects and their impact on the thermal conductance of a polymer material.

A complementary model has been developed to interpret the measurement by means of SThM based on Dryden's model. To improve this methodology for the analysis of thin films and polymeric bulk samples, the input parameters of the model could be more accurately characterized. As an example, the contact radius 𝑎 could be obtained through an 𝑎 -𝑘 𝑒𝑓𝑓 calibration. This 𝑎 -𝑘 𝑒𝑓𝑓 relationship can be established by using a series of low thermal conductivity reference samples with varying thicknesses coated onto a substrate with a known thermal conductivity. Moreover, the interface between the reference samples and the substrate also needs to be thoroughly investigated. To maximize the calibration range, polymers with extremely low thermal conductivity can be used as reference samples. It should be noted that the selected polymer must have good thermal stability to ensure that the properties of the material do not change during the SThM experiment. In addition, using other techniques to determine input parameters is also a feasible approach. Where 𝐽 0 and 𝐽 1 are the Bessel functions of the first kind of order 0 and 1, respectively.

To further simplify Eq. A1.10, it can be expressed including Eq. A1.8 and Eq. A1.9 as follow: After the calculation of the surface temperature the constriction resistance of a spot on a half-plane can be given by:

𝑅 = ∆𝑇 𝑄 = 𝑇 Q (A1.12)
Where ∆𝑇 is the temperature change due to the thermal constriction, and 𝑄 is the total flux passing through the spot. Since both 𝑇 1 and 𝑇 2 approach zero at a sufficiently large distance from the contact spot, ∆𝑇 will be equal to the average temperature 𝑇 ̂ of the contact spot.

ii. 𝑘 in function of TBR iii. 𝑘 in function of thickness One potential solution for system thermal management is to utilize or create nanostructured or nanocomposite materials, as they can exhibit a tuned thermal conductivity. Two types of materials developed in this direction were studied in this thesis. They are amorphous chromium disilicide (CrSi2) thin films on substrate that were modified by implantation with Ne and Al ions at room temperature and at 250°C for thermoelectric applications, and bulk polymer nanocomposites where nanofillers (expanded graphite (EG), multiwall carbon nanotubes (MWCNTs), and MXene) are used to enhance the polymer thermal conductivity for electronic applications (as an example). Scanning thermal microscopy (SThM) is used to analyze the heat conduction within both the types of material as a function of their microstructure change. Estimations of the contribution of phonons and electrons to the heat conduction in CrSi2 in its amorphous phase and for ion-implanted amorphous CrSi2 were obtained. These results combined with the analyses of the material microstructure show a decrease of the material thermal conductivity for all the studied CrSi2 samples, more pronounced for ion-implantation at 250°C. Based on scientific literature this decrease is attributed to implantation induced defects clusters that are energy carrier scattering centers, phonon path disruption by atom mass contrast and nanocrystallites, created due to a radiation-enhanced phase transformation process at 250°C, with depletion zones for electrons located at their boundaries. For the case of Ne-implantations, observed Ne bubbles that are additionally induced by the ion-implantation also lead to phonon scattering. For polymer nanocomposites, thermal conductivity SThM measurements combined with the analyses of the material microstructure allow to verify that the introduction of carboneous fillers increases the heat conduction in materials while the filler concentration increases. A new analytical model, which allows the thermal conductivity estimation in the case of MWCNTs-multiphase PVDF based composites, is proposed and results are compared with SThM measurements. Main findings show that the β phase of PVDF, created because MWCNTs introduced in the PVDF matrix act as nucleation centers for β phase-PVDF, explains the increase of the thermal conductivity of the nanocomposite. 
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  This thesis was funded by the China Scholarship Council and took place at the laboratory Centre of Energy and THermal Sciences of Lyon (CETHIL) of Lyon University in collaboration with the Electronic, Communication, Systems and Microsystems laboratory (ESYCOM) of Gustave Eiffel University, in France. Collaborations with the Physics Institute of the Federal University of Rio Grande do Sul (UFRGS) (Brazil), the Polymer Institute of the Slovak Republic (Slovakia), and Dokuz Eylul University (Turkey), who provide the thesis samples were also established.This thesis aims to address the particular problematic of the thermal conductivity tuning of new materials. Two types of specific materials are focused on:1-amorphous chromium disilicide (CrSi2) modified by ion implantation that have promising properties for thermoelectric applications, 2-polymer nanocomposites where nanofillers (multiwall carbon nanotubes (MWCNTs), expanded graphite (EG), Ti3C2Tx Mxene) are used to enhance the polymer thermal conductivity for many industrial applications.Scanning thermal microscopy (SThM), which is a key characterization tool for the local thermal analysis of materials, has been developed at CETHIL for a long time. The technique was used in the thesis and analytical models accounting for the microstructure and geometry of samples were used and/or developed for identifying the sample thermal conductivity as well as interpreting the obtained results. This manuscript reports the works and main results of my thesis and is split in five chapters:Chapter I first briefly discusses the context of the thesis. It then reminds the basic knowledge of heat conduction in solids (dielectric materials, metals, and semiconductors, crystalline and amorphous) with a focus on the ways to tune the thermal conduction of thermoelectric solid materials and nanocomposite polymers. The chapter then addresses the principle of some thermal characterization methods nowadays available, including a focus on the SThM technique, used for the estimation of the thermal conductivity of materials; before ending with the main scientific problematics of the thesis.Chapter II presents in detail the experimental SThM setups and the methodology used for the determination of the thermal conductance of samples. Samples that were studied in the thesis are thin films of amorphous CrSi2 deposited on a substrate and bulk nanocomposite polymers. The models that correspond with these geometries of samples and that were developed and/or used to estimate the material thermal conductivity from SThM measurements are given.Chapter III gives a brief state of the art on the physical properties, the applications, and the potential of CrSi2 as thermoelectric material. It then reports on the study of the effect of different ion species and implantation conditions on the heat transport within amorphous CrSi2 thin films on substrate. The description of the amorphous CrSi2 samples studied and the results of their microstructural and electrical characterization provided by the Physics Institute of Porto Alegre are given and discussed. This is followed by the results of the complementary analyses I have done for making it possible the sample study using SThM. Results of SThM measurements are then exposed and suggestions given for their interpretation.Chapter IV continues with the investigation of the thermal conductivity enhancement mechanism of polymer composites modified with carbon-based fillers. Studied samples consist of high-density polyethylene (HDPE) matrix filled with 50 μm expanded graphite (EG) particles and polyvinylidene difluoride (PVDF) matrix containing multiwall carbon nanotubes (MWCNTs). Samples that were provided by the SlovakPolymer Institute are described, the results of their microstructural characterization given and the results of SThM measurements as a function of the filler concentration reported. For interpreting the thermal conductivity variation obtained for MWCNTs -PVDF composites, a new analytical model was developed in the thesis to assist in understanding the effect of the carbon-based nanofillers in the PVDF matrix on the nanocomposite thermal conductivity. This model is described in detail.Chapters V gives the first results we got concerning the study of the thermal conductivity variation of Polymethylmethacrylate (PMMA) composites as a function of Mxene/MWCNTs fraction.
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 1 It can be observed that fossil fuels, mainly consisting of coal, oil, and gas, remain the primary source of energy for human society. As of 2021, their proportion in energy consumption exceeds 80%. However, due to the escalating increase in energy consumption, an energy crisis is going to become another challenge that human society must face.
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 1 Figure I-1.Primary energy consumption measured in terawatt-hours (TWh). From[START_REF]Primary energy consumption measured in terawatt-hours (TWh)[END_REF] 

  for such situation are semiconductor materials since metals have a too low 𝑆 while insulators are poor in terms of 𝜎 (Figure I-2).
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 2 Figure I-2. Qualitative representation of the thermoelectric parameters as a function of the charge carrier concentration (n) in materials. From [16].
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 33 Figure I-3. Schematic of thermal resistance in a solid.
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 4 Figure I-4. Schematic of harmonic approximation.
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 5 where each particle represents a wave packet constituted of phonons with different frequencies.
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 5 Figure I-5. Schematic of Phonon gas model.
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 6 Simply put, propagons is a planewave-like non-localized thermal carrier with an identifiable wavevector in the low frequency range. Propagons broadly resemble the traditional definition of phonons. Diffusons are also non-localized vibrational modes but do not exhibit the characteristics of a plane wave.Diffusons conduct heat via the coupling with each other. Locons are localized vibrational modes and their contribution to thermal conductivity is commonly considered to be negligible. It is generally believed that propagons and diffusons are jointly responsible for the heat conduction in amorphous materials due to the relatively large MFP of propagons and the large proportion of diffusons. However, it is very challenging to distinguish propagons and diffusons from each other because they are both non-localized. Additionally, the quantitative quantification of the contribution of propagons and diffusons is in fact significantly affected by the chosen propagonto-diffuson transition frequency[START_REF] Zhou | Thermal Conductivity of Amorphous Materials[END_REF].

Figure I- 6 .

 6 Figure I-6. Density of vibration state and division of three type of energy carriers in amorphous silicon. Adapted with permission [23]. Copyright 1999, Taylor & Francis Ltd.

Figure I- 7 .

 7 Figure I-7. Temperature profile in function of sample depth for two layered materials [29].

1 .Table I- 1 .•

 11 Characteristics of Wollaston probe, Kelvin nanotechnology probe and doped silicon probe [70]. 200 µm length and 5 µm diameter platinum/rhodium wire • few hundred nm • 18 µm length and 2 µm width Pladium ruban • Apex curvature radius: < 100 nm • few µm heigth low doped silicon pyramidal tip • 10-20 nm

  measurements in air) (Figure I-8 (a)). Many parameters define the thermal contact such as sample topography and roughness, hydrophobicity, surface contamination, etc. Our experiments were designed to minimize the effect of these parameters on our measurements: flat samples and very low roughness samples were studied; the operating temperature of the Wollaston probe was chosen larger than 100°C to evaporate the meniscus, samples were carefully cleaned before any measurement.

Figure I- 8 .

 8 Figure I-8. Schematic of probe-sample thermal contact (a) and equivalent thermal contact conductance 𝐺 𝑐 (b).

Figure I- 8

 8 (b), will be used to overcome this issue. The following Chapter II addresses more in detail the technique and the methodology I used for thermal conductivity estimation.

  II. A. Scanning thermal microscopeII. A. 1. Instrumentation and principleThe SThM instrument used in this work combines an AFMwith a thermal control unit enabling electro-thermal measurements via a thermoresistive microsensor (the Wollaston probe) that constitutes the tip of the AFM probe. It was used in contact mode and force constant mode. The probe was heated by a dc electrical current. A schematic diagram of this AFM-based SThM is shown in Figure II-1.

Figure II- 1 .

 1 Figure II-1. Schematic diagram of an AFM-based SThM used.

Figure II- 2 ,

 2 the Wollaston probe consists of a cantilever made with a 5 µm diameter rhodium-plated (10%) platinum filament (90%) core and a 75 µm silver shell. The resistive element, which constitutes the tip, is obtained by electrochemical etching on the silver shell, allowing to strip a 200 µm segment rhodium-plated platinum filament core previously bended into V-shape. A mirror is glued on the Wollaston wire cantilever to reflect the laser toward the photodetector. The Wollaston probes used in this work were supplied by the Czech Metrology Institute (CMI) or Bruker company.

Figure II- 2 .

 2 Figure II-2. Optical image of Wollaston probe.

Figure II- 1 )

 1 were used. Both the units are based on a Wheatstone bridge where the resistive SThM probe is included in one of the branches of the bridge (Figure II-3 and Figure II-4).

Figure II- 3 .

 3 Figure II-3. Schematic diagram of an unbalanced Wheatstone bridge.

Figure II- 4 .

 4 Figure II-4. Schematic diagram of a balanced Wheatstone bridge.

  electrical resistance and TCR of each probe component (Pt wire, Wollaston wire, electrical cables as represented in Figure II-5) is also specified in this step.

Figure II- 5 .

 5 Figure II-5. Schematic of Wollaston probe components.

Figure II- 6 .

 6 Figure II-6. Variation of the electrical resistance as a function of temperature of a Wollaston probe, which is heated in an oven with no self-heating by Joule effect.

Figure II- 7

 7 gives an example of electrical calibration results for one Wollaston probe performed in air (a, c) and in vacuum (b, d) with an unbalanced bridge. By subtracting the contribution of Wollaston silver wire 𝑅 𝐴𝑔30 and cable 𝑅 𝑒𝑙,𝑐𝑎𝑏𝑙𝑒 , we can plot 𝑅 𝑒𝑙,𝑝𝑡 as a function of the power dissipated on heat element (𝑃 𝑝 ), where 𝑃 𝑝 = 𝐼 𝑝 2 𝑅 𝑒𝑙,𝑝𝑡 after removing the inherent offset of the system, as shown in Figure II-7 (a), (b). With the temperature calibration, we may convert the electrical resistance into the mean temperature of the heated Pt element, as plotted in Figure II-7 (c) and (d), where ∆𝑇 is the difference between the temperature of Pt and ambient temperature, which is equal to 0°C without any applied power. The thermal conductance of the probe 𝐺 can then be calculated then by equation 𝐺 = 𝑃 𝑃 ∆𝑇 , which is equal to the slope of the curve in Figure II-7 (c) and (d).

Figure II- 7 .

 7 Figure II-7. Variation of the electrical resistance (𝑅 𝑒𝑙,𝑝𝑡 ) as a function of power dissipated on the heating element Pt (𝑃 𝑝 ), (a): in air, (b): in vacuum; and temperature difference between ambient and heat element Pt as a function of 𝑃 𝑝 , (c): in air, (d): in vacuum.

  10 -5 W/K from Figure II-7 (d) and 𝐺 𝑒𝑛𝑣 = 3.97±0.60 10 -6 W/K from the difference between the slope of the two curves in Figure II-7 (c) and (d). This is in the same magnitude as 𝐺 𝑤𝑖𝑟𝑒 =3.62±1.16 10 -5 W/K and 𝐺 𝑒𝑛𝑣 =8.05±3.64 10 -6 W/K measured in Ref [70]. These parameters will be used later to calculate the thermal conductance of samples.

Figure II- 8 .

 8 Figure II-8. Diagram of the existing heat transfers within the SThM probe while out of contact and the associated equivalent thermal conductance.

.II- 9 .

 9 The whole process of testing is presented in the form of a simplified diagram in Figure It can be seen that 𝐺 𝑖𝑐 = 𝐺 𝑠 + 𝐺 𝑒𝑛𝑣 ′ + 𝐺 𝑤𝑖𝑟𝑒 , where 𝐺 𝑒𝑛𝑣 ′ is associated to the heat dissipated to the environment when probe is in contact with sample.

Figure II- 9 .

 9 Figure II-9. The protocol of measurement and associated equivalent thermal conductance while the probe is outand in-contact with sample.

Figure II- 10

 10 Figure II-10 and can be used to find the effective thermal conductivity of studied samples (𝑘 𝑒𝑓𝑓 ) . The edge of red fill area around the fitting curve is calculated using the measured thermal conductance plus or minus uncertainty. Those uncertainty are caused by the measurement fluctuation. The point of germanium is out of curve due to the low sensitivity of SThM at the range of thermal conductivity more than 20 W/(m.K).

Figure II- 10 .

 10 Figure II-10. Thermal conductance 𝐺 𝑠 in function of thermal conductivity 𝑘 𝑟𝑒𝑓 . Fitting parameters are: 𝐴 = 8.38 10 -6 , 𝐵 = 2.08, 𝐶 = 1.07 10 -5 . The red fill area indicates the uncertainty of reference curve.

Figure II- 11 .

 11 Figure II-11. Calibration curve obtained experimentally from the measurement of reference samples [83]: PMMA (𝒌 𝑷𝑴𝑴𝑨 = 𝟎. 𝟏𝟖𝟕 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ), POM-C (𝒌 𝑷𝑶𝑴-𝑪 = 𝟎. 𝟑𝟐𝟗 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ), Glass (𝒌 𝑮𝒍𝒂𝒔𝒔 = 𝟏. 𝟏𝟏 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ) and SiO2 (𝒌 𝑺𝒊𝑶 𝟐 = 𝟏. 𝟐𝟖 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ). The equation in red is the expression of the fitting curve of the measurements.

Figure II- 12 .

 12 Figure II-12. Contact spot of radius 𝑎, on an infinite half-plane with surface coating of thickness 𝑡.

  chromium disilicide (CrSi2) material. A part of the analysis has been published as Ion implantation effects on the microstructure, electrical resistivity and thermal conductivity of amorphous CrSi2 thin films on Journal of Materials Science, 2022, 57(2): 1174-1185. This work was performed in collaboration with M. M. Timm (from the Physics Institute of UFRGS, in Brazil), who fabricated the sample and performed the microstructure and electrical resistivity characterizations of samples.

W

  under a pressure of 0.51 Pa with a high purity Ar flow (99.99%). A SiO2 sublayer with a thickness of 25 nm was deposited by sputtering before the CrSi2 layer. The schematic of the sample geometry is shown in Figure III-1. The depositions were done at room temperature with a multi-target Plassys MP4505 equipment available at the "Centrale de Technologie de Montpellier" (CTM, Montpellier University, France).

Figure III- 1 .

 1 Figure III-1. Schematic of studied CrSi2 samples.

Figure III- 2

 2 Figure III-2 (a) shows cross-section TEM micrographs of the as-deposited, non-

Figure III- 2

 2 (b) shows the SAED pattern from the CrSi2 film depicted in Figure III-2 (a). In cross-section TEM specimens, SAED measurements are sensitive to the formation of small crystallites with characteristic dimensions above 1 nm. The observation of a diffuse and broad ring pattern indicates that the sample can be considered amorphous within the sensitivity level of the technique. It is also

Figure III- 2 .

 2 Figure III-2. (a) Cross-Section-TEM micrograph showing the as-deposited CrSi 2 thin film, where the S vector points to the surface of the film. The Si substrate and the SiO2 layer are also indicated in the image. (b) SAED pattern of the as-deposited CrSi2 sample shown in (a).

Figure III- 3

 3 Figure III-3 (a) and (b) show cross-section TEM micrographs of room temperature (RT) Ne and Al implanted CrSi2 samples. The Ne implantation to a concentration of ≈1 at.% triggered the formation of a dense array of Ne-filled cavities (i.e., bubbles) distributed throughout the film (white disks surrounded by a dark ring produced by bright-field under focus imaging conditions). We can infer from Figure III-3 (a) that Ne bubble formation preferentially occurs along with the columnar structures of the film. The Al implantation to a concentration of ≈ 0.008 at.% (Figure III-3 (b)) does not affect the columnar structure arrangement. Also, it does not cause any other observable microstructure modification concerning the pristine structure shown in Figure III-2 (a). The approximate thickness of CrSi2 layers can be inferred from TEM images.

Figure III- 3 .

 3 Figure III-3. Cross-section TEM micrograph for the CrSi2 sample implanted at room temperature with (a) Ne and (b) Al. EDX spectrum appears superimposed with SRIM ion concentration-depth-profile simulation for (c) Ne and (d) Al implantation.

Figure III- 3

 3 (a) reveals only the visible bubbles, coarsened by gettering additional Ne atoms or by interacting with other surrounding bubbles via, for example, irradiation-induced bubble migration and coalescence process[START_REF] Oliviero | Damage accumulation in neon implanted silicon[END_REF]. The same atomic mobility behavior discussed for the Ne atoms may also occur for the Al implanted sample. In this case, the atomic mobility can be inferred by the difference in the Al concentration-depth profile measured by EDX and predicted by the SRIM code (FigureIII-3 (d)).III. B. 2. c) Ne implanted CrSi2 at 250 ºCThe effects of the Ne implantation at 250 ºC in the CrSi2 film structure can be inferred by the TEM micrographs presented in Figure III-4 (a), which shows that the implantation effects are quite similar within the entire film thickness.

Figure III- 4 .

 4 Figure III-4. (a) Cross-section TEM micrographs of the CrSi2 sample implanted with Ne at 250 º C; (b) same sample at a higher magnification and (c) Ne EDX profile as a function of distance in the film.

Figure III- 4

 4 Figure III-4 (b) shows an enlarged micrograph from a region of Figure III-4 (a). This figure better illustrates the presence of crystal grains (darker domains obtained via bright field diffraction contrast) and the homogeneously dispersed Ne bubbles (depicted in bright field under focus imaging conditions). The micrograph also suggests that the columnar grain structure has been smoothed out. These features are quite distinct from those observed for the RT implantation case (Figure III-3 (a)).Figure III-4 (c) shows the EDX measurement for Ne

Figure III- 4

 4 (c) shows the EDX measurement for Ne distribution as a function of distance in the film. The depth-distribution of the Ne content is very similar to the one obtained by implantation at room temperature (Figure III-3 (c)). As previously stated, the same occurrence of implantation depth exceeding sample thickness also takes place in the sample implanted at 250 ºC. We can infer from Figure III-4 (a) and (b) that, for implantations at 250 ºC, a significant fraction of the amorphous structure has been transformed into randomly oriented crystallites with diameters from 5 to about 20 nm. This phenomenon is also evidenced by the dense ringlike distribution of diffraction spots in the SAED pattern presented in Figure III-5 (a). The ring pattern is well fitted using the hexagonal structure of the CrSi2 crystal lattice (space group P6222, lattice parameters a = 4.42758 Å and c = 6.36805 Å, Wyckoff positions 3d (Cr) and 6j (Si)) [138]. The (ℎ, 𝑘, 𝑙) index of the rings is presented in the figure. Additional rings formed by rather weak spots are observed, showing that other phases have been produced in a minor volume fraction.Figure III-5 (b) shows a dark field TEM micrograph produced by selecting a spot from the innermost ring of the SAED pattern. The dark-field micrograph was taken in the same region as the bright-field ones from Figure III-5 (a) and (b).

Figure III- 5 .

 5 Figure III-5. (a) SAED pattern superimposed with the theoretical planes of crystalline CrSi2. (b) Dark Field contrast micrograph from the same area shown in Fig. 3(a) of the CrSi2 sample implanted with Ne at 250 º C.

Figure III- 6

 6 Figure III-6 shows the electrical resistivity ρ measurements as a function of temperature 𝛵 for the as deposited and implanted samples. The behavior of the 𝜌(𝑇) curve

Figure III- 6 .

 6 Figure III-6. Electrical resistivity ρ measurements as a function of the temperature of as deposited and implanted CrSi 2 samples. The lines serve as a guide for the eyes. Measurements error bars are within the symbol size.

7 .

 7 2. a) Unbalanced Wheatstone bridge was used and the point measurement methodology was applied. The calibration, measurement and reference curve establishment procedure have already been explained in detail in Chapter II. The measured thermal conductance (𝐺) results of reference samples are plotted in function of their thermal conductivity in Figure III-The uncertainty is due to a large number of repetitions. Eventually, the effective thermal conductivity (𝑘 𝑒𝑓𝑓 ) of CrSi2 samples can be derived from the SThM signal measured on CrSi2 samples and a reference curve that is obtained by fitting the SThM signal measured on reference samples of thermal conductivity differing as described in Chapter II.

Figure III- 7 .

 7 Figure III-7. Measured thermal conductance 𝐺 𝑠 in function of thermal conductivity 𝑘. The embedded image is an enlarged display of CrSi2 samples results. Reference curve fitting parameters are: 𝐴 = 8.38 10 -6 , 𝐵 = 2.08, 𝐶 = 1.07 10 -5 . The red fill area indicates the uncertainty of reference curve.

Figure III- 8 .

 8 Figure III-8. Effective thermal conductivity of CrSi2 samples. Diamond shapes represent data for each repetition of measurement. Error bar is the standard deviation (SD) of all repetition of each sample. The solid curves represent the distribution of the experimental set of data.

Figure III- 9

 9 Figure III-9 (a). Based on this Figure data, we can roughly estimate 𝑎 of each CrSi2 samples with their 𝑘 𝑒𝑓𝑓 results obtained previously. The values of the parameter 𝑎 is then evaluated approximately and shown in Figure III-9 (b).

Figure III- 9 .Figure III- 9 .

 99 Figure III-9. (a) Thermal radius as a function of the sample step effective thermal conductivity 𝑘 𝑒𝑓𝑓 for the Wollaston probe. [74]

Figure III- 10 .

 10 Figure III-10. Fitted 𝑘 of CrSi2 layer by analytical model in function of input contact radius 𝑎.

Figure III- 11

 11 plots the fitted 𝑘 in function of input TBR of pristine CrSi2 in this range. The same tendency could be also observed for the other samples as shown in Appendix 4. It could be concluded that TBR also has a certain degree of impact on fitted 𝑘. TBR was chosen as 10 -7 m 2 K/W for all CrSi2 samples for subsequent analytical model calculation, with an approximately 30% uncertainty taken into account.

Figure III- 11 .

 11 Figure III-11. Fitted 𝑘 of CrSi2 layer by analytical model in function of input TBR.

Figure III- 13 ,

 13 Figure III-13, respectively. The same tendency could be also observed for the other samples as shown in Appendix 4. It could be seen that these two parameters slightly influence the fitted result, and the introduced uncertainty is approximately less than 3%. As final input parameter for analytical model, 𝑡 is characterized through TEM as stated previously, 𝑘 𝑆𝑖 is chosen as 130 W/(m. K) [150]. All parameters input in model is summarized in Table III-4.

Figure III- 12 .

 12 Figure III-12. Fitted 𝑘 of CrSi2 layer by analytical model in function of input thickness.

Figure III- 13 .

 13 Figure III-13. Fitted 𝑘 of CrSi2 layer by analytical model in function of input 𝑘 𝑆𝑖 .

mentioned theoretical model are grouped in Figure III- 14 .

 14 The error bars represent the standard deviation of the measurements for both the CrSi2 samples, and the reference samples mentioned in Chapter II. The significant uncertainties for the as-deposited CrSi2 are linked to the fact that, as already introduced in Chapter I, the sensitivity of SThM technique decreases with the increase of thermal conductivity.

Figure III- 6

 6 Figure III-6 the value of 𝑘 𝑒 can be determined at 300 K for each samples. The remaining part of total thermal conductivity could be attributed to phononic thermal conductivity 𝑘 𝑝ℎ , the calculated results for all CrSi2 samples are listed in Table III-5.

Figure III- 14 .

 14 Figure III-14. Thermal conductivity of as deposited and implanted CrSi2 film calculated from model.

HDPE BP 5740 3

 3 VA, supplied by British Petroleum UK, was used as matrix. Expanded graphite, particle sizes of 50 µm (EG50), Ecophit G, supplied by SGL Technologies GmbH. HDPE, with molecular chain structure as shown in Figure IV-1, was filled with 2 % (HDPE98-EG2) and 10 % (HDPE90-EG10) weight/mass fraction (𝜒 (wt.%)) of 50 μm EG in a Brabender Plasticorder PLE 331 apparatus as described in[START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF]. HDPE is a thermoplastic polymer that has excellent processability and very low cost. The thickness of samples after compression molding was around 0.3 mm. Optical observation (FigureIV-2) shows the amorphous HDPE matrix and suggests that large EG flakes (50 μm in size) were broken during preparation process and formed fragments with observed size that can be less than 10 μm, which is consistent with the results proposed in the literature[START_REF] Chirtoc | Preparation and photothermal characterization of nanocomposites based on high density polyethylene filled with expanded and unexpanded graphite: Particle size and shape effects[END_REF]. EG flakes are then smaller than the introduced EG fillers.

Figure IV- 1 .

 1 Figure IV-1. Structure of HDPE from [170].

Figure IV- 2 .

 2 Figure IV-2. Optical image of HDPE-EG composite.

Figure IV- 3 .

 3 Figure IV-3. SThM images for HDPE composite containing 2 % (a, b) and 10 % (c, d) weight fractions of EG. Topography (a, c) and thermal) signal (b, d).

Figure IV- 3

 3 Figure IV-3 displays the topography and thermal images obtained simultaneously of HDPE composites filled with 2 and 10 wt.% of EG, respectively. Benefit from measuring simultaneously the morphological and thermal signals, it is possible to analyze these data from the exact same region. The topography (Figure IV-3 (a)) and thermal (Figure IV-3 (b)) images of 2 wt.% EG contained in a HDPE matrix present a high degree of consistency in contrast, which means the variation of heat loss flux is due to the topography features of the sample surface. The bright part indicating higher heights may be caused by the dust or surface defect formed during the fabrication.

Figure IV- 4 . 4 .

 44 Figure IV-4. Effective thermal conductivity of HDPE/EG composite with 10 wt.% filler charge measured at different locations on the sample that are precised in 错误!未找到引用源。 (c). The root mean square was considered as the uncertainty and used to estimate the error bar.

Figure IV- 5 . 5 .

 55 Figure IV-5. Topography image (a) and thermal image (b) of 10 % weight fraction of EG-HDPE sample. (c) and (d): associated histograms giving the distribution of the height and thermal signal values respectively.

Figure IV- 6 ,

 6 Figure IV-6, was supplied in the form of pellets. The MWCNTs (Nanocyl 7000, Belgium;purity of 90%, outer diameter of 9.5 nm and length 1.5 µm) were used as received.

Figure IV- 6 . 7 .

 67 Figure IV-6. Molecular formula of PVDF.

  1.

Figure IV- 7 .

 7 Figure IV-7. Different crystalline phase molecular structures of PVDF [179].

However, in order

  to obtain the specific fraction of each component in the overall composite material, the other existing portions of composite i.e., amorphous structure of PVDF and fillers MWCNTs have to be taken into account as well. Additional measurements using different techniques are recommended to acquire more comprehensive data. One of these possible techniques is the differential scanning calorimetry (DSC). DSC is a thermal analysis technique used to measure the enthalpy change of the sample during the predetermined heating and cooling process alongside the evaluation of the melting temperatures of the crystallites. The peak area in DSC result is indicated to the melting or crystallization enthalpy of samples. In general, melting enthalpy is used to calculate the crystallinity. Thus, I used DSC to characterize the PVDF/MWCNTs nanocomposite samples following the steps described below.

Figure IV- 8

 8 Figure IV-8 while the result for the other samples is presented in Appendix 7. By using such structural characterization, the total crystallinity of PVDF materials was calculated knowing that 𝜔 𝑐 = ∆𝐻 m ∆𝐻 m c × 100%. ∆𝐻 m (J/g) is the melting enthalpy of the sample given by DSC peak area as shown in Figure IV-8 and ∆𝐻 m c (J/g) is the reference melting enthalpy for 100% fully

Figure IV- 9 .

 9 Figure IV-9. Line 2 indicates the melting enthalpy during first heating process, which is corresponding to the crystallization of the sample after processing. Generally, 𝜔 𝑐 decreases while 𝛽% increases as a function of mass fraction of MWCNTs except for an inflection point observed at 2 wt.% MWCNTs. MWCNTs may absorb trans-trans conformations of PVDF chains while the latter acts as nucleating agents owing to the strong confining effect of MWCNTs, which results in the formation of the 𝛽 phase during the crystallization of PVDF [184].

Figure IV- 8 .

 8 Figure IV-8. DSC results of PVDF composites, line 2 (black), 4 (red) and 6 (blue) indicate the first heating process, cooling process and the second heating process, respectively.

The result of 2

 2 wt.% MWCNTs sample is also the outcome of the combined effects of all the aforementioned factors. Another thing can be concluded for Figure IV-8 is that the supplement of MWCNTs has no influence on crystallization temperature, which is at 150 °C. This temperature is lower than melting temperature. One possible reason is that the nucleation happens at lower temperature compared to the frozen of polymer chains. The two visible peaks in line 2 in Figure IV-8 are attributed to the crystallite with different sizes. The separation of them is rather difficult because of their overlap. It is only possible to assume their percentage in melting peaks. Line 6 in Figure IV-8 indicates the enthalpy change during second heating process while the cooling rate of sample is well controlled. The obtained sample with such cooling procedure may reach its maximum possible crystallinity, with a very homogenous distribution of crystallite size. 𝜔 𝑐6 and 𝛽% 6 are results calculated based on line 6 in Figure IV-8 and summarized in Table

Figure IV- 9 .

 9 Figure IV-9. 𝜔 𝑐 and 𝛽% of samples calculated from line 2 in Figure IV-8 as a function of MWCNTs weight fraction. Solid lines are not fitting curves but guide for eyes to compare the tendency of data.

  presents the TEM images of PVDF matrix. Large crystalline regions called spherulites, can be observed from the figure. The boundaries of the lattice are not very clear, which is because PVDF is a semi-crystalline polymer (crystallinity= 34.5%), and there are still many amorphous parts in the matrix.

Figure IV- 10 .

 10 Figure IV-10. TEM images of PVDF matrix.

Figure IV- 11 .

 11 Figure IV-11. TEM images of PVDF/8 wt.% MWCNTs sample.

  Figure IV-12 shows the topography and thermal images for composite containing 4 wt.% MWCNTs as an example.

Figure IV- 12 .

 12 Figure IV-12. Topography and thermal images for the PVDF composite containing 4 wt.% MWCNTs.

Figure IV- 13 .

 13 Figure IV-13. 𝑘 𝑒𝑓𝑓 , 𝛽 𝑟 % and 𝛽% of PVDF/MWCNTs composite versus weight fraction % of MWCNTs).Solid lines are not fitting curves but guide for eyes to compare the tendency of data.

Figure IV- 14 .

 14 Figure IV-14. Schematic of series model and parallel model.

Figure IV- 15 .

 15 Figure IV-15. Schematic of PVDF composite filled with MWCNTs

Figure IV- 16

 16 Figure IV-[START_REF] Snyder | Complex thermoelectric materials[END_REF] shows the fitting result using the model. One should note that only the five experimental points, representing five of the studied samples, are adjusted using the model, i.e., the solid lines are just a guide for the eye in order to compare the tendencies of the results.

  It is also interesting to note that by comparing the DSC results shown in FigureIV-8, it could be confirmed that the arise of γ crystallites melted at slightly higher temperature of 176 °C than α and β crystallites (Tm at 171 °C) while the cool rate is well controlled. This provides us the crystallization potential of PVDF composite samples. The increasing effect of MWCNTs is also visible in Figure IV-8 where the growing of peaks corresponds to the γ phase.

Figure IV- 16 .

 16 Figure IV-16. Experimental thermal conductivity, model fitting results and predicted results for fully crystallization of PVDF/MWCNTs composite versus weight fraction % of MWCNTs). Solid lines are not fitting curves but guides for eyes to compare the tendency of data.

Figure IV- 17 .

 17 Figure IV-17. Model fitting results for four arbitrarily selected values of 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 . Solid lines are not fitting curves but guides for eyes to compare the tendency of data.

(

  Germany). Multi-layered MXene Ti 3 C 2 T x were received from Drexel University (Philadelphia, Pennsylvania, U.S.A.) (concentration 0.767g of MXene per 1g of MXene paste). Multi-walled carbon nanotubes (MWCNTs) Nanocyl 7000 were purchased from Nanocyl S.A. (Sambreville, Belgium). The delamination process of titanium carbide MXene and preparation process of composites are given in Appendix 8.

Figure V- 1 .

 1 Figure V-1. Molecular formula of PMMA.

Figure V- 2

 2 Figure V-2 shows the calibration curve obtained and that could have been used for the estimation of the thermal conductivity of PMMA composites. Results are shown in Figure V-3.

Figure V- 2 .

 2 Figure V-2. Calibration curve obtained experimentally from the measurement of reference samples [83]: PMMA (𝒌 𝑷𝑴𝑴𝑨 = 𝟎. 𝟏𝟖𝟕 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ), POM-C (𝒌 𝑷𝑶𝑴-𝑪 = 𝟎. 𝟑𝟐𝟗 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ), Glass (𝒌 𝑮𝒍𝒂𝒔𝒔 = 𝟏. 𝟏𝟏 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ) and SiO2 (𝒌 𝑺𝒊𝑶 𝟐 = 𝟏. 𝟐𝟖 𝐖. 𝐦 -𝟏 . 𝐊 -𝟏 ). The equation in red is the expression of the fitting curve of the measurements.

Figure V- 3 .

 3 Figure V-3. Effective thermal conductivity of PMMA composites deduced by calibration curve.

Figure V- 4 .

 4 Figure V-4. Schematic of contact condition of a Wollaston probe with a sample without (left) or with (right) significant topography.

  CrSi2 thin films on substrate implantated with ions of Ne and Al at room temperature and 250 °C. (Chapter III).

2 ⁄

 2 and 𝑄 the heat flux. Then 𝐴(𝜉) and 𝐵(𝜉) can be expressed in term of 𝐶(𝜉), which leads to:𝑇 1 ̅ (𝜉, 𝑥) = 𝐶(𝜉)(𝜆 1 𝑒 𝜉(𝑥-2𝑡) + 𝜆 2 𝑒 -𝜉𝑥 ) (A1.9)And then:𝑇 1 (𝑟, 𝑥) = ∫ 𝜉𝑇 1 ̅ (𝜉, 𝑥)𝐽 0 (𝜉𝑟)𝑑𝜉 ∞ 𝜉=0(A1.10)

Figure A4. 2 .

 2 Figure A4. 2. Fitted 𝑘 of CrSi2 layer by analytical model in function of input TBR.

Figure A4. 3 .Figure A4. 4 .

 34 Figure A4. 3. Fitted 𝑘 of CrSi2 layer by analytical model in function of input thickness.

  : thermal conduction tuning, amorphous chromium disilicide, carbon filler-based polymer nanocomposites, scanning thermal microscopy Laboratoire (s) de recherche : Centre d'Énergétique et de Thermique de Lyon (CETHIL) Directeur de thèse: GOMÈS Séverine Président de jury : GRAUBY Stéphane Composition du jury : GRAUBY Stéphane, YASSAR Abderrahim, DELMAS Agnès, PERNOT Gilles, GOMÈS Séverine, HAMAOUI Georges

  

  

  

  

  

  

  

  

  

  

Table of contents

 of III. C. 1. Effective thermal conductivity measurement ...................................... III. C. 2. Contact radius determination ............................................................... III. C. 3. Thermal boundary resistance (TBR) characterization ......................... III. C. 4. The other input parameter in analytical model ....................................

Table I - 1 .

 I1 Characteristics of Wollaston probe, Kelvin nanotechnology probe and doped silicon probe [70]. ................................................................................................................................ 57

Table II - 1 .

 II1 Main characteristics of the Wollaston probe. ........................................................ 65

Table II - 2 .

 II2 Thermal conductivity and roughness RMS of reference samples. ........................ 79

Table III - 1 .

 III1 Ion implantation parameters ................................................................................ 90

Table III - 2 .

 III2 Thickness of CrSi2 film ........................................................................................ 97

Table III - 3 .

 III3 Roughness of samples where 𝑠𝑡𝑑 is the standard deviation. ............................. 99

Table III -

 III 

4. Input parameters in the analytical model ........................................................... 104 Table III-5. Phononic and electronic contribution to the thermal conductivity at room temperature ............................................................................................................................. 110

Table IV -

 IV 

	MWCNTs PGEC XRD ZT	Acronyms Multiwall carbon nanotubes Phononic glass/electronic crystal X-ray diffraction Figure of merit	Nomenclature
	Abbreviation PGM 2D Symbol Meaning Phonon gas model Denotation Two dimentional	Unit
	AC PMMA A	Alternating current Poly (methyl methacrylate) matrices Cross-sectional area,	[m 2 ]
	a	Thermal contact radius,	[m]
	AFM POM-C		Atomic force microscopy Acetal copolymer
	AMM PTR		Acoustic Mismatch Model Photothermal radiometry
	CrSi2 PVDF		Chromium disilicide Polyvinylidene difluoride
	DC RMS		Direct current Root mean square
	DMM RT		Diffuse Mismatch Models Room temperature
	DSC rGO		Differential scanning calorimetry Reduced graphene oxide
	EDX SAED		Energy dispersive X-ray spectroscopy Selected Area Electron Diffraction
	EG SEM		Expanded graphite Scanning electron microscope
	FDTR SRIM		Frequency domain thermoreflectance Stopping and Range of Ions in Matter
	FIB STD		Focused ion beam Standard deviation
	FTIR STEM		Fourier Transform infra-red spectrometry Scanning transmission electron microscopy
	GNP SThM		Graphene nanoplatelet Scanning thermal microscopy
	HDPE TEM		High-density polyethylene matrix Transmission electron microscopy
	HF TBR		Hydrogen fluoride Thermal boundary resistance/ Kapitza resistance
	IR TCR		Infrared Temperature coefficient of electrical resistance
	KNT TCU		Kelvin nanotechnology probe Thermal control unit
	MD TDTR		Molecular dynamics Time domain thermoreflectance
	MFP TPV		Mean free path Thermophotovoltaic

1. Relative β phase percentage (𝛽𝑟%) in PVDF nanocomposites containing different concentration of MWCNTs. ................................................................................................... 124 Table IV-2. The experimental and theoretical enthalpy of samples obtained from DSC and corresponding crystallinity and β phase percentage in total composite component of PVDF composites .............................................................................................................................. 128 Table IV-3. Summary of some analytical and empirical models from literature. ................. 136

Table V-1. Roughness of PMMA composite samples ........................................................... 147 Table V-2. Topography of PMMA composite samples obtained by Wollaston probe. .......... 148

Table II - 1 .

 II1 Main characteristics of the Wollaston probe.

	Stiffness coefficient	5-20 N/m
		V shape 15 -20µm but curvature radius of
	Curvature radius	the apex is rather of few hundred
		nanometers due to roughness of the apex.
	Temperature coefficient of electrical resistance (TCR)	1.66 10 -3 1/K
	Approximate electrical resistance	2-5 ohms
	Operating temperature range	50°C-800°C

Table II - 2 .

 II2 Thermal conductivity and roughness RMS of reference samples.

	Poly (methyl			
		PMMA	0.187	6.43
	methacrylate)			
	Acetal			
		POM-C	0.329	15.7
	copolymer			
	Borosilicate			
		Glass	1.11	1.90
	glass			
	Silica glass	SiO2	1.28	0.73
	Zirconium			
		ZrO2	1.95	1.58
	dioxide			
	Zirconium			
	dioxide and			
	ZrO2/MgO	3.09	2.8
	Magnesium			
	oxide			
	Titanium			
		TiO2	9.15	0.3
	dioxide			
	Germanium	Ge	52	0.57
	Silicon	Si	148	1.47
			Thermal	
	Materials		conductivity 𝑘	Roughness
				RMS (nm)
			(W/(m.K))	

  Considering ∆𝑇 is a constant, with the same assumption that 𝑎 and 𝐺 𝑐 are invariable with 𝑘. We may plot 𝑃 𝑖𝑐 -𝑃 𝑜𝑐 in a curve with the shape 𝑃 𝑖𝑐 -𝑃 𝑜𝑐 =

	𝐺 𝑖𝑐 -𝐺 𝑜𝑐 = 𝐺 𝑠 + 𝐺 𝑒𝑛𝑣 ′	-𝐺 𝑒𝑛𝑣 =	𝐺 𝑐 1 + 4𝑘𝑎 𝐺 𝑐	+𝐺 𝑒𝑛𝑣 ′	-𝐺 𝑒𝑛𝑣	(II-11)
	𝑃 𝑖𝑐 -𝑃 𝑜𝑐 =	𝐺 𝑐 ∆𝑇 1 + 4𝑘𝑎 𝐺 𝑐	+(𝐺 𝑒𝑛𝑣 ′	-𝐺 𝑒𝑛𝑣 )∆𝑇	(II-12)
							𝐴
							1+	𝐵 𝑘
							11 and
	II-12 can be calculated by further deduce Eq. II-10,

Table III - 3 .

 III3 Roughness of samples where 𝑠𝑡𝑑 is the standard deviation.

		Image n°	Area [µm 2 ]	CrSi2	CrSi2 Ne RT	CrSi2 Ne 250 º C	CrSi2 Al RT	CrSi2 Al 250 º C
	𝑺𝒒 [nm]	1	1x1	1.35	0.67	1.50	1.34	1.01
	𝑺𝒒 [nm]	2	2x2	1.64	1.11	1.58	1.14	1.18
	𝑺𝒒 [nm]	3	2x2	1.45	0.74	1.55	0.85	1.41
	𝑺𝒒 [nm]	4	2x2	1.37	0.80	1.57	1.68	1.36
	𝑺𝒒 [nm]	5	20x20	2.90	0.85	5.00	2.75	4.22
	𝑺𝒒 avg [nm]			1.49	0.88	1.57	1.23	1.32
	𝒔𝒕𝒅 𝑺𝒒 [nm]			0.11	0.16	0.01	0.35	0.10

  The same tendency of fitted 𝑘 as function of 𝑎 could be observe for the other samples as shown in Appendix 4. It can be seen that 𝑎 plays a crucial role in determining 𝑘. 𝑘 decreases sharply with the increase of input 𝑎. It has

Table III-4. Figure III-10 plots fitted 𝑘 for pristine CrSi2 in function of input thermal contact radius 𝑎.
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 III4 Input parameters in the analytical model

	Sample					
	Input	CrSi2	CrSi2 Ne RT CrSi2 Ne 250 ºC CrSi2 Al RT CrSi2 Al 250 ºC
	parameters					
	𝑡 (𝑛𝑚)	269	264	231	274	260
	𝑎 (𝑛𝑚)	200	205	210	237	380
	𝑅 𝑡ℎ (nK • m 2 /W)	100	100	100	100	100
	𝑘 𝑆𝑖 (W/(m. K))	130	130	130	130	130
	𝑘 𝑒𝑓𝑓 (W/(m. K))	7.13	5.50	4.78	3.41	2.40
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 III5 Phononic and electronic contribution to the thermal conductivity at room temperature

		Thermal conductivity, 𝑘 (W/(m.K))	Ratio of
					phononic
	Sample				
		Total	Electronic, 𝑘 𝑒	Phononic, 𝑘 𝑝ℎ	contribution to
					𝑘 (%)
	CrSi2	6.50	1.37	5.13	79.0
	CrSi2 Ne RT	4.88	1.62	3.26	66.8
	CrSi2 Al RT	2.80	1.45	1.35	48.2
	CrSi2 Ne 250 ºC	4.13	0.93	3.20	77.4
	CrSi2 Al 250 ºC	1.60	0.90	0.67	42.7
	Pristine CrSi2				
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 IV1 Relative β phase percentage (𝛽 𝑟 %) in PVDF nanocomposites containing different concentration of

				MWCNTs.		
	Sample PVDF	PVDF/1.25 wt% MWCNTs	PVDF/2 wt% MWCNTs	PVDF/4 wt% MWCNTs	PVDF/8 wt% MWCNTs
	𝛽 𝑟 %	0	15.8 ± 1.0%	10.3 ± 0.5%	36.9 ± 0.8%	47.9 ± 6.1%

  -8, line 2 (black), 4 (red) and 6 (blue) indicate the enthalpy changes during first heating process, cooling process and the second heating process, respectively. The peak area of lines 2 and 6 gives the melting enthalpy ∆𝐻 m2 and ∆𝐻 m6 respectively. These values and ∆𝐻 m c as well for each sample are summarized in Table IV-2. The crystallinity (𝜔 𝑐 ) and 𝛽 phase percentage in total composite component ( 𝛽 %) calculated from the data of the corresponding line is also listed in Table IV-2. Compared to 𝛽 𝑟 % which only considers crystalline phases portion of composite, 𝛽% is the mass percentage of 𝛽 phase PVDF normalized to total mass of MWCNTs/PVDF composite which is given by 𝛽% = 𝜒 𝛽 𝜒 𝛼 +𝜒 𝛽 +𝜒 𝐴 +𝜒 𝑀𝑊𝐶𝑁𝑇𝑠 , where 𝜒 𝐴 and 𝜒 𝑀𝑊𝐶𝑁𝑇𝑠 are the mass fraction of amorphous portion of PVDF and MWCNTs, respectively.
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 IV2 The experimental and theoretical enthalpy of samples obtained from DSC and corresponding crystallinity and β phase percentage in total composite component of PVDF composites

	𝜔 𝑐6	43.77%	38.79%	42.01%	32.43%	28.67%
	𝛽% 6	0	6.13%	4.33%	11.97%	13.73%
	Sample	PVDF	PVDF/1.25 wt% MWCNTs	PVDF/2 wt% MWCNTs	PVDF/4 wt% MWCNTs	PVDF/8 wt% MWCNTs
	∆𝐻 m2 (J /g)	36.06	41.32	41.37	40.73	40.56
	∆𝐻 m6 (J /g)	45.74	47.60	48.88	47.67	45.79
	∆𝐻 m c (J /g)	104.50	122.70	116.37	147.01	159.68
	𝜔 𝑐2	34.51%	33.67%	35.56%	27.70%	25.40%
	𝛽% 2	0	5.32%	3.66%	10.22%	12.17%

Table IV - 3 .

 IV3 Summary of some analytical and empirical models from literature. MWCNTs-𝛽 could be also regarded as a composite where the polymer matrix is PVDF 𝛽 phase and the filler are MWCNTs. This assumption is not entirely accurate especially when the volume fraction ratio between PVDF 𝛽 phase and MWCNTs is low. Such situation is equivalent to a serious agglomeration of fillers which does not match what the model describes.

	Hamilto n-Crosser'		𝑘 𝑐 = 𝑘 𝑚 [ 𝑘 𝑓 + (𝑛 -1)𝑘 𝑚 + +(𝑛 -1)𝛷(𝑘 𝑓 -𝑘 𝑚 ) (𝑛 -1)𝑘 𝑚 + 𝑘 𝑓 -𝛷(𝑘 𝑓 -𝑘 𝑚 )	]	introduced a factor of sphericity(
	s Model						ψ≤1)
							𝑛=3/ψ
	Hasselm an's model		𝑘 𝑐 = 𝑘 𝑚	𝑘 𝑓 (1 + 2𝛼) + 2𝑘 𝑚 + 2𝛷[𝑘 𝑓 (1 -𝛼) -𝑘 𝑚 ] 𝑘 𝑓 (1 + 2𝛼) + 2𝑘 𝑚 -𝛷[𝑘 𝑓 (1 -𝛼) -𝑘 𝑚 ]	𝛼 = 𝑎 𝑘 /𝑎, 𝑎 is the radius of
							spherical
							particles;
							𝑎 𝑘 stand
							for Kapitza
							radius
	Cheng-	1					Dispersion
	Vachon'	𝑘 𝑐					factors 𝐵
	s model	=	(1 -𝐵) 𝑘 𝑚				and 𝐶 is in function
		+	1 {𝐶(𝑘 𝑓 -𝑘 𝑚 )[𝑘 𝑚 + 𝐵(𝑘 𝑓 -𝑘 𝑚 )]} 1/2 ln	[𝑘 𝑚 + 𝐵(𝑘 𝑓 -𝑘 𝑚 )] 1/2 -𝐵/2[𝐶(𝑘 𝑓 -𝑘 𝑚 )] 1/2 [𝑘 𝑚 + 𝐵(𝑘 𝑓 -𝑘 𝑚 )] 1/2 + 𝐵/2[𝐶(𝑘 𝑓 -𝑘 𝑚 )] 1/2 of 𝛷
	Model						Equation	Comment
	Russell's model			𝑘 𝑐 = 𝑘 𝑚	𝛷	𝛷 2 3 -𝛷 + 2 3 + 𝑘 𝑚 𝑘 𝑓 𝑘 𝑚 (1 -𝛷 𝑘 𝑓 (1 -𝛷 2 3 )	2 3 )	no mutual interaction between fillers
	Maxwell 's model		𝑘 𝑐 = 𝑘 𝑚	2𝑘 𝑚 + 𝑘 𝑓 + 2𝛷(𝑘 𝑓 -𝑘 𝑚 ) 2𝑘 𝑚 + 𝑘 𝑓 -𝛷(𝑘 𝑓 -𝑘 𝑚 )	shape of the fillers be treated
							as identical
							cubes or
							homogeno
							us spheres

Consequently, in the interest of making the model fully applicable to our situation, it is worth to mention again that the formation of PVDF 𝛽 phase is due to the nucleation effect. In this case it is reasonable to assume that all formed PVDF 𝛽 phase is around MWCNTs, and these two components can be combined as a new filler MWCNTs-𝛽 as shown in Figure IV-15.

  In principle, the characterization of the thermal conductivity of polymer composites phenomena, such as agglomeration effect, can only be suggested from the combination of effective modeling with measurements at the macroscale. To this end, in this manuscript we proved that the SThM technique allows the local investigation of polymeric materials with a micrometric spatial resolution thermal image, providing some possibilities to demonstrate the aforementioned agglomeration effect.For HDPE/EG samples SThM images allow the detection of zones with a thermal conductance larger than that of the matrix for the highest filler concentration studied. These zones correspond to EG filler agglomerates within the polymer and explain the observed enhancement of the thermal conductivity of the HDPE/EG composite. The 𝑘 𝑒𝑓𝑓 results obtained by SThM are comparable but lower than those measured by PTR method, flash method and modeling. The reason may be that the inhomogeneous distribution of EG fillers can affect the representativeness of data collected by microscale probe. In this case, the 𝑘 𝑒𝑓𝑓 account more heat transfer capability of polymer matrix than the real situation. This has been well demonstrated by the result of HDPE/EG composite with 2 wt.% fillers. This variation versus filler concentration is found in good correspondence with that of the β phase relative percentage in the PVDF nanocomposites. This suggests that the observed heat transfer enhancement is rather due to the formation of β phase for PVDF/MWCNTs samples resulting of the addition of MWCNTs than the addition of MWCNTs itself. MWCNTs disperse well and form heat conduction network in the PVDF. MWCNTs can also promote the formation of β and γ phase crystallites, which increase the mean free path of energy carries and then the thermal conductivity of samples. Additionally, a new analytical model was developed to better understand the impact of the β phase of PVDF on heat transport in PVDF/MWCNTs materials. The 𝑘 𝑀𝑊𝐶𝑁𝑇𝑠 and 𝑘 𝛽 Such thermally conductive polymer composites can help solving the current heat dissipation issues in different applications, using polymer-based material, like in automobile, packaging, aerospace, energy harvesting, electromagnetic interfaces (EMIs), fifth-generation mobile network, and electronic devices industries. The result of this study may provide a new point of view for the management and tuning of thermophysical properties of polymer-based composite. Perspectives of this work include the application of the SThM technique to other polymer composites with carbon-based nanofillers such as graphene or rGO nanosheets for comparison and innovative 2D material nanoflakes. I started in the frame of my works the analysis of the effect of MWCNTs and a new type of MXene in polymethyl methacrylate (PMMA) on the heat conduction in PMMA. First results are given in the following chapter.

	For PVDF/MWCNTs samples it is found from that thermal conductivity increases from
	0.242 W/m.K for pristine PVDF to 0.359 W/m.K for PVDF nanocomposites filled with 8 wt.%
	MWCNTs.
	Through SThM measurements the heat transfer enhancement mechanisms in two types
	of polymer-carbon filler composite i) HDPE filled with 50 μm EG composites and ii)

PVDF/MWCNTs composites, versus carbon filler weight fraction within the polymer, were investigated.

was found as 5.75 W/(m.K) and 1.32 W/(m.K), respectively.
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 V1 Roughness of PMMA composite samples

	𝒔𝒕𝒅 𝑺𝒒 [nm]		1.78	4.45	2.76	4.47	1.69	3.42	2.26
		V. C. 2. Measurement results for PMMA samples		
		Topography and thermal images were performed using a Wollaston probe operated at
	approximately 100°C on 10x10 µm² areas of PMMA composites and PMMA reference sample.
		Area [µm 2 ]	PMMA	PMMA/2.5 wt% MXene	PMMA/7.5 wt% MXene	PMMA/3 wt% CNTs	PMMA/3 wt% CNTs/1 wt% MXene	PMMA/3 wt% CNTs/5 wt% MXene	PMMA/3 wt% CNTs/7 wt% MXene
	𝑺𝒒 [nm]	1x1	6.80	8.16	7.44	9.02	18.43	10.47	14.68
	𝑺𝒒 [nm]	2x2	6.42	14.26	13.99	22.19	28.60	10.61	20.51
	𝑺𝒒 [nm]	2x2	7.09	7.87	20.73	14.52	32.13	18.17	16.15
	𝑺𝒒 [nm]	2x2	10.49	18.71	17.73	11.59	28.51	17.52	15.36
	𝑺𝒒 [nm]	20x20	24.55	38.03	46.28	76.53	147.84	83.30	43.33
	𝑺𝒒 avg [nm]		8.00	13.61	17.48	16.10	29.75	15.43	17.34

Table V -

 V 2 summarises topography results. Results show that while PMMA reference sample is rather flat, PMMA composite samples present valleys with sizes that are comparable to that of the apex of the Wollaston probe.

Table V -

 V 

2. Topography of PMMA composite samples obtained by Wollaston probe.
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Appendix 1: Theoretical calculations

As introduced in the introduction, layered samples were studied in the thesis. This section regroups the thermal model that was used for the SThM measurement of a sample in the form of a thin layer deposited on substrate. A thermal resistance at the interface between layers is taken into account. Ballistic effect due to a confined heat source is neglected and the coating is assumed diffusive.

i.

Studied system

In this model the limited source heating the sample is described by a heating disk with an effective radius 𝑎 at the sample surface as seen in ii.

Analytical resolution

It is assumed that the thermal constriction of each spot is unaffected by neighboring spots. It is then appropriate to consider the effect of a surface coating upon the constriction resistance of a spot on an infinite half-plane.

As described by Dryden [START_REF] Dryden | The effect of a surface coating on the constriction resistance of a spot on an infinite half-plane[END_REF], both coating and substrate respective temperatures 𝑇 1

and 𝑇 2 must satisfy the Laplace equation (∇ 2 𝑇 1 = ∇ 2 𝑇 2 = 0) in their respective regions (inside the coating and substrate). Consequently, for an axisymmetric heat flow the Laplacian is given as follow:

where 𝑥 and 𝑟 are the axial and radial coordinates, respectively.

In order to resolve Eq.A1.1, boundary conditions should be chosen as to follow for an isothermal contact:

1. Temperature and heat flux continuities at the interface between the coating and substrate:

r > 0 and x = t (A1.3)

2. Boundary condition at the surface (𝑥 = 0)

Thus, after a Hankel transform (where 𝜉 is a dummy of variable integration):

𝐶(𝜉) can then be found using Eq. A1.2, A1.3 and A1.4 and will be equal to:

The resulting expression of 𝑅 is given as explained in literature [START_REF] Dryden | The effect of a surface coating on the constriction resistance of a spot on an infinite half-plane[END_REF]:

Including a TBR (𝑅 𝑡ℎ ), the effective thickness of the first layer will be equal to:

Where 𝑡 is the lattice difference between the layers (i.e. the thickness).

Thus Eq. A1.14 will be considered a follow:

In the general case, Eq. A1.15 will be used in order to calculate the spreading resistance due of the tip-sample contact. But it is still possible to simplify such an equation as already explained in literature [START_REF] Dryden | The effect of a surface coating on the constriction resistance of a spot on an infinite half-plane[END_REF], [START_REF] Yovanovich | Analytical modeling of spreading resistance in flux tubes, half spaces, and compound disks[END_REF]. Thus, two cases arise:

1. For a Thin coating where 0 < 𝑡 𝑒𝑓𝑓 𝑎 ⁄ < 0.1:

The first term on the right-hand side of Eq. A1.16represents the constriction resistance for a spot of radius 𝑎 on a half-plane with no surface coating. The second term represents the effect of the coating upon the constriction resistance. The ratio Appendix 3. Previous techniques used for the sample analysis from ref [START_REF] De | Ion implantation and ion irradiation effects on nuclear and thermoelectric materials[END_REF] The composition and stoichiometry of the as-deposited CrSi2 film are accessed via Rutherford Backscattering Spectrometry (RBS). The RBS measurements were made using a Peaks at 763 cm -1 is assigned to the rocking vibration, a mixed mode of CF2 bending and CCC skeletal vibration, respectively [START_REF] Mattsson | Micro-Raman Investigations of PVDF-Based Proton-Conducting Membranes[END_REF], [START_REF] Betz | A FTIR study of PVDF irradiated by means of swift heavy ions[END_REF]. The absorbance of vibration band at this wavenumber is corresponding to PVDF α phase. The bands observed at 840 cm -1 , is assigned to a mixed mode of CH2 rocking and CF2 asymmetric stretching vibration (parallel to the chain axis), and a rocking mode and CF2 bending mode (perpendicular to the chain axis and parallel to the polar b-axis), respectively [START_REF] Betz | A FTIR study of PVDF irradiated by means of swift heavy ions[END_REF], [START_REF] Lanceros-Méndez | FTIR and DSC studies of mechanically deformed β-PVDF films[END_REF]. This band is corresponding to PVDF β phase. The beaker was put into water bath and placed onto magnetic stirrer. Mixture was left for stirring for 18-24 h. On the next day it was split into 2 centrifugation tubes. Then it was centrifuged until the supernatant became black instead of transparent. When supernatant was dark green and it contained delaminated MXene sheets, and solution was collected. The concentration of prepared solution was calculated with free-standing film made vacuum-assisted filtration (VAF)

The concentration of MXene in solution is usually within 0.1-0.5 mg/ml.

ii. Preparation of composites:

For the preparation of PMMA/MXene composites MXene water solution was changed into acetone. Then PMMA pellets were dissolved in acetone. Solutions were mixed together and left for mixing on a stirrer to evaporate some amount of acetone. This mixture was transferred into metal container of mechanical stirrer for further stirring. After mixing the mixture was poured out into PTFE Petri dish and left for drying on the open air, and later it was put into vacuum drying oven.

For PMMA/MWCNTs composites PMMA pellets were dissolving in chloroform under continuous stirring on magnetic stirrer. Appropriate calculated amount of MWCNTs were added to chloroform and placed for sonication with ultrasonic probe. Then MWCNTs mixture was added to PMMA solution and left for stirring. After that it was transferred into container of mechanical stirrer and left for stirring again. Next steps were repeated as above.

To obtain PMMA/MWCNTs/MXene composite samples, PMMA pellets were put for stirring in acetone. Respective amount of MWCNTs were mixed also with acetone and put for