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to 20 phr at using NRL concentration = 60 wt% with preparing by latex mixing, and NR sheet as a control.
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Density of NRL/SA-based composites in different SA concentrations from 20 phr to 100 phr and NRL concentrations as 10 wt%, 30 wt%, and 60 wt% with preparing by solvent-latex mixing, and NR sheet as a control (0 phr).
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5.17 CLSM images of the NRL/SA slurries at CS= 7.69 wt%, φC=56% and CR= (a) 8.00 wt%, (b) 10.00 wt%, (c) 13.33 wt%.

xi LIST OF FIGURES (cont.) 

INTRODUCTION

Natural rubber (NR) is a commercial biopolymer, which obtain from the milky liquid harvested directly by tapping the rubber tree (Hevea brasiliensis tree), called natural rubber latex (NRL). This colloidal liquid consists of poly(1,4-cis-isoprene), water, and non-rubber parts such as proteins, fatty acids, phospholipids, carbohydrates, etc [START_REF] Nawamawat | Surface nanostructure of Hevea brasiliensis natural rubber latex particles[END_REF][START_REF] Sansatsadeekul | Characterization of associated proteins and phospholipids in natural rubber latex[END_REF]. Its outstanding properties possess high mechanical resistance, and the capability to form films, which originate the well-known applications such as the important components in the tires industry, especially aircraft wheels, automotive parts, medical gloves, condoms, and more [3].

The major NR products in the market are composite with fillers or additives to improve the mechanical properties as well as the electrical and thermal conductivity and the barrier features [START_REF] Bokobza | Natural Rubber Nanocomposites: A Review[END_REF]. Therefore, the mixing method to provide natural rubber composite is the main factor to obtain satisfying final products. For several years until now, the knowledge of NR composite preparations is categorized mainly by conventional dried and wet processing. Briefly, dry mixing is directly mixing the filler particles with the dry rubber by mechanical mixer [START_REF] Phumnok | Preparation of Natural Rubber Composites with High Silica Contents Using a Wet Mixing Process[END_REF], while, wet mixing is the process through latex and solution forms. However, the dried mixing generated high viscosity causing the processing more difficult leading to high energy consumption and being time-consuming [START_REF] Algaily | Alleviating Molecular-Scale Damages in Silica-Reinforced Natural Rubber Compounds by a Self-Healing Modifier[END_REF]. Wet mixing is a more interesting alternative to produce the NR composites and overcome these drawbacks.

The wet processing via latex mixing has a general concept that the fillers disperse in aqueous media prior to the polymer latex including NRL, then obtain the composites by coagulation or casting. The many dispersion methods of the fillers in the aqueous medium have been developed to prepare well-dispersed filler in the water phase through surface modification and altering the proper agitators such as ultrasonic dispersion machine, and bead milling [START_REF] Mora-Barrantes | Overcoming the disadvantages of fumed silica as filler in elastomer composites[END_REF][START_REF] Prasertsri | Mechanical and damping properties of silica/natural rubber composites prepared from latex system[END_REF][START_REF] Prasertsri | Fumed and precipitated silica reinforced natural rubber composites prepared from latex system: Mechanical and dynamic properties[END_REF]. In another one, the solution mixing, NR is dissolved in some organic solvents, while the fillers separately suspend in the same solvent before mixing them together, and eventually obtain the NR products by casting the solution in the satisfied mould [START_REF] Sethulekshmi | A comprehensive review on the recent advancements in natural rubber nanocomposites[END_REF]. Furthermore, the hybrid mixing method between latex and solution is reported that the car bon black, commercial reinforcement fillers, were dispersed in water, then transferred into the elastomer and produces a master batch [START_REF] Datta | Chapter 12 -Elastomer Blends[END_REF].

The idea of hybrid mixing would be useful to develop the novel NR mixing process, because, in conventional latex mixing, the methods of pre-suspension of filler in an aqueous medium carry out through the complicated process such as ultrasonication and high-speed mechanical stirring, especially with the addition of surfactant for hydrophobic fillers to obtain the desired dispersion. Therefore, developing a simplified idea of the premixing additive by using a suitable solvent to disperse similar surface chemistry of additives, i.e., suspension of hydrophobic fillers or additives with suitable organic solvent and mixing directly to NRL become an interesting alternative and challenging approach, called solvent-latex mixing.

Traditionally, organic solvents are utilized in the rubber extraction process.

Generally, hydrocarbon solvents are used to separate NR from latex via a solvation mechanism. The proper hydrocarbon solvents are alkane with four to nine composing carbon atoms such as heptane, nonane, pentane, and hexane; cycloalkane having from five to ten carbon atoms such as cyclohexane and cyclopentane; the aromatic the six to twelve carbon atoms aromatics or alkyl substituted aromatics such as benzene, xylene, and toluene. Cole et al. extracted NR from 10% total solid content NRL by mixing solvent between hexane and acetone; after strong agitation, three phases separated into the upper phase and lower phase of a very fluid liquid phase, while the middle phase obtained viscous liquid. This viscous liquid was further extracted and analyzed to be NR. Hexane was the solvent in the middle phase yielding viscous swollen gel as hexane acts as the good solvent of NR [START_REF] Cole | Processes for recovering rubber from natural rubber latex[END_REF]. The diffusion ability of good solvent provides partial swelling of NR in the mixture. Thereby, in this work, the authors purpose using premixed hydrophobic additives with a suitable solvent and mixing with NRL directly as the hydrophobic additives can still move around the NRL through good solvent diffusion.

Furthermore, the viscosity of the mixture depending on the viscous phase content in the system would bring about difficult mixing when the viscosity increases, hence the solubility parameter of rubber in NRL with different non-polar organic solvents needs to be considered. The proper solvents should create a less viscous phase.

Therefore, the solubility parameter of NR and different solvents are also used as criteria to select the suitable solvent. The lowest different solubility value between NR and solvent showed the greatest solvation effect or, i.e., expansion of the rubber chain [START_REF] Tangboriboonrat | Characterization of noncrosslinked natural rubber latex by phase transfer technique[END_REF].

Jing et al. determined the total Hildebrand solubility parameter (δt) of NR with 30 different solvents and reported that the crosslink NR showed the highest swelling trend with aromatics, amines, and cycloalkanes. The linear alkanes and their derivatives such as n-hexane presented moderate swelling performance. Alcohols and amides were categorized as lower-swelling solvents [START_REF] Jing | Three-dimensional solubility parameters of natural rubber and its predictive power in diffusion coefficients[END_REF]. Therefore, n-Hexane and cyclohexane became promising solvents that provide easy mixing with simple mechanical stirring yielding a lower viscosity mixture than other solvents. In addition, the low surface energy and the low boiling point of n-hexane make it easy to evaporate and could benefit the drying procedure [START_REF] Wang | Wet Mixing with Organic Solvent for Synthesized cis-1,4-Polyisoprene-Based Rubber Composites[END_REF].

In part I of this research, silica aerogels (SAs) were used as the hydrophobic additive to improve the thermal insulation performance of NR. SA is an ideal thermal insulation material with prominent properties such as low density <0.05 g cm -3 , high porosity of 75-99% as air, and low thermal conductivity of 0.01-0.03 W m -1 .K -1 [START_REF] Lee | Synthesis of silica aerogels from waterglass via new modified ambient drying[END_REF].

The NRL/SA composites were prepared via a novel solvent-latex mixing method. SAs were pre-mixed with n-hexane prior to merging with NRL. The effect of preparation on the composite morphology and its thermal conductivity were investigated. Moreover, the insulation properties of the composite characterized by density, apparent insulation performance, and flexibility exhibited the efficient properties of thermal insulation materials.

In part II, the understanding of the slurry behaviors becomes a challenging issue because the novel solvent-latex mixing found the effects on the composite morphology.

Many works utilized microscopic and rheological measurements to understand the structure features and the interaction mechanisms in complex fluids [START_REF] Fernandes Barros | Structure and rheology during catastrophic phase inversion of Pickering emulsions stabilized with fumed silica particles[END_REF].

The recent work that emphasis the behavior-relation of precursors and their dried products was reported by Fneich et al. [START_REF] Fneich | Nanocellulose-based foam morphological, mechanical and thermal properties in relation to hydrogel precursor structure and rheology[END_REF]. They studied the morphological, mechanical, and thermal properties of nanocellulose-based foam in relation to their hydrogel precursor structure and rheology. The hydrogel precursors were prepared by sol-gel method with varying the cellulose nano fibers (CNFs) contents. Each condition was divided by the presence of NaCl and no NaCl. Their structure and rheological properties were reported in the previous work [START_REF] Fneich | Structure and rheology of aqueous suspensions and hydrogels of cellulose nanofibrils: Effect of volume fraction and ionic strength[END_REF]. In recent work, the freeze-drying technique was carried out to obtain the nanocellulose-based foam. They found that the morphology of foam and its hydrogel precursor shared common microstructure features.

The homogeneity of foam's pores corresponded to the increase of CNF content and the presence of NaCl because these two parameters can generate the CNF entanglements in the hydrogel precursors that enhance the shape-existence of pore structure in foams. The 

CHAPTER II

OBJECTIVES

This research aims to study the composite between NRL and SA in terms of the preparation effect on their thermal insulation performances, and aspects to understand the structure and behaviors of the composite via their properties of the slurry state. The scope of work is divided into two parts as given below

Part I NRL/SA composite preparation and thermal insulation performances

In the first part, the main objective is to understand the structure via composite morphology relating to its thermal insulation performance. There are two parameters that will be considered synchronously. The first one is the effect of the preparation method, and the second one is the effect of compositions that consists of SA contents and NRL concentrations.

The SA pre-mixed with the n-hexane prior to NRL, defined as the solventlatex mixing method, are the main procedure to investigate the effect of the preparation method on the structure and thermal insulation performance. To compare with the convention method, the common preparation by latex mixing method will be carried out. Both preparation methods will be considered the morphology to correlate with their thermal conductivity to indicate thermal insulation. The composite provided the lower thermal conductivity will be chosen to evaluate further thermal insulation performance that consists of density, apparent thermal insulation performance, and flexibility.

Part II Understanding of the formation mechanism of NRL/SA composites by solvent-latex mixing method

In the second part, the main goal is to adjust and optimize NRL/SA dried composite by tuning the properties of their slurry state. Thus, the composite, prepared by solvent-latex mixing method, will be studied the microscopic and rheological behavior in the slurry state, and morphology and mechanical properties in the dried composite or solid state to understand the correlation between slurry and solid state.

In the slurry state, the composite will be studied from the emulsion perspective. The objective is to study the effect of ingredients, that consist of SA (CS)

and NR concentrations (CR) in cyclohexane (oil phase) and water (water phase), respectively, and the volume of cyclohexane (φC), on microscopic and rheological behaviors.

In the solid state, the dried composite will be studied the morphologies and mechanical properties depended on the different compositions to correlate with their microscopic behaviors and rheological properties in the slurry state. 

An overview of natural rubber

Natural rubber (NR) is a particular type of elastomer from the biological origin where the plant was originally located in Amazonia, but in recent days the main NR resource comes from Southeast Asia (94 % of world product). Thailand is the greatest exporter of NR products to the world market reported in 2021, while China is the main importer as present in Figure 3.1. Natural rubber latex (NRL), the direct product from the rubber tree, and NR are widely used in familiar products in daily life.

Over 41 % of elastomer products in the world market are gloves, condoms, antivibration parts, and vehicle (car, truck, aircraft) tires produced, at least partially, from either natural rubber latex or natural rubber. The industry of tires remains the major consumer of NR and represents higher than 75% of total consumption [3]. The global demand for rubber products was reported totally increased from 9.4 to 13.9 million tonnes because of the medical product in market demand during COVID-19 pandemic.

Moreover, global demand for intermediate products (concentrated latex, block rubber, rubber sheet, compound rubber, and others ) is forecast to expand by an annual average of 3.0-4.0 % [START_REF] Sowcharoensuk | Industry Outlook 2022-2024: Natural Rubber[END_REF]. In fact, the natural rubber latex can be harvested from many plate sources, such as Taraxacum brevicorniculatum (Dandelion), Parthenium argentatum (Guayule),

Euphorbia lactiflua and Ficus elastica, but the main extraction comes from Hevea brasiliensis tree [START_REF] Mooibroek | Alternative sources of natural rubber[END_REF]. The process of NR extraction is called tapping, the bark of rubber three is cut, and a milky fluid exudes from the wound, called natural rubber latex (NRL).

The solid NR is obtained after the transformation steps of NRL either by controlled coagulation or by natural coagulation. The first way is carried out by the addition of a weak acid such as acetic or formic acid. In another way, natural coagulation via the action of microbial communities is present in latex. These micro-organisms in fresh latex affect the physical properties of the latex. Hence, to prohibit natural coagulation and to allow collection and storage of NRL in its liquid state, the rising pH of the suspension by the addition of ammonia (NH3) to basic condition (pH ~ 10) is necessary.

This liquid latex can be concentrated, after the ammonia-pH adjustment, to use in the glove industry. The process to obtain commercial dry NR is initiated from latex coagulation and then pressed in different techniques.

Natural rubber latex (NRL)

The NRL is a complex colloidal dispersion composed originally of cis-1,4polyisoprene particles (called NR particles) and non-isoprene components, both suspended in an aqueous phase, called the C-serum phase [START_REF] Jacob | The composition of natural latex fromHevea brasiliensis[END_REF]. The freshly tapped latex express as a white opaque fluid of density between 0.97 and 0.98 upon the rubber content (Figure 3.2A). It is almost neutral having a pH of 6.5-7.0 approximately. The schematic view (Figure 3.2B) describes the NRL in terms of compositions. The NR particles are the major constituent of latex, it presents in a spherical shape with the rubber chain core (cis-1,4-polyisoprene) surrounded by a monolayer made from lipids and proteins (Figure 3.2C) [START_REF] Kumarn | Investigating the Mechanistic and Structural Role of Lipid Hydrolysis in the Stabilization of Ammonia-Preserved Hevea Rubber Latex[END_REF]. The colloidal stability of latex regard to the repulsion force of negative charges arising from proteins and phospholipids at the mixed layer membrane of NR particles. In addition, NR particles of fresh NRL exhibit a bimodal size distribution containing of large diameter (diameter ~ 0.4 -1.0 µm) and small particles (diameter ~ 0.1 -0.4 µm) [START_REF] Wood | Microstructure of Purified Rubber Particles[END_REF], called cream and skim fractions, respectively.

The particles formed by non-isoprene component consists of lutiods, the complex lysosomal vacuoles with size from 2 to 5 µm [START_REF] Gomez | Lutoids of Hevea latex: morphological considerations[END_REF], and Frey -Wyssling particles of 5-6
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Ph.D. (Polymer Science and Technology) / 9 µm, as presented in Figure 3.2B [START_REF] Bottier | Chapter Seven -Biochemical composition of Hevea brasiliensis latex: A focus on the protein, lipid, carbohydrate and mineral contents[END_REF]. The non-isoprene compounds presented in the latex are proteins, lipids, carbohydrates, minerals, and others. The average composition content of field NRL is shown in Table 3.1. 

Concentrated natural rubber latex

According to the save -the cost of the logistic process in the NRL industry, the low NR contents of field NRL are concentrated to about 60% in rubber content. The mainly NRL-concentrated techniques are evaporation, creaming, electrodecantation, or centrifugation [START_REF] Blackley | Polymer Latices: Science and Technology[END_REF]. However, centrifugation is the most popular to utilize. The centrifugation of field NRL separates into four main fractions based on their densities.

From the top to bottom of the centrifuge tube, the first upper layer which is a milky colloidal dispersion constituted of only NR particles. In this layer, can separate the large and small NR particle size: the large particles present the denser texture floating at the top of the white strip, called cream, while the smaller particles exhibit the dilute 3.3a) and concentrated NRL particles (Figure 3.3b), which image by field emission scanning electron microscope (FESEM) with sample strained osmium tetroxide, described comparatively that the concentrated NRL tend to contain predominantly larger and uniform NR particles as compared to the field NRL due to the larger particle move more rapidly when compared to the smaller particles [START_REF] Mei | Colloidal and Rheological Properties of Natural Rubber Latex Concentrate[END_REF]. 

NR composites

NR is one of the plant-based polymer materials that have plenty of applications due to its unique properties: high flexibility, elasticity, resilience, elongation, tensile strength, lees heat build-up during dynamic stress, and resistance to acids and water. Moreover, the signature property of strain-induce crystallization during stretching provides high resistance to cutting and tensile strength, abrasion, and tearing to NR. Thus, the drawback-improvement and development to fit in the function of the final product are important to consider. Normally, the addition of fillers or additive is the procedure to improve the properties of NR, which produce the NR composites [START_REF] Appukuttan | A comprehensive review on the recent advancements in natural rubber nanocomposites[END_REF].

The types of fille for NR composite are categorized as reinforcing filler and non-reinforcing filler. In the rubber industry, reinforcing fillers are very essential to fulfill the practical applications of rubber, this filler can improve the strength by several folds. the traditional reinforcing fillers are Silica, calcium carbonate, clay, and carbon black [START_REF] Boonkerd | Silica-rich filler for the reinforcement in natural rubber[END_REF]. The insertion of fillers into rubber for enhancement in other properties except for the mechanical properties, processability, performance, imparting color, and reducing the cost of the final product is a practical function of non-reinforcing filler.

Therefore, filler selection depends on the property requirement of the final rubber product [30] [32].

The preparations of NR composite

The ideal homogeneous dispersion in NR matrices is the main aim to obtain satisfied NR composites, thus, the development of NR composite processing has been carried out. The most popular processing methods for NR composites are melt/mechanical mixing, solution mixing, latex casting, etc.

Melting or mechanical mixing

The fabrication of NR composite by melting mixing is carried out using an internal mixer, two-roll mill, ball mill, etc [START_REF] Ismail | The Effect of Carbon Black/Multiwall Carbon Nanotube Hybrid Fillers on the Properties of Natural Rubber Nanocomposites[END_REF][START_REF] Taghvaei-Ganjali | Effect of surface-modified zinc oxide as cure activator on the properties of a rubber compound based on NR/SBR[END_REF]. The addition of filler into the melt NR matrix is done directly and mixed by inputting high shear force and temperature.

The compatibility of NR and filler is an important factor to obtain fine NR composite.

Thus, to make the polarities of NR and fillers closer, it may be a surface modification of filler that lowers its polarity [START_REF] Taghvaei-Ganjali | Effect of surface-modified zinc oxide as cure activator on the properties of a rubber compound based on NR/SBR[END_REF], or NR functionalization for raising its polarity [START_REF] Varghese | Melt compounded epoxidized natural rubber/layered silicate nanocomposites: Structure-properties relationships[END_REF].

Also, possible to use compatibilizers for enhancing the filler-NR matrix interaction. The outstanding advantages of this mixing are solvent-free nature and high-loading fillers, resulting in mostly favoured using by industry scale. However, the higher temperature used in this method can negatively affect the filler stability and its surface functionalization [START_REF] Abedi | A review of clay-supported Ziegler-Natta catalysts for production of polyolefin/clay nanocomposites through in situ polymerization[END_REF], furthermore, the high viscosity of the matrix and the higher filler loading bring about a reduction in the uniform dispersion of filler in the matrix. There is a possible ability for filler damage during the application of high shear forces to overcome the high viscosity of the matrix [START_REF] Zhan | Dispersion and Exfoliation of Graphene in Rubber by an Ultrasonically-Assisted Latex Mixing and In situ Reduction Process[END_REF]. In addition, most filler is in powder form, the directly add in the solid status cause the filler loss problem because of its light weight, especially the ultrafine particles such as fume silica.

Latex mixing

In this method, the NR composite is prepared in latex form. Filler particles may be dispersed in water prior to mixing with NRL, therefore, surface modification or using a stabilizer is essential for a hydrophobic filler type. Normally, coagulation by the addition of acid is the common method to receive NR composite after well-latex mixing.

The benefits of this method are organic solvent-free and less energy consumption for processing. For example, Anand and team selected latex compounding for the preparation of NR/single-walled carbon nanotube (SWCNT) composite, the dispersion of SWCNTs in water was carried out by ultrasonication with the addition of surfactant.

Subsequently, it was mixed with NR latex via magnetic stirring, cast, and dried. Finally, the obtained NR exhibited better mechanical properties [START_REF] Anand | Natural Rubber-Carbon Nanotube Composites through Latex Compounding[END_REF].

Solution mixing

In this method, dried natural rubber is dissolved by its good solvents, while the filler is suspended in the same solvent, then, both compositions are mixed by ultrasonication, stirring, or shear mixing. After that, the obtained NR-filler dispersion is cast in a mould and allowed for evaporation of the solvents. The dispersion of the fillers is possible via this method [START_REF] Sethulekshmi | A comprehensive review on the recent advancements in natural rubber nanocomposites[END_REF]. Solution casting method is the one extensive technique to prepare for dry rubber-based composite. For example, Magaraphan et al. prepared NR/clay nanocomposite by dissolving and mixing in tetrahydrofuran as a solvent. The results form the solution method were discussed comparatively with the conventional composite containing carbon black and silica [START_REF] Magaraphan | Structure and Properties of Natural Rubber and Modified Montmorillonite Nanocomposites[END_REF].

Generally, the good solvents to obtain NR solution are hydrocarbon type, which consists of the four to nine carbon atoms linear alkane such as pentane, hexane, heptane, and nonane; the cycloalkane comprising five to ten carbon atoms such as cyclohexane and cyclopentane; the aromatics or alkyl substitution with the six to twelve carbon atoms such as benzene, xylene, and toluene. In the rubber extraction, after NRL was mixed and agitated with hexane and acetone, three phases separated into the upper phase and lower phase of very fluid liquid, while the middle phase viscous liquid. This viscous liquid was further extracted and analyzed to be NR. Hexane was the solvent in the middle phase yielding viscous swollen gel as hexane acts as the good solvent of NR [START_REF] Cole | Processes for recovering rubber from natural rubber latex[END_REF]. The total Hildebrand solubility parameter (δt) use to report the dissolved performance and the least different δt-value between solute and solvent refers to the greatest solvation. Jing et al. reported the δt of cured NR by 18 MPa 1/2 , and the highest tendency of NR swelling in aromatics, amines, and cyclohexane. On the other hand, the NR low-swelling occurred with alcohols and amides, it was noticed that the δt value was greater than 20 MPa 1/2 [START_REF] Jing | Three-dimensional solubility parameters of natural rubber and its predictive power in diffusion coefficients[END_REF]. The most common good solvent of NR and their δt is presented in Table 3.2 According to the basic knowledge of the NR composite mixing process, the melting still has the problem of high energy consumption and damaging and losing the filler during preparation, and all preparation methods have to modify the surface either filler or NR or using the stabilizer for the compatibilization. Number of research reported an excellent way to overcome these problems is through using liquid mixing (latex and solution) replacing the direct melting method. In terms of compatibilization, several techniques have been developed and reported such as in-situ polymerization, which generates the filler by its precursor inside the polymer solution, prepares as the emulsion form, and uses the hydrophobic fillers. From these interesting points, this research applies the NR composition preparation methods that the suspended hydrophobic filler in an organic solvent prior to mixing with NRL, which may benefit from no addition of stabilizer. In addition, this mixing fits in the concept of emulsion structure which is the dispersion of two different liquid phases, i.e., NRL and suspended fillers in an organic solvent. The relevant literature will present in the next section

Silica aerogel (SA)

SA is a distinguished class of nanoporous material, which is a kind of gel material using gas as the dispersion medium. This material composes of a 3-dimensional (3D) network of spherical solid particles with Si-O-Si bridges, which generate through the polymerization between polymer molecules or colloidal particles. The obtained solid phase and pore structure of SA are based on the nanoscale [START_REF] Maleki | An Overview on Silica Aerogels Synthesis and Different Mechanical Reinforcing Strategies[END_REF]. The distinctive network structure of SA is shown in Figure 3.4

The outstanding properties of SA resulted in the preparation and drying process consisting of very low weight and excellent thermal insulation performance.

Specifically, it has a high specific surface area (500-1200 m 2 . g -1 ), high porosity (80-99.8%), low density (∼0.003-0.5g.cm -3 ), low thermal conductivity (0.005-0.1 W m -1 K -1 ), ultra-low dielectric constant (k = 1.0-2.0) and low index of refraction (∼1.05) [START_REF] Carraher | General Topics[END_REF][START_REF] Schultz | Super insulating aerogel glazing[END_REF]. Due to its properties, many applications are produced, especially thermal insulation materials. nanometric air as chambers inside the aerogel material reducing heat exchange between gas molecules, which functionally causes the suppression of air convection leading to the reduction of thermal conductivity of gas-phase following the Knudsen effect which explains heat transfer by convection of nanopores that when the diameter of pores reaches the mean free path of the gas molecule, the occasion of gas molecule hitting the porous wall is less frequency than hitting each other. This phenomenon led to gas molecules cannot exchange heat with each other. Therefore, thermal conduction in the gas phase term is completely abated [START_REF] Tang | Thermal transport in nano-porous insulation of aerogel: Factors, models and outlook[END_REF]. 

Synthesis

Generally, the manufacturing process to produce SA comprises three steps:

the formation of a wet gel by sol-gel chemistry, aging, and the drying of the wet gel as presented in Figure 3.6 

Sol-gel process

Sol-gel process means that the metal-organic or inorganic compounds hydrolyze in solution with organic solvent first, the shrinking to the sol solution, and obtain the gel through evaporation of the solvent inside the sol solution by heating. Normally, the acid, alkali, or neutral salt is added to catalyze the hydrolysis and condensation of the precursors Firstly, the SA synthesis by sol-gel method was developed by Kistler in the early 1930s through the condensation of sodium silicate, but nowadays the majority of SA precursors are silicon alkoxides [START_REF] Bhagat | Surface chemical modification of TEOS based silica aerogels synthesized by two step (acid-base) sol-gel process[END_REF][START_REF] Jitianu | Comparative study of the sol-gel processes starting with different substituted Si-alkoxides[END_REF][START_REF] Rao | Comparative studies on the surface chemical modification of silica aerogels based on various organosilane compounds of the type RnSiX4-n[END_REF][START_REF] Wagh | Influence of molar ratios of precursor, solvent and water on physical properties of citric acid catalyzed TEOS silica aerogels[END_REF]. The most common of the silicon alkoxides are the tetramethylorthosilicate (TMOS, Si(OCH3)4) and tetraethylorthosilicate (TEOS, Si(OCH2CH3)4), with the common of Si(OR)4, that cause the aerogels called "Silica" [START_REF] Schottner | Hybrid Sol-Gel-Derived Polymers: Applications of Multifunctional Materials[END_REF]. The various organic functional groups linked to silicon, which comprise as the structure of alkoxides, can be used to give different properties to the gel. They have the general chemical formula R′XSi(OR)4-X (1 ≤ X ≤ 3) being mono, di and trifunctional organo silanes, which lead to the aerogels named "orgonosilsesquioxanes" [START_REF] Rao | Superhydrophobic and Flexible Aerogels[END_REF]. The "bridged organosilsesquioxane" products are the one common type of aerogel which synthesize from the organo silica precursors with chemical formula of (OR)3SiR′Si(OR)3 in which R′ is an alkyl, aryl or alkenyl bridge group between two elements of silica [START_REF] Loy | Bridged Polysilsesquioxanes. Highly Porous Hybrid Organic-Inorganic Materials[END_REF][START_REF] Shea | Bridged Polysilsesquioxanes. Molecular-Engineered Hybrid Organic-Inorganic Materials[END_REF][START_REF] Venkateswara Rao | Synthesis of flexible silica aerogels using methyltrimethoxysilane (MTMS) precursor[END_REF][START_REF] Venkateswara Rao | Absorption and desorption of organic liquids in elastic superhydrophobic silica aerogels[END_REF]. Practically, the market precursor is TEOS or water glass or sodium silicate because they are cheaper than others over 5 times.

The gel is obtained by the precursor and by the addition of a catalyst, the sol-gel transition process through the hydrolysis and condensation reaction, the chemical equation for the synthesis of a silica gel form TEOS is as follows Hydrolysis:

Condensation:

Normally, the solvent for the above reactions is methanol or ethanol and the acid catalysis can be any protic acid such as HCl, while basic catalysis usually uses ammonia or ammonia buffered with ammonium fluoride.

Aging process

The aging process starts after the gel formation, the gel particles and gel clusters in the solution continue to aggregate to extend to the whole gel network. Common aging procedures for gels catalyzed gels typically involve soaking the gel in an alcohol/water mixture of equal proportions to the original sol at a pH of 8-9 adjusting by ammonia.

The main mechanism occurred in this stage consists of i) reprecipitation of silica dissolved from particle surface on to necks between secondary particles and ii) dissolution of smaller particles and precipitation onto the larger ones by Ostwald ripening mechanism [START_REF] Strøm | Strengthening and aging of wet silica gels for up-scaling of aerogel preparation[END_REF]. The ultimate effective of the aging process is to obtain a thicker and slippery gel network resulting in the reinforcement of the vulnerable solid skeleton generated during the sol-gel process.

Drying process

The drying process is the most critical step in SA synthesis. This is when the liquid with the gel is eliminated leaving only the linked network of silica. The main challenge is the prevention of the silica network and porous structure from the generated capillary pressure during solvent evaporation, which causes the shrinkage of gels. Three main routes are commonly utilized for drying: (i) freeze drying, (ii) supercritical drying, and (iii) ambient pressure drying.

Generally, in the freeze-drying process, the solvent in the pore of the wet gel is frozen and then sublimed directly from a solid phase to a gas phase under a vacuum.

That means the phase boundary between the gas and liquid phase does not exist, and then there is no effect from the capillary force to damage the aerogel structure. However, the crystalline of frozen solvent may lead to cracked or even powder-like SA products with very large pores [START_REF] Pajonk | From sol-gel to aerogels and cryogels[END_REF].

Supercritical drying (SCD) relies on the general concept of the supercritical state, defined that when the liquid is in the critical temperature and pressure, there is no liquid-vapor interfaces and, thus, no capillary pressure gradients arise. Therefore, this drying can be performed: (1) with heating and pressurizing the wet gel to above the critical state (~260°C for using ethanol or methanol as a solvent), which is called HOT process; or by extracting the synthesis solvent with supercritical CO2 at a temperature slightly above the critical temperature of CO2(~31°C), which is called COLD process.

Under this precondition, the gas-liquid interface and surface is disappeared, which means the obtained monolithic aerogel can maintain its original gel shape and structure contributing to the silica network and the porous structure [START_REF] Tewari | Ambient-temperature supercritical drying of transparent silica aerogels[END_REF][START_REF] Van Bommel | Drying of silica aerogel with supercritical carbon dioxide[END_REF].

Ambient pressure drying (APD) is developed to overcome the complicated and expensive of the previous drying processes. This method avoids capillary stress by replacing some siloxane (Si-O-Si) bonds with flexible and non-hydrolyzable organic bonds (Si-R), through the use of organosilanes as precursors to generate the aerogel network [START_REF] Hegde | Physical properties of methyltrimethoxysilane based elastic silica aerogels prepared by the two-stage sol-gel process[END_REF][START_REF] Nadargi | Studies on rheological properties of methyltriethoxysilane (MTES) based flexible superhydrophobic silica aerogels[END_REF][START_REF] Prakash | Silica aerogel films prepared at ambient pressure by using surface derivatization to induce reversible drying shrinkage[END_REF], or surface modification of silica (Si-OH) with alkyl groups and providing a surface with lack of Si-OH groups [START_REF] Smith | Preparation of Low-Density Aerogels at Ambient Pressure[END_REF]. The increase of hydrophobic surface by reacting the surface hydroxyl groups with hydrophobic reagents such as hexamethyldisilazane ([(CH3)3-Si-OR]). The phenomenon of repelling each other of the alkyl group of the hydrophobic surface during evaporation originates, from referring spring back of the aerogel (Figure 3.7). the evaporation of the low surface tension solvent, such as hexane, heptane, octane, etc [START_REF] Cakmak | Synthesis of sodium silicate-based silica aerogels with graphene oxide by ambient pressure drying[END_REF], from the silica wet gel network, is another way to reduce the capillary pressure when compared to the evaporation of alcohol, because there is the direct relation between the surface tension and capillary pressure [START_REF] Orcel | Effect of formamide additive on the chemistry of silica sol-gels: Part I: NMR of silica hydrolysis[END_REF]. Kim H.M. and et al. investigated using the thermosetting polymer as the epoxy was applied to be composite with SA to improve the temperature range using composite. They prepare the composite by premix SA with ethanol to fill the pore of aerogel by ethanol before mixing it with liquid epoxy after that press specimen to drying.

SEM micrographs showed porous structure which increased with increasing SA content as the contrary way in the density of the composites. These results related to thermal conductivity decreased with increasing aerogel and the lowest thermal conductivity showed 0.04 W m -1 K -1 with 75% vol SA which refers to good thermal insulation [START_REF] Kim | Silica aerogel/epoxy composites with preserved aerogel pores and low thermal conductivity[END_REF].

Lee H. and et al. study elastomer work, poly(dimethylsiloxane) or PDMS was used to produce a super-thermal insulating, flame-retardant, and flexible composite with SA due to specific characteristics of -Si-bond in PDMS. The composite preparation by mixing SA and ethanol, after that mixing with PDMS and hardener, followed by drying and curing the composite. The SEM micrographs showed a porous structure of the composite increased with increasing content of SA leading to lower density when increases SA content. Moreover, the thermal conductivity of the composite declined with increasing aerogel content and the best is 12wt% aerogel composite as shown around 0.020 W m -1 K -1 . For the flexibility test, the glass transition temperature (Tg) of all composites is lower than room temperature which represents flexibility that can retain at room temperature or higher [START_REF] Lee | Super-insulating, flame-retardant, and flexible poly(dimethylsiloxane) composites based on silica aerogel[END_REF].

According to many studies presented that thermal insulation properties increased with increasing silica aerogel content by using low surface tension solvent filled in aerogel pores before mixing with polymers, for example, ethanol and n-hexane. It is interesting to composite with NR which also has excellent insulation performance to generate alternative brand-new thermal insulation materials

The study of the understanding the fluid behavior

From this current point, the SA will mix with low surface tension solvent prior to mixing with NRL, which creates the complex fluid system. To understand the fluid system behavior, many works utilize the microstructure and rheology to describe the complex system. where the phase inversion took place, the elastic modulus increases with the volume fraction of the oil phase which means the point at the maximum of the dispersion phase.

Rheological measurements of emulsion exhibited the gel-like behavior which was indicated by the dominate of elastic modulus (G') over that of viscous modulus (G") in the viscoelastic region. Moreover, the change of G' refers to the change of strands and nods of the network that generate from the droplet, interfaces, and continuous phase [START_REF] Fernandes Barros | Structure and rheology during catastrophic phase inversion of Pickering emulsions stabilized with fumed silica particles[END_REF]. The scale bar represents 100μm. The dash lines correspond to the composition zone where the phase inversion occurs and to the formation of multiple emulsions [START_REF] Fernandes Barros | Structure and rheology during catastrophic phase inversion of Pickering emulsions stabilized with fumed silica particles[END_REF].
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CHAPTER IV METHODOLOGY

Materials and instruments used in this research are listed as following. 

Materials

Instruments

The apparatus utilized in this research are listed in Table 4.2 

Preparation of NRL/SA composite by latex mixing method

The obtained NRL/SA composite from the latex mixing method started with three steps of the preparations consisting of SA dispersion in aqueous medium stock, the pre-vulcanization of NRL, and NRL/SA dried composites.

To do the stock solution of SA dispersion, 100.00 g of Deionized (DI) water was used as an aqueous medium, and 0.40 g of Tween 20 acting as a surfactant was premixed with DI water by the magnetic barrel at 250 rpm for 15 minutes to increase compatibility between the water and hydrophobic surface of SA. After that, the obtained DI water was re-mixed again with a 1500 W blender for 1 minute for a better combining of the compositions. 9.00 g of SA powder was added to the DI water and paternally blended by the same blender. The mixture was vigorously blended for 1 minute, then left for 2 minutes waiting for some spreading SA to fall from the above cavity inside a blender's chamber to the surface of the mixture before starting the new blending round.

The mixture was repeated in this blending pattern five times. The stock of SA dispersion in DI water was adjusted to pH 7 with 0.25 g of 10 wt%-KOH solution. The SA dispersion was obtained with 8.20 wt% of SA concentration.

The pre-vulcanization of NRL began with mixing firstly with KOH solution to maintain well dispersion in latex form, and NRL was added sulfur dispersion acting as a curing agent, then the stirring was operated by a magnetic stirrer at 250 rpm for 5 minutes. After that, ZnO suspension acting as the activator was added and stirred for 5 minutes at the same stirring speed. Then, ZDEC, another accelerator, and CPL, an antioxidant, were combined. The compounded NRL was stirred for 30 minutes at room temperature. The proportion of all ingredients shows in Table 4.4. The obtained NRL was heated at 70 ℃ in a water bath until reached chloroform 3. The pre-vulcanized NRL (PNRL) was obtained and cooled at room temperature and filtrated with a colander before using. To compare the effect of the preparation method on the thermal insulation performance of NRL/SA composite, the evaluation of the morphology relating to thermal conductivity was carried out. Thus, the NRL/SA dried composites from both solvent-latex mixing and latex mixing method were studied with their morphology by FESEM and estimated thermal conductivity values by a thermal conductivity analyzer.

Studies of Morphology

NRL/SA composites were observed in cross-sectional morphologies with a field emission scanning electron microscope (FESEM; SU 8000 Hitachi; Tokyo, Japan).

The obtained micrographs were imaged under an accelerated voltage of 10 kV. The samples were fractured in liquid nitrogen, then coated with a thin layer of platinum to prevent charging under the electron beam.

Thermal conductivity

The According to the solvent-latex mixing method provided the higher SA adding, and obtained significant lower of thermal conductivity than that of another method. Thus, the composites prepared by solvent-latex mixing method were chosen to consider the further evaluation of thermal insulation performances by measuring density, apparent insulation performance, and flexibility.

Density

The density of the composite was measured following the hydrostatic method (ASTM D 297) with Densimeter (MD-200S, SP Metrology System Co. Ltd.;

Pathumthani, Thailand). The obtained density was operated by weighing the specimen in air. The floating prevention of the samples was carried out by placing a very fine wire on the water surface inside the water tank. Then, the sample was put cautiously under the wire for eliminating the bubble creation that would cause errors. Subsequently, the sample was weighed under the water. Each sample was measured five times to get rid of statistical errors. The density was calculated by the equation as follows:

Density at 25 °C in kg m -3 = 0.9971 × A A -(B -C) (4.1)
where A = mass of specimen in the air (g); B = mass of specimen and supporting wire in water (g); and C = mass of supporting wire in water (g).

The apparent insulation performance

The apparent insulation performance of the NRL/SA composites was investigated by utilizing a hotplate equipped with a 4-inch-thick foam chamber setup, as shown in The slurries of NRL/SA were considered as the emulsion prospectively. SA in cyclohexane and NRL are assumed as oil and water phase, respectively. Thus, to understand the slurry behaviors, the investigation of the influence of the ingredients was considered. The SA concentration (CS) and NR concentration (CR) suspended in cyclohexane and water, respectively were varied. In addition, the proportions of the oil and water phase were studied by varying the volume fraction of cyclohexane (φC). CS were varied from 2.00 wt% to 9.43 wt%, CR were varied from 8.00 wt% to 13.33 wt% by TSC evaluation, and φC were varied from 49% to 56%

The 50 mL of NRL/SA slurries were mixed by a magnetic stirrer at 500 rpm for 5 minutes which a similar method to the previous one. The fresh slurries were studied their structure and rheological properties. The remained slurries were cast on 40 mmdiameter glass-petri dish of 1 cm thick approximately, they were left at room temperature for 30 minutes for cyclohexane evaporation preferentially, then, the complete evaporation was carried out by putting the sample in an oven at 60 °C for 2 days. Thus, the remaining content of the dried composites are SA and NR that were calculated SA contents in NR matrix in phr unit by the equation 4.3, and the value presented in Table 4.5

phr of SA = content of SA content of NR ×100 (4.3)
SA suspensions in cyclohexane were prepared by varying CS in cyclohexane from 2.00 wt% to 9.43 wt%. The suspensions were mixed by the magnetic barrel at 500 rpm for 5 minutes which maintained a similar method to the slurries. NRL suspensions were prepared by varying TSC to indicate CR between 8.00 wt% to 60.00 wt% in water.

To prepare, the stock solution of NRL was diluted by adding mili-Q water to obtain the desired NRL suspensions. The all-fresh suspensions are used for CLSM and rheological measurement. Carl Zeiss Microscopy GmbH; Germany). Different water immersion objectives were used: HC × PL APO 10× (NA = 1.2), 25× (NA = 0.7), and 63× (NA = 1.2). The 50 mLfresh slurries and SA suspensions were labeled by adding 5 droplets of 100 ppm of Nile red-ethanol solution, then, around 1 mL of the labeled mixture was used for imaging.

For slurries, the pre-mixed SA in cyclohexane was labeled by Nile red before adding the NRL. The Nile red was excited at 561 nm and fluorescence emissions were detected between 563 and 700 nm. For NRL suspensions, the reflection technique at 640 nm allowed to observe the structure without any dye.

Droplet diameter determination

The arithmetic means diameter (D10) of the slurry droplets was determined thanks to Fiji software. A hundred droplets at least were used from images captured with HC × PL APO 10× (NA = 1.2) objective representing 3551x3551 pixels.

Studies of NRL/SA dried composite morphology

The morphology of NRL/SA dried composites was evaluated by using a scanning electron microscope (SEM; model JSM6510; JEOL; Japan) by fixing the acceleration voltage to 20 kV. To study cross-section morphology, the samples were fractured by liquid nitrogen and sputtered with gold for 40 s under vacuum to enhance the conductivity of the samples. Chemical analysis was carried out by using the simultaneous signal from SEM and analyzing the element compositions with energy dispersive X-ray spectroscopy (EDX; Oxford Instrument; UK).

Studies of mechanical properties 4.14.1 Rheology of liquid state

To study the rheological properties of NRL/SA slurries, SA, and NRL suspension. All fresh mixtures were measured with a stress-controlled rotational rheometer (MCR 301; Anton Paar GmbH; Austria) at 20.0 ± 0.1 °C using a Couette geometry (outer diameter = 28.933 mm, inner diameter = 26.630 mm). The linear domain was screened in a strain sweep mode between 0.001 and 1000 % at a frequency of 10 Hz. The frequency dependence of the storage modulus (G') and loss modulus (G") was performed between 10 and 10 -2 Hz at a fixed strain in the linear regime of about 0.1 %.

Mechanical properties in the solid state

To study the mechanical properties of NRL/SA dried composites, the compression test was performed in a uniaxial universal test machine (Zwick Roell;

Germany) with using a 500 N load cell at room temperature. The loading rate was 0.1 mm s -1 . The samples were prepared in a disc shape with 20 mm diameter. A preload of 1 N was used to attain contact between the plate and the sample. The strut was compressed to a limit of 350 N at each compression. The samples were operated by a maximum of three times repeating until the sample was fully compressed. The relation curves between the nominal stress and true strain were plotted. The elastic modulus (E) was extrapolated from the linear regime of the graph at miniature strain.

CHAPTER V EXPERIMENTAL RESULT

Part I NRL/SA composite preparation and thermal insulation performances

Morphologies

The cross-section morphologies of the NRL/SA-based composites, including a neat NR and a pristine SA were carried out by FESEM to study the influence of the solvent-latex mixing method on the structure of the composites. To be the composition references, FESEM images revealed that the morphology of NR showed a plan and smooth structure, while SA showed a powder morphology in roughly 20 μm as the presence in detail from the company, as shown in Figure 5.1 changing SA between 20 phr to 40 phr. Thus, it was obvious that the SA concentrations led to the formation of the composite structure. When kept the SA concentration was constant, the change of structure appeared from the porous structure to an SA-dominated structure with changing NRL concentrations from 10 wt% to 30 wt%, also appeared the similar structure between 30 wt% and 60 wt% NRL. Therefore, it seemed that the influence of the low NRL concentration may affect partially, while the higher concentrations barely influence the structure of the composite.

It cannot deniable that the structure of the composite with 40 phr in 10wt% NRL was interesting, thus, the FESEM images in different magnifications were shown for clear structure observation as shown in Figure 5.3. The lowest magnification (Figure 5.3a) revealed obviously porous structure. The smooth areas, where appeared inside the presented holes, indicated the location of the remaining NR. These NR holes localized dispersedly in the SA complex, and appeared in the bright granule structure, as shown in Figure 5.3b. In addition, the interphase between dried NR and SA complex observed the embedded SA in NR phase as shown in Figure 5. 3c.

These phenomena may be described by the diffusion of n-hexane into the surface of NR to swell the NR chains (poly(cis-1,4-polyisoprene)), due to n-hexane is the good solvent of the NR chain. Figure 5.4a exhibits the schematic to explain the NR hole or macropore formation. The diffusion of n-hexane including SA to NR interphase led to the NRL droplet, which consisted of NR particles and water, formed in the slurry state. The partial swelling of NR would take place at the interphase between the NRL droplet and n-hexane phase, which resulted in the embedded SA in NR phase in the dried composite (Figure 5.3c). After the composite was dried, the rapid evaporation of n-hexane and water brought about the NR macropores intercalated by SA.

Furthermore, the case of too low SA concentration, which also meant too low n-hexane (Figure 5.4b), caused the too thin of the SA interacted layer for holding the NRL droplet structure, and eventually breaking off. Thus, NRL droplets seem difficult to observe for 20 phr. The too-high SA concentration, appeared in the composite with 60 phr and higher of SA, the intercalated aerogel was too thick together with lower NR content, the NR phase was not observed in the FESEM micrographs.

Therefore, the dried composite only showed the SA components. It can be implied that the optimum condition to obtain the porous structure required that n-hexane had to sufficiently diffuse throughout the NRL content and formed stable NRL droplets. In addition, the SA content had to be adequately intercalated between the NRL droplets until the composite dried. The study of the structure and rheological properties of the slurries related to the dried composite will be discussed in the following part II showed the nano porosity of 60 phr-SA in the composite. It seemed that the nanostructure of the composite exhibited denser particles and fewer nanopores than that of the pristine SA, however, the tiny cavities still appeared inside the SA's structure, which implied the existence of nanopore that could affect the thermal insulation performance of the composite. In addition, the nanoporous morphology of SA in the composite showed a similar structure in both 40 phr and 60 phr, which suggested that the SA concentration did not affect the nanoporous structure of SA. Furthermore, the obtained nanoporous structure was similar to the morphology reported by Lee et al.

using ethanol as a solvent to preserve silica aerogel nanopores and obtain superinsulation material [START_REF] Lee | Super-insulating, flame-retardant, and flexible poly(dimethylsiloxane) composites based on silica aerogel[END_REF]. Therefore, it can imply that this mixing method of the composite with 40 phr-SA as the optimum condition to provide the porous structure of the composite and still obtain SA with some nanopore which was still within the range of thermal insulation material. 

The NRL/SA-based composite prepared by the latex mixing method

To compare the effect of the preparation method on the structure of the composite, normal latex mixing was carried out. The brief concept of the latex mixing was the dispersion the SA in water by using surfactant prior to mixing with NRL. The NRL/SA -based composite prepared by the latex mixing method with varying SA concentrations from 5 phr to 20 phr and using 60 wt% NRL is shown in Figure 5.6. It would be noted that the higher SA concentration than 20 phr did not enable to the preparation of the composite because the coagulation of NR took place in a slurry state, it may suggest that it was too high solid content than the holding capacity of the latex system. The morphology of the composite showed obviously the heterogenous combination of NR and SA, which appeared as smooth dark and bright granule areas, respectively. It was interesting that at lower SA contents up to 10 phr, the embedded SA inside the NR matrix was present, while the presence of holes containing SA was detected with an increase of SA concentrations, especially at 20 phr (Figure 5.6d). It may ascribe that it was more SA concentrations, and more hydrophobicity of SA, which resulted in the aggregation of SA dispersing in NRL and remained this structure until the composite dried. It was notable that the significantly different morphology when compared the effect of preparation, with the condition being 20 phr SA and 60 wt% NRL, between the solvent-latex method (Figure 5.2k) and latex method (Figure 5.6d).

The structure of the composite with solvent-latex mixing method appeared dense structure, while another method showed a porous structure, from this point, the thermal conductivity will be co-considered to choose the best one for more thermal insulation performance tests. were reduced suddenly by 53.44%, 37.50%, and 3.53%, when the composites were prepared by using NRL concentrations as 10 wt%, 30 wt%, and 60 wt%, respectively, which suggests the decrease of k-value trend when the SA presented in the composite.

Thermal conductivity

The effect of the SA concentrations

When kept the NRL concentration was constant, the composites with 10 wt% of NRL concentration showed that the thermal conductivity decrease significantly It was implied that the influence of SA generated the decrease in the k-value, which suggested the better thermal insulation performance upon the increase of SA concentrations. However, the effect of NRL concentration and their structure upon the preparation method will be consider in the following.

from 0.081 W m -1 •K -1 to 0.056 W m -1 •K -1 ,

The effect of the NRL concentrations

At the same SA concentration, the study of the effect of NRL concentration revealed that the composites with 10 wt% NRL showed the lowest k-values at all SA concentrations. As 30 wt% and 60 wt%, from the lowest up to 40 phr of SA contents, the k-values decreased upon NRL concentration, and then, at the higher SA contents from 60 phr to 100 phr, the similar k-values appeared. From this point, it was implied that the NRL concentration affected the k-value, especially SA concentrations at 40 phr downwards.

The influence of the structure of the composites

It was noticed that the changes of the k-value were datable although the compositions of the dried composite were kept constant, in addition, the higher variation of the k-value was observed at lower SA concentrations and higher NRL concentrations.

Thus, the structure of the dried composite became the crucial parameter to consider coinciding with previous parameters.

It was obvious that the heterogenous combinations appeared at the composite with 20 phr of SA in all NRL concentrations and the higher SA contents showed the mono signature structure of SA, which decrease the variation of k-value when increase SA.

The k-values, at 40 phr SA, decreased by 45% and 62%, when replaced 10 wt% to 30 wt% and 60 wt% of NRL concentration, respectively. Suggesting that the presence of porous structure of the composite with using 10 wt% NRL resulted in the reduction of k-value, while the composites with using 30 wt% and 60 wt% of NRL concentration presented no pore inside the structure. It was supported by the background knowledge of heat transfer, there was the report that the heat transfer by convection is negligible when the pore diameter is lower than 4 mm [START_REF] He | Advances of thermal conductivity models of nanoscale silica aerogel insulation material[END_REF], and the NR macropore in the composite showed ca. 0.165 mm pore diameter including the presence of the nanoscale-diameters of the SA nanopores. Thus, this structure brought about reduced heat transfer by convection.

Despite the same composition in dried composite, the slurry state did not.

By the preparation method, all NRL concentrations were fixed the latex weight initially and then calculated the SA content depended on the solid NR. Thus, the higher NRL concentration gives higher solid NR and then causes higher SA contents in the slurry state. The higher total solid content resulted in more difficulty in mixing and then may obtain more heterogeneity and heap of SA when the composite was dried.

It may be concluded that the influence of the composite structure on the reduction of k-value appeared, and the obtained porous structure supports the thermal insulation performance. However, more characterizations are needed to distinguish the same structure but different thermal insulation performances.

The influence of the preparation methods

The comparison between the solvent-latex mixing and latex mixing method was considered. At first, it was deniable that all SA concentrations of the composites prepared by the latex mixing appeared the 15 % lower k-value (0.152 ± 0.013 W m -1 •K -1 ) than that of the pristine NR sheet but seemed independent of the increase of SA concentrations. This may argue that too narrow variation of SA content was carried out in this preparation method causing the disappear of the k-valued change.

To comparison between both methods, the 60 wt%-NRL-composite with 20 phr of SA prepared by the solvent-latex mixing method was chosen to compare with the 20 phr -SA-composite prepared by the normal latex compounding. The k-value seemed detected in the same range because of the similar wide error bar of both methods presented. It may be ascribed to the heterogeneity of the structures. Although the porous structure appears in the composite by latex mixing, the SA was too small to significantly decrease k-value when compared to another method which was observed after 40 phr.

It was noted that the latex mixing method was unenabled to prepare at the high SA concentration because of the presence of coagulum when increase higher SA concentrations than 20 phr, the performance to insulate the temperature was limited.

Therefore, the composite prepared by the solvent-latex mixing was selected to continue the study in the further supporting properties of thermal insulation performance. The densities of the composites with using 30 wt% NRL decreased from 749.6 kg m -3 to 379.6 kg m -3 depending on SA concentration between 20 phr and 100 phr. In the same way, the decrease in densities of 60 wt% -NRL -composites appeared from 827.33 kg m -3 to 365.20 kg m -3 . It was noticed that the almost superimposed densities were detectable at 80 phr and 100 phr SA in the composites with using 30 wt% and 60 wt% of NRL concentrations.

Density

The effect of the NRL concentration revealed that the lower densities of the composite in all SA concentrations presented upon the NRL concentration. It was observed that at 40 phr SA, the densities of 10 wt%-NRL-composite were 36 % lower than 30 wt%-NRL, and over 51% lower than 60 wt%-NRL-composite, this suggests that the presence of porous structure benefited on the decrease in the density of bulk composite. At the higher SA concentration, the almost densities of the composite with using 30 wt% and 60 wt% of NRL concentrations were nearer each other than that of the composite with 10 wt% NRL, which can refer to the reason that the higher NRL concentration caused using higher SA contents and led to the difficult mixing and obtained the denser SA in the bulk composite despite the same structure and equal ratio Chayanan Boonrawd

Experimental result / 50 of dried NR and SA in a dried composite. The 10 wt% of NRL seemed too low a concentration when compared to the others, it provided the lowest densities in all SA concentrations. This behavior coincided with the increase in k-value, demonstrating that the densities confirmed the existence of the porous structure of the composite which supported the thermal insulation performance. The apparent insulation performance of the NR sheet and the NRL/SAbased composites with different SA and NRL concentrations was investigated by the temperature difference (ΔT) between the temperature of the hotplate (Th) and the sample surface (Ts). The average thicknesses of the samples were shown in Table 5.1. The ΔT of all samples, as displayed in Figure 5.9, showing the pristine NR sheet provided roughly 3 °C retarding the heat source.

Apparent thermal insulation performance

The increase in SA concentration brought about the higher retarding performance of the range 4.09 to 7.49 °C, and 3.49 to 6.92 °C which appear in the composite using 10 wt% and 60 wt% of NRL, respectively. On the other hand, the seemly independent of retarding performance on SA concentration appeared in the composites using 30 wt% of NRL, the ΔT was observed between 5.61 and 7.39 °C. It was obvious that this behavior coincided with the behavior of the increase in k-value and density at SA between 60 phr and 100 phr, but it did not at the lower SA concentration

The NRL concentration effect shows similar behavior to the SA concentration effect, the obtained lowest ΔT presented obviously with the composite using 60 wt% NRL when consider at lower SA up to 60 phr, while the almost similar ΔT range, indicated by the wide error bar, appeared with all NRL concentration from 80 phr to 100 phr of SA concentration.

The independent retarding performance, which appeared in the 30 wt%-NRL-composite with SA contents between 20phr and 40 phr, may be originated from the heterogenous texture inside the composite. This was supported by the high fluctuation in k-value and density in the same SA range. However, these results exhibited that the composites were higher efficiency to retard heat than that of the NR Chayanan Boonrawd

Experimental result / 52 sheet as over 4 •C at the maximum SA content. The results confirmed that the composites provided inferior thermal insulation performance than pristine NR sheet. The flexibility of the NRL/SA-based composite was investigated by the change of the glass transition temperature (Tg) which indicated the physical properties of the polymer, i.e when the temperature of the environment runs into Tg, a transition state of amorphous polymer changes from glassy states to rubbery states [START_REF] Edjenguele | Preparation and characterization of non-vulcanized natural rubber-based cocoa pod husk composites[END_REF]. In the perspective of chain structure, this temperature contributes to the relaxation of the rigid chains turning into movable chains [START_REF] Ginting | Analysis of natural rubber compounds with filler Of Oil Palm Empty Bunches Powder and Carbon Black[END_REF][START_REF] Loadman | The glass transition temperature of natural rubber[END_REF]. The Tg of the NRL/SA-based composites in all conditions and pristine NR sheet as control were determined by DSC as shown in 5.2 revealed that in all conditions of the composites, the Tg was detected as the same range by roughly -61.33±0.255°C

Flexibility

which was similar to Tg of the pristine NR sheet. The inseparable Tg of the pristine NR sheet and their composites reflected no significant filler influence on the Tg of the composites [START_REF] Ginting | Analysis of natural rubber compounds with filler Of Oil Palm Empty Bunches Powder and Carbon Black[END_REF]. Zhang et al. prepared NR composite using cellulose nanocrystals as fillers had reported that filler did not affect the Tg of NR composites [START_REF] Zhang | Thermal and Mechanical Properties of Natural Rubber Composites Reinforced with Cellulose Nanocrystals from Southern Pine[END_REF] In addition, the Tg of the composites showed extremely below than room temperature due to intrinsic Tg of the NR that contributed to the composite ability to retain flexibility at room temperature or higher [START_REF] Lee | Super-insulating, flame-retardant, and flexible poly(dimethylsiloxane) composites based on silica aerogel[END_REF]. Fresh NRL/SA-based slurries were investigated the macroscopic behaviors when varying the ratio between cyclohexane and NRL phases (φC) as well as when the concentrations of SA (CS) or NR (CR) were adjusted. Figure 5.11 showed the condition with varying CS from 2.00wt% to 9.43 wt%, while φC and CR were fixed to 56% and10 wt%, respectively,

Part II

The macroscopic of the slurry with varying CS at 2.00 wt% observed the phase separation with a transparent upper layer, consisting of cyclohexane essentially, and a white phase at the bottom representing NRL/SA-based slurry. Obviously, CS at 2.00 wt% was not adequate to emulsify the two phases entirely. The increasing CS from 4.00 wt% to 9.43 wt% resulted in the increase of the slurry's homogeneity. One interesting aspect presented when the vials are tilted. Especially, from 4.00 wt% to 6.80 wt% of CS, the slurries can flow to the vial's bottom while at the higher CS, some of the slurry content stick to the vial's wall which hints at the formation of a gel.

Similar investigations were utilized with fixed CS at 7.69 wt% conditions but varying either CR or φC. Because of this high SA content, the slurries showed a homogenous texture and behaved like gels. After vial-tilting, the slurries remained wellblocked at the bottom of the vials. reflection laser at 640 nm. These objects were assumed to be rubber particles in latex system due to the similar size of these particles to reported rubber particle size. The microscopic structure of NRL/SA-based slurries at CS = 5.00 wt% in φC=56% and CR= 10.00 wt% was studied via CLSM image as shown in Figure 5.13.

The red represented SA suspension in cyclohexane acting as the continuous phase. The NRL droplet appearing in green were dispersed in the SA suspension in cyclohexane, acting as a continuous phase. A close-up view showed the SA particle in between 1 to 10 µm-size composing a granular structure of the continuous phase. In addition, a twolevel organization of the SA suspension was appeared. Actually, the larger SA particles established the bulk network of the SA suspension, while the smaller size of SA particles (≤1 µm) localized specifically at the interface of NRL droplets that supposed to indicate of Pickering-like structure of the slurries. For illustrate this aspect obviously, the CLSM where the concentration of CS and CR were kept constant at 7.69 wt% and 10.00 wt%, respectively. In the same way, the investigation on the effect of varying CR where φC and CS are fixed at 56% and 7.69 wt%, respectively shows in Figure 5.17. These two parameters seemed no effect on the size of NRL droplets and remained on a minimum size of 99.87 ± 17.57 µm, approximately. 

Droplet diameter determination

Drying process

The behavior during the drying process of the slurries was evaluated by CLSM imaging of the casted slurry on a glass slide every 30 seconds for 30 minutes. The appearance of C was also seen in all areas engaged by SA particles, and higher concentrations zones at the boundary of the pores. This evaluation confirmed that the coalescence of NRL in all interstices of SA particles was induced by the drying process, moreover, it was deposited inhomogeneously at some hole bottoms.

By relating to part I in terms of using solvent, cyclohexane showed higher swelling content than that of n-hexane confirmed by the penetration of NR to the SA skeleton as shown in SEM images and EDX analysis ( . By theoretically, the closer solubility parameter of NR and cyclohexane was observed, so, the solubility performance was better than that of using hexane as the solvent. However, this research was focused on the time for the well-mixing during slurry stage, and expected to obtain the porous structure in dried composite, both solvents showed the quite well performance using the solvent-latex mixing method The NRL/SA-based slurries also were studied on the viscoelastic properties, Figure 5.27 presented the frequency dependence of G' and G". The higher G' than G" and the frequency independence were appeared for all compositions, which is a characteristic of a solid-like behavior of the formulated slurries. The values of G' at 0.1 Hz with the variation of φC, or CR were shown in Figure 5.28b and Figure 5.28c, respectively. The increasing G' of approximately 18% was observed when changing φC from 49% to 56%, in the same way, it increased by roughly 70 % when CR escalated from 8.00 wt% to 13.33 wt%. The obtained exponents from power-law of G' as a function of changing CR or φC were about 0.8 and 1.4, respectively, spelling out a less influence of both latter effects in G' compared to CS.

Mechanical properties in the solid state

The mechanical behaviors of NRL/SA-based composites were discovered in successive compression tests. The studies of three compositional effects, CS, CR and φC, were determined and analyzed, exhibiting the stress () versus the strain () as shown in Figure 5.29, designing experimental to compare the first(left) and third (right) compression cycle.

In the first compression experiment, the two behavioral signatures standing on SA concentrations appeared, the appearance of a threshold strain at around 20% being the crucial distinction when the concentration of SA was strictly upwards of 5.88 wt%.

Above 7.69 wt% of CS, the dried composite showed the similar behavior presenting in the stress-strain curve, moreover, this observed behavior coincided with the droplet size reaching a plateau with CS. Apart from this difference, appearing in all compositions, σ first increased continuously with ε and then more noticeably as the ε increased further.

The higher CS or φC or the lower CR, the higher the stress for a given strain. In addition, the influence of CS was more prominent than the other effects. Subsequently, the elastic modulus (E) of the composites, determined from the linear part of the stress-strain curve at very low ε, grew significantly with CS, and will be displayed later.

Furthermore, the decrease in the maximum saturation strain, at 800 kPa, depending on CS, appeared clearly during the first compression cycle. Surpassing 65% for low CS, over 3rd cycle, the saturation strain barely ran over 30%.

After the first compression cycle, with increased ε, the growth of σ was faster than that of the 2nd part of the first compression round, until saturation without any presence of a plasticity threshold. In addition, the behavior was noticed as almost independent of the three composition influences. It was apparent that the composite destruction on the first compression cycle was irreversible bringing, probably, about a compact NRL/SA composite specimen where the porosity had almost vanished. After drying, SEM images and EDX analysis presented that the skeleton of the composites is similar to the morphology of the continuous phase of the slurries and is composed of SA particles embedded with NRL which fills the interstices and lines up the bottom of the cavities, the footprints of the NRL drops. The viscoelastic signature of the slurries was the presence of a moderately strong gel depending mainly on CS. The mechanical properties of the dried composites revealed a plasticity threshold for higher CS. While the viscous modulus of the slurries was significantly dependent on CS, the Young modulus of the composites was slightly dependent on it. In all cases, the mechanical and rheological properties exhibited a relation to the initial droplet size of the NRL in the slurry. In addition, the Young modulus of the dried composite was found to a proportional to the square root of the shear elastic modulus of the slurries, which may enable the prediction of the final mechanical features of the composite from the viscoelastic properties of the slurry. This benefited to produce the fine porous structure by predicting the strength of the SA gel in slurry state to lock NRL droplet until the composite dried and obtained the porous structure, which support the thermal insulation performance.

Suggestions for future work

In this research, the preparation technique was the goal, which was emphasized more than the practical thermal insulation performance, thus, for the perspective in the future, the improvement of the thermal insulation performance would be suggested as followed.

1. The best condition of the composite from solvent-latex mixing should vary the temperature at the drying process because the temperature during the drying state affects the nanoporous structure of SA via the spring back effect of aerogel. 4. The composites should improve their mechanical properties by using a vulcanization process or using modified natural rubber latex such as epoxidized natural rubber latex. In the case of general vulcanization, the stability of curing agents should concern because the system has an organic solvent. In the post-curing process, the temperature should relate to the temperature used in the spring back process to obtain the fine nanopores of SA. 
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 18 Figure Page 5.30 E of NRL/SA dried composites with various (a) CS, (b) φC, and (c) CR is the comparable presentation between the first and the third experiment 5.31 E of all NRL/SA dried composites at the first and third experiment is plotted as a function of various SA concentrations in phr unite corresponding to the mixing compositions in slurry's states. 5.32 The correlation of divided G'sl by G'sa and droplet diameter 5.33 E of the dried composite with different compositions plot versus their G' at 0.1 Hz

compression

  Young's modulus (Ec) of foam was the linear relation with elastic modulus (G'0) of their hydrogel precursor, and G'0 was linear correlation with volume fraction of CNF. The effective thermal conductivity of foams with varying volume fraction of CNF behaved correspondingly to the transition observed in the linear rheological properties of their hydrogel precursors. This work suggests that the mechanical and thermal properties of cellulose-based foams can be regulated and developed by the rheological properties of their hydrogel precursors adjustment. The preparation of NRL/SA composite is studied in emulsion perspective. The emulsions are slurries based on SA and NRL initially dispersed in cyclohexane and water respectively where the NRL droplets are trapped in the SA suspension and thus form an emulgel that will remain stable during evaporation. The microstructure and rheology of the slurries and composites are studied and correlated to the compositing parameters.
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 21 Figure 2.1 Flow chart of parameters, and the scope of work following the objectives
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 31 Figure 3.1 Major NR exporters and importers in 2021 (unit : 1,000 tonnes), the images was created by Krungsri Research [20].
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 32 Figure 3.2 The NRL and its compositions seen at various scale. (A) Image of a cup of latex in a rubber tree field at the macroscale. (B) Schematic view of the latex at the mesoscale exhibiting lutoids, rubber particles and Frey-Wyssling particles dispersed in the aqueous C-serum. (C) Schematic views of the major constituents of latex at the microscale: a lutoid and a rubber particle [26].
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 33 Figure 3.3 Morphologies of the rubber particles from (a) field NRL and (b) concentratedNRL[START_REF] Mei | Colloidal and Rheological Properties of Natural Rubber Latex Concentrate[END_REF] 
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 34 Figure 3.4 SEM image of SA with schematic representation of primary and secondary silica particles [41] SAs are remarkable as excellent thermal insulation material due to their physical structures consisting of the nano spherical particles that agglomerate to be larger necklace-like formations as shown in Figure 3.5. The intertwining of the necklaces to each other generates several open nanometric pores of various sizes in the range of a few to a few tens of nm. The special structure contributes to trapping the
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 35 Figure 3.5 Physical structure of silica aerogel, and sketch of the related mechanisms of heat transfer occurring in this type of structure. Partially reproduced with permission from Elsevier) [45].
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 36 Figure 3.6 Schematic representation of typical sol-gel synthesis procedure[START_REF] Maleki | An Overview on Silica Aerogels Synthesis and Different Mechanical Reinforcing Strategies[END_REF] 
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 37352 Figure 3.7 Schematic demonstration of the spring-back effect[START_REF] Sert Çok | Microstructural properties and heat transfer characteristics of in-situ modified silica aerogels prepared with different organosilanes[END_REF] 

Fernandes

  Barros et al. prepare the Pickering emulsion by using the two viscosities of PDMS oil, which are the oil phase, and stabilizing by fume silica. They studied the phase inversion under the variation of volume fraction of the oil phase, the fume silica concentration, and the viscosity of PDMS oil. The microstructure imaged by Confocal Laser Scanning Microscopy (CLSM) revealed the phase inversion occurred when increasing the volume fraction of oil (Figure 3.8), no effect oil viscosity on emulsion structure, but smaller droplets are present for the less viscous PDMS. The increasing volume fraction of the oil phase led to an increase in the dispersion phase.
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 38 Figure 3.8 CLSM of PDMS 47V20-water (top) and PDMS 47V100-water (bottom) emulsions with 1 wt% of particles for different volume fraction of oil as indicated in the figure. The water phase appears in green, the oil phase in black and the particles in red.
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 101520 TSC = Total solid contentThe NRL/SA dried composites were prepared by varying SA contents in the composites from 5 phr to 20 phr. The PNRL was combined with 0.6 wt% of pH 10ammonia buffer, then stirred at 250 rpm for 5 minutes. Subsequently, the obtained PNRL was poured to SA dispersion during turning on magnetic stirring at 250 rpm. The mixtures were kept continuously stirring for 30 minutes. The obtained mixtures, socalled slurries, were left at room temperature for 1 hr to release the bobbles. The slurries were cast on the 2-mm-thick-glass plate and dried in an oven at 70 ℃ for 4 hrs. The post-vulcanization was carried out by placing the sample in an oven at 100 ℃ for 2 hrs continuously.

  thermal conductivity (k) of the NRL/SA composite samples was measured by utilizing a thermal conductivity analyzer (C-Therm TCi, C-Therm Technologies Ltd.; New Brunswick, Canada). The instrument is operated based on the Modified Transient Plane Source technique. A small amount of heat was generated by applying the electrical current to the heating part of the sensor, this generated heat brings about an increase in temperature of approximately 2 °C at the interface between the sensor and the composite. The rise of temperature at the interface induces a voltage drop in the sensor element. The thermal conductivity was evaluated by measuring the increasing rate in the sensor voltage. The experiment was conducted at room temperature. Thermal insulation performance is indicated by the lower value of thermal conductivity. Each sample was operated with three different runs[START_REF] Do | Recycling of Pineapple Leaf and Cotton Waste Fibers into Heat-insulating and Flexible Cellulose Aerogel Composites[END_REF][START_REF] Kim | Silica aerogel/polyvinyl alcohol (PVA) insulation composites with preserved aerogel pores using interfaces between the superhydrophobic aerogel and hydrophilic PVA solution[END_REF].
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 419 The sample was cut into 50 × 60 mm and was 2.67 ± 0.28 mm thick. The original heat from the hotplate was set to approximately 65 °C. The temperature measurement was carried out by a data logger in two steps, consisting of (1) the temperature of the hotplate (Th) and (2) the temperature of the sample surface (Ts). Each step detected temperature in two positions resulting in the obtained average temperature data. The apparent insulation performance was indicated by the temperature difference (ΔT) as calculated by the equation 4.2 ΔT = Ts -Th (4.2) Flexibility of SA/NRL composite was determined by the glass transition temperature (Tg) using the differential scanning calorimeter (DSC; Q200, TA Instruments; New Castle, United States of America). The ≈10 mg of sample were encapsulated in TZero aluminum pans. The operation started firstly with pre-heated the sample at a heating rate of 20 °C min -1 , then held at 200 °C for 1 minute after that quenched to -80 °C at a rate of 10 °C min -1 . Subsequently, the DSC scan was run from -80 to 70 °C at a heating rate of 10 °C min -1 in a nitrogen atmosphere. The Tg of each sample was taken as the midpoint of the transition.
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 41 Figure 4.1 The custom-designed setup to evaluate the apparent insulation performance of the NR sheet and NRL/SA composites
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 51511 Figure 5.1 FESEM images of a neat NR and pristine SA
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 12 Morphology of SA pores in composite prepared by solvent-latex mixingAccording to the superb thermal insulation properties of SA, the study of the nanoporous structure of SA was carried out. Several reports revealed that the nanopore of SA acted as the main parameter to reduce the thermal conductivity of the bulk composite. Lee et al.[START_REF] Lee | Super-insulating, flame-retardant, and flexible poly(dimethylsiloxane) composites based on silica aerogel[END_REF], Kim et al.[START_REF] Kim | Silica aerogel/epoxy composites with preserved aerogel pores and low thermal conductivity[END_REF], and Kim et al.[START_REF] Kim | Silica aerogel/polyimide composites with preserved aerogel pores using multi-step curing[END_REF] prepared the composite of SA and polymer by utilizing the preservation of SA's nanopore, which premixed SA powder with the low surface tension solvent, then prior to the polymer compounding. This method benefited from the easy evaporation of the solvent to obtain the SA composite without the collapsing of the SA's nanopore, and brought about the super-thermal insulation properties. The comparison of nanoporous structure of pristine SA (Figure5.5a) and SA in the composites with 10 wt% NRL (Figure5.5b, c) was considered. The SA's nanopore of 40 phr composite (Figure5.5b) represented the optimum composition to obtain the porous structure of the composite, while Figure5.5c
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 5253 Figure 5.2 Cross-section FESEM images of NRL/SA-based composites prepared by solvent-latex mixing method in varying SA concentrations from 20 phr to 100 phr with using NRL concentrations as (a-e) 10 wt%, (f-j) 30 wt%, and (k-o) 60 wt%

Figure 5 . 4

 54 Figure 5.4 Schematic representation of (a) NR macropore formation in NRL/SAbased composite and (b) effect of SA content on NR macropore.

Figure 5 . 5

 55 Figure 5.5 Cross-section FESEM images of SA porous structure with high magnification as (a) pristine SA, (b) 40 phr of SA in the composite, and (c) 60 phr of SA in the composite with 10 wt% NRL.

Figure 5 . 6

 56 Figure 5.6 Cross-section FESEM images of NRL/SA-based composites with (a) 5 phr, (b) 10 phr, (c) 15 phr, and (d) 20 phr of SA concentrations which preparing by latex mixing method

Figure 5 . 7

 57 Figure 5.7 Thermal conductivity of the NRL/SA-based composites from solvent-latex mixing in varying SA concentrations between 20 phr and 100 phr with using NRL concentration as 10 wt%, 30 wt%, and 60 wt%, the NRL/SA-based composites in different SA concentrations from 5 to 20 phr at using NRL concentration = 60 wt% with preparing by latex mixing, and NR sheet as a control.

  when SA up to 40 phr, and then the k-value slight decreased to 0.055 ± 0.001 W m -1 •K-1 , with an increase of SA concentration from 60 phr to 100 phr. Moreover, the highest SA concentrations-composites with 10 wt% NRL revealed the 68 % decreased k-value from the pristine NR sheet.The almost similar behavior of the reduction of the k-values, depending on the SA concentrations, was detected on the composites with using 30 wt% and 60 wt% of the NRL concentrations, the slight decrease of the k-values was observed with the increase of SA concentration between 20 phr and 40 phr, and then the closed k-values of both NRL concentrations showed and continuously decreased when SA increased from 60 phr to 100 phr. With an increase of SA between 20 phr and 100 phr SA, the decrease of k-values of 30 wt% of NRL -composites appeared from 0.109 W m -1 •K -1 to 0.068 W m -1 •K -1 , in the same way, the k-values of 60 wt% NRL-composites declined from 0.168 W m -1 •K -1 to 0.068 W m -1 •K -1 . This revealed roughly 54 % of the k-value reduction from the pristine NR sheet.
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 58 Figure 5.8 Density of NRL/SA-based composites in different SA concentrations from 20 phr to 100 phr and NRL concentrations as 10 wt%, 30 wt%, and 60 wt% with preparing by solvent-latex mixing, and NR sheet as a control (0 phr).
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 59 Figure 5.9 Different temperatures of NRL/SA-based composites in different SA concentrations from 20 to 100 phr and NRL concentrations as 10 wt%, 30 wt%, and 60 wt% with preparing by solvent-latex mixing, and NR sheet as a control.
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 552 Figure 5.10 DSC thermogram of NRL/SA-based composites prepared by solvent-latex mixing in different SA concentrations from 20 to 100 phr and using NRL concentrations as (a) 10 wt%, (b) 30 wt%, and (c) 60 wt%
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 510 Figure 5.10. The average values of Tg shown in Table 5.2 revealed that in all conditions

Understanding of the formation mechanism of NRL/SA composites by solvent-latex mixing method 5 . 6 Figure 5 . 11

 56511 Figure 5.11 Visual aspect of the NRL/SA slurries with different CS from 2.00wt% to 9.43 wt% and fixed φC, and CR at 56% and 10.00 wt%, respectively
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 75 Figure 5.12 CLSM images of (a) SA suspension in cyclohexane and (b) NRL

Figure 5 .

 5 Figure 5.13 CLSM images represent (a) the overall structure which consists of NRL droplets in green and the bulk network of SA in red, and (b) a Pickering-like structure (see the white arrow) of the NRL/SA slurry at CS =5.00 wt%, φC=56%, and CR=10.00 wt%.
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  Figure. 5.14. CLSM images of SA complex inside the slurry with (a) 2.00wt%, (b) 4.00wt%, and (c) 5.00wt% of CS in cyclohexane, φC=56%, and CR = 10.00 wt%.

Figure 5 .

 5 Figure 5.15 CLSM images of the slurry with (a) 2.00wt%, (b) 4.00wt%, (c) 5.00wt%, (d) 5.88wt%, (e) 6.80wt%, (f) 7.69wt%, (g) 8.57wt%, (h) 9.00wt%, (i) 9.43wt% of CS in cyclohexane, φC=56%, and CR = 10.00 wt%.

Figure 5 .

 5 Figure 5.16 CLSM images of the NRL/SA slurries at CS= 7.69 wt%, CR= 10.00 wt%, and φC = (a) 49%, (b) 53%, (c) 56%.

Figure 5 .

 5 Figure 5.17 CLSM images of the NRL/SA slurries at CS= 7.69 wt%, φC=56% and CR= (a) 8.00 wt%, (b) 10.00 wt%, (c) 13.33 wt%.

Figure 5 .

 5 Figure 5.16 illustrate the effect of modifying φC on the slurry structure

Figure 5 . 18

 518 Figure 5.18 Droplet diameter of NRL/SA slurries as a function of (a) CS at φC =56% and CR=10.00 wt% , (b) φC at CS=7.69 wt% and CR=10.00 wt% , and (c) CR at CS= 7.69 wt% and φC = 56 %.

  fresh slurry (a) and after drying (b) are exhibited in Figure5.[START_REF] Fneich | Structure and rheology of aqueous suspensions and hydrogels of cellulose nanofibrils: Effect of volume fraction and ionic strength[END_REF]. The noticeable observation for comparison of the two states shows (i) the similar structure of slurry before and after the drying process was essentially appeared, with the presence of cracks, where the aqueous phase had vanished. This result was supported by the presence of the CLSM image with only Nile red signal as shown in Figure5.20. ii) The aqueous phase which is presented in green (Figure5.19a) turned to the black phase in the drying state, indicating the disappearance of the water in this location, iii) the continuous phase represented by red color (Figure5.19a) was spotted with green color (Figure5.19b), as evinced in the NRL migration into the SA complex after the evaporation of cyclohexane and water. It can summarize in the results that the drying of slurries seemed to maintain their initial structure, whereas composing the penetration of NRL into the interspace between the SA particles in the cyclohexane phase.

Figure 5 .

 5 Figure 5.19 CLSM images of NRL/SA slurry at CS=7.69 wt%, φC=56%, and CR=10.00 wt% (a) before, and (b) after drying for 30 minutes

Figure 5 .

 5 Figure 5.20 CLSM images of dried composite with CS = 7.69 wt%, φC = 56%, CR = 10.00 wt%
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 555 Figure 5.21 SEM images of the NRL/SA composites with φC=56%, CR=10.00 wt% and CS= (a) 2.00 wt%, (b) 4.00 wt%, (c) 5.00 wt%, (d) 5.88 wt%, (e) 6.80 wt%, (f) 7.69 wt%, (g) 8.57 wt%, (h) 9.00 wt%, (i) 9.43 wt%
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 525 Figure 5.24). By theoretically, the closer solubility parameter of NR and cyclohexane
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 5555 Figure 5.24 SEM images vs EDX analysis of NRL/SA composite at CS= 8.57 wt%, φC=56%, and CR=10.00 wt%

Figure 5 .

 5 28a displays the variation of G' at 0.1 Hz with different SA concentrations, G' increased strongly almost by a factor 25 (from 20.61 Pa to 536.04 Pa) depending on increasing CS from4.00 wt% to 8.57 wt% respectively. A power-law obtained from the log-log plotting of G' with CS showed an exponent of about 4.57 even if G' seemed to approach a plateau at the highest CS where the droplet size of the slurries has inclined a plateau.
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 529 Figure 5.29 Compressive curves of SA/NRL-based dried composites with different ab) CS, c-d) φC, and e-f) CR by keeping two remaining effects constant where present the first (right) and the third (left) experiment comparatively.
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 123530 Figure 5.30. For all dried composites, E from the first experiment appeared lower than from the third one by approximately one order of magnitude revealing the stiffness of the compacted sample after the first compression test.The E of the dried composites depending on CS in cyclohexane over the first compression cycle is exhibited in Figure5.30a. The gradual growth of E was observed when CS up to 5.00 wt%. Afterward, E escalated from 176.74 kPa to 566.18 kPa between 5.88 wt% and 7.69 wt%. The appearance of a plateau was seemly above 7.69 wt% and coincided with the plateau reached by the size of droplet while increasing CS For different φC, a significant change of the E did not appear as shown in Figure5.30b. In contrast, the combination of more CR resulted in lower E, particularly for the first compression cycle as displayed in Figure5.30c. Above all, the existing composition in dried composites was NR and SA, therefore the issue of the remaining components in dried composite should be considered.To give consideration to the composition effect, the E, consolidated all the above data, was plotted as a function of SA concentration in parts per hundred rubbers (phr) as exhibited in Figure5.31. It was observable that the growth of E as a function of this declined variable displayed a universal behavior. The similar trend was seemly discovered in the first experiment, where E on the first cycle increased continuously up to 70 phr and then almost kept constant at higher SA concentrations. On the third cycle, the same performance appeared with moduli of an order of magnitude larger.
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 5 Figure 5.30 E of NRL/SA dried composites with various (a) CS, (b) φC, and (c) CR is the comparable presentation between the first and the third experiment
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 5532533 Figure 5.31 E of all NRL/SA dried composites at the first and third experiment is plotted as a function of various SA concentrations in phr unite corresponding to the mixing compositions in slurry's states.
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 23 According to the results in part I, the SA concentrations should vary between 0 phr and 40 phr, which is an interesting range to notice the change of thermal conductivity. More studies on the aerogel properties such as porosity because is the main factor to reduce thermal conductivity. The compare the nanoporous structure of SA in the composite with different organic solvents prepared by solvent-latex mixing is interesting to investigate. It should be noted that the proper solvent should have low surface tension for reserving nanopores of SA.

5 .

 5 The measurement of the thermal conductivity with various systems' temperatures would be interesting information for the further project because the thermal conductivity can change with different environments' temperatures.RÉSUMÉ CONTEXTELe caoutchouc naturel (NR) est un biopolymère commercial, obtenu à partir du liquide laiteux récolté directement par l'hévéa (Hevea brasiliensis), appelé latex de caoutchouc naturel (NRL). Ce liquide colloïdal est composé de poly (1,4 -cis-isoprène), d'eau et d'éléments non caoutchouteux tels que des protéines, des acides gras, des phospholipides, des glucides, etc.[START_REF] Nawamawat | Surface nanostructure of Hevea brasiliensis natural rubber latex particles[END_REF][START_REF] Sansatsadeekul | Characterization of associated proteins and phospholipids in natural rubber latex[END_REF]. Ses propriétés exceptionnelles sont une résistance mécanique élevée et la capacité de former des films, ce qui lui vaut des applications bien connues comme les composants importants de l'industrie des pneumatiques, en particulier les roues d'avion, les pièces automobiles, les gants médicaux, les préservatifs et bien d'autres encore[3].Les principaux produits en caoutchouc naturel sur le marché sont des composites avec des charges ou des additifs pour améliorer les propriétés mécaniques ainsi que la conductivité électrique et thermique et les caractéristiques de barrière[START_REF] Bokobza | Natural Rubber Nanocomposites: A Review[END_REF]. Par conséquent, la méthode de mélange pour fournir un composite de caoutchouc naturel est le facteur principal pour obtenir des produits finaux satisfaisants. Depuis plusieurs années, les connaissances sur les préparations de composites de caoutchouc naturel sont classées principalement en deux catégories : le traitement à sec et le traitement humide. En bref, le mélange à sec consiste à mélanger directement les particules de charge avec le caoutchouc sec à l'aide d'un mélangeur mécanique[START_REF] Phumnok | Preparation of Natural Rubber Composites with High Silica Contents Using a Wet Mixing Process[END_REF], tandis que le mélange par voie humide est le processus qui passe par le latex et les formes de solution. Cependant, le mélange à sec génère une viscosité élevée, ce qui rend le traitement plus difficile et entraîne une consommation d'énergie élevée et une perte de temps[START_REF] Algaily | Alleviating Molecular-Scale Damages in Silica-Reinforced Natural Rubber Compounds by a Self-Healing Modifier[END_REF]. Le mélange humide est une alternative plus intéressante pour produire les composites de NR et surmonter ces inconvénients.Le traitement par voie humide via le mélange de latex a un concept général selon lequel les charges se dispersent dans le milieu aqueux avant le latex polymère, y compris le NRL, puis on obtient les composites par coagulation ou coulée. De nombreuses méthodes de dispersion des charges dans le milieu aqueux ont été développées pour préparer des charges bien dispersées dans la phase aqueuse par modification de la surface et modification des agitateurs appropriés tels que la machine à dispersion ultrasonique et le broyage de billes[START_REF] Mora-Barrantes | Overcoming the disadvantages of fumed silica as filler in elastomer composites[END_REF][START_REF] Prasertsri | Mechanical and damping properties of silica/natural rubber composites prepared from latex system[END_REF][START_REF] Prasertsri | Fumed and precipitated silica reinforced natural rubber composites prepared from latex system: Mechanical and dynamic properties[END_REF]. Dans une autre méthode, le mélange en solution, le NR est dissous dans certains solvants organiques, tandis que les charges sont mises en suspension séparément dans le même solvant avant d'être mélangées ensemble, pour finalement obtenir les produits NR en coulant la solution dans un moule adapté[START_REF] Sethulekshmi | A comprehensive review on the recent advancements in natural rubber nanocomposites[END_REF]. De plus, la méthode de mélange hybride entre le latex et la solution est rapportée : le noir de carbone automobile, les charges de renforcement commerciales, sont dispersées dans l'eau, puis transférées dans l'élastomère et produisent un lot maître[START_REF] Datta | Chapter 12 -Elastomer Blends[END_REF]. L'idée du mélange hybride serait utile pour développer le nouveau procédé de mélange NR, car, dans le mélange conventionnel du latex, les méthodes de pré-suspension de la charge dans un milieu aqueux s'effectuent par le biais d'un processus compliqué tel que l'ultrasonication et l'agitation mécanique à grande vitesse, en particulier avec l'ajout d'un tensioactif pour les charges hydrophobes afin d'obtenir la dispersion souhaitée. Par conséquent, le développement d'une idée simplifiée de l'additif de prémélange en utilisant un solvant approprié pour disperser la chimie de surface similaire des additifs, c'est-à-dire, la suspension de charges ou d'additifs hydrophobes avec un solvant organique approprié et le mélange directement à la NRL deviennent une alternative intéressante et une approche difficile, appelée mélange solvant/latex. Traditionnellement, des solvants organiques sont utilisés dans le processus d'extraction du caoutchouc. En général, les solvants hydrocarbonés sont utilisés pour séparer le NR du latex par un mécanisme de solvatation. Les solvants hydrocarbonés appropriés sont les alcanes comportant quatre à neuf atomes de carbone tels que l'heptane, le nonane, le pentane et l'hexane ; les cycloalcanes comportant cinq à dix atomes de carbone tels que le cyclohexane et le cyclopentane ; les aromatiques comportant six à douze atomes de carbone ou les aromatiques substitués par un alkyle tel que le benzène, le xylène et le toluène. Cole et al. ont extrait le NR à partir de NRL à 10 % de contenu solide total en mélangeant le solvant entre l'hexane et l'acétone ; après une forte agitation, trois phases se sont séparées en une phase supérieure, une phase inférieure liquide très fluide, tandis que la phase médiane est sous la forme d'un liquide visqueux. Ce liquide visqueux a ensuite été extrait et analysé pour se révéler être du NR. L'hexane était le solvant de la phase intermédiaire, donnant un gel visqueux gonflé, car l'hexane est un bon solvant du NR [12]. La capacité de diffusion d'un bon solvant permet un gonflement partiel du NR dans le mélange. Ainsi, dans ce travail, les auteurs souhaitaient utiliser des additifs hydrophobes prémélangés avec un solvant approprié et les mélanger directement avec le NRL, car les Chayanan Boonrawd Résumé / 102 additifs hydrophobes peuvent toujours se déplacer autour du NRL grâce à la diffusion du bon solvant. En outre, la viscosité du mélange dépendant du contenu de la phase visqueuse dans le système, le mélange sera difficile lorsque la viscosité augmente, d'où la nécessité de prendre en compte le paramètre de solubilité du caoutchouc dans le NRL avec différents solvants organiques non polaires. Les solvants appropriés doivent créer une phase moins visqueuse. Par conséquent, le paramètre de solubilité du NR et les différents solvants sont également utilisés comme critères pour sélectionner le solvant approprié. La valeur de solubilité la plus faible entre le NR et le solvant a montré le plus grand effet de solvatation, c'est-à-dire, l'expansion de la chaîne de caoutchouc [13]. Jing et al. ont déterminé le paramètre de solubilité totale d'Hildebrand (δt) du NR avec 30 solvants différents et ont rapporté que le NR réticulé présentait la plus forte tendance au gonflement avec les aromatiques, les amines et les cycloalcanes. Les alcanes linéaires et leurs dérivés tels que le n-hexane ont présenté une performance de gonflement modérée. Les alcools et les amides ont été classés dans la catégorie des solvants à faible gonflement [14]. Par conséquent, le nhexane et le cyclohexane sont devenus des solvants prometteurs qui permettent un mélange facile avec une simple agitation mécanique, donnant un mélange de plus faible viscosité que les autres solvants. De plus, la faible énergie de surface et le bas point d'ébullition du nhexane le rendent facile à évaporer et pourraient être bénéfiques à la procédure de séchage [15]. Dans la première partie de cette recherche, des aérogels de silice (SA) ont été utilisés comme additif hydrophobe pour améliorer les performances d'isolation thermique des NR. Le SA est un matériau d'isolation thermique idéal avec des propriétés importantes telles qu'une faible densité <0,05 g cm-3, une porosité élevée de 75 à 99 % par rapport à l'air et une faible conductivité thermique de 0,01-0,03 W.m -1 .K -1 [16]. Les composites NRL/SA ont été préparés par une nouvelle méthode de mélange solvant/latex. Les SA ont été prémélangées avec du n-hexane avant d'être fusionnés avec le NRL. L'effet de la préparation sur la morphologie du composite et sa conductivité thermique ont été étudiés. De plus, les propriétés d'isolation du composite, caractérisées par la densité, la performance d'isolation apparente et la flexibilité, ont montré des propriétés efficaces pour des matériaux d'isolation thermique.
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	dispersion, called skim, located under the creamy one. The second layer obtains a thin
	yellowish layer containing Frey-Wyssling particles. The third one contains an aqueous
	C-serum and the bottom fraction is composed of sediments of lutoid particles. Hence,
	the only uppermost fraction is collected, that means only NR particles are isolated from
	the other component, then these NR particles are re-dispersed to the latex form and
	stabilized by the addition of ammonia. In a commercial way, the concentrated NRL is
	called high ammonia natural rubber latex (HANRL), or low ammonia natural rubber
	latex (LANRL), which depends on the among of adding ammonia, in high ammonia
	latex or low ammonia latex with NH3 > 0.6 % and < 0.3 %, respectively. The
	composition of HANRL demonstrated comparatively with field NRL in Table 3.1
	of field NRL and HANRL obtained from centrifugation. These
	are only approximate values and are dependent on the clone, season and physiological
	status of the tree. [28]		
	Components	Field NRL (wt%)	HANRL (wt%)
	Rubber (polyisoprene)	~33-35%	60%
	water	60%	38%
	Proteins,amino acids	1.5%	1%
	Lipids	1.5%	1%
	Other components		
	(metals, carbohydrates,	1-2%	/
	etc.)		
	The concentrated NRL overcome the problem of various NRL composition
	which depend on several inner and outer parameters such as the season of the year for
	the extraction and the age of the rubber tree. Lim H.M. and Misni M. revealed the
	micrographs of a field NRL (Figure	

Table 3 . 2

 32 The total Hildebrand solubility parameter (δt) of solvents

	Solvents	δt (MPa 1/2 )	Ref.
	n-Hexane	14.90	[14]
	Cyclohexane	16.80	[14]
	Benzene	18.51	[14]
	Toluene	18.20	[40]
	Chlorobenzene	19.58	[14]
	Ethyl benzene	17.87	[14]
	p-xylene	18.10	[14]
	Tetrahydrofuran	19.46	[14]
	Diethyl amine	16.26	[14]
	Triethylamine	15.54	[14]

Table 4 . 1

 41 List of chemicals, reagents, and solvents used in this research

	Materials	Trademark/supplier	Detail
	High ammonia natural	Thai Rubber Latex	60% dry rubber content
	rubber latex (HANRL)	Corporation (Thailand)	
		Public Company Limited	
	SA powder	RAGEL-P/REM TECH	Particle size range = 10-
		Co., Ltd.	200 μm, pore diameter =
			20-50 nm, pore volume
			2.2-2.5 cm 3 g -1 , Bulk
			density = 70-150 kg m -3 ,
			hydrophobic surface
			chemistry, thermal
			conductivity = 0.018-0.02
			W m -1 . K -1 , surface area =
			300-350 m 2 g -1 , porosity
			= 90-99%
	n-Hexane	RCI Labscan Limited	98.0% purity
	Cyclohexane	Sigma-Aldrich	99.5% purity
	Potassium hydroxide	Suksapanpanit	
	(KOH)		
	Sulfur dispersion	Lucky Four Company	60% dispersion
		Limited	
	Zinc Oxide (ZnO)	Lucky Four Company	50% dispersion
	dispersion	Limited	

Table 4 . 1

 41 List of chemicals, reagents, and solvents used in this research (cont.)

	Materials	Trademark/supplier	Detail
	Zinc	Lucky Four Company	50% dispersion
	diethyldithiocarbamate	Limited	
	(ZDEC) dispersion		
	LOWINOX™ CPL (CPL) Lucky Four Company	50% dispersion
		Limited	
	Chloroform	RCI Labscan Limited	Analytical grade
	Ammonia buffer solution	Sigma-Aldrich	Analytical grade
	pH 10		
	Polyethylene glycol	Tween 20/Sigma-Aldrich	
	sorbitan monolaurate		
	(C58H114O26)		
	Nile Red	Sigma-Aldrich	

Table 4 . 2

 42 List of instruments are used in this research

	Instruments	Trademark/supplier
	Field emission scanning electron	SU 8000, Hitachi
	microscope	
	Thermal conductivity analyzer	C-Therm TCi, C-Therm Technologies
		Ltd.
	Densimeter	MD-200S, SP Metrology System Co. Ltd
	Differential scanning calorimeter	Q200, TA Instruments
	Confocal laser scanning microscope	Zeiss LSM 800, Carl Zeiss Microscopy
		GmbH
	Scanning electron microscope	Model JSM6510, JEOL
	Energy dispersive X-ray spectrometer	Oxford Instrument
	Stress-controlled rotational rheometer	MCR 301, Anton Paar GmbH
	Compression tester	Universal test machine, Zwick Roell

Table 4 . 2

 42 List of instruments are used in this research (cont.)

	Instruments	Trademark/supplier
	Rheometric solids analyzer	SA II, TA Instruments
	Blender	NT-010, Nanotech
	Part I NRL/	

SA composite preparation and thermal insulation performances 4.3 Preparation of NRL/SA composites by solvent-latex mixing method

  

NRL/SA composites prepared by solvent-latex mixing method were carried out on the concept that changing dispersing solvent of SA from DI water to n-hexane.

SA dispersing in n-hexane was prepared, and the SA concentration in n-hexane is shown in Table

4

.3. The SA contents in dried composites were varied from 20 phr to 100 phr.

The concentrations of NRL were varied by 10 wt%, 30 wt%, and 60 wt% by adding DI water and then, recalculated TSC by drying the casted NRL in an oven. The consequence preparation steps started simply with mixing SA and n-hexane in the closed container by the magnetic barrel at 500 rpm for 1 minute. After that, the NRL was added to the SA dispersing and stirred continuously for 5 minutes. Then, each slurry was cast into a 4-mm-thick-glass plate and left at room temperature for exceeding n-hexane at the surface to evaporate for about 30 minutes or when the slurries cannot flow. The samples were dried finally in an oven at 60 ℃ for 2 days. NR sheet was prepared as a control sample by casting NRL on a glass plate and dried at 60 ℃.

Table 4 . 3

 43 The desired SA contents in dried and SA concentrations in n-hexane for using in the NRL/SA slurry preparation

	The desired SA contents	SA concentrations for	NRL concentrations for
	in dried composites (phr)	the slurry	the slurry (wt%)	
			10	30	60
	20	SA: n-hexane*	1:18	1:16 1:10
		SA in wt%	5.26	5.88 9.09
	40 ,60 ,80, 100	SA: n-hexane*	1:12	1:9	1:8
		SA in wt%	7.69	10.00 11.11
	* By weight ratio				

Table 4 . 4

 44 Formulation of NRL compound

	Ingredients	TSC* (wt%)	Formulations (phr)
	HANRL	60	100
	KOH	10	0.30
	Sulfur dispersion	60	0.50
	ZnO dispersion	50	0.25
	ZDEC dispersion	50	0.75
	CPL	50	0.50
	SA dispersion	8.	

Table 4 . 5 .

 45 The conversion of SA concentrations in wt% unit of NRL/SA slurries to SA concentrations in phr unit of their dried composites

	CS in cyclohexane (wt%)	SA concentration in dried composite
		(phr)
	2.00	19.59
	4.00	40
	5.00	50.53
	5.88	60
	6.80	70
	7.69	80
	8.57	90
	9.00	95
	9.43	100
	φC (%)	SA concentration in dried composite
		(phr)
	49	60
	53	70
	56	80
	CR (wt%)	SA concentration in dried composite
		(phr)
	13.33	60
	10.00	80
	8.00	

11 Studies of the structure of NRL/SA slurries, SA and NRL suspensions

  

	The structure of NRL/SA slurries, SA and NRL suspensions were
	determined by utilizing Confocal laser scanning microscope (CLSM; Zeiss LSM 800;

Table 5 . 1

 51 The average thickness of NR sheet and NRL/SA composites with various

	three NRL concentrations			
	Sample names	NR (0 phr)	10% NRL	30% NRL	60%NRL
	Thickness (cm)	0.289±0.031	0.267±0.028	0.256±0.019	0.267±0.010
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The viscoelastic behavior of the SA suspension was carried out by the frequency dependence of the elastic (G') and viscous (G") moduli as shown in Figure 5. [START_REF] Gomez | Lutoids of Hevea latex: morphological considerations[END_REF]. All CS concentrations, G' was higher than the G" which indicated the presence of the solid-like behavior of the suspension. The dominance of the solid-like behavior increased depending on the increase of CS, as noticed by the rise of value-difference between G' and G". In addition, the results were confirmed by Figure 5. [START_REF] Gomez | Lutoids of Hevea latex: morphological considerations[END_REF] shows that the increasing of G' at 0.1 Hz (from 0.009 Pa to 290.055 Pa) upon increasing CS from 2.00 wt% to 8. [START_REF] Pajonk | From sol-gel to aerogels and cryogels[END_REF] Résumé : Les travaux de cette thèse visent à étudier une nouvelle stratégie d'élaboration de matériaux composites poreux destinés à des applications d'isolation thermique. En effet, les matériaux, à base de latex de caoutchouc naturel (NRL) et d'un aérogel de silice (SA), sont d'abord préparés en phase liquide afin d'obtenir une émulsion gélifiée (emulegel). La structure de l'emulgel a pour vocation de survivre le processus de séchage pour constituer le squelette de la mousse composite finale. À travers le choix des composants, NRL et SA, et de la structure poreuse de ces systèmes, il est tout a fait possible de moduler la résilience, les propriétés mécaniques et rhéologiques ainsi que la tenue au feu des produits finaux.

Les composites ont donc été formulés à partir de boues initialement préparées en mélangeant une suspension de SA dans le n-hexane et un latex de NRL. Les gouttes aqueuses de ce dernier se trouvent alors séquestrées dans une matrice dense de particules de SA en formant un emulgel dont la structure, déterminées grâce à des observations en microscopie confocale, est celle d'une émulsion de Pickering. Après évaporation des solvants et séchage des boues, la structure des composites n'est que l'empreinte des emulgels précédents. Il s'avère donc tout à fait possible de contrôler et de moduler la structure des composites par l'ajustement de la composition des boues de départ.Par ailleurs, les analyses en microscopie électronique à balayage ont permis d'évaluer toute la complexité de la structure des composites, sur le plan de la morphologie et de l'interpénétration progressive des latex de NRL dans les interstices inévitablement présents entre les particules de SA.

En plus des propriétés d'isolation thermique, les propriétés mécaniques des composites sont aussi très importantes. Dans cette optique, nous avons souhaité étudier les propriétés mécaniques des composites ainsi que le comportement rhéologique des boues. Nous avons démontré que ces comportements étaient intimement liés à la concentration en SA et NRL, au ratio volumique de leurs suspensions respectives, mais également à la structure de deux phases à travers la distribution de tailles des gouttes initiales. De plus, et de manière inédite, nous avons démontré que le module élastique des composites varie comme une loi puissance du module élastique en cisaillement des boues originelles ce qui permet alors de prédire la tenue mécanique des composites à partir de la rhéologie des boues.

Title : Study of natural rubber latex/silica aerogel composite for thermal insulation

Keywords : Natural rubber latex, Silica aerogel, Thermal insulation, Pickering emulsion, Microstructure analysis, Rheological properties Abstract : The aim of this thesis is to study a new strategy for the elaboration of porous composite materials for thermal insulation applications. Indeed, the materials, based on natural rubber latex (NRL) and a silica aerogel (SA), are first prepared in liquid phase to obtain a gelled emulsion (emulegel). The emulgel structure is intended to survive the drying process to form the skeleton of the final composite foam. Through the choice of components, NRL and SA, and the porous structure of these systems, it is quite possible to modulate the resilience, mechanical and rheological properties as well as the fire resistance of the final products.

Composites were therefore formulated from slurries initially prepared by mixing a suspension of SA in nhexane and a latex of NRL. The aqueous drops of the latter are then sequestered in a dense matrix of SA particles forming an emulgel whose structure, determined through confocal microscopy observations, is that of a Pickering emulsion. After evaporation of the solvents and drying of the slurries, the structure of the composites is only the footprint of the previous emulgels. It is therefore possible to control and modulate the structure of the composites by adjusting the composition of the starting slurries. Moreover, scanning electron microscopy analyses have allowed to evaluate the complexity of the composites structure, in terms of morphology and progressive interpenetration of NRL latexes in the interstices inevitably present between the SA particles.

In addition to the thermal insulation properties, the mechanical properties of the composites are also very important. With this in mind, we wished to study the mechanical properties of the composites as well as the rheological behavior of the slurries. We have shown that these behaviors were directly related to the concentration of SA and NRL, to the volume ratio of their respective suspensions, but also to the structure of the two phases through the size distribution of the initial drops. Moreover, and in a novel way, we have demonstrated that the elastic modulus of the composites varies as a power law of the elastic shear modulus of the original slurries, which allows to predict the mechanical strength of the composites from the rheology of the slurries.