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The purpose of this paper is to describe a metal deposition process which aims at getting a wettability-enhancing tin coating on silica particles. This original mechano-synthesis protocol allows the deposition of thin (nm) metal layer on oxide, while maintaining particles integrity. Macroscopic wettability tests in liquid tin/bismuth alloy confirm the efficiency of this approach for the production of metal matrix/oxide inclusions composites, while microscopic imaging have shown that individual wetting of particles can easily be attained with the appropriate mixing conditions.

Introduction

The insertion of oxide particles in liquid metal meets different applications like production of metal-ceramic composites ( by infiltration process [START_REF] Kennedy | The wetting and spontaneous infiltration of ceramics by molten copper[END_REF] or mixing oxide particles within molten metal [START_REF] Kennedy | The incorporation of ceramic particles in molten aluminium and the relationship to contact angle data[END_REF] ). Such a system can also be used as a starting point to study the agglomeration of oxide inclusions within liquid metal [START_REF] Cournil | Modelling of solid particle aggregation dynamics in non-wetting liquid medium[END_REF]. However, the difference in chemical nature between metal and oxide leads to high surface energy which means poor wettability [START_REF] Eustathopoulos | Wettability at high temperatures[END_REF].

Hence, several methods have been developed to modify wetting properties and more specifically enhance wetting in liquid metals :

• surfactant addition: introduction of magnesium in molten aluminium to allow alumina, silicon carbide, or graphite particles wetting ( [START_REF] Ramani | Stability of non-wetting dispersoid suspensions in metallic melts[END_REF], [START_REF] Pai | Role of magnesium in cast aluminium alloy matrix composites[END_REF], [START_REF] Schultz | Microstructure and hardness of al2o3 nanoparticle reinforced al-mg composites fabricated by reactive wetting and stir mixing[END_REF], [START_REF] Pai | Fabrication of aluminiumalumina (magnesia) particulate composites in foundries using magnesium additions to the melts[END_REF]),

• physical/chemical alteration ([9]-thermal treatment case) of particles surface,

• mixing with a metallic alloy ( [START_REF] Tahamtan | Fabrication of al/a206al2o3 nano/micro composite by combining ball milling and stir casting technology[END_REF], [START_REF] Pai | Production of cast aluminium-graphite particle composites using a pellet method[END_REF], [START_REF] Amirkhanlou | Fabrication and characterization of al356/sicp semisolid composites by injecting sicp containing composite powders[END_REF]),

• in-situ coating through chemical reaction during liquid/solid contact (called reactive wetting [START_REF] Saiz | Reactive spreading in ceramic/metal systems[END_REF])

• metallic pre-coating [START_REF] Badia | Dispersion of graphite particles in aluminum castings through injection of the melt[END_REF] of powders, which is the less material-specific of these approaches, and which is the purpose of this paper.

Although technologies such as sputtering or chemical deposition [START_REF] Matijevic | Characterization of the stannous chloride/palladium chloride catalysts for electroless plating[END_REF] are widely used in coating processes, they suffer from some drawbacks (slow production rate and chemical contamination for example), and from a lack of generality. They are indeed designed for specific materials and valid within a limited range of properties, such as melting point or chemical reactivity.

Thus, the aim of this study is to assess the potential of milling process, which is closed to the silica-stearate dry coating process [START_REF] Ouabbas | Surface modification of silica particles by dry coating: Characterization and powder ageing[END_REF], to get a soft metal coating and allow the dispersion of ceramic particles into liquid metal. This paper first presents the materials used for the study and introduce the original mechanical-synthesis process which allows the coating of hard oxide particles with soft metals. The surface layer is then analyzed. Finally, the coated particles are dispersed within liquid alloy to confirm the potential of this method for the production of metal/ceramic composites. The procedure will be shown with the Sn/Bi/SiO 2 composite. This physico-chemical system has been selected as it will be subsequently used for the study of particle agglomeration dynamics at high temperature.

Materials

The oxide powder is a Geltech silica powder. It is composed of monodisperse silica spheres of 1.5µm diameter Figure 1. This powder meets the requirements to ensure both sufficient hardness to avoid damage during milling, and very low chemical reactivity at the considered temperatures. Coating metal is pure tin (99.99%). It was chosen for its chemical similarity with the alloy used for wetting tests and its ductility. The selected tin source consists of Alfa Aesar 5mm granules. The alloy, used for dispersion experiments of coated particles, is the tin/bismuth eutectic (commercial name CERROTRU from Metaconcept, 43w% Sn, henceforth noted Sn/Bi), its main advantage being its low melting point (412K).

Coating process

Coating was carried out with a planetary mill (PM400 from Retsch). A small alumina jar (50 mm diameter) was used as a container. The milling load was composed of 50 g of alumina balls: two large spheres (20 mm diameter) and smaller ones (10 mm). A static atmosphere of pure argon was used to limit tin oxidation during the whole process.

Jar and balls were carefully cleaned between each experiment, using the following procedure:

• separate rinsing of balls and jar with distilled water,

• ultrasonic bath cleaning (5 min) ,

• distilled water rinsing and tissue wiping,

• ethanol final rinsing.

The coating process is shown at Figure 2. It is divided into two steps:

1. Tin milling step, with 5 g tin granules (1/10 granules/milling balls ratio) inside the jar, carried out at 300 rpm for 1 hour. Following this high energy milling, it appears that jar and balls are covered by a visible tin layer, and tin granules are highly strained (up to become spherical). 3 nm. This result was further confirmed by XPS analysis, which leads to an estimation (using simple models for flat layers instead of spheres) of the tin layer thickness smaller than 5 nm. Thus, this result confirms the assumption that the tin layer is not visible on SEM images because of its very small thickness.

Wettability testing

Considering the final aim of our work which was to reach a full dispersion of ceramic particles within liquid metal, it was decided to evaluate the coating effect by directly studying the ability of coated powder to be introduced within liquid metal.

Hence, 5 %vol. of coated powders were added (over a 20 min duration) to liquid metal (300 g stirred Sn/Bi alloy at 200 o C). The resulting slurry was then cast into cylindrical ingots. Ingots were then cross-sectioned and observed through electron microscopy.

For comparison purposes, coated and uncoated powders were introduced within liquid alloy at two different stirring speeds (300 and 600 rpm).

Experiments with either coated or uncoated silica, stirred at 300 rpm, led to the accumulation of powder at the liquid alloy surface, with no apparent wetting. This observation is confirmed by the absence of silica particles in the corresponding cross-sectioned ingots. On the other hand, coated silica mixed at 600 rpm resulted in complete disappearance of the powder. SEM imaging of cross-sectioned alloy samples, shown at Figure 5, indeed reveals a full wetting of silica spheres and a full contact between particles and metal matrix. The conclusion of these observations is that metallic coating of silica is a necessary condition for wetting, but is not sufficient. Hence, a direct contact between liquid metal and particles is required, and it can only be obtained with high speed stirring. It is assumed that, with this experimental setup, shearing at the surface of liquid metal is high enough to allow the breakage of the spontaneously formed oxide layer. Thus, coated silica is easily dispersed within the Sn/Bi alloy.

Conclusion

The 2-steps coating process presented in this study is shown to be an efficient process to obtain a metallic tin layer on silica powder, with minimal damage incurred by the particles. In spite of its very low (nanometer scale) thickness, this layer is able to allow a complete wetting of oxide particles by between unoxidized metal and coated particles are also provided. Obvious advantages over existing coating methods resides in protocol simplicity (no need for specialized equipment), scalability and generality (no dependency on specific chemical reactivity). Since this study was only dedicated to SiO 2 /Sn, further works will be carried out to study the adaptability of this process to others oxide/metal couples, but it can be assumed that the main condition is the difference in hardness between oxide and metal. Potential applications range from laboratory experiments with oxide/metal couples, to cleaner and more environment friendly large scale industrial production, since this process do not involve any unwanted by-products, contrary, for example, to the chemical coating route. 
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 1 Figure 1: Silica powder before coating (SEM)
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 2 The coating step: 5 g of silica powder is added to the jar, and milled at 150 rpm during 15 min. At the end of this step, the balls and the jar surface are partially cleaned, while the color of silica powder have changed from white to grey. The aim of this low energy milling is to coat the powder without damaging (breakage) silica particles.
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 2 Figure 2: Coating process

Figure 3 :

 3 Figure 3: Silica powder after coating (SEM)
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 4 Figure 4: Diffractograms of pure amorphous silica (orange) and coated silica (black)
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 5 Figure 5: SEM images of ingots for uncoated (a, b) and coated (c, d) silica introduced at 300 (a, c) and 600 rpm (b, d)
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