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Summary y 

Thee first chapter presents a short introduction in the field of slurry bubble column 

reactors,, mass transfer in three-phase systems, the objective and main contributions of this 

thesis.. Particle-to-bubble adhesion is an important issue in the areas of anti-foaming, 

flotationn processes and multiphase slurry reactors. The adhesion of catalyst particles to 

gass bubbles may enhance appreciably the reaction rate at the gas-liquid (G-L) interface, 

andd therefore can be used as an effective technique in process intensification. There are 

stilll  numerous aspects to be studied, namely particle-bubble and particle-particle 

interactions,, characterisation and modification of the catalyst support, kinetics, mass 

transfer,, pressure effects, hydrodynamics and regime transitions in the slurry bubble 

columns,, process modeling, design and scale-up. The aim of this thesis is to understand 

andd exploit the phenomena of catalyst agglomeration and catalyst-gas adhesion for 

improvementt of catalytic slurry bubble column performance. The thesis brings original 

andd useful contributions regarding the multilayer adhesion, contact angle of porous 

particles,, bubble coalescence in the presence of solid particles, catalyst support 

characterisationn and modification. The results of this work offer cost-effective solutions 

forr the preparation and characterisation of supported noble metal catalysts as well as for a 

betterr design of the slurry bubble column reactors. 

Chapterr 2 deals with the modeling of particle-to-bubble adhesion. A generalized 

modell  for the quantitative description of particle adhesion to gas bubbles is developed. 

Previouss models assumed non-porous spherical particles with smooth surface forming a 

monolayer.. In this case, the bubble coverage by particles can be calculated by means of 
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three-phasee contact angle. In practice the catalyst particles are porous, have rough 

surfacess and irregular shapes. Under these circumstances, the three-phase contact angle 

exhibitingg hysteresis shows large differences between the equilibrium, receding, and 

advancingg contact angles. The measurements of the equilibrium contact angle are also 

complicatedd due to the liquid absorption into the pores and interparticle space. Our model 

describess adhesion of: (i) single spherical particle, (ii) monolayer of particles, and (iii ) 

aggregatee of particles. The adhesion of particles to a gas bubble is correlated with the 

maximumm adhesive and cohesive forces as the main parameters. The cohesive forces 

betweenn particles play a key role. For small cohesive forces, the particles can either 

adheree as single particle or as monolayer, while stronger cohesive forces allow multilayer 

adhesionn or adhesion of particle clusters via one or few particles. The model explains the 

influencee of particle agglomeration on the G-L mass transfer in slurry bubble reactors. 

Thus,, an increase of the interparticle cohesive forces leads to lower bubble coverage and 

G-LL mass transfer, in agreement with the previous experiments. 

Thee Chapter 3 presents the experimental study regarding adhesion of particles to gas 

bubbles.. The experiments are conducted under stagnant conditions with porous and non-

porous,, as well as with hydrophilic and hydrophobic particles. The images of bubbles 

coveredd by one or more particles were recorded at high optical magnification and further 

analysedd by image processing. Both the liquid surface tension and particle surface 

hydrophobicityy increse the adhesion strength and the tendency of particles to agglomerate. 

Thee experiments confirm the influence of various parameters involved in the theoretical 

modell  and thus validate the correctness of physical assumptions. At the same contact 

angle,, mesoporous particles show lower adhesion force, lower coverage angle and lower 

penetrationn angle than non-porous particles. Lower adhesion forces are well explained in 

termss of an equivalent contact angle of porous particles. The wetting behaviour of 

particless having pores filled with liquid is similar to the wetting behaviour of non-porous 

particless with the same geometry, but lower three-phase contact angle. 

Thee Chapter 4 presents the influence of surface hydrophobicity of mesoporous silica 

particless on adhesion and further on the catalytic hydrogenation of methyl acrylate in 

aqueouss medium. The hydrophobicity of silica supported Pd catalysts was deliberately 
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variedd by moderate silylation with dichlorodimethylsilane (DDMS). A range of materials 

wass prepared with three-phase contact angles up to 90°, in order to allow water to fill  the 

catalystt pores. Hydrophobic silica supported catalysts were prepared by the silylation of 

hydrophilicc mesoporous silica followed by incipient wetness impregnation of the support 

withh H2PdCl4 solution (A), and by the reverse procedure (B). The catalyst hydrophobicity 

wass assessed by measurements of three-phase contact angle, heat of immersion in water 

andd adsorption of water vapour. An increased surface hydrophobicity induces a more 

pronouncedd adhesion of particles to gas bubbles. During the hydrogenation of methyl 

aeryy late in aqueous media, both hydrophobic Pd/Si02 catalysts show higher activity than 

hydrophilicc Pd/Si02. However, the hydrophobic catalyst prepared by the route (A) is more 

activee than the hydrophobic catalyst prepared by the route (B). 

Chapterr 5 deals with the mechanism of coalescence of bubble in the presence of solid 

particles.. The presence of solid particles in three-phase systems might have either a 

promotingg or inhibiting influence on coalescence. Non-porous hydrophobic particles with 

contactt angle higher than 90° promote the bubble coalescence. Al l other particles - both 

porouss and non-porous hydrophilic as well as porous hydrophobic - exhibit repulsive 

forcess approaching a gas-liquid interface. The experiments are carried out in two 

coalescencee cells. In pure liquids, the bubbles coalesce immediately, but the process can 

bee hindered in the presence of surfactants. The theory of liquid film stability and the 

experimentss performed in the coalescence cells demonstrate that two different 

mechanismss are possible. In the case of coaxial collision of two bubbles, the particle-

bubblee interactions are repulsive, leading to a delay in the bubble coalescence. In the case 

off  tangential friction of the bubbles, the liquid film containing entrapped small particles is 

easilyy destroyed. The overlap of different mechanisms with different contribution explains 

somee contradictory results available in the literature. 

Chapterr 6 explains the enhancement of gas-liquid mass transfer in slurry bubble 

reactorss by using the particle-to-bubble adhesion model developed in Chapter 2. The most 

importantt parameters required for design and scale-up are the interfacial area a, and the 

liquid-sidee mass transfer coefficient kh. The experiments with hydrophobic particles 

demonstratee that the enhancement of mass transfer depends on the fraction of bubble 

surfacee area covered with solid particles and the adhesion forces measured by bubble 
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pick-upp experiments. At low solid concentration, the catalyst particles adhering at the gas-

liquidd interface make increase the reaction rate, while their influence on the coalescence 

ratee is still negligible. Higher concentration of particles reduces the enhancement of mass 

transfer,, while the influence on the bubble coalescence is increasing. 

Chapterr 7 reviews the most significant results and conclusions. The knowledge gained 

byy analysing the influence of different parameters on the adhesion of catalyst particles to 

gass bubbles permits us to deliberately modify the catalyst support and operation 

conditionss in three-phase reactors. According to these results, several suggestions are 

recommendedd for further research in the area of catalyst preparation and design of slurry 

bubblee columns. 
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