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Summary 

 

Biomass is an abundantly available renewable carbon source with 

potential to (partially) replace fossil feedstocks for the production of 

chemicals and fuels. Although chemical and catalytic aspects of biomass 

transformations have been extensively reported up to this date, dedicated 

reactor engineering concepts are not widely examined yet. Continuous flow 

microreactors have received much research attention as a process 

intensification tool and may offer advantages for the catalytic conversion of 

biomass derivatives to value-added chemicals and fuels. In this thesis, the 

potential of microreactor technology for biomass transformations was 

assessed by investigating several case studies in different multiphase 

reaction systems. These case studies include a gas-liquid oxidation reaction 

using a homogeneous catalyst, a gas-liquid-solid hydrogenation reaction 

with a heterogeneous catalyst and a liquid-liquid transesterification reaction 

using an enzymatic catalyst that is active on the liquid-liquid interface. 

In Chapter 1 different biomass conversion strategies are introduced, as 

well as the most promising biobased platform chemicals and reactor 

engineering aspects (with an emphasis on microreactor technology) for 

biomass transformations. An extensive overview of the state of the art on 

microreactor applications for biomass transformations to value-added 

chemicals and fuels is presented. An emphasis is given on the synthesis of 

furans from carbohydrates, the oxidation and hydrogenation of biomass 

derivatives and the synthesis of biodiesel by the alcoholysis of triglycerides 

and fatty acids. Opportunities for microreactor technology in the biomass 

transformations are critically assessed and potential challenges for their 

industrial implementation are discussed. 

In Chapter 2 the homogeneously Co/Mn/Br catalyzed oxidation of benzyl 

alcohol to benzaldehyde and benzoic acid is performed in slug flow 

microreactors made of polytetrafluoroethylene (PTFE) in an acetic acid 

solvent. The oxidation of benzyl alcohol using such catalyst is highly 

selective and functions as a model reaction to develop mass transfer 

characteristics of similar (biomass) oxidation reactions using the same 



330 |  

 

catalyst and reactor system. Due to the marginal wettability of acetic acid 

on the PTFE microreactor wall, a wetted or dewetted slug flow was 

generated (i.e., as indicated by the presence or absence of a complete liquid 

film surrounding the bubble body). The latter flow suffered from a limited 

interfacial area for mass transfer. Experiments under kinetic control were 

performed to establish a simplified kinetic expression based on a first order 

in benzyl alcohol substrate and zero order in oxygen. A mass transfer model 

based on an instantaneous reaction regime could well describe the 

experimental results at higher temperatures where mass transfer was 

limiting in the dewetted slug flow. 

In Chapter 3 the same homogeneous Co/Mn/Br catalyst in an acetic acid 

solvent was used for the oxidation of 5-hydroxymethylfurfural (HMF) to  

2,5-diformylfuran (DFF), 5-formylfurancarboxylic acid (FFCA) and  

2,5-furandicarboxylic acid (FDCA) in PTFE microreactors. Mass transfer 

limitations and oxygen depletion were eliminated in the microreactor by 

operating under wetted slug flows and at elevated partial oxygen pressures. 

This way, the reaction was performed under kinetically controlled 

conditions, where the HMF consumption and (DFF) product formation were 

found zero order in partial oxygen pressure and roughly first order in the 

HMF substrate. The space time yields of DFF and FFCA in the microreactor 

exceeded the literature values obtained in conventional (semi-)batch 

reactors at similar (or slightly elevated) reaction conditions. This 

enhancement in the microreactor is attributed to the superior mass transfer 

achieved therein. The findings in this chapter may enable a further 

optimization towards the high-yield synthesis of DFF/FFCA in microreactors. 

For the high yield synthesis of FDCA in microreactors, dedicated studies 

need to be performed to effectively handle (or prevent) its precipitation.   

Chapter 4 describes the gas-liquid-solid hydrogenation of levulinic acid 

(LA) to γ-valerolactone (GVL) in packed bed microreactors with a carbon 

supported ruthenium (Ru/C) catalyst. The reaction was performed under an 

upstream gas-liquid slug flow with 1,4-dioxane as the solvent and H2 as the 

hydrogen donor in the gas phase. The microreactor was operated under 

different conditions to determine the influence of mass transfer and kinetic 

characteristics on the reaction performance. Under most operating 

conditions the reaction rate appeared to be limited by the external liquid-

solid mass transfer of H2. A microreactor model was developed by 

considering the gas-liquid-solid mass transfer coefficients therein and the 

reaction kinetics based on the literature correlations and data. The 
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developed model may be used in the further optimization of the Ru/C 

catalyzed levulinic acid hydrogenation as well as other gas-liquid-solid 

reactions in packed bed (micro)reactors. 

Finally, in Chapter 5 the enzymatic biodiesel synthesis was performed by 

the esterification of oleic acid and 1-butanol in an aqueous-organic system 

in hydrophobic PTFE capillary microreactors with different inner diameters 

operated under slug flow. The free Rhizomucor miehei lipase in the aqueous 

phase was used as catalyst and n-heptane as the organic solvent. The 

reaction rate in the microreactor could be well described by the existing 

kinetic model based on a Ping Pong Bi Bi Mechanism that was obtained from 

a batch system. The model was extended to describe the effect of the 

interfacial area and aqueous to organic flow ratio in microreactors. By 

performing the reaction at low aqueous to organic flow ratios in hydrophilic 

microreactors (e.g., made of stainless steel), the enzyme turnover number 

could be enhanced significantly making it promising for process 

intensification.  
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