
 

MODELING AND ANALYSIS OF BIPHASIC 
MICROREACTORS FOR BIOMASS-DERIVED 

CARBOHYDRATES’ CONVERSION 

Tai-Ying Chen1*, Dionisios G. Vlachos1, and Matteo Maestri2 
1Department of Chemical and Biomolecular Engineering, University of Delaware, 

221Academy Street, Newark, DE 19716, United States 
2Laboratory of Catalysis and Catalytic Processes, Dipartimento di Energia, Politecnico 

di Milano, via La Masa 34, 20156 Milano, Italy. 

Abstract 

5-hydroxymethylfurfural (HMF), as a key platform chemical, is produced from biomass carbohydrates, 
such as glucose and fructose, via isomerization and/or dehydration under acidic conditions. Most studies 
have been previously conducted in batch reactors. By applying microreaction engineering for the 
production of HMF, the production could be intensified, and the energy consumption could be reduced. 
In particular, a continuous biphasic microreactor offers better mass transfer and extraction efficiency to 
improve HMF selectivity and yield, and provide more feasible and better controlled operation with a lower 
capital cost compared to batch systems. In this work, we develop a computational fluid dynamics (CFD) 
model to simulate hydrodynamics, mass transport, and chemical reactions simultaneously in a continuous 
biphasic microreactor. The model is compared to fluorescent microscopy experiments conducted in our 
lab and used to investigate the flow patterns, mass transport, mixing characteristics, and enhanced 
reactivity in fructose dehydration to HMF. 
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Introduction

Due to increasing environmental concerns and limited fossil 
fuel resources, there is a growing interest in using 
sustainable technologies to produce chemicals from 
renewable resources. New production processes for bio-
based platform chemicals, such as 5-hydroxymethylfurfural 
(HMF), offer promising pathways for various applications. 
Renewably sourced HMF is produced by biomass 
carbohydrates, such as glucose and fructose, via 
isomerization and/or dehydration under acidic conditions. 
In parallel, HMF also undergoes hydrolysis to levulinic acid 
and formic acid and produces humins. In addition, multi-
step and energy intensive separation techniques are usually 
required for purification of HMF from the water phase 
where the reaction occurs.  
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To deal with these drawbacks, a micro-scale continuous 
biphasic system has been recently proposed (Muranaka et 
al., 2017). In this system, the aqueous and the organic 
phases flow through a microchannel alternately in slug-like 
segments. The glucose conversion and fructose dehydration 
occurs in the aqueous medium and HMF is extracted to the 
organic slug. This multi-functional continuous system 
offers more feasible and better controlled operation with a 
lower capital cost compared to batch systems. The process 
is intensified, and the energy consumption is reduced. The 
mass transfer and extraction efficiency could be greatly 
enhanced due to the high specific interfacial area in the 
micro-system and the internal circulation inside the aqueous 
and organic slugs. Besides, the residence time and system 
temperature could be controlled precisely in the micro-scale 



  
 

 

system. Therefore, the biphasic microreactor has high 
potential to achieve more efficient HMF production.  

In this work, we aim to develop a model to describe 
fluid dynamics, mass transfer, and reaction in a continuous 
biphasic microreactor and apply this model to investigate 
the flow patterns, mass transport, mixing characteristics and 
yield within the microreactor (inset of Figure 1a).  

Results and Discussion

Figure 1. Effect of flow rate on (a) slug length 
and (b) mass transfer coefficient. 

The simulation is done by finite-volume based CFD 
toolbox, OpenFOAM (Weller et al., 1998). The volume-of-
fluid (VOF) method is used to simulate the two phase flow. 
An additional species conservation equation is introduced 
to describe mass transport (Haroun et al., 2010). The 
simulation mesh is established in a 3D T-shape micromixer, 
and the channel diameter is set as 0.5 mm. The dispersed 
phase, water, flows into the T-mixer from one inlet, while 

the continuous phase, ethyl acetate, flows into the T-mixer 
from the other inlet and mixes with the water.  

In order to assess the model, we used the same 
configuration and flow rates as in the experimental study. 
The flow rate ratio between two-phases is set to 1, and 1 
wt% HMF is added into the aqueous phase flow only at the 
inlet. The slug length and mass transfer coefficient of HMF 
with respect to different flow rates is estimated from both 
experiments and simulations. The data are compared in 
Figure 1. In Figure 1a, we observe that the slug length 
decreases when the flow rate increases. In Figure 1b, we 
find out that the mass transfer coefficient increases as the 
flow rate increases. Overall, simulation and experimental 
data are in good agreement for both slug length and mass 
transfer coefficient, indicating that the methodology and 
parameters are suitable and accurate enough. No model-
parameter adjustment has been done. This model is 
integrated with a previously published ab initio/data-driven 
kinetic model developed by our group (Swift et al., 2014) to 
simulate chemical reactions and used to analyze various 
aspects of the microreactor. 

The presentation will also address the flow patterns, 
mass transfer characteristics and the performance of the 
microreactor in terms of conversion of sugars and 
selectivity and the energy efficiency. 

Conclusions 

In this study, a CFD model is established to simulate 
fluid dynamics, mass transport, and chemical kinetics 
simultaneously in a continuous biphasic microreactor. The 
model is validated by comparison to experiments of various 
elements of increasing complexity and allows us to develop 
a scale-up strategy and optimize the microreactor. 
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