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Publishable summary 

 

 

PILLS; Process Intensification methodologies applied to Liquid-Liquid Systems in structured 
equipment, is a 3 year FP7 funded project started in January 2009. The project aims to develop and 
validate a design methodology & criteria for dealing with two-phase liquid/liquid-reactions in 
chemical production processes. Leading to a new generation of flexible and high-performance 
process equipment (micro through to meso structured) for continuous manufacturing, this generic 
approach will involve practical, theoretical and modelling aspects. The micro and meso-scale 
reactors developed will be applied to both bulk and fine chemical model reactions. A state-of-the-art 
experimental research facility (ERF) and multipurpose plant (MP) will be designed and constructed at 
Coimbra, Portugal and Lausanne, Switzerland respectively. Within the timeframe of the PILLS project 
these facilities will be operated at scales relevant to commercial production to demonstrate 
improved selectivity, yield and specific performance. A pictorial summary of the work packages 
involved is shown in figure 1. 

Figure 1: Schematic summary of Work Package contributions. 

Within the first reporting period (covering 18 months) kinetic studies of both model reactions have 
been performed and the physical characteristics of the structured reactors (e.g. flow patterns, mass 
and heat transfer) by both modelling and practical evaluation determined. This includes also 
prediction of dispersion performance in the used structured equipment. 

Existing micro and mesostructured reactor design has been evaluated for potential application in 
liquid-liquid processes and iterative steps towards reactor development have been made. This has 
included development and realisation of lab-scale meso and microstructured reactors and set-ups 



for both highly exothermic example bulk and fine chemical processes (see Figure 2). The 1st 
generation pilot reactors for use within the ERF and MP have been developed and realisation is 
nearing completion. 

 
 

 

 

 

Figure 2: Exemplary reactor concepts and installations used during lab-scale investigations: 
microstructured mixer (top left), functional elements within the mesostructured NETmix® reactor 
(top right), and corresponding installations (bottom). 

The design and evaluation of non-reactor equipment for both the ERF and MP has involved 
significant work. For the MP numerous mixers, reactors and flow separators have been evaluated for 
implementation within the flexible & modular MP. To ensure high performance and taking into 
account HSE (health, safety and environment) considerations only specialised equipment is used 
within the ERF and significant modification work to house the facility has been required.  

Initial whole process design analysis has been completed. The ability to perform part of the fine 
chemical model reaction as either a single or biphasic process was identified; this will allow future 
whole process design studies to consider phase strategies. The activities within whole process design 
and the focus within the PILLS project is shown in figure 3. 
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Figure 3: whole process design analysis 

A number of technical presentations of the project achievements have been provided at relevant 
conferences. Upcoming is also a joined session of the FP7 projects F3-Factory, COPIRIDE and PILLS 
during the CHISA conference in Prague, Czech Republic in August 2010. Significant effort has already 
been made towards organising the mid-term dissemination event to be held in Coimbra, Portugal in 
December 2010l. The event will not only showcase the achievements of the project including a tour 
of the ERF but also provide the opportunity to develop the exploitation plan with input from 
delegates.   

It is anticipated that as planned the final output from the project will not only be two excellent 
facilities capable of assessing the use of structured reactors for both bulk and fine chemical 
ǇǊƻŘǳŎǘƛƻƴ ōǳǘ ŀƭǎƻ ŀ άǘƻƻƭƪƛǘ ƻŦ ƳŜǘƘƻŘƻƭƻƎƛŜǎέΦ ¢Ƙƛǎ Ƴŀƴǳŀƭ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ƎǳƛŘŜ ŎƘŜƳƛǎǘǎ ŀƴŘ 
chemical engineers in the future process development of liquid-liquid systems. 

More information is available under the established website at www.fp7pills.eu or by contacting 
Rebecca Farnell, Chemistry Innovation (rebecca.farnell@ciktn.co.uk). 
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