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Introduction

Materials & Method

A specific goal of the project Lumen is to
use sunlight for the production of fine chemicals
in a more economic and environmentally
sustainable way than the current standard.
Towards this goal we needed to develop a
reaction set-up for multiphasic reactions.

The reaction system works as follows:
1. One piston (feed) is loaded with the reaction mixture.
2. The HPLC pump, pumps water into the feed piston to move the
plunger, the reaction mixtures flows towards the reactor, passing
hydrogen gas input.
3. The reaction mixture will be pumped through the reactor, where
it will be heated and illuminated
4. The reaction mixture will flow to the other piston (collect)
5. A switch allows the feed piston to become the collect piston and
vice versa. The reaction mixture will always enter the reactor from
the same side. The process can be repeated

Challenges
Hydrogen availability for the reaction was
inconsistent due to:
• Pressure drops / operator operation, e.g.,
piston switching. Causing variability in the
results.
• The influence of higher and lower flow
speed.
causing problems in repeatability..
Using a multiphasic system in a flow reactor
required attention to safety:
• Sedimentation in the pipes can lead to
clogging.
• Nanoparticle's sedimentation might alter the
functionality of the check valves.
• Nanoparticles can partially clog the pistons,
resulting in a non homogenous flow speed.
• Deposition in the reactor, might result in less
light incoupling into the reactor.
• The solvent might swell the rubber piston
rings causing leaks.

Standard reaction parameters
Irradiation time
56 min
Temperature
80°C
Reactor volume
6 ml
Volume pistons
50 ml
Flow
1 ml/min
Hydrogen pressure 10 bar

Before switch

The set-up consists of three main parts:
1. Pump (HPLC)
2. Pistons (custom made)
3. Reactor (Chemtrix KiloFlow)
The pumping- and the reactor system are
separated by a plunger inside the pistons.
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Reactor possibilities
Temperature
-20 - 150 °C
Volume piston 30 - 200 ml
Pressure
1-17 bar
Flow
0.7-10 ml/min
Irradiation
40sec - 1hour
times

The RX-Tech reactor has a continues pressure, usually set at 10 bars. It gets fed directly in the pipe,
regardless of the hydrogen consumption. The hydrogen will be added as small bubbles (PFR) if the pressure
is in equilibrium with the system. However, the manual switching of the piston led to different flow regimes.

Solutions/ repeatability
We studied the hydrogenation of methyl cinnamate to methyl-3-phenylpropionate.

To reduce the gas flow when switching the pistons, and thus a more stable flow and better hydrogen
absorption. We switched from feeding the pistons from the bottom to feeding the piston from the top.
This improved repeatability.
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Conclusion &
Recommendations
We have developed a reaction set-up for
multiphasic transformations. The inversion of
the pistons (reaction mixture leaves from
bottom instead of the top) increased
repeatability, because of better hydrogen
availability.

Showing that in the start there are no bubbles, during the piston switch a lot of bubbles are shown and after the
piston switch nearly no bubbles are visible.
Showing that in the start there are no bubbles, during the piston switch a lot of bubbles are shown and after the
•piston
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• It is unknown if the reaction favors a PFR approach or a total absorption of hydrogen, on the solvent.
The picture to left shows the inlet of the reactor, during a piston switch. The
blacked marked pieces are the bubbles before piston switch
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Further development might include:
• Installation of an Equilibar back pressure
regulator that can withstand multiphasic gasliquid-solid solutions
• Installation of a H2 gas-flow controller and a
static mixer
• Automation of the piston switching

