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Dr Robert Pestman of Flowid and Jovan Jovanovic of the Eindhoven University of Technology
look at how micro flow chemistry can be applied to biphasic systems

Reactor technology

Reactions in biphasic systems con-
sisting of two immiscible liquid
phases have a wide variety of

applications. Three examples of the
broad range of reaction classes are as
follows.

First are reactions in an organic
phase that are catalysed by a water-
soluble catalyst. These can be (Lewis)
acid-catalysed reactions, such as Diels-
Alder reactions, aldol reactions and
Friedel-Crafts reactions or hydro-
formylations.1-3

The advantage of these processes is
that the catalysts can readily be recycled
by phase separation after reaction. A
major drawback, however, is that even
energy-consuming vigorous stirring
cannot bring both phases sufficiently in
contact to attain fully efficient use of the
catalyst.

Another is a combined extraction-
reaction process, during which one of

the products is extracted to another
phase, for example dehydration reac-
tions in which the dehydrated prod-
uct is extracted by an organic phase,
thus avoiding back and side reac-
tions.4

The advantage here is that, theoreti-
cally, the desired product is separated
instantaneously from the reaction
phase. In this way, the equilibrium is
shifted in the desired direction and
undesired consecutive reactions are
avoided. In practice, however, extrac-
tion is not as fast and complete as
desired.

Finally, there are reactions between
two reactants of which one is only
water-soluble and the other is only sol-
uble in an organic solvent, for instance
in the nucleophilic substitution of a
haloalkyl with sodium cyanide.5 These
reactions are often facilitated by a phase
transfer catalyst (PTC).6
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In all of these types of reactions, the
reaction rate is limited by the transfer of
reactants or catalyst from one phase to
the other. This results not only in a slow,
mass-transfer limited reaction but also
in a low selectivity, as other, undesired
reactions are often not limited in the
same way. A high interfacial area is thus
needed for an optimal reaction per-
formance.

In traditional batch reactors, an inter-
facial area as high as possible is
obtained by vigorous mechanical stir-
ring, which requires high energy con-
sumption. The liquid droplets created in
this way differ significantly in size and
are not distributed evenly over the reac-
tion mixture. The result can be hot
spots and low product quality.

Micro flow reactors
An increasingly popular class of new
reactor concept is micro flow reactors.
These have a number of important
advantages, not least those arising from
their small dimensions: good heat
transfer and thus easy temperature con-
trol; no mass transfer limitations; and,
low safety risks.

In addition, micro flow reactors have,
as the name suggests, the characteris-
tics of a flow reactor. In these, the reac-
tion time is controlled accurately by the
residence time of the materials in the
reactor. This means that a reaction does
not have to be run to complete conver-
sion; if desired, high yields of an inter-
mediate product can be obtained sim-
ply by reducing the residence time. 

Another benefit of flow reactors is
that the reactant, the intermediate and
the product are physically separated
in the beginning, the middle and the
end of the reactor respectively. This
suppresses side-reactions and can
lead to significantly higher selectivi-
ties. Last but not least, a great advan-

tage of flow systems is their ease of
scale-up compared to batch systems,
since mass and heat transport remain
the same or are easily predictable dur-
ing scale-up.

Another less-known advantage of
micro flow reactors is used for optimis-
ing biphasic liquid-liquid reactions. This
gives the possibility of creating well dis-
persed biphasic liquid-liquid systems
with a high interfacial area. Flowid has
developed considerable experience in
significantly optimising biphasic reac-
tions through the application of micro
flow reactors.

Biphasic reaction
As mentioned above, stirred batch
reactors have non-uniform dispersed
droplets (Figure 1a), leading to a non-
optimal interfacial area. By using a con-
tinuous flow reactor with a static
micromixer, in contrast, a reaction mix-
ture can be obtained with droplets that
are evenly distributed and have a
homogeneous size distribution (Figure
1b). 

A far higher interfacial area between
the two immiscible phases can thus be
achieved in micro flow systems. The
interfacial areas in a micro flow reactor
range from 10,000 to up to 200,000
m2/m3, whereas industrial batch reac-
tors can achieve maximum interfacial
areas of 1,000 m2/m3.7

The advantages of the use of micro
flow reactors in biphasic systems have
already been noted by others.8,9 To
exemplify the benefits of a biphasic
reaction in micro flow reactors, we have
chosen a PTC reaction of sodium ben-
zoate with benzyl bromide to benzyl
benzoate (Figure 2). Benzyl bromide is
a hazardous reactant with lachrymato-
ry (tear gas) properties. Therefore,
operational safety in production is
essential. The product is commonly

Figure 1 - Droplet distribution with traditional batch reactor (a) & micro flow
reactor (b)
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tors are most often used on a lab scale,
they can be scaled up easily.

Reactor dimensions can be increased
up to a certain limit as long as heat and
mass transfer properties are kept at an
acceptable level preserving the benefits
of a micro flow reactor. Reactors engi-
neered in this way by Flowid can reach
maximum capacities of 1,000
tonnes/year.

The parallelisation of micro flow reac-
tions (so called scale-out) can also be
used for scaling up production even
further. Flowid can, before starting an
engineering project for micro flow reac-
tors, provide an overview of the eco-
nomic advantages of this technology as
compared to traditional batch produc-
tion. 

Significant reduction of production
costs appears to be within reach.
Chemical feasibility studies are also
offered before starting any engineer-
ing project. It should be added here
that the flexible usability of micro flow
reactors make them particularly attrac-
tive for the production of speciality
chemicals.

The advantages of micro flow reactor
plants are nowadays commonly recog-
nised in the chemicals industry. The
production of chemicals in micro flow
plants is not only proven to be prof-
itable and save. Its industrial application
is now increasing as production equip-
ment has left its childhood. 
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used as an insecticide or a food addi-
tive. Tetra butyl ammonium bromide
(TBAB) is used as the PTC.

A PTC reaction is a relatively green
reaction method that circumvents the
use of aggressive and expensive sol-
vents. By using a PTC, it is possible to
react an anionic compound dissolved in
water with a reactant that is in an organ-
ic phase. The PTC acts as a carrier of the
reactants between the phases. PTC
reactions can also result in higher yields
by using inexpensive chemicals, all of
which makes them an attractive and
popular reaction method in laboratory
and production environments.

Biphasic PTC reactions carried out by
conventional batch methods most often
suffer from heat and mass transfer lim-
itations, hot spot formation and a broad
droplet size distribution throughout the
reactor. These drawbacks are amplified
further still when the process is scaled
up, resulting in a decrease in perform-
ance and a deterioration in product
consistency.

These drawbacks can be eliminat-
ed by performing PTC reactions in a
continuous micro flow reactor.
Micro-structured reactors are ideally
suitable for the formation of liquid-
liquid dispersions with a controllable
and narrow droplet size distribution,
resulting in a high and constant
product quality.

The batch experiments were per-
formed in a 250 ml flask equipped with
a turbine stirrer, at stirrer speeds of 450
rpm. The micro flow experiments were
carried out in a stainless steel mixer that
was ideally suited for the generation of
emulsions. This mixer was connected to
10 metres of 0.5 mm capillary to facili-
tate residence time and thus reaction
time.

The two reactions were carried out at
the same temperature (105˚C), the
same reactant ratios (50/50 wt/wt) and
the same catalyst concentration. The
traditional batch reactor achieved 46%
conversion and 35% yield in six min-
utes, whereas the micro flow reactor
achieved 99% conversion and 87%
yield in ten seconds.

Scale-up: Industrial application
A common, understandable prejudice
against micro flow reactors is that they
are only usable on a micro-scale. This is
not the case. Although micro flow reac-
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Figure 2 - Biphasic esterification of sodium benzoate with benzyl bromide using TBAB as phase transfer catalyst
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