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(57) Abstract: The invention pertains to reaction systems in which at least one capillary unit is applied. The capillary unit com-
prises: - a unit inlet for receiving a fluid flow, - a unit outlet for releasing said fluid flow, - a capillary, which capillary is arranged
between the unit inlet and the unit outlet such that said fluid flow passes through the capillary, - a heater and/or a cooler for ad-
justing the temperature of the capillary and therewith influencing the flow rate of the fluid flow passing through said capillary, - a
housing for accommodating at least the capillary and heater and/or cooler of said capillary unit, which housing provides thermal
insulation of the capillary, - a flow sensor for measuring the flow rate of the fluid flow through the capillary unit, which flow sen-
sor can be arranged either inside or outside the housing, A capillary unit is combined with or further has a flow adjustment unit for
adjusting the flow rates of the secondary fluid flows, which flow adjustment unit comprises a temperature control device for indi-
vidually controlling the heater and/or cooler of each capillary unit in response to the flow rate that is measured by the flow sensor
of that capillary unit.
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Reaction assembly and flow splitter

The invention pertains to a reaction system. The invention also pertains to a flow splitter
for splitting a primary fluid flow into a plurality of secondary fluid flows for performing
experiments. ‘

When experiments are performed in parallel, often the reactors in which the
experiments take place receive their feed from a single source. The reactor feed comes from
this single source in a single, primary fluid flow which is then split into a plurality of secondary
fluid flows. Each of the secondary fluid flows is then fed to a reactor in which a reaction can
take place.

Often it is desirable that all secondary fluid flows have the same flow rate, as this
contributes to creating the same reaction circumstances in all reactors. W0O99/64160
discloses that a substantially equal flow distribution over all reactors can be obtained by
arranging capillaries upstream of the reaction vessels. W099/64160 also discloses that by
heating a capillary, the viscosity of the fluid flowing through the capillary can be influenced,
and thereby the flow rate of the fluid through the capillary can be influenced.

In practice, it has furned out that the system known from WO@9/64160 is not suitable for
experiments in which the flow rate of the secondary fluid flows and/or the ratio between the
flow rates of the secondary fluid flows has to be controlled accurately, especially when small
scale experiments are performed, for example experiments with flow rates below 2 ml/min.
For example, the dimensions of individual capillaries vary due to manufacturing tolerances.
This results in a variation in flow resistance between individual capillaries, and therewith in a
variation in flow rates of the secondary fluid flows. Obtaining substantially equal flow rates for
all secondary fluid flows is a cumbersome process, as it requires individual calibration and
adaptation of all capillaries in order to obtain the desired flow resistance for each capillary.
The generally applied way of adaptation of the flow resistance of a capillary is by changing its
length, usually by cutting off small lengths of the capillary until the desired flow rate is
obtained. This is a painstaking process as it is hard to make the cuts accurately enough and
often too much is cut off, which means you have to start all over again. To do this right
requires a lot of practice of the lab personnel involved.

This cumbersome process of adapting a capillary to obtain the desired flow resistance
of course also occurs when a single capillary is applied in a reaction system.

Moreover, when a set of capillaries is used to split a primary flow into a plurality of
secondary flows‘having a desired ratio of flow rates, the flow rates in all capillaries of the

system change when the flow resistance of one capillary in the system is changed, because
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the ratio between the flow resistance of the different capillaries determines the distribution
ratio of the primary flow over the secondary flows. So, if one capillary in the system has to be
adapted to obtain the desired flow rate, all other capillaries have to be adapted as well.

Of course, every time an experiment with different desired flow rates or different
viscosity of the substances flowing through the capillaries is to be performed, the
cumbersome process of calibration and adaptation of the capillaries has to be carried out
again.

Also, in practice it has turned out that even with very accurately calibrated capillaries, it
is not possible to obtain a reliable and accurate splitting of the primary fluid flow in secondary

fluid flows with equal flow rates or any other predetermined ratio of flow rates.

The object of the invention is to provide an improved reaction system and an improved
flow spilitter.

This object is achieved with a reaction system according to claim 1 and with a flow
splitter according to claim 13.

In the reaction system according to claim 1, a primary fluid flow coming from a fluid
supply unit is distributed over a plurality of reaction vessels. This distribution is achieved by
the use of a plurality of capillary units, each being arranged downstream of the fluid supply
unit and upstream of one of the reaction vessels. The capillary unit comprises a capillary,
which has a resistance to fluid flow. The combination of the resistance to fluid flow of the
individual capillaries determines in which proportions the primary fluid flow from the fluid
supply is distributed over the individual reaction vessels.

The capillary in the housing of each capillary unit has been prepared beforehand. The
resistance to fluid flow of the capillary at a reference temperature (e.9. room temperature) and
with a fluid of a known viscosity has been measured and is therewith known. It is not
necessary to prepare such a capillary to accurately have a predetermined resistance to fluid
flow.

The heater and/or cooler of a capillary unit is adapted to change the temperature of the
capillary of the capillary unit and therewith inﬂuencés the flow rate of the fluid flow through
that capillary. The temperature of the capillary affects the flow rate through that capillary in
several ways: the viscosity of the fluid in the capillary depends from the temperature, the fluid
expands when it is heated and maybe the inner dimensions of the capillary change a bit too
because of thermal expansion effects. Both the viscosity of the fluid and the dimensions of
the capillary are parameters that determine the flow resistance of the capillary, and therewith
the flow rate of the fluid flow through that capillary. This means that the heater/cooler of the
capillary unit can change the resistance to fluid flow of the capillary of the capillary unit over a
certain range. For each capillary unit, the range of fluid flow resistance for which it can be
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applied is known, either through measurement, through calculations or through a combination
thereof.

When a reaction system is put together for carrying out a specific experiment, the
viscosity of the fluid flowing through the capillary units is determined, as well as the ratio to
which the primary fluid flow is to be distributed over the reaction vessels. Based on this, for
each reaction vessel, a suitable capillary unit is selected. “Suitable” means that the selected
capillary unit can provide the desired resistance to fluid flow. It is not necessary that the
capillary has precisely the desired resistance to fluid flow at ambient temperature or at the
temperature of the fluid flowing through the capillary. It suffices that by using the heater/cooler
to heat and/or cool the capillary of the capillary unit, the desired resistance to fiuid flow in the
capillary can be achieved.

The selected capillary units can then be arranged in the reaction system according to
the invention. The flow resistance of each of the capillaries is tuned by controlling the thermal
output of the heater/cooler that is associated with the respective capillary. This can be done
either before arranging the capillary unit in the reaction system or afterwards.

Tuning the flow resistance of the capillaries by using the heater/cooler is a lot simpler
than tuning the flow resistance by cutting the capillary to length. It does not require the hand
skills of the laboratory personnel. Also, it is possible to reverse your actions: you can both
increase and decrease the flow resistance. When cutting the capillary to length, you cannot
make the capillary longer again if you cut off too much.

That the capillaries are arranged in capillary units is further advantageous as it makes
them easy to exchange and reusable. If each capillary unit is arranged in a cassette, it is even
easier to exchange. A cassette is a lot easier to handle than a thin and springy capillary.
Preferably, the cassette is provided with quick catch connections so that it can easily be put
into fluid communication with the fluid supply unit and the reactors. Preferably, the cassette is
also provided with electrical connectors so it can easily be connected to the flow adjustment
unit (if that is not provided in the cassette as well), to the electrical feed for the heater/cooler
and/or the flow sensor, and/or to other control units of the reaction system, for example for
the exchange of measurement data. In this embodiment, the réaction system can be a
modular system, in which parts can be easily exchanged for other parts to suit the

requirements of different experiments.

In the reaction system according to claim 1, the flow adjustment unit determines the
flow rate of the fluid flow, which can be a gas flow, a liquid flow, a combined gas/liquid flow, a
flow of gel or any other like flow. The flow adjustment unit then determines the deviation of
the flow rate of the. fluid flow from a desired flow rate, and adjusts the flow rate by controlling

the heater and/or cooler of the capillary unit. The heater and/or cooler changes the
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temperature of the capillary of the capillary unit and therewith influences the flow rate of the
fluid flow through that capillary. The temperature of the capillary affects the flow rate through
that capillary in several ways: the viscosity of the fluid in the capillary depends from the
temperature, the fluid expands when it is heated and maybe the inner dimensions of the
capillary change a bit too because of thermal expansion effects. Both the viscosity of the fluid
and the dimensions of the capillary are parameters that determine the flow resistance of the
capiliary, and therewith the flow rate of the fiuid flow through that capillary.

Each capillary unit can have its own flow adjustment unit, or a plurality of capillary units
can be controlled by a single flow adjustment unit. The flow adjustment unit can be connected
to or be part of an overall control system controlling the splitter, or when the splitter is used in
a reaction system, of a reaction system control unit that controls the whole reaction system or
a part thereof.

The capillary unit can also be used to compensate the flow distribution over the reaction
vessels for pressure differences in the different reaction vessels. It is possible that while the
reactions in the reaction vessels take place, a pressure difference starts to build up between
amongst the reaction vessels. If that is the case, and nothing would be done, the flow
distribution over the reaction vessels would change. However, by changing the resistance to
fluid flow of the capillaries by their individual heater and/or cooler, this effect can be
compensated so that the flow distribution over the reaction vessels remains the same.

The applicant has found that by providing the capillaries with thermal insulation, the flow
rate in the capillary can be controlled more accurately. The applicant has found that this is
probably because the flow rate through the capillaries appears to be very sensitive to
temperature differences. The applicant found in his research that even a difference of 0.1°C
turned out to make a noticeable difference in flow rate when small scale experiments (for
example with flow rates of about 2 ml/min or lower) or even very small scale experiments
(with flow rates of in particular liquids of 1-10 microliters pef minute or lower) are performed.
This may explain why even accurately calibrated capillaries show varying flow rates, for
example at different times of the day (daytime/nighttime) or when they are used at different
locations (middle of a room or close to a wall or ventilation unit of the lab). By arranging the
capillary within a housing that is provided with thermal insulation, the influence of the
temperature of the direct environment of the capillary on the flow rate of the flow through that
capillary is decreased. Furthermore, by providing a heater and/or a cooler within said
housing, the temperature of the capillary can be controlled more directly, which makes that

the desired flow rate of the fluid flow can be obtained rapidly.

In an advantageous embodiment, the capillary unit is at least partly accommodated in a
cassette, so that it can be easily connected to other elements of a reaction system, such as a
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fluid source and/or a reactor. It is possible that the entire capillary unit is enclosed in the
cassette, but it is also possible that for example the flow sensor is arranged outside of the
cassette.

In an advantageous embodiment, the heater comprises a wire having an electrical
resistance, which wire is wound around the capillary for supplying heat to said capillary.

In an advantageous embodiment, the capillary is arranged, for example wound, around
a core, which core is provided with heating and/or cooling means.

The reaction system according to the invention can be used for gases, liquids, gels,
and/or combinations thereof. It is in particular suitable to be used for controlling flows having
small flow rates, such as between 1 microliters and 2 ml per minute for the secondary fluid
flow if the fluid is a liquid, or less then 100Nml per minute, often less then 50 Nm! per minute
if the fluid is a gas.

The reaction system according to the invention comprises a manifold, which manifold

has a manifold inlet for receiving the primary fluid flow, and a plurality of manifold outlets for

releasing the plurality of secondary fluid flows. The reaction system further comprises a
plurality of capillary units, each of the capillary units comprising a unit inlet for receiving a
secondary fluid flow from a manifold outlet, a unit outlet for releasing said secondary fluid
flow, a capillary, which capillary is arranged between the unit inlet and the unit outlet such that
said secondary fiuid flow passes through the capillary, a heater and/or a cooler for adjusting
the temperature of the capillary and therewith influencing the flow rate of the secondary fluid
flow passing through said capillary and a housing for accommodating at least the capillary
and heater and/or cooler of said capillary unit, which housing provides thermal insulation of
the capillary. The capillary unit further comprises a flow sensor that is adapted to measure
the flow rate of the fluid flow through the capillary unit. The reaction system further comprises
a flow adjustment unit for adjusting the flow rates of the secondary fluid flows, which flow
adjustment unit comprises a temperature contro! device for individually controlling each of the
heaters and/or coolers of the capillary units.

in the reaction system, the flow rate of each secondary fluid flow is measured by a flow
sensor, and based on the measured flow rate, the temperature control unit makes that the
heater and/or cooler in the housing of capillary unit to which the measured flow rate pertains
heat or cool the capillary in that housing. By changing the capillary temperature, the flow rate
of the fluid flow through the capillary is adjusted.

The thermally insulated housing of the capillary of each capillary unit prevents that the
temperature of one capillary influences the temperature of an other capillary that is arranged
nearby. This allows accurate control of the temperature of each individual capillary, and
therewith accurate control of the flow rate of each individual second fluid flow. As well, by
arranging the capillary within a housing that is provided with thermal insulation, the influence
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of the temperature of the direct environment of the capillary on the flow rate of the flow
through that capillary is decreased. Furthermore, by providing a heater and/or a cooler within
said housing, the temperature of the capillary can be controlled more directly, which makes
that the desired flow rate of the fluid flow can be obtained rapidly.

The reaction system according to the invention is suitable for obtaining a distribution of
the primary fluid flow into secondary fluid flows which have equal flow rates. However, it is
also possible to obtain any other desired distribution of flow rates of the secondary fluid flows.

In an advantageous embodiment at least one unit outlet is connected to a reaction
vessel. This way, the fiuid flow supplied to that reaction vessel can be controlled.

In an advantageous embodiment, one or more capillary units are accommodated in a
cassette. Each cassette can contain one or more capillary units.

In an advantageous embodiment, the heater comprises a wire having an electrical
resistance, which wire is wound around the capillary for supplying heat to said capillary.

In an advantageous embodiment, the capillary is arranged, preferably wound, around a

core, which core is provided with heating and/or cooling means.

In a particularly advantageous embodiment, the reaction system further comprises an
auxiliary channel, which has a resistance to fluid flow that is considerably lower than the
resistance to fluid flow in the secondary channels. The auxiliary channel is connected to the
manifold, which has the effect that the main part of the fluid that enters the manifold leaves
the manifold via the auxiliary channel. The auxiliary channel can for example take the fluid
back to the source from which it came before entering the manifold inlet, to waste or to a
separate discharge.

The effect of the auxiliary channel is that, especially as long as the pressure at the
manifold inlet is kept steady, a change in flow rate through one of the capillary units does not

or hardly not influence the flow rate through the other capiliary units.

In an advantageous embodiment, the reaction system further comprises a reaction
block for accommodating the reaction vessels, and/or one or more cassettes, each cassette
accommodating at least one of the plurality of capillary units of the flow splitter and an
enclosure or a frame for receiving at least the reaction block and the one or more cassettes.

In an advantageous embodiment, the reactors are flow through reactors.

In the reaction system described above, the primary fluid flow is split into a plurality of
secondary fluid flows, and each of these secondary fluid flows is supplied to a reaction
vessel. The flow rates of the secondary fluid flows are controlled by the capillary units.
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However, the capillary units can also be used in reaction systems with a different set-up
and/or be arranged at other locations in the reaction system. Some of those reaction systems
will be described below.

As an example of a reaction system with a different set-up, the invention further pertains
to a reaction system for performing parallel experiments, wherein the fluids come from
different fluid sources. The fiuid sources can for example supply different fluids and/or fluids
at a different pressure. This reaction system comprises a first fluid supply unit for supplying a
first primary fluid flow at a first pressure, and a second fluid supply unit for supplying a second
primary fluid flow at a second pressure. Further it comprises a first capillary unit, which is a
capillary unit of the same kind as used in the reaction system according to claim 1, which first
capillary unit is adapted to receive the first primary fluid flow from the first fluid supply unit.
There is also a second capillary unit, which is a capillary unit of the same kind as used in the
reaction system according to claim 1, which second capillary unit is adapted to receive the
second primary fluid flow from the second fluid supply unit. Furthermore, there is provided a
first reactor, which is in fluid communication with the first capillary unit and a second reactor,
which is in fluid communication with the second capillary unit. The first capillary unit
comprises a flow adjustment unit that is adapted to adjust the flow rate of the first primary
fluid flow through the first capillary unit. The second capillary unit comprises a flow adjustment
unit that is adapted to adjust the flow rate of the second primary fluid flow through the second
capillary unit such that a predetermined distribution of flow rates of the first and the second
primary fluid flow is obtained.

It is possible that the flow adjustment unit of the first capillary unit and the flow
adjustment unit of the second capillary unit are separate entities, but it is also possible that
they are integrated into a single flow adjustment unit. They can be part of an overall reaction

system control unit.

This reaction system is in particular suitable to obtain a first flow rate (of the first primary
fluid flow) and a second flow rate (of the second primary fluid flow) that are in a
predetermined proportion to each other, independent of the pressure. For example, despite
different pressures, a first and second flow rate that are equal to each other can be obtained.

In an advantageous embodiment, the reaction system further comprises a reaction
block for accommodating the reaction vessels, one or more cassettes, each cassette
accommodating at least.one of the plurality of capillary units of the flow splitter and an
enclosure for receiving at least the reaction block and the one or more cassettes.

In an advantageous embodiment, the reactors are flow through reactors.
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In a further different set-up, a capillary unit as used in the reaction system of claim 1

can also be used in a back pressure control system for controlling the pressure downstream

of a reaction vessel outlet.

In that set-up, the invention provides a reaction system for performing experiments, which

reaction system comprises:

a reaction vessel, wherein said reaction vessel comprises at least one reaction vessel

inlet, which reaction vessel! inlet is connectable to a fiuid supply unit for receiving a fluid

flow,

wherein each reaction vessel further comprises at least one reaction vessel outlet for

releasing an effluent flow,

a reaction vessel effluent line for receiving the effluent flow from the reaction vessel,

which effluent line is in fluid communication with at least one reaction vessel outlet, which

reaction vessel effluent line is provided with a aperture for releasing a pressure control

fiow,

a back pressure control system comprising a capillary unit, which capillary unit comprises

- aunit inlet for receiving the pressure control flow from the aperture in the reaction
vessel effluent line,

- aunit outlet for releasing said pressure control flow from the capillary unit,

- a capillary, which capillary is arranged between the unit inlet and the unit outlet such
that said pressure control flow passes through the capillary,

- a heater and/or a cooler for adjusting the temperature of the capillary and therewith
influencing the flow rate of pressure control flow passing through said capillary,

- a housing for accommodating at least the capillary and heater and/or cooler of said
capillary unit, which housing provides thermal insulation of the capillary,

wherein the back pressure conirol system further comprises a flow adjustment unit for

adjusting the flow rates of the pressure control flow,

which flow adjustment unit comprises:

- aflow sensor which is arranged to measure the flow rate of said pressure control flow,

- atemperature control device for controlling the heater and/or cooler of the capillary

unit.

In such a reaction system according to the invention the principle of the capillary unit as

used in the reaction system of claim 1 is used in a back pressure control system for

controlling the pressure in a reaction vessel. It is known that the pressure inside a reaction

vessel can be controlled by controlling the pressure downstream of the reaction vessel,

advantageously close to the reaction vessel outlet. In a reaction system having a
backpressure controller according to the invention, the reaction vessel effluent line is provided
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with an aperture, through which a portion of the reaction vessel effluent can escape. The
portion of the reaction vessel effluent that escapes is called the pressure control flow. By
controlling the flow rate of the pressure control flow, the pressure just downstream of the
reaction vessel can be controlled, and therewith the pressure in the vessel. The flow rate of
each of the pressure control flows is controlled using the principle of the capillary unit as used h
in the reaction system according to claim 1.

In an advantageous embodiment, a reactor system for performing parallel experiments
is provided. This reaction system comprises a plurality of reaction vessels, each of them
being connected to an associated effluent line. Each of the effluent lines is provided with an
aperture, for releasing a pressure control flow. The flow rate of each of the pressure control
flows is controlled using the principle of the capillary unit as used in the reaction system

according to claim 1.

In a special embodiment of the invention, a plurality of capillary units, the manifold and
the flow adjustment unit are built together to form a flow splitter. Preferably, the components
of the flow splitter are arranged together in a cassette that can easily be connected to other
components of a reaction system, such as a fluid supply unit, a plurality of reaction vessels
and a reaction system control system. Preferably, the flow splitter is designed in such a way
that the capillary units are easily exchangeable, so suitable capillary units can be selected for

different experiments.

The invention will be explained in more detail under referral to the drawing, in which
non-limiting embodiments of the invention are shown. The drawing shows in:
Fig. 1: an embodiment of a capillary unit according to the invention,

Fig. 2: a further embodiment of a capillary unit as applied in the invention,
Fig. 3: a first embodiment of a reaction system according to the invention,
Fig. 4. a second embodiment of a reaction system according to the invention,
Fig. 5: a third embodiment of a reaction system according to the invention,
Fig. 6: a variant of the embodiment of a reaction system according to fig. 3.
Fig. 7: an embodiment of a flow splitter according to the invention,

Fig. 1 shows an embodiment of a capillary unit according to the invention. In this
embodiment, fluid is supplied to a capillary unit 1 by a supply line 10. The fluid, which can be
a gas, a liquid or a combination thereof, enters the capillary unit by the capillary unit inlet 2.
Through capillary 4, the fluid flows to capillary unit outlet 3, where it leaves the capillary unit.
In this embodiment, the capillary 4 extends all the way from the capillary unit inlet 2 to the
capillary unit outlet 3, but this is not necessary for its functioning. The fluid flows away from
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the capillary unit 1 by discharge line 11. Flow sensor 7 measures the flow rate of the fluid flow
downstream of the capillary 4. The flow sensor 7 can be arranged either outside or inside the
housing 6.

The capillary 4 is arranged in housing 6, which is provided with thermal insulation.
Inside the housing a heater and/or cooler 5 is arranged. With this heater and/or cooler 5, the
temperature of the capillary can be influenced. The thermal insulation of the housing 6 makes
that the temperature of the capillary 4 can be controlled effectively and accurately, because
the capillary is shielded from outside thermal influences. In addition, and in case the capillary
heated, less heat leaks away from the capillary. The heater/cooler 5 is controlled by a
temperature control device 8, which can be arranged inside the housing 6, outside the
housing 6 or partially inside and partially outside the housing 6. For example, POM is a
suitable material to be used for the thermal insulation, as it has good thermal insulating
properties and is easy to process.

By changing the temperature of the capillary 4, the flow rate of the fluid flow through the
capillary 4 also changes. This is due to a combination of effects. When the temperature of the
capillary 4 rises, so does the temperature of the fluid in the capillary 4. This lowers the
viscosity of the fluid and therewith the ﬂbw resistance that the fluid flow experiences in the
capillary 4. Also, it makes the fluid expand in volume. Both effects make the flow rate
downstream of the capillary 4 go up. It is also possible that thermal expansion changes the
internal dimensions of the capillary 4, which also changes the flow resistance of the capillary
4, \

Often, the flow rate of the fluid flow through the capillary 4 goes up when the
temperature of the capillary 4 is increased. However, what happens in practice is the result of
the balance of the effects mentioned above. In different situations, different effects will be
more important or less important in their contribution to the overall effect. For example, for a
gas, generally the thermal expansion has a more significant influence then for a liquid. If the
same amount of molecules occupy a larger space, a higher volumetric flow rate is required fo
move the same amount of molecules through the capillary. So, if the volumetric flow rate is
kept the same, the molecular flow rate will go down. On the other hand, of the molecular flow
rate is kept the same, the volumetric flow rate will go up. |

In a preferred embodiment, a desired flow rate is set by the flow adjustment unit.
Preferably, around the desired flow rate, an accepted band width is determined. The flow
sensor 7 then measures the flow rate of the fluid flow leaving the capillary 4. If the flow rate is
within the accepted band width, the temperature of the capillary is not changed. If the flow
rate is outside the accepted band width, the temperature control device comes into action. If
the measured flow rate is lower than the lowest limit of the accepted band width, the
temperature control device makes the heater 5 heat up the capillary, for example by raising

10
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the temperature by 0.5 °C. After a little while, when the system has had the time to react, the
flow sensor 7 again measures the flow rate of the fluid flow. Then again it is determined
whether the flow rate is within the accepted band width or not. If the flow rate is still too low,
the temperature of the capillary is increased by another step of for example 0.5°C.

If the flow sensor 7 measures a flow rate that is higher than the highest limit of the
accepted band width, the heater/cooler 5 is controlled by the temperature control device in
such a way that the temperature of the capillary is reduced, for example by reducing the
temperature by a step of 0.5°C. After a little while, when the system has had the time to react,
the flow sensor 7 again measures the flow rate of the fluid flow. Then again it is determined
whether the flow rate is within the accepted band width or not. If the flow rate is still too high,
the temperature of the capillary is reduced by another step of for example 0.5°C.

This way, the desired flow rate is obtained by iterative, stepwise changes of the

-temperature of the capillary 4. As an alternative to this way of controlling the flow rate, for

example a PID-control loop can be applied.

The heater/cooler 5 can be realised in many forms. In some embodiments, just a heater
of just a cooler suffices. For example, if the capillary is always used at temperatures above
room temperature, using only a heater can be fine. In those cases, if the flow rate of the flow
through the capillary has to be decreased, the heater 5 just heats the capillary a little less. For
example, if the capillary is operated at 80 °C and the flow rate is too high, the heater 5 is then
set by the temperature control device to a temperature of 79.5 °C. If the capillary 4 always is
cooled, the same principle is used and just a cooler can be applied to obtain the desired
effect. So, the heater/cooler 5 can be either a heater or a cooler or a combination of a heater
and a cooler.

The heater/cooler 5 can take many forms. It can be an elecirical resistance wire, which
produces heat when an electrical current flows through. Such a wire can for example be
wound around the capillary. The housing 6 can be provided with a heater/cooler channel,
through which channel a heated or cooled medium flows. Also, it is possible that the capillary
4 is wound around a core, which core is heated and/or cooled, and which core then in turn
heats and/or cools the capillary 4. This is shown in fig. 2

Fig. 2 shows a further possible embodiment of a capillary unit 1. A supply line 10
supplies fluid flow F to the unit inlet 2, and then the fluid flows through capillary 4 to unit outlet
3, where it enters the discharge line 11. The capillary 4 is arranged in thermally insulated
housing 6. In this embodiment, the capillary 4 is wound around a core 9. In the example of fig.
2, the core is cylindrical, but this is not necessary. The core 9 is provided with heating means
and/or cooling means. For example, the core 9 can be provided with a channel that is or can
be brought into fluid communication with an external source of a cooling and/or heating
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medium, such as water. In an other embodiment, the core can be provided with an electrical

resistance wire or any other form of heat tracing.

The principle of the capillary unit as used in the reaction system of claim 1 can be used

in many ways when performing chemical reactions.

Fig. 3 shows a first embodiment of a reaction system according to the invention. This
reaction system comprises a fiuid supply unit 31 for supplying a primary fluid flow P. The
reaction system further comprises in this example two manifolds 20, that each have four
capillary units 1 connected to them. The skilled person will understand that any other number
of manifolds and/or capillary units is also possible. Connection lines 12 connect the fluid
supply unit 31 to the manifolds 20. The primary fluid flow P is first divided into flows SA and
SB. The first flow splitter divides flow SA into secondary fluid flows SA1, SA2, SA3 and SA4.
The second flow splitter divides flow SB into secondary fluid flows SB1, SB2, SB3 and SB4:

In the embodiment of fig. 3, the housings 6 of the capillary units 1 connected to the
same manifold 20 are arranged together in a cassette 33. This allows easy mounting into a
reaction system setup, for example in a rack. It also allows a fast exchange of sets of capillary
units and an easy connection to other parts of the reaction system, for example if quick catch
couplings are used for connecting different flow lines to each other, for example the
connection line 12 to the manifold inlets 21. Preferably, the cassette is also provided with
electric connectors for connecting electric feed lines and/or data transport lines. The cassette
itself can be thermally insulated, but this is not necessary. In this embodiment, it is
advantageous if the reaction vessels 32 are arranged in a reaction block that can be arranged
in the rack as well.

It is possible, although not shown in the drawing, that the manifold 20 is arranged inside
the cassette as well.

Preferably, the capillary units of in a cassette are easily exchangeable, for example
because capillary units of different flow resistance rates have the same dimensions and the
provisions for mounting them in the cassette (e.g. holes for receiving bolts, or quick catch or
shap connections) are in the same location.

In the reaction system of fig. 3, a plurality of reaction vessels 32 is present. To each
capillary unit outlet 3, a reaction vessel 32 is connected. The fiow splitters 30 provide the
distribution of the primary fluid flow over the individual reactors with the secondary fluid flows
having the desired relative proportions in respect of the flow rates. For example, a flow rate
distribution could be that the flow rate of flows SA1, SA2, SA3 and SA4 is twice the flow rate
of flows SB1, SB2, SB3 and SB4, while the flow rates of flows SA1, SA2, SA3 and SA4 are
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equal to one another and the flow rates of flows SB1, SB2, SB3 and SB4 are equal to one
another as well.

The control of the flow rates of the individual secondary fluid flows SA1, SA2, SA3, SA4,
SB1, SB2, SB3 and SB4 takes place in the same way as described above in relation to the
flow splitter according to the invention.

In general, if the primary fluid flow has a constant flow rate and the flow rate of one of
the secondary fluid flows is changed, then the flow rates of the other secondary fluid flows will
change somewhat too. This means that in general, obtaining the desired relative proportions
of the flow rates of the secondary fluid flows, that is: the desired distribution of the primary
fluid flow over the secondary fluid flows, will require some iterations. It is however also
possible that the flow rate of the primary fluid flow is allowed to vary. In that case for example,
it will usually be easier to obtain the desired relative proportions of the flow rates of the
secondary fluid flows. In such a case, the pressure in the fluid supply unit may be kept
constant while the flow rate of the primary fluid flow is allowed to vary.

The capillary units in the reaction system according to the invention can also be used to
maintain a controlled flow rate distribution over the reaction vessels in case of a pressure
increase or pressure drop in the course of an experiment. This can be illustrated by the
following example:

In a reaction system according to the invention, there are eight reaction vessels, which
are fed by a fluid supply unit with isopropanol in liquid form at a pressure of 45 barg. The
pressure for each of the eight reaction vessels is set at 20 barg, so for each fluid path from
the fluid supply unit to the reactor outlet, the pressure drop is 25 barg. The capillary units are
all tuned to each deliver a flow of liquid isopropanol of 10 microliter per minute to its
associated reaction vessel.

During the course of the experiment, for one reason or the other, the pressure in one of
the reactors drops to 15 barg, so that the pressure drop from the fluid supply unit to the outlet
of that reactor increases form 25 barg to 30 barg. If nothing would be done, this would cause
the flow rate to that reaction vessel to increase by 20% to 12 microliter per minute. However,
if the temperature of the capillary in the capillary unit connected to that particular reaction
vessel would be made to drop, the viscosity of the isopropanol would increase and the flow
rate would decrease. In this example, the applicant in his experiments found that a
temperature drop of about 6°C brings the flow rate back to the desired 10 microliter per
minute. ‘

On the other hand, if the pressure in one of the reaction vessels would increase to 30
barg, the pressure drop would be reduced to 15 barg. If nothing would be done, this would
cause the flow rate through thatl reactor to drop to 6 microliter per minute. However, by
heating the capillary of the capillary unit associated with this reaction vessel, the viscosity of
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the fiuid would decrease and the flow rate increase. In this example, the applicant in his
experiments found that a temperature increase of about 17°C brings the flow rate back to the

desired 10 microliter per minute.

Fig. 4 shows a second embodiment of a reaction system according to the invention. In
this embodiment, the reaction system comprises a first fluid supply unit 41 and a second fluid
supply unit 42. The first fluid supply unit 41 delivers a first primary fluid flow F1 at a first
pressure p1. The second fluid supply unit 42 delivers a second primary fluid flow F2 at a
second pressure p2. It is possible that p1 is equal to p2, but the system is in particular
suitable for situations in which p1 and p2 are different. It is also suitable for a system in which
parallel reactions are carried out using different fluids. ‘

Downstream of first fluid supply unit 41, first capillary unit 40* is arranged. First cépillary
unit 40* is a capillary unit according to the invention, for example a first capillary unit
according to fig. 1. The first fluid supply unit 41 is connected to firét capillary unit 40* by
supply line 10*. Downstream of the first capillary unit 40*, discharge line 11* is arranged for
supplying first fluid flow F1 to first reactor 32, In this example, reactor 32* is a flow through
reactor.

Downstream of second fluid supply unit 42, second capillary unit 40’ is arranged.
Second capillary unit 40’ is a capillary unit according to the invention, for example a capillary
unit according to fig. 1. The second fluid supply unit 42 is connected to second capillary unit
40’ by supply line 10’. Downstream of the second capillary unit 40’, discharge line 11’ is
arranged for supplying second fluid flow F1 to second reactor 32". In this example, reactor 32’
is a flow through reactor.

The reaction system of fig. 4 further comprises a flow distribution controller 43 for
ensuring that the flow rates of the first primary fluid flow F1 and the second primary fluid flow
F2 are in a desired proportion relative to each other, for example that the flow rate is the
same for both primary fluid flows.

The function of the flow distribution controller is to make sure that the flow rates of the
first and second primary fluid flows F1, F2 are in the desired proportion relative to each other
(for example flow rate F1: flow rate F2 = 1:1 or 1:2). To that end, the flow distribution
controller receives the measured flow rates from both flow sensors 7. It compares the flow
rates of the individual primary fluid flows with each other, and determines whether the flow
rates are in the desired proportion to each other. If this is not the case, then the flow
distribution controller activates one or more of the individual temperature control devices 8 to
adjust the flow rate of the associated primary fluid flow.

With this embodiment of the invention, it is possible to for example carry out parallel

reactions at different pressures or with different fiuids, but at the same flow rate.
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Fig. 5 shows a third embodiment of a reaction system according to the invention. In this
embodiment, capillary units according to the invention are used as part of a back pressure
control system.

In the reaction system according to fig. 5, a plurality of reaction vessels 32 is provided.
Each reaction vessel 32 is provided with at least one reaction vessel inlet 34 and at least one
reaction vessel outlet 35. A primary fluid flow P is supplied to the system, which is then in this
example split up into secondary fluid flows S1, S2 and S3. For this flow splitting, a flow splitter
according to the invention, for example a flow splitter according to fig. 7, can be used, but this
is not necessary. In the reaction system of fig. 5, each of the reaction vessels 32 is provided
with a reaction vessel effluent line 50 for discharging the reaction effluent from that particular
reaction vessel 32. The reaction vessel effluent line 50 is connected to the reaction vessel
outlet 35 of the associated reaction vessel 32.

In the reaction system according to fig. 5 the principle of the capillary unit according to
the invention is used in a back pressure control system for controlling the pressure in the
reaction vessels 32. It is known that the pressure inside a reaction vessel can be controlled
by controlling the pressure downstream of that reaction vessel, advantageously close to the
reaction vessel outlet.

To that end, each of the reaction vessel effluent lines 50 is provided with an aperture,
through which a portion of the reaction vessel effluent can escape. The portion of the reaction
vessel effluent that escapes is called the pressure control flow. By controlling the flow rate of
the pressure control flow, the pressure just downstream of the reaction vessel can be
controlled, and therewith the pressure in the vessel. If for example the pressure has to be
reduced in order to obtain the desired pressure in the reaction vessel, the flow rate of the
pressure control flow has to be increased. In the reaction system of fig. 5, a capillary unit
according to the invention is used for controlling the flow rate of the pressure control flow, and
therewith the pressure in the associated reactor 32.

In fig. 5, a plurality of reaction vessels 32 is provided. However, a back pressure control

system like the one of fig. 5 can also be used in combination with a single reaction vessel.

Fig. 6 shows a variant of the embodiment of a reaction system according to fig. 3. In this
variant, auxiliary channel 23 is provided, through which a tertiary fluid flow TF can pass. The
resistance to fluid flow of the auxiliary channel is much less then the resistance to fluid flow in
the capillaries of the capillary units 1. As a result of that, most of the primary fluid flow P

leaves reaction system via the auxiliary channel 23.
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Due to this, a change in resistance to fluid flow in one of the capillaries 4 of the capillary
units 1 has far less effect on the flow rate of the fluid flow through the other capillaries in the
reaction system.

As an example, say that in the reaction system of fig. 3 the primary fluid flow is 10
microliter per minute, the secondary fluid flow through the first capillary unit is 6 microliter per
minute and the secondary fluid flow through the second capillary unit is 4 microliter per
minute. Then, the capillary of the second capillary unit is heated, and the flow rate through the
second capillary unit changes to 4.5 microliter per minute. If the flow rate of the primary fluid
flow is kept constant, the fluid flow through the first capiliary unit as a consequence changes
to 5.5 microliter per minute.

For comparison, if in the reaction system of fig. 6 the primary fluid flow is 10 microliter
per minute, the tertiary fluid flow through the auxiliary channel 23 is 8 microliter per minute,
the secondary fluid flow through the first capillary unit is 1 microliter per minute and the
secondary fluid flow through the second capillary unit is also 1 microliter per minute. Then,
the capillary of the second capillary unit is heated, and the flow rate through the second
capillary unit changes to 1.5 microliter per minute. If the flow rate of the primary fluid flow is
kept constant, the fluid flow through the auxiliary channel as a consequence changes to 7.56
microliter per minute and the fluid flow through the first capillary unit as a consequence
changes to 0.94 microliter per minute.

The flow rate values and ratios as mentioned above are merely an example to illustrate
the effect of the auxiliary channel. In general, the flow rate through the auxiliary channel can
be for example 10 to 50 to 100 times, or even more, than the flow rate through each of the
capillaries.

In a typical embodiment, it could be that 90% of the fluid of the primary fluid flow goes
through the auxiliary channel, while only 10% is distributed over the capillary units. If there
are 16 capillary units in the reaction system, and the desired flow rates are set such that there
is an equal distribution of the fluid flow over the capillary units, each capillary unit only
receives 0,625% of the fluid of the primary fluid flow.

The auxiliary channel can take the fluid back to the source from which it came before
entering the manifold inlet, to waste or to a separate discharge.

An auxiliary channel of the type as shown in fig. 6 can be used in combination with any
of the reaction systems according to the invention.

The skilled person will understand that features of the embodiments of the reaction
systems according to the invention as described above can be interchanged and/or combined

with each other.
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Fig. 7 shows an embodiment of a flow splitter according to the invention. In this flow
splitter, the same principle is used as in the capillary unit according to fig. 1.

In the flow splitter of fig. 7, a primary flow P of fluid is supplied to @ manifold inlet 21 of a
manifold 20. In.the manifold 20, primary fluid flow P is divided over two secondary fluid flows
S$1,82. After passing through the flow splitier, each secondary fluid flow S1 ,S2 will be directed
to a device in which it is used, such as a reaction vessel. In the example of fig. 7, the
secondary fluid flows S1,S2 can be supplied to two parallel reaction vessels for performing
parallel chemical tests. It is possible of course that the manifold has more than two manifold
outlets, so that more than two secbndary flows are created. This does however not alter the
technical principle of the flow splitter.

When parallel tests are carried out, it is ofien desired that the secondary fluid flows
have flow rates that are in a predetermined proportion to each other. For example, the flow
rates of all fluid flows are desire.d to be equal, or the flow rate of S1 has to be twice the flow
rate of S2. This can be achieved with the flow splitter aécording to the invention.

The flow splitter of fig. 7 comprises two capillary units 1, which are similar to the
capillary unit according to fig. 1. Each capillary unit 1 of the flow splitter receives a secondary
fluid flow from an associated manifold outlet 22 at capillary unit inlet 2. In the capillary unit 1,
the secondary fluid flows are adjusted in the same way as the fluid flow through the capillary
in to fig. 1. So, the flow rate of each secondary fluid flow is measured by a flow sensor 7, and
based on the measured flow rate, the temperature control unit 8 makes that the heater and/or
cooler 5 in the housing 6 of capillary unit 1 to which the measured flow rate pertains heat or
cool the capillary 4 in that housing 6. By changing the capillary temperature, the flow rate of
the fluid flow through the capillary is adjusted. .

The thermally insulated housing 6 of the capillary 4 of each capillary unit 1 prevents that
the temperature of one capillary 4 influences the temperature of an other capillary 4 that is
arranged nearby. Also, other thermal influences from the environment are reduced, as well as
heat loss to the environment from the heater/cooler 5. This allows accurate control of the
temperature of each individual capillary 4, and therewith accurate control of the flow rate of
each individual second fluid flow. ,

The flow sensor 7 and the temperature control device 8 related to each capillary unit 1
form part of the flow adjustment unit for the associated secondary fluid flow. With this flow
rate adjustment unit, each the flow rate of each secondary fluid flow can be controlled
individually. In an advantageous embodiment, the flqw splitter further comprises a flow
distribution controller, which communicates with the individual flow adjustment units
(preferably directly with the temperature control devices of the individual flow adjustment

devices) of the flow splitter.
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The function of the flow distribution controller is to make sure that the flow rates of the
secondary fluid flows are in the desired proportion relative to each other (for example: first
secondary flow rate: second secondary flow rate: third secondary flow rate: fourth secondary
flow rate = 1:1:1:1 or 1:2:3:4). To that end, the flow distribution controller receives the
measured flow rates from all flow sensors 7 of the flow spilitter. It compares the flow rates of
the individual secondary fiuid flows with each other, and determines whether the flow rates
are in the desired proportions to each other. If this is not the case, then the flow distribution
controller activates one or more of the individual flow adjusting units, preferably directly the

~ temperature control devices, to adjust the flow rate of the associated secondary fiuid flow.

In general, if the primary fluid flow has a constant flow rate and the fiow rate of one of
the secondary fluid flows is changed, then the flow rates of the other secondary fluid flows will
change somewhat too. This means that in general, obtaining the desired relative proportions
of the flow rates of the secondary fluid flows, that is: the desired distribution of the primary
fluid flow over the secondary fluid flows, will require some iterations. It is however also
possible that the flow rate of the primary fluid flow is allowed to vary. In that case, it will
usually be easier to obtain the desired relative proportions of the flow rates of the secondary
fluid flows. In such a case for example, the pressure in the fluid supply unit may be kept
constant while the flow rate of the primary fluid flow is allowed to vary.

Preferably, the components of the flow splitter are arranged in a cassette, so that the
flow splitter can be attached to other components of the system in which it is used in an easy
way.

Preferably, the capillary units are releasably arranged in the cassette so that they can
easily be exchanged for other capillary units, for example capillary units with a different range

of resistance to fluid flow.

The skilled person will understand that features of the embodiments of the reaction
systems according to the invention and features of embodiments of the flow splitter according
to the invention as described above as described above can be interchanged and/or

combined with each other.
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CLAIMS

Reaction system for performing parallel experiments,

which reaction system comprises:

2.

a fluid supply unit for supplying a primary fluid flow,

a manifold, which manifold has a manifold inlet for receiving the primary fluid flow from the

fluid supply unit, and a plurality of manifold outlets for releasing a plurality of secondary

fluid flows,

a plurality of capillary units, each of the capillary units being connected to a manifold

outlet for receiving a secondary fluid flow,

each of the capillary units comprising:

- aunit inlet for receiving a secondary fluid flow from a manifold outlet,

- a unit outlet for releasing said secondary fiuid flow,

- acapillary, which capillary is arranged between the unit inlet and the unit outlet such
that said secondary fluid flow passes through the capillary,

- a heater and/or a cooler for adjusting the temperature of the capillary and therewith
influencing the flow rate of the secondary fluid flow passing through said capillary,

- a housing for accommodating at least the capillary and heater and/or cooler of said
capillary unit, which housing provides thermal insulation of the capillary,

- a flow sensor for measuring the flow rate of the secondary fluid flow through the
capillary unit, which flow sensor can be arranged either inside or outside the housing,

a flow adjustment unit for adjusting the flow rates of the secondary fluid flows,

which flow adjustment unit comprises a temperature control device for individually

controlling the heater and/or cooler of each capillary unit in response to the flow rate that

is measured by the flow sensor of that capillary unit.

a plurality of reaction vessels, wherein each reaction vessel comprises at least one

reaction vessel inlet, wherein a reaction vessel inlet of each reaction vessel is connected

to an associated capillary unit outlet for receiving a secondary fluid flow from the flow

splitter.

Reaction system according to claim 1,

wherein the reaction system further comprises:

a reaction block for accommodating the reaction vessels,

one or more cassettes, each cassette accommaodating at least part of at least one of the
plurality of capillary units,

an enclosure for receiving at least the reaction block and the one or more cassettes.
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Reaction system according to any of the preceding claims,

wherein the reaction system further comprises a flow distribution controller for ensuring that

" the flow rates of the secondary fluid flows are in a desired proportion relative to each other,

for example that the flow rate is the same for all secondary fluid flows.

4,

Reaction system according to any of the preceding claims,

wherein one or more capillary units are at least partly accommodated in a cassette.

5.

Reaction system according to any of the preceding claims,

wherein the heater comprises a wire having an electrical resistance, which wire is wound

around the capillary for supplying heat to said capillary.

6.

.Reaction system according to any of the preceding claims,

wherein the capillary is wound around a core, which core is provided with heating and/or -

cooling means.

7.

Reaction system according to any of the preceding claims,

Wherein the reaction system further comprises an auxiliary channel that is connected to the

manifold, which auxiliary channel has a resistance to fluid flow that is lower than the

resistance to fluid flow of the capillaries of the capillary units.

8.

Reaction system for performing parallel experiments,

which reaction system comprises:

9.

a fluid supply unit for supplying a primary fluid flow,

a flow splitter according to clause 1, wherein the manifold inlet is connected to the fluid
supply unit for receiving the primary fluid flow from the fluid supply unit,

a plurality of reaction vessels, wherein each reaction vessel comprises at least one
reaction vessel inlet, wherein a reaction vessel inlet of each reaction vessel is connected
to an associated capillary unit outlet for receiving a secondary fluid flow from the flow

splitter.

Reaction system for performing parallel experiments,

which reaction system comprises:

a first fluid supply unit for supplying a first primary fiuid flow at a first pressure,
a second fluid supply unit for supplying a second primary fluid flow at a second pressure,
a first capillary unit, which first capillary unit is adapted to receive the first primary fiuid

flow from the first fluid supply unit, the first capillary unit comprising:
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a unit inlet for receiving the first primary fluid flow from the first fluid supply unit,

a unit outlet for releasing said first primary fluid flow,

a capillary, which capillary is arranged between the unit inlet and the unit outlet such
that said first primary fluid flow passes through the capillary,

a heater and/or a cooler for adjusting the temperature of the capillary and therewith
influencing the flow rate of the first primary fluid flow passing through said capillary,

a housing for accommodating at least the capillary and heater and/or cooler of the first
capillary unit, which housing provides thermal insulation of the capillary,

a flow sensor for measuring the fiow rate of the first primary fluid flow through the first
capillary unit, which flow sensor can be arranged either inside or outside the housing,
a flow adjustment unit for adjusting the flow rate of the first primary fluid flow through
the first capillary unit,

which flow adjustment unit comprises a temperature control device for controlling the
heater and/or cooler of the first capillary unit in response to the fiow rate that is

measured by the flow sensor of the first capillary unit,

- asecond capillary unit, which second capillary unit is adapted to receive the second

primary fluid flow from the second fluid supply unit, the second capillary unit comprising:

a unit inlet for receiving the second primary fluid flow from the second fluid supply unit,
a unit outlet for releasing said second primary fluid flow,

a capillary, which capillary is arranged between the unit inlet and the unit outlet such
that said second primary fluid flow passes through the capillary,

a heater and/or a cooler for adjusting the temperature of the capillary and therewith
influencing the flow rate of the second primary fluid flow passing through said
capillary,

a housing for accommodating at least the capillary and heater and/or cooler of the
second capillary unit, which housing provides thermal insulation of the capillary,

a flow sensor for measuring the flow rate of the second primary fluid flow through the
second capillary unit, which flow sensor can be arranged either inside or outside the
housing,

a flow adjustment unit for adjusting the flow rate of the second primary fluid flow
through the second capillary unit,

which flow adjustment unit comprises a temperature control device for controlling the
heater and/or cooler of the second capillary unit in response to the flow rate that is

measured by the flow sensor of the second capillary unit,

- afirst reactor, which is in fiuid communication with the first capillary unit,
- asecond reactor, which is in fluid communication with the second capillary unit,

21



10

15

20

25

30

35

WO 2009/145614 PCT/NL2009/000122

wherein the flow adjustment unit of the first capillary unit is adapted to adjust the flow rate of
the first primary fluid flow and the flow adjustment unit of the second capillary unit is adapted

to adjust the flow rate of the second primary fluid flow,

and wherein the reaction system further comprises a flow distribution controlier for ensuring
that the flow rates of the first and second primary fluid flows are in a desired proportion
relative to each other, for example that the flow rate is the same for the first and the second

primary fluid flow.

10. Reaction system according to any of the preceding claims,
wherein the reactors are flow through reactors.

11. Reaction system for performing experiments,
which reaction system comprises:
- areaction vessel, wherein said reaction vessel comprises at least one reaction vessel
inlet, which reaction vessel inlet is connectable to a fluid supply unit for receiving a fluid
flow,
wherein each reaction vessel further comprises at least one reaction vessel outlet for
releasing an effluent flow,
- areaction vessel effluent line for receiving the effluent flow from the reaction vessel,
which effluent line is in fluid communication with at least one reaction vessel outlet, which
reaction vessel effluent line is provided with a aperture for releasing a pressure control
flow,
- aback pressure control system comprising a capillary unit, which capillary unit comprises
- a unit inlet for receiving the pressure control flow from the aperture in the reaction
vessel effluent line,

- a unit outlet for releasing said pressure control flow from the capillary unit,

- a capillary, which capillary is arranged between the unit inlet and the unit outlet such
that said pressure control flow passes through the capillary,

- a heater and/or-a cooler for adjusting the temperature of the capillary and therewith
influencing the flow rate of pressure control flow passing through said capillary,

- a housing for accommodating at least the capillary and heater and/or cooler of said
capillary unit, which housing provides thermal insulation of the capillary,

- a flow sensor which is adapted to measure the flow rate of the pressure control flow
through the capillary unit,

wherein the back pressure control system further comprises a flow adjustment unit for

adjusting the flow rates of the pressure control flow,
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which flow adjustment unit comprise a temperature control device for conirolling the

heater and/or cooler of the capillary unit.

12. Reaction system for performing parallel experiments,

which reaction system comprises:

a fluid supply unit for supplying a primary fluid flow,

a manifold, which manifold has a manifold inlet for receiving the primary fluid flow, and a
plurality of manifold outlets for releasing a plurality of secondary fluid flows,

a plurality of reaction systems according to claim 11, wherein each of the manifold outlets

is connected to a reaction vessel inlet.

13. Flow splitter for splitting a primary fluid flow into a plurality of secondary fluid flows for

performing experiments,

which flow splitter comprises:

a manifold, which manifold has a manifold inlet for receiving the primary fluid flow, and a
plurality of manifold outlets for releasing the plurality of secondary fluid flows,

a plurality of capillary units, each of the capillary units comprising:

a unit inlet for receiving a secondary fluid flow from a manifold outlet,

- aunit outlet for releasing said secondary fluid flow,

- acapillary, which capillary is arranged between the unit inlet and the unit outlet such
that said secondary fluid flow passes through the capillary,

- aheater and/or a cooler for adjusting the temperature of the capillary and therewith
influencing the flow rate of the secondary fluid flow passing through said capillary,

- a housing for accommodating-at least the capillary and heater and/or cooler of said
capillary unit, which housing provides thermal insulation of the capillary,

- aflow sensor for measuring the flow rate of the secondary fluid flow through the
capillary unit, which flow sensor can be arrariged either inside or outside the housing,

a flow adjustment unit for adjusting the flow rates of the secondary fluid flows,

which flow adjustment unit comprises a temperature control device for individually

controlling the heater and/or cooler of each capillary unit in response to the flow rate that

is measured by the flow sensor of that capillary unit.

14. Flow splitter according to claim 13,
wherein the flow splitter comprises a cassette for accommodating the components of the flow

splitter, in which cassette the capillary units are releasably arranged such that they can be

exchanged.
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