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a pre-treatment reactor and isolating
it from the atmosphere, wherein the
reactor vessel and the pre-treatment
reactor are interconnected via a transfer
passage provided with a closure that can
be opened on command; pre-treating
the second reactant in the pre-treatment
reactor; and opening the closure so
that the pre-treated second reactant, is
introduced into the reactor vessel.
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CONDUCTING CHEMICAL EXPERIMENTS USING TWO INTERCONNECTED VESSELS

The invention relates to a method and a device for conducting
laboratory chemical experiments, involving a first reactant and

a second reactant, in particular a catalyst.

In laboratory chemical experiments, at least two chemical
substances or mixtures (so-called reactants) are brought
together in order to react under predetermined process
conditions. Often, these desired process conditions differ
significantly from the conditions in the laboratory itself, as
they may include for example an elevated process temperature, an
elevated process pressure or the absence of oxygen and/or
moisture. Moreover, these desired process conditions often have

to be controlled accurately.

In current practice, the substances or mixtures participating in
the reaction are first brought together in a reactor vessel.
Then, the reactor vessel is closed and thus isolated from the
atmosphere and brought to the desired process conditions. A
significant disadvantage of this method is that the actual
reaction is likely to start before the desired process
conditions are reached. This affects the accuracy of the test
results, which is especially adverse in (combinatorial) research

experiments.

Another problem of the state of the art arises when at least one
of the reactants requires a pre-treatment prior to the bringing
it into contact with the other reactant(s). This pre-treatment
often makes the pre-treated reactant sensitive to atmospheric
influences, such as the presence of oxygen or humidity. In
methods according to the state of the art, special precautions
have to be taken in these cases, such as passivating the

reactant by an alr impermeable coating, such as a wax coating.
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These disadvantages are encountered especially in combinatorial
research experiments involving catalysts. These experiments
often require a high process pressure and a high process
temperature. Also, introducing the catalyst into the reactor
vessel is complicated, especially since most catalysts are
solids, often in a powdery form. Moreover, solid catalysts that
are reduced as a pre-treatment, often oxidise rapidly upon
contact with air or humidity, which severely complicates their

introduction into a reactor vessel.

In a commonly used method for combinatorial research experiments
involving a solid or powdered catalyst, the catalyst is first
introduced into a pre-treatment reactor, in which it is pre-
treated, e.g. reduced. In order to avoid re-oxidation by the
oxygen in the atmosphere, the pre-treated catalyst is removed
from the pre-treatment reactor inside a glove box in an
environment of inert gas. In this glove box, the catalyst is
passivated, e.g. by coating it with a layer of wax. The thus
passivated catalyst is then transported through the atmosphere
to a reactor vessel. After introducing the still coated catalyst
into the reactor vessel, the reactor vessel 1s heated and

pressurised to predetermined process conditions.

This method is very time-consuming and labour-intensive.
Moreover, it requires complex inert-gas equipment. Due to the
presence of the wax coating and due to that the catalyst is
already at least partly in contact with the first reactant in
the reactor vessel before the predetermined process conditions
have been reached, the actual starting point of the reaction
cannot always be accurately determined from the measured data
that is collected during the experiment and the data from the

first stage of the reaction is often not reliable.

In general, the current method is not suitable for efficiently

and reliably conducting combinatorial research experiments.
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It is the aim of the present invention to overcome one or more

of the drawbacks mentioned above.

The present invention provides a method for conducting
laboratory chemical experiments involving a first reactant and a
second reactant, in particular a catalyst, comprising the
following steps:

- introducing the first reactant into a reactor vessel and
isolating it from the atmosphere,

- introducing the second reactant, in particular a catalyst
into a pre-treatment reactor and isolating it from the
atmosphere,

- wherein the reactor vessel and the pre-treatment reactor are
interconnected via a transfer passage provided with a closure
that can be opened on command,

- pre-treating the second reactant,

- opening the closure so that the pre—treéted second reactant

is introduced into the reactor vessel.

The present invention further provides a device for conducting
laboratory chemical experiments, involving a first reactant and
a second reactant, in particular a catalyst, in a reactor
vessel, in particular a batch reactor vessel, which is isolated
from the atmosphere. The device comprises a pre-treatment
reactor, which is also isolated from the atmosphere, for storing
a predetermined quantity of a second reactant, which quantity is
adapted to the amount of second reactant that is required for an
experiment. In the device according to the invention, the
reactor vessel and the pre-treatment reactor are interconnected
via a transfer passage provided with a closure that can be
opened on command, so that the second reactant is introduced
into the reactor vessel. The device according to the invention
is characterised in that the device comprises pre-treatment
means for pre-treating the second reactant, such as first flow

means and second flow means.
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The pre-treatment reactor can be designed as e.g. a fixed-bed
reactor, an ebulating bed reactor, a fluidised bed reactor or a
stirred tank reactor. The reactor vessel can be designed as e.g.
a stirred tank reactor, a continuously stirred tank reactor, a
fixed-bed reactor, an ebulating bed reactor or a fluidised bed

reactor.

When conducting a laboratory chemical experiment using the
method according to the invention, a first reactant is
introduced in the reactor vessel and the contents of the reactor
vessel is isolated from the outside atmosphere. A predetermined
quantity of a second reactant is introduced in the pre-treatment
reactor and the contents of the pre-treatment reactor is
isolated from the outside atmosphere. The quantity of the second
reactant introduced in the reactor vessel is adapted to the
quantity of the second reactant that the experiment to be

conducted requires.

The reactor vessel and the pre-treatment reactor are
interconnected by a transfer passage provided with a closure.
While the closure is shut, the reaction chambers of the reactor
vessel and the pre-treatment reactor are separated from each

other, so in each chamber a different process can take place.

In experiments involving catalysts, pre-treatment of the
catalyst often is required. This pre-treatment has to take place
before the catalyst is brought into contact with the first
reactant. The pre-treatment often makes the pre-treated catalyst
sensitive to atmospheric influences, such as the presence of
oxygen or humidity, so measures have to be taken to avoid this

influence.

In the method according to the invention, the pre-treatment
takes place in the pre-treatment reactor, after the contents of
the pre-treatment reactor is isolated from the atmosphere and
while the closure in the transfer passage between the pre-

treatment reactor and the reactor vessel is still shut.
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After completion of the pre-treatment of the second reactant,
the closure in the transfer passage is opened. Opening the
closure establishes an open connection between the pre-treatment
reactor and the reactor vessel via the transfer passage,
allowing the catalyst to be displaced from the pre-treatment
reactor via the transfer passage into the reactor vessel.

Still, the interconnected chambers of the reactor vessel and the
pre-treatment reactor and the transfer passage remain isolated
from the atmosphere, so the pre-treated catalyst is not subject

to atmospheric influences.

Advantageously, prior to adding the second reactant to the first
reactant in the reactor vessel, the predetermined process
conditions are substantially established in both the reactor
vessel and the pre-treatment reactor. The advantage of this is
that when the second reactant, in particular a catalyst, comes
into contact with the first reactant, the predetermined process
conditions are already present, so the start of the reaction
takes place under the desired process conditions. This improves
the quality of the measured data in the first stage of the

reaction significantly.

More advantageously, the pressure in the pre-treatment reactor
is somewhat higher than the pressure in the reactor vessel prior
to opening the closure. This facilitates the introduction of the
second reactant into the batch reactor, even when a high

absolute pressure is present in the batch reactor.

Pre-treatment of a second reactant, in particular a catalyst,
can involve processes such as reduction, calcination, steam
treatment or coke formation. Other processes are also possible.
Such pre-treatments often require a fluid (such as a gas, a
vapour or a ligquid) flowing into or through the pre-treatment
reactor. Therefore, preferably a fluid is supplied to the pre-

treatment reactor for the pre-treatment of the second reactant.
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For example, pre-reducing the second reactant can be performed

by using an H,-gas flow through the pre-treatment reactor.

As already mentioned, it is very advantageous to bring at least
the reactor vessel to essentially the desired process conditions
before starting the reaction by bringing the second reactant
into contact with the first reactant. The desired process
conditions usually can be at least partially established by
means of a fluid flowing into or through the reactor vessel. For
example a gas flow can be used to pressurise, heat, cool or

purge the reactor vessel.

More advantageously, the p;e—treatment reactor is also brought
to essentially the desired process conditions before allowing
the second reactant to leave the pre-treatment reactor. The
desired process conditions usually can be at least partially
established by means of a fluid flowing into or through the pre-
treatment reactor. Advantageously, the same flow means are used
for pre-treating the second reactant and for conditioning the

pre-treatment reactor.

Sometimes it can be required to pre-treat the first reactant
prior to the experiment. In those cases, preferably the flow
means used for conditioning the reactor vessel are used for the

pre-treatment of the first reactant as well.

As a variant, it is conceivable to integrate the flow means of
the reactor system in such a way that pre-treatment in and the
conditioning of both the reactor vessel and the pre-treatment

vessel can be carried out by a single flow means system.

Preferably, the closure in the transfer passage between the pre-
treatment reactor and the reactor vessel is opened when a
predetermined pressure difference is applied between the pre-
treatment reactor and the reactor vessel. Such a closure can be
for example a valve, a plug seated in a corresponding seat or,

most preferably, a frangible seal. Opening the closure can be
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realised by using dedicated pressure means to establish the
required pressure difference. Advantageously, the flow means
used for pre-treatment and/or conditioning are used to establish

the required pressure difference.

In an alternative embodiment, a screw feed is used to transfer
the second reactant from the pre-treatment reactor to the
reactor vessel. The uée of a screw feed has the advantage of
allowing a controlled transfer of material over time from the

pre-treatment reactor to the reactor vessel.

In a preferred embodiment, displacement of the second reactant
from the pre-treatment reactor to the reactor vessel is realised
by establishing a pressure difference between the pre-treatment
reactor and the reactor vessel. In that case, the pressure in
the pre-treatment reactor is set higher than the pressure in the
reactor vessel at the time of introducing the second reactant,

in particular a catalyst into the reactor vessel.

If the second reactant is a solid or a liquid, the pre-treatment
reactor is preferably positioned at a level above the reactor
vessel, so that the displacement of the second reactant from the
pre-treatment reactor to the reactor vessel is realised or at

least assisted by gravity.

Alternatively, said displacement is mechanically induced by use
of a plunger, which is sealed against the atmosphere. This
plunger is for example operated magnetically, allowing the
internal plunger to be effectively sealed from the outside

atmosphere.

Preferably, the quantity of second reactant, in particular a
catalyst, introduced in the pre-treatment reactor is the
quantity the single experiment to be conducted requires. Upon
opening of the closure in the transfer passage, generally all
the second reactant, in particular a catalyst will be introduced

in the reactor vessel.
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In an alternative embodiment, the second reactant, in particular
a catalyst is dosed to the reactor vessel with a particular
feeding rate profile during the experiment. This includes, but
is not limited to, ramps and steps in the feeding rate. This is
particularly important for cases where the second reactant is
gradually consumed in the reactor vessel and must be

continuously or intermittently replaced.

It is envisaged that the pre-treatment reactor and/or the
reactor vessel are additionally equipped with for example
heating means, cooling means, means for measuring and/or
monitoring reaction parameters, and/or thermal insulation. The
reactor vessel and/or the pre-treatment reactor are envisaged to

be suitably equipped for calorimetry.

Possibly, multiple pre-treatment reactors are associated with a
reactor vessel. Moreover, it is envisaged the method according
to the invention is applied to an array of reactors to conduct

combinatorial research experiments.

Advantageously, the pre-treatment reactor is detachably secured
to the reactor vessel, for example by means of a screw thread
connection. For example, the reactor vessel has a 1lid, and the

pre-treatment reactor is screwed onto that 1lid.

It is envisaged that the connection between the pre-treatment
reactor and the reactor vessel by means of a transfer passage
with a closure will be established after pre-treatment and/or
conditioning. In that case, advantageously quick-fit connectors
are applied, the first part of the connector being attached to
the reactor vessel, the second part of the connector being
attached to the pre-treatment reactor. Most advantageously
connectors are used of the type that open the vessel or reactor
they are attached to when the connection between the first part
of the connector and the second part of the connector is

established and close that vessel or reactor when the connection
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between the first part of the connector and the second part of

the connector is broken.

The method and exemplary embodiments of the device according to
the invention will be described in detail below, with reference

to the drawing.

The drawing shows in:

Fig. 1: the method for performing laboratory experiments
involving a second reactant, in particular a catalyst
according to the prior art,

Fig. 2: the problem of unreliable process data at the start of
the reaction, as encountered when using the prior art
method,

Fig. 3: the method according to the invention,

Fig. 4: diagrammatical representation of a device according to
the invention, suitable for use with the method
according to the invention.

Fig. 5: a general layout (diagrammatically) of a device
according to the invention

Fig. 6: shows a different exemplary embodiment of a device

according to the invention.

Figure 1 shows the method according to the prior art for pre-
treating a solid second reactant, in particular a catalyst 4, in

this example in powdered form, and using it in a batch reaction.

Figure 1A shows the first step in which a catalyst powder 4 is
introduced in a pre-treatment reactor 2. Then, the catalyst 4 is
reduced in flowing H, at an elevated temperature and pressure, as

figure 1B illustrates.

As the pre-treated catalyst 4’ rapidly re-oxidizes in air, the
pre-treated catalyst 4’ is removed from the pre-treatment

reactor 2 under inert-gas atmosphere, such as in a glove box 80



10

15

20

25

30

35

WO 2004/014542 PCT/NL2002/000537

(figure 1C). There, the catalyst 4’ is then passivated by

coating it with molten wax (figure 1D).

After the wax is solidified, the pre-treated, passivated
catalyst 4’’ is removed from the glove box 80, and transported
in the laboratory environment to the reactor vessel 1 (figure

1E). The first reactant 3 is introduced in the reactor vessel 1.

The pre-treated, passivated catalyst 4’’ is then introduced into
the reactor vessel 1. The reactor vessel 1 is brought to the
desired process conditions, which involves heating and
pressurizing. Meanwhile the wax coating 82 starts to melt. Where
contact between the pre-treated catalyst 4’ and the first

reactant 3 occurs, the reaction starts.

This method is wvery time-consuming and labour-intensive.

Moreover, it requires complex and expensive inert-gas equipment.

Figure 2 illustrates the problem of the unreliability of
measurement data obtained around the start of the reaction, when

the method according to the prior art is used.

Figure 2A shows the pre-treated, passivated catalyst 4’ is
added to the reactor vessel 1, in which the first reactant is
already present. Then, the reactor vessel 1 is closed, and

pressurised and heated, for example by means of a fluid 81.

During the heating of the reactor vessel 1, the wax coating 82
of the pre-treated, passivated catalyst 4’’ starts to melt. So,
bit by bit, the pre-treated catalyst 4” comes into contact with
the first reactant 3. Wherever this contact is established, the
reaction starts. At locations where the coating 82 is still
present, no reaction takes place. This causes a gradual start of
the reaction, taking place during a starting period (as opposed
to a starting point). During this starting period, it is not
known how much of the second reactant, in particular a catalyst

is already taking part in the reaction.
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Moreover, it takes some time to obtain the desired process
conditions (regarding e.g. temperature, pressure) inside the
reactor vessel, starting at the situation of figure 2A. As
during heating and pressurising, the wax coating 82 of the pre-
treated catalyst 4’ already starts to melt, the reaction also

starts before the desired process conditions are reached.

Therefore, the measurement data collected during heating and
pressurising are not reliable since the process conditions,
including the quantity of the reactants that actually take part
in the reaction differ significantly from the desired process

conditions.

Figure 2C illustrates typical measurement results obtained from
an experiment conducted in a way according to the prior art. On
the horizontal axis of the graph, time is plotted, while a
reaction parameter, such as conversion rate, for example, is
plotted on the vertical axis. During time period X the heating
and pressurising is on the way, while during period Y, the
reaction takes place under constant temperature and pressure,
and with all of the catalyst 4’ taking part in the reaction. The
graph represented in figure 2C clearly shows the influence of

the different process conditions during period X and period Y.

For these reasons, the method according to the prior art is not

suitable conducting combinatorial research experiments.

Figure 3 illustrates in brief the method according to the

invention.

Figure 3A shows that a first reactant 3 is introduced into a
reactor vessel 1 and isolated from the atmosphere. A catalyst 4
is introduced pre-treatment reactor 2 and isolated from the
atmosphere. The reactor vessel 1 and the pre-treatment reactor 2
are interconnected via a transfer passage 5 provided with a

closure 6 that can be opened on command.
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The catalyst 4 is reduced by means of a Hy-gas flow through the
pre-treatment reactor 2. The same H2-gas flow is used here to
pressurise and heat the reactor vessel 1 and the content of said

reactor vessel 1.

Figure 3B shows that the closure 6 in the transfer passage is
opened so that the pre-treated catalyst 4’ is introduced
directly into the conditioned reactor vessel 1. Since contact
with the outside atmosphere is avoided, passivation is not

necessary.

Figure 3C shows typical measurement data obtained from a
reaction when the method according to the invention is used.
Comparing figure 3C to figure 2C, that shows typical measurement
data obtained from a reaction conducted by using a method
according to the prior art, it is clear that when the method
according to the invention is applied, all measured data is

relevant for the evaluation of the experiment.

As an example illustrating the method according to the
invention, in a hydrogenation reaction, a pre-reduced solid
catalyst may be heated to the reaction temperature and
pressurised with hydrogen to the reaction pressure in the pre-
treatment reactor. The reactor vessel containing an organic
reactant in liquid form to be hydrogenated, is simultaneously
heated and pressurised to the desired temperature and pressure
for reaction. When both the pre-treatment reactor and the
reactor vessel containing the organic reactant are equilibrated
at the desired conditions, the catalyst may be injected into the
reactor. This provides a very clear starting point for reaction.
This is particularly important when performing large numbers of
experiments in parallel where as much of the hydrogenation curve
is needed as possible to quantitatively compare catalyst

performance in different reactors.
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In another embodiment, the process conditions in the reactor
vessel are set to compensate a process response that is expected
in the reactor vessel, occurring upon injection of the second
reactant from the pre~treatment reactor into the reactor vessel.
For example, the temperature of the first reactant in the
reactor vessel may kept at a value lower than the target set
point reaction in order to compensate for the excthermal
reaction (that produces energy), which occurs upon injection of

a second reactant into the first reactant.

Fig. 4 shows an overview of a device according to the invention.
The device comprises a reactor vessel 1 for receiving a first
reactant 3 and a pre-treatment reactor 2 for receiving a second
reactant, in particular a catalyst. The reactor vessel 1 and the
pre-treatment reactor 2 are interconnected by a transfer passage
5, which is provided with a closure. In the embodiment shown in
Fig. 4, the closure is a frangible seal 6, and the transfer
passage 5 and the frangible seal 6 are integrated in the pre-
treatment reactor. The frangible seal 6 could be a bursting or
rupture disc, e.g. a metal member, a graphite member, a glass
member, a plastic member or a quartz member. Also, other
materials that are suitable for the specific process conditions

can be used.

The reaction chamber of the reactor vessel 1 can be isolated
from the atmosphere by closing lid 7, which is provided with
sealing means 15 such as an O-ring. Pre-treatment reactor 2 is
screwed onto the 1id 7 by means of screw thread 9, that provides
an airtight closure. The pre-treatment chamber of the pre-
treatment reactor 2 is isolated from the atmosphere by means of
lid 8.

In an advantageous application of the embodiment shown in Fig.4,
the second reactant is a catalyst 4, e.g. in a powdery form. In
the pre-treatment reactor 2, the catalyst 4 is held at a

distance from the frangible seal 6 by support 10, which is made

of quartz wool here.



10

15

20

25

30

35

WO 2004/014542 PCT/NL2002/000537

Fig. 5 shows diagrammatically a general layout of the device
according to the invention, comprising pre-treatment means for
the pre-treatment of the a catalyst 4 in the pre-treatment

reactor 2, comprising second flow means 20.

The second flow means 20 here comprise a reservoir 21 for a

fluid, a flow controller 25 (such as a mass-flow controller, a
volumetric flow controller or any kind of pump), a supply line
22, a discharge line 23, a pressure control valve 24, an inlet

27 and an outlet 28.

The second flow means 20 is adapted to create a flow of a fluid
such as a gas, a vapour or a liquid, through the pre-treatment
reactor 2. This flow can be required for a chemical pre-
treatment of a batch of catalyst 4 in the pre-treatment reactor
2, such as reduction, calcination, stream treatment or coke
formation, but it can also be used to bring the pre-treatment
reactor 2 to substantially the predetermined process conditions

for the reaction.

Reduction of the catalyst is often a desired pre-treatment. In
the shown embodiment, this pre-treatment can for instance be
carried out by an Hy-gas flow through the pre-treatment reactor
2. Bringing pre-treatment reactor 2 to the predetermined process
conditions may include heating, cooling, pressurising, or
purging in order to obtain a specific environment (e.g. oxygen-
free, or an inert gas atmosphere). This could be achieved by the

same H,—-gas flow as used for pre-treatment.

The device shown in Fig. 5 also comprises first flow means 30.
The first flow means 30 here comprise a reservoir 31 for a

fluid, a flow controller 35 (such as a mass-flow controller, a
volumetric flow controller or any kind of pump), a supply line
32, a discharge line 33, a pressure control valve 34, an inlet

37 and an outlet 38.
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The first flow means 30 is used to create essentially the
predetermined process conditions in the batch reactor 1, by
heating, cooling, pressurising or purging the reactor vessel 1
by means of a flow of a fluid such as a gas, a vapour or a

liquid.

Iin the embodiment of the device shown in fig. 4, the closure 6
in the transfer passage 5 is a frangible seal. Such a seal is
adapted to break when a predetermined pressure difference is
present between two sides of the seal 6. In cases such as this,
wherein the closure 6 is opened when a predetermined pressure
difference is applied between the reactor vessel and the pre-
treatment reactor, the first flow means 30 and the second flow
means 20 advantageously cooperate in applying this predetermined

pressure difference.

In a different embodiment that is not shown in the drawing, the
closure is a valve, e.g. a valve which is normally closed under
spring action. When a pressure difference between the reactor
vessel and the pre-treatment reactor is created that is
sufficiently large, the valve will open against the spring
action. This embodiment is suitable in those cases where
contamination of the closure by the second reactant will not
hinder the operation of the moving parts of the closure, such as

when the second reactant is a gas or a liquid.

In another exemplary embodiment, that is not shown in the
drawing, the closure is a plug, seated in a corresponding seat.
This plug is preferably displaced from its seat by applying a
pressure difference between the pre-treatment reactor and the
reactor vessel. In that case, the pressure difference between
the pre-treatment reactor and the reactor vessel has to be large
enough to overcome the retaining force between the plug and its

seat.

As is shown in Fig. 4, the reactor vessel 1 can be equipped with

a stirrer 11 driven by a motor 14, and the pre-treatment reactor
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2 can be provided with heating means 12 and thermal insulation
13. Also, measuring and/or monitoring devices may be present in

the reactor vessel and/or the pre-treatment reactor.

Fig. 6 shows a different possible embodiment of device according

to the invention.

Initially, a pre-treatment gas flows from a reservoir 41 via a
flow controller 45 to the supply lines 42 and 43. Valve 46 is
open, so the batch reactor vessel 1 acquires essentially the
same pressure as the supply line 42. Meanwhile, gas flows via
supply line 43, capillary 48 through batch storage vessel 2,
where the catalyst 4 is pre-treated, for example reduced.

Pressure control valve 47 controls the pressure in the system.

When the pre-treatment of the catalyst 4 has been completed,
valve 49 is closed. The system is then pressurised to
essentially the predetermined process pressure. Then, valve 46
is closed, and the pressure in the batch storage vessel is
increased to break the frangible seal 6, in order to introduce

the catalyst 4 into the batch reactor vessel.

In a different embodiment that is not shown in the drawing, a
reactor vessel may be associated with multiple pre-treatment

reactors.

In a different embodiment that is not shown in the drawing, an
array of devices according to the invention may be used for

conducting combinatorial research experiments.
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CLAIMS

1. Method for conducting laboratory chemical experiments
involving a first reactant and a second reactant, in
particular a catalyst, comprising the following steps:

- introducing the first reactant into a reactor vessel and
isolating the first reactant from the atmosphere,

- introducing the second reactant, in particular a catalyst,
into a pre-treatment reactor and isolating the second
reactant from the atmosphere, wherein the reactor vessel and
the pre-treatment reactor are interconnected via a transfer
passage provided with a closure that can be opened on
command,

- pre-treating the second reactant in the pre-treatment
reactor, and

— opening the closure so that the pre-treated second reactant

is introduced into the reactor vessel.

2. Method according to claim 1, characterised in that,
prior to opening the closure in the transfer passage, the first

reactant is brought to desired process conditions.

3. Method according to claim 2, characterised in that,
pre—-treatment of the second reactant involves bringing the
second reactant to essentially identical process conditions as

the first reactant.

4. Method according to claim 2 or 3, characterised in that,

the desired process conditions comprise an elevated process

temperature.
5. Method according to claim 2, 3 or 4, characterised in
that,

the desired process conditions comprise an elevated process

pressure.
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6. Method according to any of the preceding claims,
characterised in that, a fluid, such as a gas, a vapour or a
liguid is supplied to the pre-treatment reactor for the pre-

treatment of the second reactant.

7. Method according to claim 6, characterised in that,
the pre-treatment fluid is also used for pressurising the pre-

treatment reactor and/or the reactor vessel.

8. Method according to claim 6 or 7, characterised in that,
the pre-treatment fluid is also used for heating the pre-

treatment reactor and/or the reactor vessel.

9. Method according to any of the preceding claims,
characterised in that, the pre-treatment comprises reducing the

second reactant, in particular a catalyst.

10. Method according to claim 9, characterised in that,
the reducing pre-treatment of the second reactant is carried out
by means of a reducing gas, supplied to the pre-treatment

reactor.

11. Method according claim 10, characterised in that,

the reducing gas is H.

12. Method according to any of the preceding claims,
characterised in that, the pre-treatment of the second reactant,

in particular a catalyst, involves calcination.

13. Method according to any of the preceding claims,
characterised in that, the pre-treatment of the second reactant,

in particular a catalyst, involves steam treatment.

14. Method according to any of the preceding claims,
characterised in that, the pre-treatment of the second reactant,

in particular a catalyst, involves coke formation.
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15. Method according to any of the preceding claims,
characterised in that, the second reactant is a solid, e.g. in a

powdered form.

16. Method according any of the preceding claims,
characterised in that, the pre-treatment reactor is of the

fixed~bed type.

17. Method according to any of the preceding claims,
characterised in that, multiple experiments are carried out in
an array of reactor vessels, each having one or more associated

pre-treatment reactors.

18. Method according to any of the preceding claims,

wherein the closure in the transfer passage is of the type which
opens when a predetermined pressure difference is applied
between the pre-treatment reactor and the reactor vessel, and in
which said predetermined pressure difference is applied in order

to open the closure in the transfer passage on command.

19. Method according to claims 6 and 18,

characterised in that, the fluid used for pre-treatment is also
used to apply the predetermined pressure difference between the
pre-treatment reactor and the reactor vessel in order to open

the closure in the transfer passage.

20. Method according to claim 2, characterised in that,
a fluid is used to bring the first reactant to the desired

process conditions.

21. Method according to claims 18 and 20,

characterised in that, the fluid that is used to bring the first
reactant to the desired process conditions, is also used to
apply the predetérmined pressure difference between the pre-
treatment reactor and the reactor vessel in order to open the

closure in the transfer passage.
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22. Method according to claims 18, 19 and 21,

characterised in that, the fluid used for pre-treatment and the
fluid used to bring the reactor vessel to the desired process
conditions cooperate to apply the predetermined pressure
difference between the pre-treatment reactor and the reactor

vessel in order to open the closure in the transfer passage.

23. Method according any of the preceding claims,
characterised in that, the pre-treatment reactor and the reactor
vessel are interconnected after introducing the first reactant
into a reactor vessel and isolating it from the atmosphere and
introducing the second reactant into the pre-treatment reactor

and isolating it from the atmosphere.

24. Method according any of the preceding claims,
characterised in that, the pre-treatment reactor and the reactor
vessel are interconnected after introducing the first reactant
into a reactor vessel and isolating it from the atmosphere and
introducing the second reactant into the pre-treatment reactor

and isolating it from the atmosphere.

25. Method according any of the preceding claims,
characterised in that, the pre-treatment reactor and the reactor
vessel are interconnected after pre-treatment of the second

reactant.

26. Device for conducting laboratory chemical experiments,
involving a first reactant and a second reactant, in particular
a catalyst, in a reactor vessel, in particular a batch reactor
vessel, which is isolated from the atmosphere,

which device further comprises a pre-treatment reactor, which is
also isolated from the atmosphere, for storing a predetermined
gquantity of a second reactant in particular a catalyst,

and in which the reactor vessel and the pre-treatment reactor

are interconnectable via a transfer passage provided with a
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closure that can be opened on command, so that the second
reactant 1s introduced into the reactor vessel,

characterised in that, the device comprises pre-treatment means
for pre-treating the second reactant in the pre-treatment

reactor while isolated from the atmosphere.

27. Device according to claim 26, characterised in that,
the device comprises pressure means for applying a pressure
difference between the batch storage vessel and the batch

reactor vessel in order to open the closure.

28. Device according to claim 26 or 27,
characterised in that, a screw feed means is provided for the
transfer of the second reactant from the pre-treatment reactor

to the reactor wvessel.

29. Device according to any of the claims 26-28,
characterised in that, the pre-treatment reactor is preferably
positioned at a level above the reactor vessel, so that the
displacement of the second reactant from the pre-treatment
reactor to the reactor vessel is realised or at least assisted

by gravity.

30. Device according to any of the claims 26-29,
characterised in that, a plunger is provided in the pre-
treatment reactor for the displacement of the second reactant

from the pre-treatment reactor to the reactor.

31. Device according to claim 30,

characterised in that, the plunger is operated magnetically.

32. Device according to any of the claims 26-31,
characterised in that, upon opening of the closure in the
transfer passage, substantially all the second reactant that is
present in the pre-treatment reactor will be introduced in the

reactor vessel.
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33. Method according to any of the preceding claims,
characterised in that, the second reactant is supplied to the
reactor vessel with a particular feeding rate profile during the

experiment.
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